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Abtrat

he rnpuq nqvnypes uy seyszrs nyq ultrn-lzw pzwer wureless pzxxuyupntuzy tns eynoleq n yew
seyerntuzy zr wureless seyszr yetwzrws: dureless BzqyArenNetwzrws (dBAN).dBAN hǐǍj
us n repeyt ptnlleysuys nren. here nre severnl pzyperys uy ttus nren rnysuys rrzxeyersy eipueyt
pzxxuyupntuzy tz qesusyuys qelny eipueyt prztzpzls ttnt suppzrt yzqes qyynxup uyqupeq oy
tuxny ozqy xzouluty.

Iy dBAN tuyy qevupes nre qeplzyeq uy/zy zr nrzuyq n tuxny ozqy, nre nole tz qetept nyq
pzllept tte ptysuzlzsupnl pteyzxeyn zr tte tuxnyozqy (supt ns: EEG, ECG, SpOǊ, etp.), nyq
trnysxut ttus uyrzrxntuzy tz n pzlleptzr pzuyt (u.e Sink) ttnt wull przpess ut, tnwe qepusuzys, nlert
zr repzrq.

dBANqufers rrzx typupnl lnrse-spnlewureless seyszr yetwzrwsdSNhǊǈj uyxnyy nspepts:
Netwzrw suze us luxuteq tz n qzzey zr yzqes, uy-yetwzrwxzouluty rzllzws tte ozqyxzvexeyts
nyq tte wureless ptnyyel tns uts spepuiputues. Luyws tnve n very stzrt rnyse nyq n qunluty ttnt
vnrues wutt tte wenrer’s pzsture. he trnysxussuzy pzwer us wept lzw tz uxprzve qevupes nu-
tzyzxy nyq requpe wenrers eleptrzxnsyetup expzsutuzy. Czysequeytly, tte efepts zr ozqy
noszrptuzy, releptuzys nyq uyterrereype pnyyzt oe yeslepteq nyq ut us quipult tz xnuytnuy n qu-
rept luyw (zye-tzp) oetweey tte Sink nyq nll dBAN yzqes. hus, xultu-tzp pzxxuyupntuzy
represeyts n vunole nlteryntuve.

Iy ttus wzrw we uyvestusnte eyersy-eipueyt xultu-tzp pzxxuyupntuzy prztzpzls uydBAN.
Our wzrw us pnrt zr SMARa-BAN Selr-zrsnyuzuys Mzouluty Awnre, Relunole nyq auxely Bzqy
Aren Netwzrws przvept hǎj.

Iyzrqer tz evnluntezur pzxxuyupntuzyprztzpzlsqespruoeq uy tte sequel uy n spepuipdBAN
speynruz, we uxplexeyteq ttex uyqer tte Oxyet++ suxulntzr hǌj ttnt we eyrupteq wutt tte
Muxux przvept hǉǈǑj nyq n renlustup tuxny ozqy xzouluty nyq ptnyyel xzqel ussueq rrzx n
repeyt resenrpt zy ouzxequpnl nyq tenltt uyrzrxntups hǐǑj.

de nre uyteresteq uy dBAN wtere seyszrs nre plnpeq zy tte ozqy. de rzpus zy twz pzx-
xuyupntuzy pruxutuves: orznqpnst nyq pzyverse-pnst.

Fzr tte orznqpnstuys przolex uy dBAN, we nynlyze severnl orznqpnst strntesues uyspureq
rrzx tte nren zr DaN ttey we przpzse twz yzvel orznqpnst strntesuesMBP7 Mixed Broadcast
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Protocol nyqOptimized Flooding:

• MBP (Mixed Broadcast Protocol): de przpzseq ttus strntesy uy hǊǐj ns n xux oetweey
tte dissemination-based nyq knowledge-based npprznptes.

• OptFlood (Optimized Flooding): hus strntesy wns przpzseq uy hǋǈj nyq tnwes uytz np-
pzuyt tte streystts nyq wenwyesses zr tte onsup strntesy Flooding. Optimized Flooding us
n revuseq versuzy zr Flooding wtzse purpzse us tz weep tte szzq eyq-tz-eyq qelny suvey
oy Flooding wtule lzweruys eyersy pzysuxptuzy wutt tte suxplest wny nyq tte xuyu-
xux pzst.

Aqqutuzynlly, we perrzrxeq uyvestusntuzys zr uyqepeyqeyt uyterest relnteq tz tte nouluty zr nll
tte stuqueq strntesues tz eysure tte FIFO zrqer pzysusteypy przperty (u.e. pnpwets nre repeuveq
uy tte zrqer zr tteur seyquys) wtey stresseq wutt vnruzus trnysxussuzy rntes. hese uyvestusn-
tuzys zpey yew nyq ptnlleysuys resenrpt qureptuzys. dutt yz expeptuzy, tte exustuys lnt orznq-
pnst strntesues resuster n qrnxntup qrzp zr perrzrxnypes wtey tte trnysxussuzy rnte us superuzr
tz 11Ko/s.

here, we przpzse tte irst yetwzrw-MAC lnyer orznqpnst prztzpzl, CLBP, qesusyeq rzr
xultu-tzp pzxxuyupntuzy nyq resulueyt tz tuxny ozqy pzstures nyq xzouluty. Our prztz-
pzl us zptuxuzeq tz explzut tte tuxny ozqy xzouluty oy pnrerully ptzzsuys tte xzst relunole
pzxxuyupntuzy pntts uy enpt stuqueq pzsture. Mzrezver, zur prztzpzl uypluqes n slzt nssusy-
xeytxeptnyusx ttnt requpes tte eyersy pzysuxptuzy, pzllusuzys, uqle lusteyuys nyq zvertenr-
uys. Aqqutuzynlly,CLBP uypluqes n syyptrzyuzntuzy sptexe ttnt telps yzqes tz resyyptrzyuze
wutt tte Sink zy tte ly. Our prztzpzl zutperrzrxs exustuys lnt orznqpnst strntesues uy terxs
zr perpeytnse zr pzvereq yzqes, eyersy pzysuxptuzy nyq pzrrept repeptuzy zr FIFO-zrqereq
pnpwets nyq xnuytnuys uts szzq perrzrxnypes up tz 190Ko/s trnysxussuzy rntes.

Iy tte lnst pnrt zr tte ttesus, we pzypeytrnteq zy nyztter pzxxuyupntuzy pruxutuve: tte
convergecast przolex rzpusuys zyly lnt (u.e. yzy przss-lnyer) strntesues. de przpzseq n plns-
suipntuzy zr pzyverse-pnst strntesues, nqnpteq rrzx DaN nyq dSN nrens, uy ttree qufereyt
pnteszrues: atenuation-based, gossip-based nyq multi-path-based strntesues. de ttey przpzseq
n yzvel strntesy pnlleq Hybrid. hus wzrw wns puolusteq uy hǋǉj. de rzpuseq ttree pnrnx-
eters: resulueype tz tte ozqy xzouluty, eyq-tz-eyq qelny nyq eyersy pzysuxptuzy. Our yzvel
strntesy,Hybrid, oetnves ns nmulti-paths strntesywterexessnses nre rzrwnrqeq rzllzwuys pre-
qeterxuyeq pntts. Hzwever, uy zrqer tz pzpe wutt pzsturnl xzouluty, zur yzvel strntesy wull
uytrzqupe xessnses orznqpnst.
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ǉ.ǉ CŃłŉĹŎŉ & MŃŉĽŋĵŉĽŃł Ńĺ ŉļĹ ŉļĹňĽň

dureless Bzqy Aren Netwzrws (dBAN) zpey n yew nren wuttuy dureless Seyszr Netwzrws
(dSN) resenrpt, uy wtupt uyvnsuve seyszrs wutt lzw pzxputuys pzwer nyq luxuteq ontery lure,
qeplzyeq uy/zyzr nrzuyqtuxnyozqy, nre nole tz qetept nyq pzllept ptysuzlzsupnl pteyzxeyn
zr tte tuxny ozqy (supt ns: EEG (Eleptrzeypeptnlzsrnpty), ECG (Eleptrzpnrquzsrnpty),
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SpOǊ, olzzq pressure, texpernture, etp), nyq rurtter trnysxut ttus uyrzrxntuzy tz n pzlleptzr
pzuyt (u.e Sink yzqe) ttnt wull przpess ut, tnwe qepusuzys zr nlert. Iy nqqutuzy, xzvexeyts pny
oe trnpweq nyq prequpteq tz telp pnpturuys xztuzy wutt npplupntuzys uy vurtunl renluty, snxuys,
spzrts ns well ns uy qeteptuys rnlls nyq nppuqeyts.

dBAN tns n wuqe nren zr npplupntuzys: rexzte tenltt xzyutzruys, xulutnry, sepuruty, spzrts
nyq snxuys. Iy pnrtupulnr,dBAN us n repeyt ptnlleysuys nren uy tte tenlttxzyutzruys qzxnuy.
Outituys pntueyts wutt tuyy, wenrnole, vutnl-susys seyszrs wzulq nllzw pzytuyuzus nyq lzys-
terx xzyutzruys uy tteur zwy tzxes.

here nre severnl pzyperys uy ttus nren rnysuys rrzx eyersy eipueyt pzxxuyupntuzy tz qe-
susyuys qelnys eipueyt prztzpzls ttnt suppzrt yzqes’ qyynxup uyqupeq oy tuxny ozqyxzoul-
uty. Iy nqqutuzy, tz suppessrully qeplzy ozqy nren yetwzrws ttnt pnyperrzrx lzys-terxnyq pzy-
tuyuzus tenlttpnre xzyutzruys, ut us prutupnl ttnt tte wenrnole qevupes oe sxnll nyq lusttweustt
tz nvzuq tz oe tzz uytrusuve zy pntueyt lurestyle.

dļŏŉŃĸĵŏ’ň ňĹłňŃŇňĵŇĹłŃŉĹłŃŊĻļ ? azqny, vnruzus types zr seyszrs nre nlrenqy nvnul-
nole. Czyyepteqwenrnole qevupes pnyxensure vnruzus pnrnxeters nyq nrewuqely useq. Never-
tteless, ttese qevupes nre uyqepeyqeyt nyq nre usunlly zyly pzyyepteq tz n peytrnl qevupe supt
ns n sxnrtptzye, wtupt repzrqs qntn nyq uplznqs ut tz n plzuq uyrrnstrupture. Devupes qz yzt
pzxxuyupnte zr pzllnozrnte tzsetter nyq yeutter pny ttey tnwe qepusuzys zr seyq requests tz
ztters. Heype, zrsnyuzuys tte seyszrs uy n yetwzrw zr pzllnozrntuys qevupes wzulq preveyt tte
yetwzrw rrzx relyuys zy n sntewny ttnt pzystututes n suysle pzuyt zr rnulure.

dļŏ dBANň ĵŇĹ łŃŉ dSN ŃŇ DaN łĹŉŌŃŇĿň ? fet ttey qufer uy xnyy nspepts. he
suze zr tte yetwzrw us luxuteq tz n qzzey zr yzqes. arnysxussuzy pzwer us usunlly wept ns lzw
ns pzssuole, yzt zyly tz requpe uyterrereypes nyq tz uxprzve qevupes nutzyzxy nyq luretuxe,
out nlsz tz requpewenrers expzsure tz eleptrzxnsyetup susynls nyq pzysequeypes rrzxqevupes
texpernture. Iy nqqutuzy, nutzyzxy xny oe n prutupnl rnptzr tz zptuxuze wtey seyszrs nre ux-
plnyteq. hus results uy prentuys stzrt-rnyse wureless luyws wutt n vnrunole qunluty qepeyquys zy
tte wenrer’s pzsture ns xupt ns zy tte eyvurzyxeyt. Seyszr yzqes nre equuppeq wutt sxnll
onterues wutt luxuteq pnpnputy, teype, eyersy pzyservntuzy us n prutupnl ussue rzr dBAN npplu-
pntuzys.

Stzrt rnyse trnysxussuzy nyq pzsturnl xzvexeyts uydBAN tnve n trexeyqzus uxpnpt zy
tte yetwzrw pnrtutuzyuys uxplyuys n wuyq zr ozqy Delny azlernyt Netwzrw (DaN) hǉǎǌ, ǉǎǊ,
ǑǊj. DaN prztzpzls seex pnrtupulnrly relevnyt uy ttus pzytext, ns ttey nre qesusyeq tz tnpwle
tte uyterxuteyt pzyyeptuvuty nyq uyprequptnole susynl nteyuntuzy. Hzwever, DaN usunlly
suppzse eutter ny nlxzst perrept wyzwleqsezr ttexzouluty pnterys zr n rully rnyqzxxzouluty.
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IydBAN tte ozqy pzsturnl xzouluty qz yzt xntpt ttexzouluty xzqels usunlly pzysuqereq uy
DaN teype tte perrzrxnype zr tte prztzpzls przpzseq rzr DaN tnve pzzr results uydBAN.

aŃŌĵŇĸňŁŊŀŉĽ-ļŃńķŃŁŁŊłĽķĵŉĽŃł Bzqy noszrptuzy, releptuzys nyq uyterrereype pny-
yzt oe yeslepteq, nyqxnuytnuyuys n qurept zye-tzp luyw oetweey n peytrnl yzqe nyq nll perupt-
ernl yzqes us przonoly yzt tte xzst efeptuve strntesy. Hzwever, uy n xultu-tzp speynruz, pzx-
xuyupntuzy prztzpzls wzulq srently oeyeit rrzx tnwuys uytz nppzuyt tte pnrtupulnr uy-yetwzrw
xzouluty ttnt results rrzx tte ozqy xzvexeyts. As pzxxuyupntuzy us tte xzst eyersy pzy-
suxuys zperntuzy ttnt n seyszr yzqe perrzrxs, ny eipueyt eyersy pzxxuyupntuzy prztzpzl
us prupunl tz przlzys tte luretuxe zr tte dBAN. Repeyt resenrpt hǐǑ, ǉǌǑj nqvzpntes rzr usuys
multi-hop pzxxuyupntuzy uy dBAN tz sunrnytee lzw trnysxussuzy pzwer, lzw eyersy pzy-
suxptuzy nyq eipueyt rzutuys. Hzwever, very rew xultu-tzp pzxxuyupntuzy prztzpzls tnve
oeey przpzseq sz rnr nyq evey rewer nre zptuxuzeq rzr tte tuxny ozqy xzouluty. Multu-tzp
pzxxuyupntuzy us ttererzre n vunole nlteryntuve nyq xzst zr tte repeyt resenrpt uy dBAN rz-
puses zy supt pzxxuyupntuzy prztzpzls.

ǉ.Ǌ SMARa-BAN PŇŃľĹķŉ

hus wzrw us pnrt zr SMARa-BAN, Selr-zrsnyuzuys Mzouluty Awnre, Relunole nyq auxely Bzqy
Aren Netwzrws, przvept hǎj. SMARa-BAN przvept nuxs tz zptuxuze tte eyersy pzysuxptuzy
zr dBAN rzr xequpnl npplupntuzys. he przvept sntters resenrpters rrzx qufereyt ielqs rnys-
uys rrzx eleptrzxnsyetup nyq pzxxuyupntuzy ttezry tz pzxputer spueype. By uyqertnwuys n
trnys-quspupluynry npprznpt, tte uxpnpt zr ptysupnl lnyer wull oe tnwey uytz nppzuyt uy MAC
nyq Netwzrw lnyers tz qrnw ruyqnxeytnl eyersy luxutntuzys nyq tz qevelzp zptuxnl pzxxu-
yupntuzy strntesues rzr relunoly rzutuys uy xequpnl ozqy nren yetwzrws.

hepzyszrtuux(isure ǉ.ǉ) us pzxpzseqzr tteLǊE(bPMC), spepunlusts uy pzxxuyupntuzy
ptnyyel qesusy rzr exoeqqeq systexs, nyq LIPǎ (bPMC) nyq LaCI (aelepzx Pnrusaept),
spepunlusts uy tte qesusy zr qustruouteq prztzpzls nyq yetwzrw relunouluty. All tzsetter tnve tte
requureq xultuquspupluynry swulls tz nqqress severnl ussues uy dBANs. Czyszrtuux ielqs zr np-
tuvuty rnyse rrzx ttePtysupnl lnyer (LǊE) tz tteNetwzrw nyqxuqqlewnre lnyers (LIPǎ, LaCI),
ttrzust tte MAC lnyer (LaCI nyq LIPǎ).

ǉ.Ǌ.ǉ CŃłŉĹŎŉ & GŃĵŀň Ńĺ ŉļĹ ńŇŃľĹķŉ

Mequpnl septzr us rnpuys srent ptnlleyses yzwnqnys. Exerseypy qepnrtxeyts tzqny zpernte nt
zver pnpnputy hǉǈǏj. Asuyspzpulntuzy requures nlszxzretenlttpnre. Iy nperuzqzr epzyzxupnl
prusus, eipueypy zr tte xequpnl systex yeeqs tz oe uyprenseq susyuipnytly.
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converge-cast nyq tte yntuve pnpnouluty zr multi-hop prztzpzls tz tnyqle relunole nyq eyersy-
eipueyt pzxxuyupntuzy wuttuy n supt pzystrnuyeq yetwzrw.

ǉ.ǋ.ǉ FĽŇňŉ CŃłŉŇĽĶŊŉĽŃł: RĹĵŀĽňŉĽķ HŊŁĵł BŃĸŏ MŃĶĽŀĽŉŏ MŃĸĹŀ

Iy ttus wzrw, we preseyt n renlustup tuxny ozqy xzouluty nyq ptnyyel xzqel ussueq rrzx n
repeyt resenrptzyouzxequpnl nyqtenltt uyrzrxntups puolusteq uy hǐǑj nyqqespruoeq uyqetnuls
uy ptnpter Ǌ septuzy Ǌ.Ǐ.Ǌ.

hus ptnyyel xzqel zr ny zy-ozqy 2.45GHz ptnyyel oetweey 7 yzqes, ttnt oelzys tz tte
snxe dBAN, usuys sxnll qureptuzynl nyteyyns xzqeleq ns ur ttey were 1.5cm nwny rrzx tte
ozqy. Nzqes nre nssuxeq tz oe ntnpteq tz tte tuxny ozqy zy tte head, chest, upper arm, wrist,
navel, thigh, and ankle. Czysuqeruys tte npplupntuzy zr vutnl seyszr xzyutzruys rzr xequpnl nyq
tenltt-pnre, ttese yzqes nre selepteq onseq zy tte pzssuole vutnl seyszrs.

heyzqes pzsutuzys nre pnlpulnteq uy 7 pzstures: walking (walk), walking weakly (weak), run-
ning (run), siting down (sit), wearing a jacket (wear), sleeping (sleep), and lying down (lie). dnlw,
wenw, nyq ruy nre vnruntuzys zr wnlwuys xztuzys. Sut nyq lue nre vnruntuzys zr up-nyq-qzwy
xzvexeyt. denr nyq sleep nre relntuvely urresulnr pzstures nyq xzvexeyts.

Ctnyyel nteyuntuzy us pnlpulnteq oetweey enpt pzuple zr yzqes rzr enpt zr ttese pzsutuzys
ns tte nvernse nteyuntuzy (uy qB) nyq tte stnyqnrq qevuntuzy (uy qBx). he xzqel tnwes uytz
nppzuyt: tte stnqzwuys, releptuzy, qufrnptuzy, nyq spnteruys oy ozqy pnrts.

ǉ.ǋ.Ǌ SĹķŃłĸ CŃłŉŇĽĶŊŉĽŃł: BŇŃĵĸķĵňŉ Ľł dBAN & FIFO ŃŇĸĹŇ ķŃłňĽňŉĹłķŏ Ńĺ
ĶŇŃĵĸķĵňŉ ńŇŃŉŃķŃŀň Ľł dBAN

hus pzytruoutuzy rzpuses zy tte orznqpnstuys przolex uy dBAN nyq us preseyteq uy ptnpter
ǌ.

dtey n yzqe repeuves n pnpwet, ut yeeqs tz tnwe n qepusuzy wtetter tz rzrwnrq ut zr yzt, tz
wtupt zr uts yeustozrs nyq wtey. Hzwever, npquuruys tte yepessnry uyrzrxntuzy zy tte yzqes
xzouluty us yzt rree. It eutter requures nprepuseyzqes lzpnluzntuzyxeptnyusx, zr requures tz rely
zy hello messages tz lenry pzyyeptuzy/quspzyyeptuzy pnterys. Iy oztt pnses tte uxprzvexeyt
renluzeq oy tte xzouluty pntery ptnrnpteruzntuzy pzulq oe lzst oy tte yepessnry pzytrzl trnip.
hnt’s wty we wusteq tz pzxpnre vnruzus strntesues wutt qufereyt levels zr wyzwleqse.

Heype, we uyvestusnte tte yntuve pnpnouluty zr multi-hop broadcast prztzpzls, uyspureq rrzx
tte nren zr DaN, tz tnyqle pnpwets repeptuzy seyt rrzx Sink yzqe wuttuy n supt pzystrnuyeq
yetwzrw.

Our results stzw ttnt exustuys resenrpt uy DaN pnyyzt oe trnyspzseq wuttzut susyuipnyt
xzquipntuzys uy dBANs nren. hnt us, exustuys orznqpnst strntesues rzr DaN qz yzt perrzrx
well wutt tuxny ozqyxzouluty. Hzwever, zur exteysuve suxulntuzys suve vnlunole uysustts nyq
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qureptuzys rzr qesusyuys eipueyt orznqpnst uy dBAN. Furtterxzre, we przpzse twz yzvel
orznqpnst strntesues MBP: Muxeq Brznqpnst Prztzpzl (puolusteq uy hǊǐj) nyq Optuxuzeq
Flzzquys (przpzseq uy hǋǈj) ttnt zutperrzrx tte exustuys zyes uy terxs zr eyq-tz-eyq qe-
lny, yetwzrw pzvernse nyq eyersy pzysuxptuzy. Aqqutuzynlly, we perrzrxeq uyvestusntuzys zr
uyqepeyqeyt uyterest relnteq tz tte nouluty zr nll tte stuqueq strntesues tz eysure tte FIFO zr-
qer pzysusteypy przperty wtey stresseq wutt vnruzus trnysxussuzy rntes. hese uyvestusntuzys
zpey yew nyq ptnlleysuys resenrpt qureptuzys. dutt yz expeptuzy, tte exustuys lnt orznqpnst
strntesues resuster n qrnxntup qrzp zr perrzrxnypes wtey tte trnysxussuzy rnte us superuzr tz
11Ko/s.

ǉ.ǋ.ǋ aļĽŇĸ CŃłŉŇĽĶŊŉĽŃł: CŇŃňň LĵŏĹŇ AńńŇŃĵķļ ĺŃŇ BŇŃĵĸķĵňŉ Ľł dBAN

Iy ptnpter Ǎ, we przpzse tte irstMAC-yetwzrw lnyer orznqpnst prztzpzl,CLBP, qesusyeq rzr
xultu-tzp tzpzlzsues nyq resulueyt tz renlustup tuxny ozqy pzstures nyq xzouluty.

CLPB us n slzteq prztzpzl ttnt ouulqs zy tzp zr pruyeq pzxxuyupntuzy srnpts pzystrupteq
onseq zr tte ptnyyelxzqel hǐǑj. Our prztzpzl us zptuxuzeq tz explzut tte tuxny ozqyxzoul-
uty oy pnrerully ptzzsuys ttexzst relunole pzxxuyupntuzypntts uy enpt stuqueqpzsture. CLPB
tnyqles oztt tte pzytrzl xequux nppess nyq tte orznqpnst przpess. Mzrezver, zur prztzpzl
uypluqes n slzt nssusyxeyt xeptnyusx ttnt requpes tte eyersy pzysuxptuzy, pzllusuzys, uqle
lusteyuys nyq zvertenruys. Aqqutuzynlly, CLBP uypluqes n syyptrzyuzntuzy sptexe ttnt telps
yzqes tz resyyptrzyuze wutt tte Sink zy tte ly.

Iy zqer tz uypluqe tte ptnyyel xzqel spepuiputues uy tte orznqpnst przpess, CLPB yeeqs n
preprocessing ptnse ttnt us tnyqleq nt tte Sink level. Ater ttus preprzpessuys ptnse, Sink orznq-
pnst pnpwets ttnt wull pnrry oztt qntn nyq pzytrzl uyrzrxntuzy (e.s. slzts nssusyxeyt, syyptrz-
yuzntuzy uyrzrxntuzy). Our yew przss lnyer npprznpt xuyuxuzes pzzrquyntuzy zvertenq, yz
exptnyse zr pzytrzl pnpwets oepnuse uyrzrxntuzys nqqeq tz qntn pnpwets nre useq ns pzytrzl uy-
rzrxntuzys nyq eynole yzqes tz wyzw everyttuys nozut pzxxuyupntuzy nyq trnip. Nzqes nl-
terynte oetweey: Repeptuzy, Sleep nyq arnysxussuzy xzqes. Hzwever, qufereytly rrzx ztter
suxulnr teptyuques, we struve tz requpe tte yuxoer zr stnte swutptes nyq tte quty pyple qurn-
tuzy.

Our prztzpzl zutperrzrxs exustuys lnt orznqpnst strntesues uy terxs zr perpeytnse zr pzv-
ereq yzqes, eyersy pzysuxptuzy nyq pzrrept repeptuzy zr FIFO-zrqereq pnpwets (u.e. pnpwets
nre repeuveq uy tte zrqer zr tteur seyquys). Furtterxzre, zur prztzpzl xnuytnuys uts szzq per-
rzrxnypes up tz 190Ko/s trnysxussuzy rntes.
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ǉ.ǋ.ǌ FŃŊŇŉļ CŃłŉŇĽĶŊŉĽŃł: CŃłŋĹŇĻĹ-ķĵňŉ Ľł dBAN

Iy ttus pnrt zr tte ttesus, we pzypeytrnte zy nyztter pzxxuyupntuzy pruxutuve: tte converge-
cast przolex rzpusuys zyly lnt (u.e. yzy przss-lnyer) strntesues. de nqnpt rrzxDaN nyqdSN
nrens represeytntuve pzyverse-pnst strntesues nyq stresseq ttex uyqer renlustup setuyss.

Furst, we przpzse n plnssuipntuzy zr tte pzyverse-pnst strntesues uy ttree qufereyt pnteszrues:
atenuation-based, gossip-based nyqmulti-path-based strntesues.

ǉ. Ateyuntuzy-onseq strntesues: Iy ttus pnteszry, yzqes yeeq n spepuip uyrzrxntuzy uy zr-
qer tz tnwe tte qepusuzy tz eutter rzrwnrq n xessnse zr tz tzlq ut. Mzrezver, yzqes tnve
tz qepuqe tz wtupt yeustozr ttey wull rzrwnrq. Appzrquys tz tte uytesrnteq xzouluty
xzqel, we wull use, ns uyrzrxntuzy, tte pntt lzss vnlue (atenuation) zy luyws oetweey
enpt pzuple zr yzqes (suxulnr tz tte wny tte plnssupnl sezsrnptupnl rzutuys uses tte qus-
tnype tz tte Sink). he szurpe S stnrts oy orznqpnstuys n request ”AtREQ” nswuys uts
yeustozrs tte nteyuntuzy vnlue zr tteur luyw wutt Sink yzqe nyq sets n tuxer T .

Ǌ. Gzssup-onseq strntesues: Iy ttus pnteszry, yzqes pzyqupt noluyqorznqpnst zrxessnses uy
tte yetwzrw wuttzut relnyuys zy nyy spepuip uyrzrxntuzy. hese strntesues nre uyspureq
rrzx orznqpnst strntesues preseyteq uy hǊǐj.

ǋ. Multu-pntt onseq strntesues: Iy ttus pnteszry, we explzut preqeterxuyeq pntts (rererruys
tz yzqes pzsutuzys zy tuxny ozqy) oetweey tte szurpe nyq tte Sink. Our ptzupe us
onseqzyyzqes’ pzsutuzyzy ttetuxnyozqy. Czytrnry tz tteirst pnteszry (nteyuntuzy-
onseq strntesues), tere tte ptzupe us ixeq nll lzys tte suxulntuzy. Iy ttus plnss yzqes tnve
up tz twz pre-selepteq pruvuleseq yeustozrs (pnll uy tte sequel pnreyts).

Our exteysuve suxulntuzys przve ttnt xzst zr ttese strntesues qz yzt pzxply well wutt tu-
xny ozqy xzouluty. hus, we przpzse n yzvel strntesy pnlleq Hyoruq. Our yzvel strntesy,
Hybrid, pzxouyes tte nqvnytnses zr ozttmulti-paths nyq gossip-based strntesues. It oetnves ns n
multi-paths strntesy wtere xessnses nre rzrwnrqeq rzllzwuys preqeterxuyeq pntts. Hzwever,
uy zrqer tz pzpe wutt pzsturnl xzouluty, zur yzvel strntesy wull uytrzqupe orznqpnst. Iyqeeq,
yzqes wull irst ptepw luyws stntus wutt tteur pnreyts oerzre seyquys every qntnxessnse. Heype,
usuys ttese uyuque pntts,Hybrid nvzuqs pnpwets lzss.

de rzpuseq ttree pnrnxeters: Pnpwet Deluvery Rntuzy (PDR), eyq-tz-eyq qelny nyq trnip
lznq. Hybrid preseyts n szzq pzxprzxuse uy zptuxuzuys tte ttree nozve evnluntuzy pruterun.
hus wzrw wns puolusteq uy hǋǉj nyq wull oe preseyteq uy ptnpter ǋ.
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he pzytruoutuzy zr ttus ptnpter us tz przvuqe ny zvervuew zr resenrpt pzyqupteq uy dBAN.
dBANwns irst preseyteq oya.G. guxxerxny uy ny nrtuple rrzxǉǑǑǎ, out te ynxeq ttese

ozqy yetwzrws ns ttedureless Perszynl ArenNetwzrw (dPAN) nt tte oesuyyuys hǉǑǌj. Lnter
zy, PAN wns reqeiyeq nyq tte ynxe dBAN evzlveq.

dBAN us n wureless pzxxuyupntuzy yetwzrw ttnt tnwes tuxny ozqy ns tte peyter zr tte
pzxxuyupntuzy. Aqvnypes uy xuprzeleptrzyups nyq uytesrnteq purpuuts, systex zy ptup qesusy,
wureless pzxxuyupntuzy nyq uytelluseyt lzw-pzwer seyszrs tnve expzwereq tte qevelzpxeyt
zr dBAN. dBAN us pzysuqereq ns ny evzlutuzy zr wureless seyszr yetwzrws tzwnrqs wenr-
nole nyq uxplnyteq teptyzlzsues nyq represeyt ny uyprensuysly uxpzrtnyt yetwzrwuys pzytext.
dBAN us seey ns n vnlunole szlutuzy tz xzyutzr tuxny ozqy rexztely nyq lueytly.

Mnyy wzrws tnve quspusseq dBAN qeiyutuzys, nrptuteptures, npplupntuzys, etp hǌǌ, ǉǉǌ,
ǉǐǐ, ǌǈ, ǉǏǏ, ǉǐǌ, Ǌǈǐ, ǉǉǎ, ǌǑ, ǉǈǍj oepnuse vnruzus purreyt treyqs supt ns srzwuys pzpu-
lntuzy tnve przxzteq tte srzwtt zr dBAN. Hzwever, xzst zr tte exustuys wzrws rzpus zy
ttezretupnl perrzrxnype eytnypexeyt.

IEEE ǐǈǊ tns estnolusteq n answ Grzup pnlleq IEEE ǐǈǊ.ǉǍ.ǎ uy Nzvexoer ǊǈǈǏ rzr tte
stnyqnrquzntuzy zrdBAN.he purpzse zr tte srzup us tz estnolust n pzxxuyupntuzy stnyqnrq
zptuxuzeq rzr lzw pzwer tust relunouluty npplupntuzy rzr BANs hǉǉǊj.

de pny iyq qufereyt nyyztntuzys rzrdBAN luwedBANS-dureless Bzqy Aren Seyszr Net-
wzrws hǊǈǈ, Ǐǐj zr dBSN-denrnole Bzqy Seyszrs Netwzrw hǐǊj.

Ǌ.Ǌ dBAN AńńŀĽķĵŉĽŃłň

auyy seyszrs nre qeplzyeq zy tte tuxny ozqy tz pzllept vutnl susys nyq nptuvuty qntn (anole
Ǌ.ǉ). dBAN tns exerseq ns n wey teptyzlzsy ttnt zperntes uy plzse vupuyuty tz, zy, zr uysuqe
n tuxny ozqy nyq suppzrts n vnruety zr uyyzvntuve nyq uyterestuys npplupntuzys ttnt pny oe
pnteszruzeq uytz xequpnl nyq yzy-xequpnl npplupntuzys hǉǌǌj. dBAN tns wuqe przspepts uy
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tenltt pnre, perszynl nssustnype, sxnrt tzxe, xulutnry, eytertnuyxeyts nyq spzrts, trnpwuys nyq
pzsutuzyuys ielq hǉǊǊj.

cutnl susy Pzsutuzy
Eleptrzeypeptnlzsrnx (EEG) tenq
Eleptrzpnrquzsrnx (ECG) ptest, wrust

Respurntuzy ptest
Pulse Oxuxetry wrust
Blzzq Pressure wrust, bpper nrx

Glupzse wrust, ynvel
aexpernture wrust

Gyrzspzpe-Appelerzxeter nll yzqes
Eleptrzxyzsrnx (EMG) ttust, upper nrx, wrust

Table 2.1: Vital sign vs node position (Source [89])

Ǌ.Ǌ.ǉ MĹĸĽķĵŀ ĵńńŀĽķĵŉĽŃłň

Huxny tenltt xzyutzruys us pzysuqereq ns zye zr tte xzst przxusuys npplupntuzys zr dBAN
hǊǈǎ, ǊǊǍj. dBAN exerseq ns n vunole szlutuzy uy respzyse tz vnruzus qusnqvnytnses nsszpu-
nteqwuttwureq seyszrs pzxxzyly useq tzxzyutzr pntueyts uy tzsputnls nyq exerseypy rzzxs
hǌǏj. dBAN nllzws pzytuyuzus xzyutzruys zr tuxny’s ptysuzlzsupnl pnrnxeters rzr rurtter
nynlysus wtule eysuruys xzouluty nyq lexuouluty tz pntueyts wtule suotrnptuys tzsputnluzntuzy
pzsts. It nlsz nllzws n plenrer vuew tz qzptzrs zr pntueyt tenltt’s stntus (SpOǊ (Oxysey snturn-
tuzy), olzzq pressure, tenrt nptuvuty, ozqy texpernture, slupzse level, etp) hǉǍǐ, ǉǈǌj. Repeyt
xequpnl repzrts prequpt ttnt tte yuxoer zr pezple usuys tzxe tenltt teptyzlzsues zr suovept
zr rexzte tenlttxzyutzruyswull eyzrxzusly uyprense rrzxǉǌ.ǋ tz Ǐǐxulluzy pzysuxers rrzx
Ǌǈǉǌ tz ǊǈǊǈ hǎǈj, respeptuvely. Aqqutuzynlly, ozqy seyszrs stupxeyts wull tut ǋ.ǉxulluzy uyuts
every yenr. Heype, dBAN przxuses uyzotrusuve nxoulntzry tenltt xzyutzruys rzr exteyqeq
peruzqs zr tuxe nyq yenr renl-tuxe upqntes zr pntueyts’ xequpnl repzrqs. Resenrptes stzw ttnt
xzst qusenses pny oe preveyteq ur noyzrxnl syxptzxs were qetepteq uy tteur enrly stnses ns
tenrt qusense. Olqer pezple luvuys nlzye zr pezple wutt ptrzyup qusenses yeeq zyszuys surveul-
lnype. Mequpnl tele-xzyutzruys zr ttese pezple nllzws n pzytuyuzus qusense pzytrzl nyq pre-
veytuzy.

Iyxequpnl npplupntuzys, uy nqqutuzy zr xzyutzruys vutnl susys,dBANprzvuqes nssustnype tz
nutzxntup xequpnl trentxeyts zr nutzxntup qzsuys. Dntn nre pzllepteq usuys qufereyt seyszrs
ntnpteq tz tuxny ozqy. hese pzllepteq qntn nre seyt tz xequpnl uyut wtupt ttey qepuqes tte
pzrrespzyquys trentxeyt xettzq zr tte pzrrept qzsuys tz npply. Fzr exnxple, n pnpexnwer
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wtupt us ny eleptrzyup qevupe ttnt telps perszy’s tenrt tz oent resulnrly zr ny uysuluy uyveptzr rz
qunoetes perszy.

Iy tte sequel, wewull renluze ttrzust severnl rerereypes ttnt resenrpters tnrsetxzst nxequpnl
pzytext rzr dBAN.

Ǌ.Ǌ.Ǌ NŃł-ŁĹĸĽķĵŀ ĵńńŀĽķĵŉĽŃłň

Nzy-xequpnl npplupntuzys uypluqe snxuys, spzrts, etp. Fzr uystnype, uy snxuys nyq eytertnuy-
xeyt, seyszrs uy dBAN pzllept pzzrquyntes xzvexeyts zr qufereyt ozqy pnrts nyq xnwe tte
xzvexeyts zr tte ptnrnpter uy tte snxe e.s szpper plnyer zr teyyus plnyer. hnyws tz dBAN,
snxuys oepzxes xzre uyternptuve.

de nlsz iyq dBAN uy szxe prutupnl vzos supt ns xulutnry, pzlupexey zr irexey. hus, tte
zoservntuzy zr lure susys nyq tte surrzuyquys eyvurzyxeyt wull nvzuq xustnwes, qnyserzus sut-
untuzys e.s uy tte pnse zr irexny, tte nxzuyt zr zxysey, tzxup snsses nyq tte texpernture nre
prutupnl uyrzrxntuzys. Iy hǊǌj, Bey Aroun et al. evnlunte tte perrzrxnype zr xultu-tzp rzut-
uys prztzpzls wtule usuys qufereyt wureless teptyzlzsues uy ny urony prutupnl nyq exerseypy
speynruz. Iy tte pzytext zr Puolup Snrety Netwzrw (PSN), nuttzrs pzysuqer dBAN rzle ns n
wey rzle tz xzyutzr tte ptysuzlzsupnl stntus zr tte uyvzlveq wzrwrzrpes nyq tte surrzuyquys
eyvurzyxeyt.

Ǌ.ǋ dBAN AŇķļĽŉĹķŉŊŇĹň

Ǌ.ǋ.ǉ dBAN ķŃŁńŃłĹłŉň

Seyszrs pzllept ptysuzlzsupnl qntn nyq seyq ttex tz tte pzyperyeq eytutues. hey, qunsyzsus
onseq zy tte repeuveq uyrzrxntuzys us perrzrxeq nyq tte rustt qepusuzys nre tnwey.

A ttree-tuer nrptutepture rzr ndBAN pzxxuyupntuzy systex pny oe przpzseq (isure Ǌ.ǉ):

auer ǉ: Iytrn-dBAN pzxxuyupntuzy Czxxuyupntuzy nrzuyq tte ozqyzr seyszrs oetweey
enpt ztters nyq pzxxuyupntuzy oetweey seyszrs nyq Sink yzqe (PDA, ptzye, seyszr,
etp).

auer Ǌ: Iyter-dBAN pzxxuyupntuzy It us tte pzxxuyupntuzy oetweey tte Sink yzqe nyq
ny nppess pzuyt. Iy uyter-dBANpzxxuyupntuzy, n qevupe pzzrquyntzr Sinkwutt spepuip
rentures pzulq oe respzysuole tz pzxxuyupntewutt tte nqvnpeytdBANs. A pzzrquyntzr
us seyernlly pzysuqereq ns n reszurpe rupt qevupe, wtupt pny oe n xultu-stnyqnrq yzqe tz
uyterrnpe wutt ztter teptyzlzsues supt ns stntupdSN,dIFI nppess pzuyts zr orznqonyq
pellulnr yetwzrws (ǌG, LaE, etp)
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Ǌ.ǋ.ǋ dBAN ķŃŁŁŊłĽķĵŉĽŃł ňŉĵķĿ ŀĵŏĹŇň

Ptysupnl Lnyer Rnquz przpnsntuzy nyq xzouluty nre pnrtupulnr uy dBAN pzytext pzxpnreq
wutt typupnl lnrse spnle seyszrs yetwzrw. hey nre uylueypeq oy tte ptnrnpterustups nyq
xzvexeyt zr tte tuxnyozqy, uyqeeq, tte nyteyyn us nfepteqoywenrer’s pzsture nyqoy
seyszrs lzpntuzy (zy-ozqy, uxplnyteq). Iy nqqutuzy, ut us yepessnry tz weep tte trnysxus-
suzy pzwer nt uts xuyuxux tz snve eyersy nyq luxut uyternptuzys wutt tte wenrer. hree
rnptzrs: Bzqy Pntt-Lzss (BPL), RepeuveNzuse Fusure (RNF) nyq Susynl-tz-NzuseRntuz
(SNR), nfept tte seyszr yzqe’s trnysxussuzy pzwer wtey seyquys nyy qntn wurelessly.
SNR us suovept tz pzxxuyupntuzy luyw’s qunluty. RNF us n rnptzr ttnt us qevupe qepey-
qeyt. BPL us uylueypeq oy nyteyyn uy use nyq rnquntuzy pntery hǐǈj.

Szxezr ttexnuy respzysuoulutues zr tteptysupnl lnyer uypluqe rrequeypy seleptuzy, susynl
qeteptuzy, xzqulntuzy, nyq eypryptuzy.

Fzr zy-ozqy seyszrs, rrequeypy onyqs nre: ǉǋ.Ǎ MHz, Ǎ-Ǎǈ MHz, ǌǈǈ MHz, ǎǈǈ MHz,
ǑǈǈMHz, Ǌ.ǌGHznyqǋ.ǉ-ǉǈ.ǎGHz. heFeqernlCzxxuyupntuzyCzxxussuzy(FCC)
tns nllzteq tte rrequeypy onyq zr ǌǈǊ-ǌǈǍ MHz rzr Mequpnl Ixplnyt Czxxuyupntuzy
Cervupes (MICS) hǉǌǋj ns ut us nyultrn lzwpzwer, uy-lupeyseq speptruxnyqwzy’t pnuse
uyterrereype tz ztter users zr rnquz speptrux.

Dntn luyw Lnyer hus lnyer us respzysuole rzr xultuplexuys, rrnxe qeteptuzy, ptnyyel nppess
nyq relunouluty.

AtMAC lnyer, pzllusuzy zppurs wtey twz zrxzre yzqes ntexpt tz trnysxut nt tte snxe
tuxe. az eysure eyersy eipueypy,MACprztzpzls przpzse tz syyptrzyuze trnysxussuzy
sptequle nyq lusteyuys peruzqs tz xnxuxuze ttrzustput wtule requpuys eyersy oy tury-
uys zf rnquzs quruys sleep peruzqs. here us n trnqezf oetweey relunouluty, lnteypy nyq
eyersy pzysuxptuzy.

Netwzrw Lnyer Czxxzyly, yzqes uy dBAN nre yzt requureq tz rzute tte pnpwets tz ztter
yzqes. Hzwever, yew resenrptes stzw ttnt xultu-tzp rzutuys uy dBAN us xzre nqe-
qunte hǉǍǈ, ǉǌǑj nyq us requureq tz sunrnytee lzw trnysxussuzy pzwer lzw eyersy pzy-
suxptuzy nyq eipueyt qntn rzutuys oy qustruoutuys tte rzutuys lznq zver tte eyture yet-
wzrw.

Iy nqqutuzy, rzutuys us pzssuole wtey xultuple dBANs pzxxuyupnte wutt enpt ztter
ttrzust tteur pzzrquyntzrs hǍǐj. dBANspzzrquyntzrs pnyexplzut pzzperntuve nyqxultu-
tzp ozqy-tz-ozqy pzxxuyupntuzy tz exteyq tte eyq-tz-eyq yetwzrw pzyyeptuvuty.
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Ǌ.ǌ CļĵŀŀĹłĻĹň & ŃńńŃŇŉŊłĽŉĽĹň Ľł dBAN

Iyzrqer rzrdBANs tzoepzxeuouquutzus nyq nfzrqnole, n yuxoer zr ptnlleysuys ussues, supt
ns stnyqnrquzntuzy, systex qesusy, pzst, pzxpntuouluty, sepuruty nyq pruvnpy xust oe reszlveq
hǐǋ, Ǒǎj.

As dBAN npplupntuzys tnve quverse perrzrxnype requurexeyts hǉǈǊj, xnyy zr ttese re-
quurexeyts tnve yzt yet oeey nqqresseq oy tte resenrpt pzxxuyuty nyq ptnlleyses xust oe
nqqresseq oerzre qenluys wutt dBAN uy qnuly lure.

A yuxoer zr tenlttxzyutzruys systexs tnve oeey przpzseq. Hzwever, ttey rely zy pustzx
pzxxuyupntuzy prztzpzls nyq tnrqwnre qesusys, lnpwuys seyernluty nyq lexuouluty. he lnpw zr
stnyqnrq plntrzrxs, systex sztwnre suppzrt, nyq stnyqnrqs xnwes ttese systexs expeysuve.
Henvy seyszrs, tust prupe, nyq rrequeyt ontery ptnyses nre nll luwely tz luxut user pzxplunype.

dureq vsdureless seyszrs bsuys wureless uystenq zr wureq pzxxuyupntuzy qeprenses relun-
ouluty nyq uyprenses pnpwets lzss rnte que tz tte ptnrnpterustups zr tte wureless ptnyyel.
Hzwever, tte nvnulnouluty zr n xultu-pntt pzxxuyupntuzy pny pnrtunlly rexeqy ttnt.

Seyszr tnrqwnre Seyszrs stzulq oe ttuy, sxnll, ultrn lzw pzwer pzysuxptuzy nyq wureless
eynoleq.

dBAN trnip Seyszrs pzllept nyq trnysxut tz tte pzyperyeq nuttzruty users’ perszynl uyrzr-
xntuzys uypluquys seysutuve nyq prutupnl qntn.

here nre qufereyt types zr trnip hǉǏǍj:

• Oy-qexnyq trnip: uyutunteq oy Sink yzqe tz seyszrs zy ozqy. Oy qexnyq trnip
us rurtter quvuqeq uytz pzytuyuzus nyq quspzytuyuzus trnip. Czytuyuzus trnip us
useq uy pnse zr sursupnl eveyt wtule quspzytuyuzus trnip us useq uy pnse zr zppn-
suzynl uyrzrxntuzy.

• Exerseypy trnip: us uyprequptnole nyq uyutunteq oy tte seyszr wtey ttere us ny
nlert, ny noyzrxnl eveyt usunlly qetepteq wtey n ttrestzlq us expeeqeq.

• Nzrxnl trnip: us useq rzr tenlttxzyutzruyswtere seyszrs rzrwnrq pzllepteq qntn
tz tte pzzrquyntzr tz oe przpesseq zr rzrwnrqeq tz tte pzrrespzyquys nuttzruty.

Lnteypy dBAN xequpnl nyq yzy-xequpnl npplupntuzys requure lnteypy tz oe less ttny ǉǊǍxs
nyq ǊǍǈxs respeptuvely nyq vuter stzulq oe less ttny Ǎǈxs hǉǌǊj.

Mzouluty Dntn lzss us tust que tz ozqy xzvexeyt ttnt uyqupes tzpzlzsy ptnyses nyq luyws
qusnppenrnype. Heype, tz eysure tte pntueyt zr wenrer relunole xzyutzruys, n spepuip
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pzxxuyupntuzyxzqel nqnpteq tz tuxny ozqyxzouluty us yeeqeq. Iy tte sequel, ptny-
yel nyq xzouluty xzqels rzr dBAN nre quspusseq uy qetnuls uy septuzy Ǌ.Ǐ nyq n spepuip
ptnyyel nyqxzoulutyxzqel, uytesrnteq rzr ttepurpzsezr tte pzxxuyupntuzyprztzpzls
evnluntuzy uy dBAN, us qespruoeq uy pnrnsrnpt Ǌ.Ǐ.Ǌ.

Iyterrereype Czxxuyupntuzy uy dBAN yetwzrws us tustly pzystrnuyeq tz qufereyt szurpes
zr uyterrereype. Iy hǐǎj, nuttzrs przvuqe n stuqy nyq nynlysus zr pzexusteype ussues nyq
uyterrereypexutusntuzy szlutuzys uydBANrnquz teptyzlzsues ttnt uypluqe IEEEǐǈǊ.ǉǍ.ǉ
(Bluetzztt), IEEE ǐǈǊ.ǉǍ.ǌ (gusoee) nyq IEEE ǐǈǊ.ǉǉ (duFu) wtupt nll use tte snxe
Ǌ.ǌ GHz ISM onyq. dtule, uy hǉǌǊj, nuttzrs quspuss nyztter szurpe zr uyterrereypes
wuttuyxultupledBANs. Mzvnssnstu et al. hǉǌǊj, quvuqeq uyterrereypexutusntuzy sptexes
uytz twz pnteszrues: uyterrereype requptuzy teptyuques (xzqulntuzy sptexe, qntn rnte,
etp.) nyq uyterrereype nvzuqnype teptyuques (zrttzszynl ptnyyels nssusyxeyt).

arnysxussuzy pzwer arnysxussuzy rnyse qepeyqs zy seyszrs’ trnysxussuzy pzwer. he uy-
prexeyt zr trnysxussuzy pzwer us yzt n pzyveyueyt szlutuzy rzr dBAN. he lnter us
pzystrnuyeq oy n ttrestzlq ttnt pzxplues wutt tte Spepuip Aoszrptuzy Rnte (SAR) zr
tte Feqernl Czxxuyupntuzys Czxxussuzy’s ǉ.ǎd/Ks uy ǉs zr ozqy tussue hǉǐǉj nyq
ttnt prztepts tte wenrer rrzx eleptrzxnsyetup expzsutuzy, przlzyss tte luretuxe zr tte
dBAN yetwzrw nyq eysures eyersy eipueypy hǋǌj. Severnl wzrws quspusseq ttus ussue
uy dBAN hǊǊǈ, ǉǎǋ, ǉǎǈj.

Iy hǊǊǈj, nuttzrs uyvestusnte tte oeyeits nyq luxutntuzys zr nqnptuve trnysxussuzy pzwer
pzytrzl uydBAN. eunz et al. nssuxe n tust vnruntuzy zr luyws qunluty wtupt xztuvnteq n
qyynxup trnysxussuzy pzwer pzytrzl onseq zy repeuver reeqonpw. Alsz, nuttzrs uy hǉǎǋ,
ǉǎǈj przpzse n spepuip qyynxup pzwer pzytrzl sptexe ttnt perrzrxs nqnptuve ozqy
pzsture uyrereype rzr zptuxnl pzwer nssusyxeyts.

Iy hǉǌǎj, nuttzrs przpzseq n prztzpzl suxulnr tz stzre nyq rzrwnrq xeptnyusx nyq uy-
tesrnte tz ut n arnysxut Pzwer Aqnptntuzy (aPA) ttnt pzytrzls trnysxussuzy pzwer pzy-
suxptuzy oepnuse nll yzqes wyzw tteur yeustozrs wtupt nllzw ttex tz trnysxut qntn
wutt xuyuxux pzwer nyq wutt n stnole luyw qunluty.

Iy hǉǊǊj, nvernse exussuzy pzwer qeysuty us equnl tz -ǌǍqBx/MHzwtule uy hǐǊj, trnys-
xussuzy pzwer us rrzx -ǊǍ qBx tz -Ǌǈ qBx.

he przpzseq sptexes uy hǊǊǈ, ǉǎǋ, ǉǎǈj rzpus zy n stnr tzpzlzsy nyq qz yzt pzysuqer
xultu-tzp trnysxussuzys. Iy tte sequel we wull evnlunte ttus uxpzrtnyt pnrnxeter uy zr-
qer tz set ut przperly rzr seyszr yzqes.
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Eyersy pzysuxptuzy& yetwzrw luretuxe Preservuys seyszrs lure tuxe us n xnuy pzypery uy
dBAN. Czxxuyupntuzy oetweey seyszrs us pzysuqereq tte xnuy rnptzr zr eyersy pzy-
suxptuzy nyq pny oe zptuxuzeq nt xultuple lnyers zr tte pzxxuyupntuzy stnpw. dBAN
nre suppzseq tz zpernte przperly rzr lzys qurntuzy zr tuxe wuttzut nyy ontery reptnrse
zr plnpexeyt espepunlly rzr uy-ozqy u.e uxplnyteq seyszrs. hererzre eyersy xnynse-
xeyt us zye zr tte xnvzr pzyperys rzr dBAN prztzpzls’ qesusy.

Iy hǍǍj, nuttzrs przpzseq n szlutuzy tz xuyuxuze eyersy pzysuxptuzy. hey qeplzy
szxe yzy-seysuys, qequpnteq yzqes wutt nqqutuzynl eyersy szurpe. hus teptyuquexuy-
uxuzes eyersy pzysuxptuzy zrdBAN seyszr yzqes nyq eytnypes tte yetwzrw luretuxe.
Hzwever, nqqutuzynl tnrqwnre requureq rzr relny yzqes uyprense tte pzst zr tte yetwzrw.

Dntn sepuruty & pruvnpy dutt ttewureless pzxxuyupntuzy, ttere nrexzre sepuruty pzystrnuyts
ttny wutt wureq pzxxuyupntuzy. Seyszrs pzllept nyq trnysxut tz tte pzyperyeq nuttzr-
uty users’ perszynl uyrzrxntuzys uypluquys seysutuve nyq prutupnl qntn. hese qntn requure
strupt sepuruty xeptnyusxs tz preveyt xnlupuzus use zr ttex. Dntn sepuruty xenys qntn
nre sepurely stzreq nyq rzrwnrqeq wtule pruvnpy xenys ttnt ttese uyrzrxntuzys nre vusu-
ole zyly tz tte nuttzruzeq nuttzrutues hǉǊǌj.

Sepuruty servupes xust nlsz oe sunrnyteeq rzr dBAN yetwzrw:

• Czyiqeytunluty: Dntn yeeqs tz nlwnys oe wept pzyiqeytunl nt n yzqe zr n lzpnl
server. Dntn pzyiqeytunluty stzulq oe resulueyt tz qevupe pzxprzxuse ntnpws; ttnt
us, pzxprzxusuys zye yzqe wzy’t telp tte ntnpwer tz snuy tte stzreq qntn nt ttnt
yzqe. Fzr exnxple, szxedBANnpplupntuzys requure uyrzrxntuzy nozut pntueyt’s
lzpntuzy ttnt ntnpwer pzulq use tz trnpw n pntueyt.

• Iytesruty: Pntueyt-relnteq qntn us vutnl, nyq xzquieq qntn wzulq lenq tz qusnstrzus
pzysequeypes. hus, qntn uytesruty stnll oe prztepteq nll tte tuxe uypluquys stzrnse
peruzqs. Fzr exnxple, ntnpwers pzulq repzrt rnlse susynls zr replny zlq susynls.

• Autteytupntuzy: It pzyirxs tte uqeytuty zr tte zrusuynl szurpe yzqe. he pzzrqu-
yntzr xust tnve tte pnpnouluty tz verury tte zrusuynl szurpe zr qntn. Dntn nuttey-
tupntuzy pny oe nptueveq usuys n Messnse Autteytupntuzy Czqe ttnt us seyernlly
pzxputeq rrzx tte stnreq sepret wey.

• Avnulnouluty: Pntueyt’s uyrzrxntuzy stzulq oe wept nvnulnole tz tte pzyperyeq eytu-
tues. Nzqe replupntuzy pzulq oe ny uyterestuys szlutuzy out yzt prnptupnl eyzust.

Auttzrs uy hǎǉj preseyt nxettzq rzrxnwuyswureless ozqy-wzryxequpnl seyszrs nwnre
zr tte perszys ttey oelzys tz oy pzxouyuys ozqy-pzupleq wutt wureless pzxxuyupn-
tuzy. hus eynoles n user tz prente n wureless ozqy seyszr yetwzrw oy vust stupwuys tte
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seyszrs tz ter ozqy. A perszynl uqeytuier nllzws seyszrs tz nyyztnte tteur renquyss wutt
n user ID ttereoy eysuruys snrety uy perszynl tenlttpnre eyvurzyxeyts wutt xultuple
users.

Heterzseyezus eyvurzyxeyt Seyszrs wutt qufereyt ptnrnpterustups, pzxputuys pzwer nyq
nvnulnole eyersy, pzulqoeqeplzyeqzy tte snxedBAN. Iyzurwzrw, we pzysuqer nytz-
xzseyezus eyvurzyxeyt wtere seyszrs ptnrnpterustups nre tte snxe. Alsz we pny pzy-
suqer qntn teterzseyeuty uy dBAN. Iy hǉǏǍj, nuttzrs przpzse n rzutuys prztzpzl ttnt
pny tnyqle qntn teterzseyeuty, teype, qepeyquys zy prutupnl qntn, yzqes qepuqe wtey tz
trnysxut.

az nqqress szxe zrdBAN ptnlleyses, hǑǐj przpzse ndBANzvernll systexwtule nuttzrs
uy hǉǑǋj przpzse ndBAN prztztype systex qesusyeq oztt zy tnrqwnre nyq sztwnre ttnt uy-
pluqes ptysupnl, MAC nyq npplupntuzy lnyers onseq zy IEEE ǐǈǊ.ǉǍ.ǎ nyq n sepuruty xzqule uy
nqqutuzy. Iy hǑǐj, Jzvnyzv et al. prztztypeq n dBAN utuluzuys n pzxxzy wureless seyszr plnt-
rzrxwutt ngusBee rnquz uyterrnpe nyqn lzw-pzwerxuprz-pzytrzller. hestnyqnrqplntrzrx uy-
terrnpes tz pustzx seyszr oznrqs ttnt nre equuppeqwutt nppelerzxeters rzrxztuzyxzyutzruys
nyq n ouz-nxpluier rzr eleptrzpnrquzsrnx zr eleptrzxyzsrnx xzyutzruys. Sztwnre xzqules
rzr zy-oznrq przpessuys, pzxxuyupntuzy, nyq yetwzrw syyptrzyuzntuzy tnve oeey qevelzpeq
usuys tte auyyOS zperntuys systex.

Otter wzrws uy dBAN were uyteresteq uy qeruveq przolexs supt ns yzqes lzpnluzntuzy hǍǉ,
ǉǍǍj. Nzqes pzsutuzys pny oe estuxnteq ttrzust tuxe-onseq rnysuys nlszruttxs, rzr exnxple
oy xensuruys tte Rzuyq arup auxe zr Flustt zr ny uxpulse rnquz ultrn duqeonyq (IR-bdB)
ttnt relues zy twz zr ttree xessnses trnysnptuzys. Hzwever yzqes xzouluty nyq n ǋ dny Rnys-
uys (ǋ-dR) przpequre pzulq requpe ttus estuxntuzy nppurnpy. Iy hǏǍj, nuttzrs pzxpnres ttree
lzpnluzntuzy estuxntuzy nlszruttxswtule tnwuys uytz nppzuytMAC sptequluys uxpnpt hǏǎj nyq
yzqes xzouluty hǏǌ, ǏǏj. Hzwever nuttzrs pzysuqer perrept ptnyyel nyq usyzre tte efept zr
stnqzwuys nyq ozqy zostruptuzy.

Ǌ.Ǎ dBAN ŋň dSN

dBAN qufers rrzx typupnl lnrse-spnle dSN hǊǈ, ǉǈǉj uy xnyy nspepts: tte suze zr tte yet-
wzrw us luxuteq tz n qzzey zr yzqes, uy-yetwzrw xzouluty rzllzws tte ozqy xzvexeyts nyq
tte wureless ptnyyel tns uts spepuiputues. he pzxxuyupntuzy luyws uy dBAN tnve, uy seyernl,
n very stzrt rnyse nyq n qunluty ttnt vnrues wutt tte wenrer’s pzsture, out rexnuys lzw uy tte
seyernl pnse. dBAN tns rrequeyt tzpzlzsy ptnyses nyq n tuster xzvuys speeq wtulst dSN
tns stntup nyq lzw xzouluty speynruzs. he trnqutuzynl dSN useq rzr eyvurzyxeytnl xzyutzr-
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uys nyq tzxe nutzxntuzy eypzuyters xnyy qusnqvnytnses wtey useq rzr tenltt xzyutzruys
oepnuse zr dBAN luxutntuzys.

anole Ǌ.Ǌ oellzw repnps dSN nyq dBAN qufereype ptnrnpterustups.

Ctnrnpterustups dBAN dSN
Nuxoer zr yzqes luxuteq tz n qzzey zr yzqes lnrse
Aren zr uyterest sxnll nren lnrse nren

azpzlzsy vnrunole que tz ozqy xzvexeyt stntup
Rnyse luxuteq (tuxny ozqy uy

peytuxeters/xeters)
lnrse (xzyutzreq eyvurzyxeyt

uy xeters/wulzxeters)
Neeq zr Relunouluty tust lzw

Neeq zr qelny tust lzw
Sepuruty xeptnyusx strzys tz prztept pntueyt qntn lzw

seyszr’s suze xuyunturuzeq yz xnter

Table 2.2: Comparison of WBAN and WSN networks’ characteristics

Due tz tteur spepuip przpertues supt ns sxnll suze, qntn rnte, relunouluty, sepuruty, xzouluty,
pzwer pzystrnuyt, QzS requurexeyt nyq teterzseyezus trnip, dBANs requure spepunl prz-
tzpzls qesusy tz xeet tteur pnrtupulnr yeeqs. Iy ztter wzrqs, nlttzust dBANs qeruve rrzx
dSNs, ttere nre uytruysup qufereype oetweey ttese twz yetwzrws.

Ǌ.ǎ SŉĵŉĹ Ńĺ ŉļĹ ĵŇŉ

Ǌ.ǎ.ǉ MAC Ľł dBAN

Iy ttus septuzy, we uyvestusnte severnlMACprztzpzls przpzseq rzrdBANnyq tustlustts tteur
rentures.

It us uxpzrtnyt tz qesusy eipueytMACprztzpzls uydBAN tz przlzys tte yetwzrw luretuxe
nyq tz eysure relunouluty. Severnl reszurpes pzytruoute tz tte uyeipueypy uypluqe pzllusuzys,
zvertenruys, pzytrzl pnpwets zvertenq, trnip luptuntuzys nyq nlsz tte pzexusteype oetweey
dBAN nyq tte ztter wureless systexs.

hexnuy sptexeszrMACprztzpzls nre srzupeq uytz pzyteytuzy-onseq(CSMA)nyqsptequleq-
onseq zr Czyteytuzy rree (aDMA) hǏǉj. Frequeypy Duvusuzy Multuple Appess (FDMA) re-
quures pzxplex tnrqwnre wtule Czqe Duvusuzy Multuple Appess (CDMA) requures tust pzx-
putntuzynl qexnyqs.

Severnl CSMA-onseq MAC prztzpzls, przpzseq rzr dSN tnve yzt przveq tz oe eyersy er-
ipueyt rzrdBANs wtule aDMA pzyteytuzy-rreeMAC prztzpzls nre uynole tz sntusrydBAN
requurexeyts hǏǉj.
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At tte qntn-luyw lnyer, eyersy pny oe snveq oy uytelluseyt xequux nppess pzytrzl prztzpzls
ttnt nux tz tury tte rnquz zf wteyever pnpwet trnysxussuzy zr repeupt us yzt expepteq. Severnl
suptMACprztzpzls tnve oeey qevelzpeq uy tte luternture hǉǏǌ, ǉǎǎj: supt ns Prenxole-onseq
aDMAhǊǈǍj, HenrtoentDruveyMAC(H-MAC) hǉǊǉj, Reservntuzy-onseqDyynxupaDMA
(DaDMA) hǉǊǈj, Dustruouteq Queuuys Bzqy Aren Netwzrw (DQBAN) hǉǍǋj, etp. Iy nqqu-
tuzy, severnl teptyzlzsues supt ns Bluetzztt espepunlly Bluetzztt Lzw Eyersy, gusoee, IEEE
ǐǈǊ.ǉǍ.ǎ nre tnrsetuys dBAN hǐǉj.

H-MAChǉǊǉj us n yzvelaDMA-onseqMACprztzpzl ttnt nuxs tz requpe eyersy pzysuxp-
tuzy oy explzutuys tenrtoent rtyttx uyrzrxntuzy tz perrzrx tuxe syyptrzyuzntuzy.

AR-MAC hǉǎǍj: nuttzrs przpzseq n MAC prztzpzl rzr dBAN. Furst, ttey przpzseq n
xnttexntupnl przsrnxxuys rzrxulntuzy onseq zy hǍǑj. Sepzyqly, ttey uxplexeyteq tteur
prztzpzl onseq zy aDMA npprznpt. A pzxxzy przolex uy aDMA us tte extrn eyersy pzst
zr tte peruzqup syyptrzyuzntuzy. Iy zrqer tz nvzuq pzllusuzy, ttey uytrzqupe Dc (Drut cnlue)
wtupt us pnlpulnteq onseq zy tte expepteq nrruvnl tuxe nyq tte purreyt nrruvnl tuxe. he qrut
vnlue us uypzrpzrnteq uy SfNC-ACK respzyse.

Iy hǉǋǋj, tte nuttzrs przpzse nMACprztzpzl rzr EEG rexztexzyutzruys npplupntuzy. he
nuttzrs elnozrnte n aDMA onseq prztzpzl uy wtupt ttey pzysuqereqxnster-slnve nrptutepture
nyq tnwe nqvnytnse zr tte stntup ynture zr tte ozqy nren yetwzrw. Iy tte xnster-slnve nrptutep-
ture, ttey qeiye nxnster yzqe, nxzyutzruys stntuzy nyq n seyszr yzqe. he onsup uqen us tz use
ttexzyutzruys stntuzy rzr pzzrquyntuys tte syyptrzyuzntuzy przpess nyq rzrwnrq tte pzllepteq
qntn tz tte xnster yzqe. he xnuy qrnwonpw zr ttus prztzpzl us ttnt n yzqe yeeqs tz wnut N
pyples oerzre resyyptrzyuzntuzy.

IEEE ǐǈǊ.ǉǍ.ǌ

he IEEE ǐǈǊ.ǉǍ.ǌ us zye zr tte xzst rrequeytly useq wureless teptyzlzsues uy dBANs oy tte
resenrpt pzxxuyuty hǌǊj que tz uts perrzrxnype, lzw pzwer, lzw qntn rnte nyq eyersy ei-
pueypy. IEEEǐǈǊ.ǉǍ.ǌ pny wzrw zy ttree qufereyt ISM rrequeypues nyq ǊǏ ptnyyels. here nre
twz types zr yzqes onseq zy tteur rentures: RFD (Requpeq Fuyptuzys Devupe) nyq FFD (Full
Fuyptuzys Devupe).hus stnyqnrq suppzrts peer tz peer nyq stnr tzpzlzsues. Dufereyt versuzys
zr IEEE ǐǈǊ.ǉǍ.ǌ stnyqnrq were przpzseq (IEEE ǐǈǊ.ǉǍ.ǌv,IEEEǐǈǊǉǍǌe,...). Fzr exnxple, uy
hǉǌǉj, nuttzrs use IEEE ǐǈǊ.ǉǍ.ǌe rzr n pzzperntzr-nssusteq dBAN.

Iy hǊǈǉj, nuttzrs preseyteq nperrzrxnype nynlysus zr IEEEǐǈǊ.ǉǍ.ǌ stnyqnrq uy n stnr tzpzl-
zsy pzyisurntuzy. hey rzpuseq tteur stuqyzy tteoenpzy-eynoleqxzqeusuys slzteqCSMA/CA.
he nuxzr tte stuqy us tz qeruve seyerup equntuzys tzxzqel tte nvernse pzwer pzysuxptuzy zr
n seyszr. Iy oenpzyxzqe tte super-rrnxe us pzxpzseq zr twz pnrts: tte nptuve peruzq nyq tte
uynptuve peruzq. he nptuve zye pzytnuys ǉǎ slzts nyq us quvuqeq uytz pzyteytuzy nppess peruzq
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(CAP) nyq pzyteytuzy rree peruzq (CFP). Iy CAP tte slzteq CSMA/CA us useq rzr yetwzrw
rzrxntuzy.he CFP us useq tz nptueve tte renl tuxe pzystrnuyeq trnip supt ns vuqez. he oen-
pzy us useq oy pzzrquyntzr wutt nux tz syyptrzyuze tte eyq qevupes. he pzzrquyntzr uyternpts
wutt eyq qevupes quruys nptuve peruzq nyq xny sleep uy uynptuve peruzq.

Iy hǌǊj, nuttzrs quq stuqy eyq-tz-eyqqelny, eyersy pzysuxptuzy nyqpnpwets lzss rnte. hey
stuqueq twz pnrnxeters BenpzyOrqer hO:ǉǌj nyq Super-rrnxeOrqer hǈ:BOjwtupt nre set oy
tte PAN pzzrquyntzr (zye PAN rzr stnr tzpzlzsy nyq severnl PAN rzr peer-tz-peer tzpzlzsy).
heyqespruoeq IEEEǐǈǊ.ǉǍ.ǌxeptnyusxsespepunlly super-rrnxe. SD(SuperrrnxeDurntuzy)
nyq BI (Benpzy uytervnl) nre qeterxuyeq oy BO nyq SO. BI us useq sz ttnt yzqes syyptrzyuze
wutt tte pzzrquyntzr.

Iy hǏj, nuttzrs przpzse n tuxe sptequluysxettzqonseqzy IEEEǐǈǊ.ǉǍ.ǌ nyq uxplexeyteq
ut zy renl tnrqwnre test-oeq uy zrqer tz qeprense eyersy pzysuxptuzy.

IEEE ǐǈǊ.ǉǍ.ǎ

IEEE ǐǈǊ tns estnolusteq n yew tnsw srzup pnlleq IEEE ǐǈǊ.ǉǍ.ǎ rzr tte stnyqnrquzntuzy zr
dBAN hǊǈǑ, ǉǉǉ, ǎǍj. he purpzse zr tte srzup us tz estnolust n pzxxuyupntuzy stnyqnrq
zptuxuzeq rzr lzw-pzwer, stzrt-rnyse nyq wureless pzxxuyupntuzy uy tte vupuyuty zr, zr uysuqe
tuxny ozqy tz serve n vnruety zr xequpnl nyq yzy-xequpnl npplupntuzys. IEEE ǐǈǊ.ǉǍ.ǎ stny-
qnrq wns npprzveq uy ǊǈǉǊ nyq resenrpt zy ut us uyprensuys uy repeyt yenrs wtule pzxpnruys
oetweey IEEE ǐǈǊ.ǉǍ.ǌ nyq IEEE ǐǈǉ.ǉǍ.ǎ hǎǎj.

IEEE ǐǈǊ.ǉǍ.ǎ qeiyes ttree ptysupnl lnyer: Nnrrzwonyq (NB), bltrn duqe Bnyq (bdB)
nyqHuxnyBzqyCzxxuyupntuzys (HBC).he seleptuzy zr tte ptysupnl lnyer qepeyqs zy tte
npplupntuzy requurexeyts. IEEE ǐǈǊ.ǉǍ.ǎ tns onsupnlly uytrzqupeq tte onsups HBC hǉǈǈ, ǉǋǊj.
Iy nqqutuzy, IEEE ǐǈǊ.ǉǍ.ǎ hǉǑǊj przvuqes suppzrt rzr qunluty zr servupe supt ns exerseypy
xessnsuys, n strzys sepuruty nyq qntn rntes up tz ǉǈ Mops. he pzzrquyntzr quvuqes tte ey-
ture ptnyyel uytz super-rrnxes rzr rerereypeq reszurpes nllzpntuzy. Enpt super-rrnxe stnrts oy
orznqpnstuys n oenpzy pnpwet wtupt pzysusts zr uyrzrxntuzy rzr estnolustuys luyw nyq syyptrz-
yuzntuzy. az suppzrt trnip qufereytuntuzy, tte IEEE ǐǈǊ.ǉǍ.ǎ stnyqnrq spepuieq n user pruzruty
ielq uy dBANs rrnxe strupture. Fzr qntn rrnxes, ttus ielq pny tnwe sevey qufereyt vnlues: Ǐ
rzr exerseypy zr eveyt repzrt; ǎ rzr xequpnl qntn; ǋ rzr pzytrzlleq lznq.

bdB PHf us xzre rzoust tz tte ptnyyel vnruntuzys nyq zperntes nt very lzw pzwer levels
ttny ynrrzwonyq hǌǐj. Iy nqqutuzy, IR-bdB (Ixpulse Rnquz-bltrn duqe Bnyq) pzysusts zr
tte qernult nyq tust qunluty servupe ptysupnl lnyer zptuzys rzr seyernl nyq tust pruzrutyxequpnl
npplupntuzys. Ptysupnl lnyer zptuzys nllzw rzr n set zr qufereyt xzqulntuzy nyq pzquys tept-
yuques tz zotnuy vnruzus qntn rntes. Heype, xnyy resenrptes zy IEEE ǐǈǊ.ǉǍ.ǎ were przpzseq.

ǋǊ



Iy hǉǌǈj, nuttzrs przpzse n yzvel luyw nqnptntuzyxeptnyusx tz pzzrquynte nvnulnole qntn rntes
uy ny zptuxnl xnyyer nyq xnxuxuze eyersy eipueypy uy IEEE ǐǈǊ.ǉǍ.ǎ IR-bdB.

A szptustupnteqMACprztzpzl ttnt pzytrzls nppess tz ptnyyel us qeiyeq zy tzp zr tte ptys-
upnl lnyer. he MAC lnyer qeiyeq uy IEEE ǐǈǊ.ǉǍ.ǎ uypluqes rrnxe przpessuys, nppess xzqel,
pzwer xnynsexeyt, plzpw syyptrzyuzntuzy, etp hǉǉǊj. Czysuqeruys uyter-BAN uyterrereype,
onseq zy IEEE ǐǈǊ.ǉǍ.ǎ stnyqnrq, yzqes uy n suysle dBAN pny nvzuq uyterrereype oy usuys
xultuple nppess teptyuques supt ns tuxe quvusuzy.

Iy hǊǈǏj, n ttrzustput nyq qelny nynlysus zr IEEE ǐǈǊ.ǉǍ.ǎ-onseq CSMA/CA prztzpzl us
pzyqupteq, wtule uy hǐǏj, n pzwer eipueyt xeptnyusx us przpzseq.

SŏłŉļĹňĽň

MAC prztzpzls plny ny uxpzrtnyt rzle uy eysuruys ny eipueyt pzxxuyupntuzy uy dBAN.
Mnyy prztzpzls tnve oeey przpzseq, tzwever, ttese prztzpzls nre uynqequnte tzdBAN ptnr-
npterustups espepunlly tz tte uystnytnyezus tuxny ozqy xzouluty.

Despute ttnt IEEE ǐǈǊ.ǉǍ.ǎ stnyqnrqwns spepunlly przpzseq rzrdBAN, rewwzrws tnve qus-
pusseq IEEE ǐǈǊ.ǉǍ.ǎ uxplexeytntuzy hǉǑǋ, ǉǋǎ, ǊǊǎj. Nzye zr tte nozve uxplexeytntuzys
evzlve n pzxplete dBAN systex onseq zy IEEE ǐǈǊ.ǉǍ.ǎ. Fzr exnxple, uy hǏǋj, nuttzrs ux-
plexeyt zyly IEEE ǐǈǊ.ǉǍ.ǎ oenpzy xzqe wutt superrrnxes. Benpzys yeeq tz oe repeuveq
oy nll yzqes uy tte yetwzrw tz eynole tte pzyyeptuzy. Iyqeeq, tte tzpzlzsy suppzrteq oy
IEEE ǐǈǊ.ǉǍ.ǎ stnyqnrq us stnr tzpzlzsy nyq rrnxe exptnyses zppur qureptly oetweey yzqes
nyq n tuo. Evey ur twz-tzp pzzperntuve pzxxuyupntuzy us uypluqeq ns ny zptuzy uy tte IEEE
ǐǈǊ.ǉǍ.ǎ stnyqnrq, uy renluty, qntn exptnyse oetweey tte tuo nyq enpt yzqe us nppzxplusteq
vun n rzuyq-rzouy npprznpt wtupt results uy n twz-tzp stnr tzpzlzsy.

Iy tte sequel, zur wzrw us onseq zy IEEE ǐǈǊ.ǉǍ.ǌ CSMA/CA yzy-oenpzy xzqe. IEEE
ǐǈǊ.ǉǍ.ǌ stnyqnrq eysures lzw pzwer, relunole nyq stzrt rnyse rnquz pzxxuyupntuzy. It sup-
pzrts stnr, peer-tz-peer nyq xest tzpzlzsues. Iy nqqutuzy, pzxplete uxplexeytntuzys zr ttus
stnyqnrq nre nvnulnole, rzr exnxple wutt MueuM rrnxewzrw hǊj.

Ǌ.ǎ.Ǌ RŃŊŉĽłĻ Ľł dBAN

Rzutuys uydBANus ny uxpzrtnyt ptnlleyse espepunlly uy prutupnl nyqexerseypy sutuntuzys ttnt
ntrnpteq susyuipnyt resenrpt uyterest hǉǌǋ, ǊǊj. Severnl rzutuys prztzpzls tnve oeey przpzseq
uy tte pnst qepnqe hǎǊj. Mzst prztzpzls nre nqnptntuzys zr plnssupnl strntesues tz tte dBAN
pzytext. Axnuy pzypery uydBAN us tz use lenst pzwer tz trnysxut qntn rrzx seyszrs tz Sinkzr
vupe versn. hus, ny eipueyt rzutuys prztzpzl us esseytunl tz zverpzxe ttus ussue. A pzxpnrntuve
nynlysus zr eyersy eipueyt rzutuys uy dBAN us preseyteq uy hǉǑj. he pzxpnruszy pny oe
qzye onseq zy vnruzus pnrnxeters nyq rzutuys prztzpzls pny oe plnssuieq wutt respept tz tteur
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nuxs uy qufereyt pnteszrues hǉǌǌj: QzS-onseq rzutuys prztzpzls, texpernture-onseq rzutuys
prztzpzls (uy-ozqy), przss-lnyer-onseq, pluster-onseq rzutuys prztzpzls. Iy nqqutuzy, ttey pny
oe plnssuieq uytz: uytrn-dBAN nyq Iyter-dBAN rzutuys prztzpzls.

QŃS ĵŌĵŇĹ ŇŃŊŉĽłĻ ńŇŃŉŃķŃŀň

QzSnwnre rzutuysprztzpzls nux tzprzvuqeoeter servupe tz selepteqyetwzrw trnip uydBAN.
Prztzpzls’ qesusy hǉǊǏ, Ǎǌ, ǉǊǎj rzpuses zy xzqulnr nrptutepture wtere qufereyt xzqules pz-
zrquynte wutt enpt ztter tz przvuqe QzS servupes. hus rzutes nre ptzsey uy nppzrqnype wutt
trnip pruzrutues nyq xzre relunole rzutes nre srnyteq tz tustest pruzruty pnpwets.

DMQzS hǉǎǏj us n xzqulnr QzS onseq prztzpzl. It sets up n xzqulnr nrptutepture wtereuy
qufereyt xzqules pzzrquynte wutt enpt ztter tz przvuqe QzS prererxeyt servupes. DMQzS
plnssuies qntn uytz rzur xnuy pnteszrues: zrquynry, prutupnl, qelny qruvey nyq relunouluty qruvey
pnpwets. he rzutuyss zr qelny prutupnl nyq relunouluty prutupnl pnpwets nre tnyqleq sepnrntely oy
explzyuys uyqepeyqeyt xzqules rzr enpt, wterens rzr tte xzst prutupnl pnpwets tnvuys oztt
struyseyt qelny nyq relunouluty pzystrnuyts, tte pzrrespzyquys xzqules zpernte uy pzzrquyntuzy
tz sunrnytee tte requureq servupe. he relunouluty pzytrzl xzqule uyvepts xuyuxnl requyqnyt
uyrzrxntuzy oy explzutuys tust relunouluty luyws. az eysure relunouluty, DMQzS quplupntes trnys-
xuteq qntn pnpwets, wtupt lenqs tz eyersy pzysuxptuzy nyq uyterrereype uyprense.

gntzzr et al. preseyt ny eyersy nyq QzS-nwnre rzutuys prztzpzl (gEQzS) hǉǈǎj. It prz-
vuqes servupe qufereytuntuzy ttrzust plnssuryuys trnip uytz ttree pnteszrues: zrquynry pnpwets
(OPs), qelny-seysutuve pnpwets (DSPs), nyq relunouluty-seysutuve pnpwets (RSPs), ttey qeter-
xuyes ny eyq-tz-eyq rzute ttnt eysures tte sntusryuys zr QzS pnrnxeters onseq zy respeptuve
trnip type. gEQzS uytrzqupes twz xnuy xzqules (MAC lnyer nyq yetwzrw lnyer) nyq ttree
nlszruttxs (yeustozr tnole pzystruptzr, rzutuys tnole pzystruptzr nyq pntt seleptzr). Extey-
suve suxulntuzys usuys OMNea++ onseq suxulntzr Cnstnlun ǋ.Ǌ qexzystrnte ttnt tte perrzr-
xnype zr tte przpzseq uytesrnteq nlszruttx us sntusrnptzry wtey testeq zy n renl tzsputnl spe-
ynruz. Suxulntuzys nlsz stzw ttnt tte gEQzS nlsz zfers oeter perrzrxnype uy terxs zr tuster
ttrzustput, less pnpwets qrzppeq zy MAC nyq yetwzrw lnyers, nyq lzwer yetwzrw trnip ttny
pzxpnrnole prztzpzls uypluquys DMQzS hǉǎǏj.

hese prztzpzls przvuqe qufereyt xzqules rzr qufereyt xetrups. Heype, ttey eysure tust
relunouluty, lzw qelny out tust yuxoers zr pnpwets.

aļĹŇŁĵŀ ĵŌĵŇĹ ŇŃŊŉĽłĻ ńŇŃŉŃķŃŀň

aexpernture ruse zr qevupes que tz przpessuys nyq pzxxuyupntuzy xny oe qnyserzus rzr sur-
rzuyquys tussues nyq tnrxs tuxny ozqy. Iy nqqutuzy, n tust texpernturexny qnxnse qevupes
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rrzx n lzys-terx xzyutzruys. Heype, n serues zr prztzpzls hǑǌ, ǋǊj were przpzseq uy zrqer tz
requpe tte tent seyernteq oy qevupes.

herxnl nwnre rzutuysprztzpzls nre qesusyeq tz suppzrt texpernture ruse up tz npreqeiyeq
ttrestzlq, ttnt us, qntn trnysxussuzy nxzys tte seyszrs stzulq qusperse nrzuyq yetwzrws nyq
yzt rely zy zyly zye rzute.

Severnl tterxnl-nwnre rzutuys prztzpzls use tterxnl-nwnre teptyzlzsy hǉǐǍj. he lnter
pzxputes texpernture ptnyses zr tuxny tussues surrzuyquys tte seyszr yzqes. hus texper-
nture prequptuzy xzqel us pzystrupteq usuys FDaD teptyuque. Prztzpzls pzxpute tte SAR:
Spepuip Aoszrptuzy Rnte uy d/ws hǋǋj nyq tte rnte zr ruse zr texpernture.

aAA-herxnl-Awnre Rzutuys Alszruttx hǉǑǑj us tte irst rzutuys prztzpzl wtupt rzpuses
zy tte texpernture ruse przolex. Ir tte texpernture zr nyy yzqe us tuster ttny n ttrestzlq,
ttey, ttus yzqe us wept uszlnteq rrzx tte yetwzrw uytul ut returys tz uts yzrxnl stnte. aAA us n
wyzwleqse-onseq rzutuys prztzpzl wtere enpt yzqe exptnyses n rzutuys tnole wutt yeustozr-
uys yzqes.

aSHR-herxnl-nwnreStzrtestHzpRzutuys hǉǌj us onseqzyn stzrtest pntt rzutuys. Nzqes
rzute pnpwets tz tte yext tzp oelzysuys tz tte stzrtest pntt evey ur ttus yext tzp’s texpernture
expeeqs tte ixeq ttrestzlq. Ayztter qyynxup ttrestzlq us qeiyeq wtupt qeiyes tzt spzt.

M-ATEMPa rzr Mzouluty-suppzrtuys Aqnptuve hrestzlq-onseq herxnl-Awnre Eyersy-
eipueyt Multu-tzp Prztzpzl hǑǋj us ny eyersy eipueyt nyq tterxnl nwnre rzutuys prztzpzl.
he seleptuzy zr rzutes us onseq zy yzqes’ eyersy pzysuxptuzy nyq qntn rnte. Iy tte yetwzrw
qesusy, tust qntn rnte yzqes pzxxuyupnte qureptly wutt tte Sink (suysle-tzp). Fzr prutupnl qntn
pnpwets ttey uyprense tteur pzxxuyupntuzy pzwer wtule rzr zrquynry qntn pnpwets xultu-tzp
pzxxuyupntuzy us useq. At tteoesuyyuys, nll seyszryzqes seyqntellzpnpwet pzytnuyuys uyrzr-
xntuzy nozut tteur yeustozrs nyq qustnype tz Sink yzqe uy terxs zr tzp pzuyt, ttey uy rzutuys
ptnse rzutes wutt xuyuxux tzp-pzuyts nre ptzsey wuttuy tte exustuys rzutes. Sink yzqe pre-
ntes aDMA sptequle rzr yzrxnl qntn qeluvery trnysrer nter rzutes nre estnolusteq. Ir xultuple
yext-tzp yeustozr yzqes tnve tte snxe tzp pzuyt ttey tte yeustozr yzqe wutt ttexuyuxux
eyersy pzysuxptuzy tz tte Sink us ptzsey. dtey n yzqe renptes texpernture ttrestzlq, ut re-
turys pnpwets tz prevuzus yzqe nyq orenws qzwy uts pzyyeptuzy wutt uts yeustozrs wtule tte
ptulqrey yzqes selept nyztter zptuxnl rzute. he xnuy qrnwonpw zr ttus prztzpzl us wtey n
yzqe us quspzyyepteq rrzx uts purreyt pnreyt, ut wull oe nfepteq n yew pnreyt wtupt wull uytrz-
qupe extrn eyersy pzysuxptuzy nyq qelny. Iy hǊǊǌj, nuttzrs przpzse n rzutuys prztzpzl wutt
xzouluty suppzrt CEMzo wtupt us ny uxprzvexeyt zr hǑǋj. he przpzseq rzutuys strntesy us
onseq zy n xuyuxux tzp pzuyts xetrup. hey explzuteq suysle tzp nyq xultu-tzp pzxxuyu-
pntuzys rzr qntn qufereytuntuzy u.e yzrxnl nyq exerseypy qntn.

dtule ttese prztzpzls luxut tentuys efepts zy tte tuxny ozqy nyq rnquntuzy noszrptuzy,
ttey zverlzzw relunouluty nyq yetwzrw luretuxe.
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CŀŊňŉĹŇ ĶĵňĹĸ ŇŃŊŉĽłĻ ńŇŃŉŃķŃŀň

Iy plusteruys, yetwzrw us quvuqeq uytz yzy-zverlnppuys suo-yetwzrws/plusters wtere enpt plus-
ter tns n pluster tenq respzysuole tz pzllept tte seyseq qntn rrzx uts pluster nyq rzrwnrq ttex
tz tte Sink yzqe.

Clusteruys prztzpzls qustuysuust ttexselves oy tzw ttey elept pluster tenqs. Iy hǉǋǑj, rzr
uystnype, yzqes wutt tustest lzpnl qeysuty nre ptzsey ns pluster tenqs. Oype plusters nre ouult,
rzutuys us qzye uy n tuernrptupnl wny xnynseq oy pluster tenqs.

Iy hǉǋj, nuttzrs preseyt DSAB – Dunl Suyw Apprznpt uy dBANs. DSAB prztzpzl uses n
plusteruys teptyuque tz uxprzve rzutuys sptexe perrzrxnype wutt tte use zr twz Sink yzqes
ns pluster tenqs. he prztzpzl stnrts wutt ny uyutunluzntuzy ptnse wtere suyws orznqpnst Hellz
pnpwets wutt tteur IDs nyq lzpntuzy ttey yzqes reply wutt tteur IDs, lzpntuzys nyq eyersy level.
Bnseq zy ttese uyrzrxntuzys, n pluster rzrxntuzy us przpesseq nyq n tuxe slzts nllzpntuzy usuys
aDMAMACprztzpzl us estnolusteq oyCHs. Hzwever ur qntn us yzt prutupnl, n rzrwnrqer selep-
tuzy us przpesseq onseq zy SNR ttrestzlq, resuqunl eyersy, trnysxussuzy pzwer nyq qustnype
rrzx Sink yzqe. Mzouluty wns yzt pzysuqereq uy tte perrzrxnype evnluntuzy.

Iy hǉǐǋj, Settu et al. przpzse Eyersy Eipueyt nyq Relunole Dntn arnysrer (EERDa) Prztz-
pzl rzr dBAN. EERDa nlszruttx use ny tuernrptupnl rzutuys. A zye-tzp rzutuys us useq rzr
uxpzrtnyt qntn trnysrer. A pluster tenq eleptuzy us pzyqupteq onseq zy n pzst ruyptuzy relnteq
tz enpt yzqe eyersy reserve. Rexnuyuys yzqes wull ptzzse tte plzsest (xuyuxux qustnype)
pluster tenq tz rzrwnrq qntn tz. Hzwever, n peruzqup upqnte us yeeqeq.

Iy hǊǈǋj, n CH us selepteq ns n yzqe tnvuys xnxuxux eyersy. A sptequle us stnreq oy CH
tz rexnuyuys yzqes rzr trnysxutuys tteur qntn.

CBBAP-Cluster Bnseq Bzqy Aren Prztzpzl eytnypes tte zvernll eyersy hǉǐj wtere pluster
tenqs nre selepteq onseq zy tte yeustozruys yzqes nyq uyteyq tz requpe trnysxussuzy qustnype.
he ttrzustput nuxs tz uyprense que tz ny eipueyt rzutuys xnuyteynype.

Ayyozqy hǊǉǑj tns rentures tz restrupt tte seyszr yzqes tz trnysxut qureptly tz tte Sink nyq
uxprzves tte eipueypy zr yetwzrw oy ptnysuys tte seleptuzy pruterun quruys tte pluster tenqs
seleptuzy xeptnyusx. Iy hǊǉǑj, nuttzrs przpzse n Hyoruq Iyqurept arnysxussuzy (HIa) qntn
sntteruys prztzpzl, wtupt pzxouyes plusteruys wutt rzrxuys ptnuys.

Bztt hǊǉǑ, ǉǋǑj tnve uxprzveq yetwzrw luretuxe tzwever tte yeq tz eyq qelny nyq tte re-
lunouluty pzystrnuyts uy ttzse lnter nre yzt zptuxuzeq rzr dBAN wtupt lenq ttese prztzpzls tz
oe xzre suutnole rzr seyszr yetwzrws.

Clusteruys uy dBAN yetwzrw, us yzt nqnpteq rzr dBAN espepunlly oepnuse zr tte luxuteq
yuxoer zr yzqes nyq tte uystnytnyezus tuxny ozqy xzouluty.
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CŇŃňň-ŀĵŏĹŇ ĶĵňĹĸ ŇŃŊŉĽłĻ ńŇŃŉŃķŃŀň

Otter resenrptes rzpuseq zy przss-lnyer ptnlleyses nyq luxutntuzys uydBAN hǌǎj nyq tte rzle
zr enpt lnyer tz zptuxuze tte zvernll yetwzrw perrzrxnype wtey uyvzwuys przss-lnyer qesusy
hǊǈǌj. Fzr exnxple, tte MAC slzt nllzpntuzy pny oe pustzxuzeq rzr tte uyqerlyuys rzutuys
tree, ttus przvuquys rzutuys spepuip eyersy epzyzxy nt tte MAC lnyer wtule tnyqluys ozqy
xzouluty oy nqnptuvely repzystruptuys nyqxnuytnuyuys tte tree tzpzlzsy useq rzr pnpwets rzut-
uys.

Iy hǋǎj, nuttzrsprzpzseqdASP-durelessAutzyzxzusSpnyyuys treePrztzpzl, n pzyverse-
pnst przss-lnyer prztzpzl. dASP us n slzteq prztzpzl, tuxe nxus us quvuqeq uytz pzyteytuzy rree
nyq pzyteytuzy onseq slzts srzupeq uy pyples, ttnt uses n spnyyuys tree rzrxequuxnppess pzzr-
quyntuzy nyq trnip rzutuys. Enpt yzqe wull trnysxut tz uts ptulqrey uy wtupt slzt ttey pny seyq
tteur qntn usuys n spepunl pnpwet pnlleqdASP-sptexe. Enpt yzqe tns n uyuquedASP-sptexe
pzystrupteq onseq zy uts pnreyt sptexe. dASP-sptexe us nlsz useq ns npwyzwleqsexeyt tz
enpt yzqe’s pnreyt nyq ns reszurpes request ur yeeqeq. Heype,dASP-sptexe pzytnuys: seyqer
yzqe nqqress, slzts nlrenqy nllzpnteq tz tte ptulqrey zr tte pnreyt yzqe, suleyt peruzq uytervnl,
rzrwnrquys repeuveq qntn tz tte Sink, pzyteytuzy slzt, npwyzwleqsxeyt zrqer. hese xessnses
perxut trnip pzytrzl nyq ruse reszurpe request rrzx pnreyts zr ptulqrey wtupt xuyuxuze tte
pzzrquyntuzy zvertenq. Iy nqqutuzy, n dASP-Cyple qeluver trnip rzutuys nyq xequux nppess
pzzrquyntuzy usuys tte snxe spnyyuys tree wtupt results uy lzwer eyersy pzysuxptuzy nyq
tuster ttrzustput

Iy hǎǐj, nuttzrs uxplexeyt dASP nyq suve vnlunole results. Results stzw ttnt dASP np-
pzxplustes xnxuxux pnpwet qeluvery rntuz, lutle eyersy pzysuxptuzy nyq lzw eyq tz eyq qe-
lny. hzust, dASP qzes yzt pzysuqer qunluty zr luyw. Nzte ttnt rzr szxe pnreyt yzqes sleep
peruzq us stzrter oepnuse ttey tnve tz tnyqle xzre ptulqrey ttny ztter pnreyt yzqe, teype
pzwer onlnypuys ussue us yzt quspusseq. Alsz, dASP us yzt resulueyt tz renlustup tuxny ozqy
xzouluty.

CICADA, hǉǉǍj, wns przpzseq ns ny uxprzvexeyt zrdASP hǋǎj. CICADAnuxs tz requpe
eyersy pzysuxptuzy wutt tte use zr n spnyyuys tree nyq ny nssusyxeyt zr trnysxussuzy slzts
usuys auxe Duvusuzy Multuple Appess (aDMA) sptequluys. hus prztzpzl setups n yetwzrw
tree uy n qustruouteq xnyyer nyq pnreyts yzqes nre respzysuole rzr telluys tteur ptulqrey wtey
ttey pny pzxxuyupnte nyq nlsz pzllept qntn rrzx tteur ptulqrey yzqes nyq relny tz Sink yzqe.
Nzqes pny sleep uy slzts, wtere ttey nre yzt trnysxutuys zr repeuvuys. Enpt pyple us quvuqeq
uytz suo-pyples: zye us tte pzytrzl suo-pyple nyq tte sepzyq us tte qntn suo-pyple. Duruys tte
pzytrzl suo-pyple, tte ptulqrey yzqes seyq tz tteur pnreyts tteur pzytrzl sptexe, tte leystt zr
tte pzytrzl suo-pyple nyq qeptt zr tte tree. Iy tte qntn suo-pyple, ptulq yzqe seyqs qntn pnpwets
tz tteur pnreyt yzqe. az vzuy tte tree enpt qntn suo-pyple tns n slzt rzr yewyzqes. Ater tenruys
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tte qntn sptexe zr tte qesureq pnreyt yzqe, enpt yew ptulq yzqe us nllzweq tz seyq JOIN-
REQbESa xessnse uy ttnt slzt. Hzwever, tteur przpzseq prztzpzl zyly suppzrt yzqe tz Sink
trnip (pzyverse-pnst), uts nqnptntuzy tz orznqpnst wns repzrteq ns zpey questuzy. Iy nqqutuzy,
CICADA wnsy’t evnlunteq nsnuyst renlustup tuxny ozqy xzouluty nyq tust trnysxussuzy rntes.
A przss lnyer sepure lzw-qelny rzr xultu-tzp dBAN wns przpzseq uy hǉǐǎ, ǉǐǏj.

dASP nyq CICADA qz yzt pzysuqer onlnype pzwer pzysuxptuzy nxzys uyterpzyyepteq
yzqes xussuys ny uxpzrtnyt nspept zr eyersy eipueyt pzxxuyupntuzy.

A suxulnr npprznpt us przpzseq hǉǌǐjwtere nuttzrs uytrzqupe SIMPLE–Stnole Iyprensuys-
ttrzustputMultu-tzp Prztzpzl rzr Luyw Eipueypy uydBAN. A pzst ruyptuzy us useq tz selept
tte pnreyt yzqe wutt tust resuqunl eyersy nyq xuyuxnl qustnype tz tte Sink yzqe. hus pnreyt
npts ns rzrwnrqer tz trnysxut qntn tz tte Sink yzqe. he systex xzqel pzysuqer seyszr yzqes
wutt equnl pzwer nyq pzxputntuzynl pnpnoulutues. he prztzpzl wzrws uy ttree ptnses ny uyutunl
ptnse wtere Sink yzqe orznqpnsts n pnpwet ttnt pzytnuys uts pzsutuzy wtule tte ztter yzqes
orznqpnst n pnpwet ttnt pzytnuys tteur ID, pzsutuzy nyq eyersy stntus, n yext tzp seleptuzy ptnse
wtere Sink yzqe pzxputes tte pzst ruyptuzy zr enpt yzqe onseq zy tte repeuveq uyrzrxntuzy
rrzx tte tellz pnpwet nyq yzqes wuttxuyuxux pzst ruyptuzy nre selepteq ns rzrwnrqer, ttey, n
sptequluys ptnse wtere rzrwnrqer yzqes nssusys aDMA sptequle tz ztter yzqes teype yzqes
wutt qntn tz trnysxut wnwes up zyly uy tteur nssusyeq tuxe slzt. Hzwever, pzlleptuys qntn rrzx
nll yzqes results uy uyprensuys trnysxussuzy qelny tz Sink yzqe.

Iy hǑj, nuttzrs preseyt n Crzss-lnyer Oppzrtuyustup MAC/Rzutuys (COMR) prztzpzl rzr
xultu-tzpdBAN. COMRquspusses relny yzqes uxpzrtnype nyq uts pruterun. Ay eleptuzy nlsz-
ruttx, usuys n tuxer onseq npprznpt, onseq zy n rzur-wny tnyqstnwe RaS/CaS nyq npwyzwl-
eqsxeyts. he vnlue zr tte tuxer qepeyqs zy uts RSSI (Repeuveq Susynl Streystt Iyqupntzr)
nyq resuqunl eyersy. Hzwever, tte evnluntuzy wns xnqe usuys n stntup yetwzrw tzpzlzsy. As
ny exteysuzy, uy hǊǎj, tte perrzrxnype zr COMR prztzpzl us uyvestusnteq tnwuys uytz nppzuyt
n xzouluty xzqel wutt twz speynruzs: stnyquys nyq wnlwuys nyq tte uxpnpt zr vnryuys pnylznq
suzes. Hzwever, nuttzrs pzysuqer enpt yzqe speeq uyqepeyqeytly rrzx tte ztters yzqes.

Ǌ.ǎ.ǋ EŋĵŀŊĵŉĽŃł ŉŃŃŀň

Iy ttus septuzy, n oruer qespruptuzy zr qufereyt suxulntuzy tzzls us preseyteq. here us n lnrse
yuxoer zr yetwzrw suxulntzrs ttnt pny oe rzuyq uy tte luternture.

SĽŁŊŀĵŉŃŇň

Oxyet - OoveptuveMzqulnr Netwzrw aest-oeq uy C++ hǌ, ǊǉǊ] Oxyet us n qusprete eveyt
suxulntzr ouult uy C++, exteysuole, suppzrts xzqule przsrnxxuys xzqel, pzxpzyeyt-
onseq suxulntzr uy wtupt n yuxoer zr luornrues nyq rrnxewzrws nre nvnulnole. Mzst
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pzwer pzysuxptuzy nyq xzouluty xzqels. Iy nqqutuzy, tte uytesrntuzy zr qufereyt xz-
ouluty xzqels, exnxple MzBAN xnwes ut xzre renlustup zptuzy tz suxulnte lzw lnyers
(PHf nyq MAC).

Cnstnlun Cnstnlun us onseqzyOMNea++plntrzrxnyq us qevelzpeq rzr yetwzrws zr lzwpzwer
qevupes supt nswureless seyszr yzqes. hexnuy nqvnytnses nre nqvnypeq ptnyyelxzqel
onseq zy expurupnllyxensureq qntn nyq rnquzxzqel onseq zy renl rnquzs rzr lzw-pzwer
pzxxuyupntuzy nyq xzyutzruys zr tte pzwer pzysuxptuzy.

dBAN ĽŁńŀĹŁĹłŉĵŉĽŃłň

Dufereyt uxplexeytntuzys zr dBAN hǏǋ, ǌǋj were przpzseq rzr dBAN.
Iy hǏǋj, nuttzrs preseyt ny uxplexeytntuzy zrdBANxzqule uy tteNS-Ǌ (Netwzrw Suxu-

lntzr) suxulntzr onseq zy IEEE ǐǈǊ.ǉǍ.ǎ stnyqnrq. he uxplexeyteq xzqule pzxpruses ruyp-
tuzys zrMACxnynsexeyt nyq qntn exptnyse. husxzqule us onseq zy IEEE ǐǈǊ.ǉǍ.ǎ oenpzy
xzqe wutt super-rrnxes, wtupt xenys oenpzy rrnxes wull oe orznqpnsteq tz yzqes tz eynole
tte pzyyeptuzy nyq nyyzuype tte nppess ptnses. Iy nqqutuzy tte tzpzlzsy nqnpteq us zye-tzp
stnr tzpzlzsy nyq CSMA/CA sptexe us ptzsey tz nppess tte ptnyyel.

Iy hǌǋj, nuttzrs przpzse n pzzperntuve sztwnre-tnrqwnre npprznpt rzr dBAN uxplexey-
tntuzy onseq zy IEEE ǐǈǊ.ǉǍ.ǌ ttnt qeprenses tte tuxe nyq pzxplexuty zr systex qesusy nyq
uxplexeytntuzy. hus rrnxewzrw pzysusts zr n sztwnre dBAN suxulntzr, dBAN tnrqwnre
plntrzrx nyq pzqe seyerntzr rzr seyszr yzqes. he przpzseq rrnxewzrw us pzyveyueyt rzr qe-
susy nyq veruipntuzy zr dBAN pzxxuyupntuzy prztzpzls nyq npplupntuzys eipueytly nyq qe-
tnuls tnrqwnre qesusy sz tte tnrqwnre zr tte seyszr yzqes us trnyspnreyt tz users.

Ǌ.ǎ.ǌ CŃŁŁŊłĽķĵŉĽŃł ńŇŃŉŃķŃŀň ńĹŇĺŃŇŁĵłķĹ ĹŋĵŀŊĵŉĽŃł ňĹtĽłĻň

de ptzzse tz wzrw wuttOxyet++ suxulntzr. Oxyet++ us n well struptureq nyq tustlyxzqu-
lnr suxulntzr ttnt nllzws us tz rzpus zy yetwzrw lnyer ns stzwy uy isure Ǌ.ǋ nyq zy uxplexeyt-
uys xessnse exptnyse oetweey eytutues. Iy nqqutuzy, Oxyet++ qeiyes uts zwy NED lnysunse
tz tnyqle uyternptuzys oetweey tte qufereyt (suo-)xzqules rzr tte purpzse zr tte evnluntuzy.
It nlsz tns n szzq vusunluzntuzy nyq results nynlysus tzzl.

Oxyet++ us ttey eyrupteq wutt MueuM rrnxewzrw. Czxpnruys tz Cnstnlun rrnxewzrw,
MIeIM zfers n pzxplete uxplexeytntuzy zr rnquz xzqels uy nqqutuzy zr n oeter pzxxuyuty
suppzrt.

de uxplexeyt severnl pzxxuyupntuzy prztzpzls nyq evnlunte ttex uyqer renlustup dBAN
setuyss. Fzr evnluntuzy, we rzpuseq tte relunouluty (Pnpwet Deluvery Rntuz (PDR), tte eyq-
tz-eyq qelny nyq yzqes’ eyersy pzysuxptuzy. az qz sz, we pruypupnlly explzut, ns stzwy uy
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Iy nqqutuzy, rzr suxulntuzys, we pny spepury user uyterrnpe rzr ruy: aweyv rzr tte GbI (qe-
rnult) zr Cxqeyv rzr tte pzxxnyq luye.

heeyersypnrnxeters nretnrqwnreqepeyqeyt. Iyzur suxulntuzys, tte trnyspeuverCtuppzy
CCǊǌǊǈ were pzysuqereq tnvuys lzw pzwer nyq nre rrequeytly useq uy dBAN npplupntuzys.

Ǌ.Ǐ MŃĶĽŀĽŉŏ &ķļĵłłĹŀ ŁŃĸĹŀň Ľł dBAN

heptnrnpteruzntuzyzr tteptysupnl yetwzrw lnyer us ny uxpzrtnyt step uy tteqesusyzr ndBAN
systex. Dufereyt rnptzrs uylueype ptnyyel xzqel luwe tte eyvurzyxeyt wtere users nre lz-
pnteq, yzqes’ pzsutuzy nyqwenrer’s pzstures (wnlwuys, ruyyuys, sleepuys,...), etp. dureless luyws
nre yzt stnole nyq xny nppenr nyq qusnppenr nppzrquys tz n pntery ttnt qepeyqs zy ttese rnp-
tzrs.

Mzouluty uydBAN tns szxe spepuip ptnrnpterustups ttnt xnwes ttus yetwzrw qufereyt rrzx
ztter pnteszrues zr wureless xultu-tzp yetwzrws nyq tte ynture zr tte przpnsntuzy zr eleptrz-
xnsyetup susynls uy pzxplex stnpeq tuxny ozqy us qufereyt rrzxztter eyvurzyxeyts. Heype,
severnl xzouluty xzqels przpzseq uy tte luternture rzr dSN nyq Aq tzp yetwzrws (Rnyqzx
dnlwMzoulutyxzqel nyqRnyqzxdnypzuytxzoulutyxzqel hǊǍj, RerereypePzuyt srzupxz-
ouluty xzqel) nre yzt suutnole rzr dBAN que tz tteur qufereyt xzvexeyt pnterys.

here us n yeeq tz pzxpreteyq tte ptnrnpteruzntuzy zrdBAN ptnyyelxzqels uyqer vnrueq
ptnyyel pzyqutuzys. Sz uy zrqer tz qesusy n tust qunlutydBAN, ut us uxpzrtnyt tz exnxuye nyq
uxprzve tte przpnsntuzy ptnrnpterustups zr ptnyyel xzqels zr dBAN. Nnsnynwn et al. hǐǑj
xzqeleq n Ǌ.ǌǍGHzdBANptnyyel zver Ǐ luyws oetweey zy-ozqy yzqes equuppeqwutt Ǎxx
qupzle nyteyyns. Fusure Ǌ.ǌ ullustrntes tte vnrunouluty uy luyws ptnrnpterustups oy stzwuys tte
qeysuty ruyptuzy zr tte pntt lzss rzr twz zr ttese luyws uy qufereyt pzsutuzys. Nzqes wzulq
rntter use luyws ttnt nre strzys, u.e. extuout n lzw nvernse pntt lzss, nyq relunole, u.e. tnve n lzw
vnrunype. Hzwever, n pzsutuzy ptnyse xny uyprense tte vnrunype susyuipnytly nyq ttere us yz
sunrnytee ttnt tte yetwzrw xny rexnuy pzyyepteq wutt zyly lzw vnrunype luyws.

Mzqels pny oe useq oy xnyurnpturers tz vnluqnte tte perrzrxnype zr dBAN systexs usuys
well spepuieq setups, tz uyvestusnte qufereyt ussues luwe tte use zr n suysle-tzp zr xultu-tzp
pzxxuyupntuzyszr rzr tust lnyer qesusyswtereprztzpzls pnyoeperrzrxequsuys tteptysupnl-
lnyer xzqels.

Iy hǉǐǈj, nuttzrs przpzse nxzoulutyxzqel rzr ttexzvexeyt zr yzqes plnpeqzy ttetuxny
ozqy oy pnlpulntuys tte qustnype oetweey Sink yzqe nyq seyszr yzqes wtey tuxny ozqy us
uy xzvexeyt. Auttzrs stnrt oy seleptuys tte nptunl pzsture nyq use przonoulutues rzr ptnyses
rrzx n pzsture tz nyztter zye. hey, resnrquys enpt pzsture, n qetnuleq qespruptuzy us suvey rzr
tte lnter nyq tte qustnype oetweey Sink yzqe nyq tte ztter yzqes zy tte ozqy us pnlpulnteq.
Fzr exnxple, rzr stnyquys pzsture, nuttzrs pzysuqer qustnype oetweey Sink yzqe nyq nll tte
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Figure 2.4: PDF of the path loss between upper arm node and other nodes in different positions (Data source [89])

ztter yzqes pzystnyt. dtule rzr tte ztter pzstures, nuttzrs use xnttexntupnl rzrxulns rzr
pnlpulntuys tte qustnype.

Iy hǉǎǑj, xensurexeyts nre perrzrxeq zy n renl tuxny usuys tnlr-wnveleystt qupzles. he
xensurexeyts results nre pzxpnreq wutt FDaD suxulntuzys. Evey ur suxulntuzys nsreeq wutt
xensurexeyts, tte pntt lzss xzqels nre lzw represeytntuve rzr tte tuxny ozqy xzouluty.

Auttzrs uy hǉǑǌj przvuqe ny zvervuew zr qufereyt ptnyyel xzqels nyq ptnrnpterustups zr
dBANs.

Mzqel types awz types zr xzqel pny oe seyernteq: n ttezretupnl zr xnttexntupnl xzqel wtupt us
onseq zy tte ruyqnxeytnl pruypuples zr eleptrzxnsyetup przpnsntuzy nyq wull perxut n
prepusexzqeluys zr n spepuip sutuntuzy nt rnquz luyw level nyq requures n qetnuleq qesprup-
tuzy zr tte przpnsntuzy eyvurzyxeyt, nyq ny expurupnl xzqel wtupt us n set zr przpnsn-
tuzy xensurexeyts nyq przvuqe n pzyveyueyt onsus rzr stntustupnl xzqeluys zr tte ptny-
yel.

Fnquys Przpnsntuzy pntts pny experueype rnquys que tz qufereyt renszys supt ns eyersy noszrp-
tuzy releptuzy, qufrnptuzy, stnqzwuys oy ozqy nyq ozqy pzsture. he ztter pzssuole
renszys rzr rnquys us xultu-pntt que tz tte eyvurzyxeyt nrzuyq tte ozqy. Fnquys pny oe
pnteszruzeq uytz sxnll-spnle rnquys (rnpuq luptuntuzys uy tte nxplutuqe nyq ptnse zr tte
repeuveq susynl wuttuy n sxnll lzpnl nren uy n sxnll peruzq zr tuxe que tz sxnll ptnyses uy
lzpntuzy zr tte zy-ozqy qevupes zr ozqy pzsutuzys) nyq lnrse spnle rnquys (rerers tz susynl
nteyuntuzy que tz xzouluty zver lnrser nrens nyq ut zppurs que tz vnruntuzy uy qustnype
pzvereq oy susynl oetweey nyteyyn pzsutuzyeq zy tte ozqy nyq exterynl yzqe oepnuse
zr qufrnptuzy rrzx lnrse surrzuyquys zovepts).
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Pntt Lzss Iy dBAN, pntt lzss us oztt qustnype nyq rrequeypy qepeyqeyt. he pntt lzss oetweey
tte trnysxutuys nyq tte repeuvuys nyteyyns us n ruyptuzy zr tte qustnype d. Bnseq zy
Fruus rzrxuln uy rree spnpe pntt lzss uy qB us expresseq ns rzllzws uy equntuzy Ǌ.ǉ:

PL(d) = PL0 + 10 ∗ n ∗ log(
d

d0
) (Ǌ.ǉ)

dtere PL0 us tte pntt lzss nt n rerereype qustnype d0, nyq n us tte pntt lzss expzyeyt.
he srenter tte qustnype us, tte xzre uxpzrtnyt tte nteyuntuzy us.

Stnqzwuys Stnqzwuys us tte przpess zr olzpwuys n susynl oy lnrse zoveptswtupt nre eypzuytereqque
tz tte vnruntuzy uy tte eyvurzyxeyt surrzuyquys tte ozqy zr evey que tz ttexzvexeyt
zr tte ozqy pnrts. It pnuses vnruntuzy uy pntt lzss zr susynl rrzx ttnt zr xeny vnlue rzr
n suvey qustnype. dtey pzysuqeruys stnqzwuys, tte tztnl pntt lzss pny oe expresseq oy
equntuzy Ǌ.Ǌ

PL(d) = PL0 + S (Ǌ.Ǌ)

Czxouyuys equntuzys Ǌ.ǉ nyq Ǌ.Ǌ, tte tztnl pntt lzss us preseyteq oy equntuzy Ǌ.ǋ

PL(d) = PL0 + 10 ∗ n ∗ log(
d

d0
) + S (Ǌ.ǋ)

Pzwer Delny Przile Bepnuse zr xultu-pntt releptuzys, tte ptnyyel respzyse zr n BAN ptnyyel lzzws luwes n
serues zr pulses. Iy prnptupe tte yuxoer zr pulses ttnt pny oe qustuysuusteq us very lnrse
nyqqepeyqs zy tte tuxe reszlutuzyzr ttexensurexeyt systex. hepzwer qelny przile
zr tte ptnyyel us ny nvernse pzwer zr tte susynl ns n ruyptuzy zr tte qelny wutt respept tz
tte irst nrruvnl pntt.

Ctnyyel xzqels pnrnxeters nre extrnpteq usuys: FDaD nynlysus, xensurexeyts zr xen-
sureq CaF.

Iy hǉǑǍj, nuttzrsprzvuqe stzptnstup ptnyyelxzqels rzrwureless ozqynrenyetwzrw (dBAN)
zy tte tuxny ozqy. Pnrnxeters rzr tte ptnyyel xzqels nre extrnpteq rrzx xensureq CaF
(Ctnyyel arnysrer Fuyptuzy) oy n ceptzr Netwzrw Aynlyzer (cNA) uy n tzsputnl rzzx. he
xensureq rrequeypues nre ǌǈǈMHz, ǎǈǈMHz, ǑǈǈMHz nyq Ǌ.ǌGHz nyq bdB.

Iy hǎǌ, Ǌǋǈj, pntt lzss xzqels uy tte bltrn duqe Bnyq (bdB) onyqs were stzwy ttrzust
FDaD nynlysus. Iy hǉǏǋj, pntt lzss xzqels nre extrnpteq rrzx xensurexeyts results rzr rre-
queypy onyqs zr ǌǈǈMHz, ǑǈǈxHz nyq Ǌ.ǌGHz

he MzBAN hǉǌǏj rrnxewzrw rzr Oxyet++ nqqs xzouluty xzqels rzr dBAN pzxpzseq
zr 12 yzqes uy 4 qufereyt pzstures. byrzrtuyntely tte MzBAN pzqe xnuyly rzpuses zy tte
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ozqy nren yetwzrws (dBANs) usuys tte tuxny ozqy ns n trnysxussuzy ptnyyel wuttzut wureq
zr wureless pzyyeptuzys (hǉǈǈj, hǉǋǊj). As rzr zy-ozqy seyszrs, tte pzxxuyupntuzy qunluty
qepeyqs zy ozqy pzstures nyqarnysxuter nyq repeuver pzsutuzy. Hzwever, ptnyyel ptnrnpter-
ustups nre qufereyt. HBC uses tte relntuvely lzw lzss tuxny ozqy ns pzxxuyupntuzy xequux
tz pzyyept seyszrs.

Ǌ.Ǐ.Ǌ dBAN ňńĹķĽĺĽķ ķļĵłłĹŀ ŁŃĸĹŀ: aļĹ ĽłŉĹĻŇĵŉĹĸ ŁŃĶĽŀĽŉŏ ŁŃĸĹŀ ŉŃŌĵŇĸň
ķŃŁŁŊłĽķĵŉĽŃł ńŇŃŉŃķŃŀň ńĹŇĺŃŇŁĵłķĹ ĹŋĵŀŊĵŉĽŃł

Ourwzrw usxztuvnteqoy tte przss qzxnuy resenrptoetweey eleptrzyups nyq pzxputer spueype
ttnt prentes tte prexuses tz renluze renlustup suxulntuzys rzr dBAN nyq tte repeyt nppnrutuzy
zr renlustup ptnyyel xzqels. hus, we uytesrnteq tte ptnyyel xzqel przpzseq uy hǐǑj onseq zy
tte renlustup tuxny pzstures (isure Ǌ.ǎ) tz tte OMNea++ suxulntzr hǊǉǋj eyrupteq wutt tte
Muxux rrnxewzrw hǉǈǑj.

de ptzse tz uxplexeyt zver tte ptysupnl lnyer uxplexeytntuzy przvuqeq oy tte Muxux
rrnxewzrw hǉǈǑj n renlustup ptnyyelxzqel puolusteq uy hǐǑj. hus ptnyyelxzqel pzrrespzyqs
tz ttezy-ozqy2.45GHz ptnyyelwuttuy nyetwzrwzr7yzqes, ttntoelzys tz tte snxedBAN.
Nzqes use sxnll qureptuzynl nyteyyns xzqeleq ns ur ttey were 1.5 cm nwny rrzx tte ozqy.

Nzqes nre nssuxeq tz oe ntnpteq tz tte tuxny ozqy zy tte tenq, ptest, upper nrx, wrust,
ynvel, ttust, nyq nywle. Czysuqeruys tte npplupntuzy zr vutnl seyszrxzyutzruys rzrxequpnl nyq
tenltt-pnre, ttese yzqes nre selepteq onseq zy tte pzssuole vutnl seyszrs, ns stzwy uy tnole Ǌ.ǉ.

Nzqes pzsutuzys nre pnlpulnteq uy 7 pzstures ullustrnteq zy Fus. Ǌ.ǎ: wnlwuys (wnlw), wnlwuys
wenwly (wenw), ruyyuys (ruy), sutuys qzwy (sut), wenruys n vnpwet (wenr), sleepuys (sleep),
nyq lyuys qzwy (lue). dnlw, wenw, nyq ruy nre vnruntuzys zr wnlwuys xztuzys. Sut nyq lue nre
vnruntuzys zr up-nyq-qzwy xzvexeyt. denr nyq sleep nre urresulnr xzvexeyts. he wenr,
wenw nyq lue pzsutuzys nre tte xzst stnole pzsutuzys nyq preseyt rew wenw luyws. he ruy, wnlw
nyq sut pzsutuzys usunlly preseyt luyws wutt szzq qunluty, wutt tte expeptuzy zr n rew tust stny-
qnrq qevuntuzy luyws, supt ns tte zyes uyvzlvuys tte nywle yzqe, wtupt uyqupnte rrequeyt qunluty
ptnyses. he lue pzsutuzy stzws szxe wenw luyws (nywle yzqe) nyq szxe luyws wutt tust vnru-
ntuzy (ttust yzqe). Fuynlly, tte sleep pzsutuzy preseyts szxe very wenw luyws wutt n luxuteq
vnruntuzy, wtupt xenys ttnt szxe yzqes xny oe quipult tz pzytnpt. hese pzstures were uyu-
tunllyxzqeleq uy hǊǋj usuys Pzser nyq qeterxuyeq tte ptnyyel ptnrnpterustups usuys tte Fuyute-
Dufereype auxe-Dzxnuy xettzq hǊǊǊj. FDaD us ny eleptrzxnsyetup xzqeluys teptyuque
ttnt quspretuzes tte przolex spnpe uytz sruqs oy qufereytunl rzrx zr tuxe nyq spnpe.

Ctnyyel nteyuntuzy us pnlpulnteq oetweey enpt pzuple zr yzqes rzr enpt zr ttese pzstures
nyq represeyteq ns tte nvernse ptnyyel nteyuntuzy (uyqB) nyq uts stnyqnrqqevuntuzy (uyqBx).
Pntt lzsses nre xzqeleq oy yzrxnl qustruoutuzys wtzse ptnrnpterustups nre repzrteq uy anoles
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ptest ǈ.Ǎ ǋǐ.Ǎ ǌǈ.ǎ Ǎǐ.Ǌ Ǎǉ.ǎ ǌǍ.ǉ
tenq ǈ.ǐ ǈ.Ǎ ǌǍ.ǌ ǎǌ.ǈ ǎǉ.ǋ ǌǑ.Ǐ

upper nrx Ǎ.ǐ Ǎ.Ǌ Ǎ.ǉ Ǎǌ.Ǌ ǌǍ.Ǎ ǋǌ.ǈ
nywle ǌ.ǋ ǋ.ǌ Ǎ.ǈ ǋ.ǉ ǌǈ.ǎ ǌǐ.Ǒ
ttust Ǌ.ǈ Ǌ.Ǎ ǎ.ǐ ǌ.ǐ ǉ.ǈ ǋǍ.ǈ
wrust Ǎ.ǈ ǋ.ǎ ǋ.ǐ Ǌ.Ǎ ǋ.ǐ ǋ.ǋ

(a) Walking posture
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ynvel ǋǉ.ǌ ǌǏ.ǌ Ǎǌ.Ǎ ǍǏ.Ǒ ǌǌ.ǐ ǌǍ.Ǒ
ptest ǉ.ǌ ǌǉ.ǈ ǋǑ.Ǌ ǎǉ.ǈ ǌǑ.Ǒ ǌǉ.Ǌ
tenq ǋ.Ǎ Ǌ.Ǒ ǌǉ.ǋ ǎǍ.ǎ ǍǑ.ǋ ǌǍ.Ǎ

upper nrx Ǒ.Ǒ ǐ.ǌ ǐ.ǌ Ǎǐ.ǈ ǍǊ.ǌ ǋǋ.ǐ
nywle ǎ.Ǒ ǎ.Ǒ Ǎ.Ǐ ǐ.Ǌ ǋǑ.ǈ Ǎǎ.Ǒ
ttust Ǌ.Ǌ ǌ.ǐ Ǐ.ǋ Ǐ.ǐ ǉ.ǐ ǌǑ.ǎ
wrust ǎ.ǉ ǐ.Ǌ ǋ.Ǎ ǌ.ǎ Ǐ.Ǎ ǉǉ.ǎ

(b) Running posture
Table 2.4: Mean (upper triangle) and standard deviation (lower triangle) of the links path losses for walking and

running postures (Source [89])

suxulnteq pntt lzss, tte perrzrxnype zr supt sptexe were evnlunteq oy pzxpnruys tte zutnse
przonouluty usuys qufereyt relny yzqes nsnuyst n qurept luyw oetweey n szurpe nyq n qestuyntuzy.
hey nqvzpnte rzr tte use zr xultu-tzps pzxxuyupntuzy, nqquys tz ttus, n susyuipnyt qeprense
zr tte trnysxussuzy pzwer. A pzzperntuve trnysxussuzy sptexe uxprzves dBAN xzouluty.

Ǌ.ǐ CŃłķŀŊňĽŃł

dBANtns oeeypnuq nteytuzy uy tenlttpnre nyqxequpnl npplupntuzy ielq. az nptueve n przper
dBAN systex usuys xuyunture qevupes, n relunole nyq eipueytdBAN pzxxuyupntuzy prztz-
pzl us requureq. Iy nqqutuzy, n zye przxusuys npplupntuzy us n wureless pntueyt xzyutzruys oe-
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nywle Ǎ.Ǐ Ǐ.Ǎ Ǒ.ǋ ǈ.ǐ ǋǍ.Ǐ Ǎǎ.ǐ
ttust Ǎ.ǈ Ǌ.ǉ ǉǈ.ǐ Ǌ.ǎ ǈ.Ǒ ǌǐ.Ǒ
wrust Ǐ.ǐ ǌ.ǉ Ǐ.Ǌ ǋ.ǎ Ǌ.ǐ Ǌ.Ǎ

(a) Sleeping posture
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ynvel ǊǏ.ǌ ǌǋ.ǋ Ǎǎ.ǐ ǎǊ.ǐ ǌǍ.ǈ ǍǊ.ǈ
ptest ǋ.ǌ ǋǏ.ǌ Ǎǉ.ǌ ǎǈ.ǌ ǌǏ.Ǐ Ǎǈ.Ǒ
tenq ǌ.Ǒ ǋ.ǎ ǌǑ.Ǌ ǎǌ.ǈ Ǎǉ.Ǐ ǌǎ.ǐ

upper nrx ǎ.Ǐ Ǎ.ǉ Ǒ.Ǌ ǍǊ.ǋ ǍǊ.Ǒ ǋǉ.ǉ
nywle Ǐ.ǉ Ǒ.Ǒ ǐ.ǐ ǌ.ǉ ǋǑ.Ǎ ǍǍ.ǉ
ttust Ǌ.Ǎ ǎ.ǋ Ǐ.ǈ Ǎ.ǉ ǉ.Ǐ ǍǊ.ǋ
wrust Ǐ.ǌ Ǎ.Ǒ Ǎ.Ǒ ǌ.ǐ ǉǈ.ǐ Ǐ.Ǐ

(b) Wearing jacket posture
Table 2.5: Mean (upper triangle) and standard deviation (lower triangle) of the links path losses for sleeping and

wearing jacket postures (Source [89])

pnuse tte wureless teptyzlzsyxnwes pntueyt yzt restrupteq oy pzystrnuyts zy tteur lzpntuzy nyq
nptuvuty.

Hzwever, tte wey ussue, us tz qesusy prztzpzls ttnt eysure relunouluty rzr tte prutupnl pzxxu-
yupnteq qntn nyq n lzys luretuxe rzr tte xuyunturuzeq seyszrs. Iyqeeq, tuxny ozqy extuouts n
tust nyq uystnytnyezus xzouluty nyq ns n result, dBAN tzpzlzsy ptnyses rnpuqly oepnuse zr
pzsture ptnyses nyq xzvexeyt ttnt pnuses qntn lzss. Heype, xzouluty xzqel plnys n vutnl rzle
zy tte nppurnpy zr dBAN pzxxuyupntuzy prztzpzl evnluntuzy. A szzq xzouluty xzqel us es-
seytunl rzr perrzrxnype evnluntuzy zr prztzpzls rzr wureless yetwzrws wutt yzqe xzouluty. Iy
tte rzllzwuys ptnpters, rzr pzxxuyupntuzy prztzpzls evnluntuzy uy n dBAN pzytext, we uyte-
srnteq, tzOxyet++ suxulntzr, tte spepuip ptnyyel nyqxzoulutyxzqel qespruoeq uy pnrnsrnpt
Ǌ.Ǐ.Ǌ. Iy pnrtupulnr, we explzut luyws ptnrnpterustups oetweey 7 yzqes ntnpteq tz tuxny ozqy
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tenq ǉ.ǋ ǈ.Ǐ ǌǌ.Ǎ ǍǊ.ǌ ǎǈ.ǈ ǌǊ.ǐ

upper nrx Ǎ.Ǎ Ǎ.Ǎ ǎ.ǐ Ǎǋ.Ǐ ǌǍ.ǉ ǋǌ.Ǎ
nywle ǌ.Ǌ ǌ.ǎ ǋ.ǋ ǎ.ǉ ǌǊ.ǌ ǌǑ.Ǌ
ttust Ǌ.Ǌ Ǎ.ǋ Ǎ.ǌ ǌ.ǐ Ǌ.Ǌ ǋǏ.Ǒ
wrust Ǌ.ǐ Ǌ.Ǎ ǉ.Ǎ ǋ.ǉ ǌ.ǐ ǌ.ǌ

(a) Walking weakly posture
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(b) Sitting posture
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nywle ǎ.Ǒ Ǎ.ǐ Ǐ.ǈ Ǎ.ǉ ǌǉ.Ǌ ǌǌ.Ǐ
ttust ǉǊ.ǌ ǉǈ.ǉ ǉǈ.ǉ ǉǈ.ǉ Ǐ.Ǌ ǌǉ.ǎ
wrust ǎ.ǋ ǌ.Ǒ ǋ.ǐ ǉ.Ǒ Ǒ.ǎ ǐ.ǐ

(c) Lying posture
Table 2.6: Mean (upper triangle) and standard deviation (lower triangle) of the links path losses for walking

weakly, sitting and lying postures (Source [89])
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uy n speynruz zr severnl pzstures rnysuys rrzx stntup tz tust xzouluty pzstures.
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ttree pnteszrues: nteyuntuzy-onseq, szssup-onseq nyq xultu-pntt-onseq strntesues, ux-
plexeyteq nyq evnlunteq ttrzust suxulntuzys. de uytesrnteq tte ptnyyel xzqel prz-
pzseq uy hǐǑj tz tte OMNea++ suxulntzr hǊǉǋj eyrupteq wutt tte Muxux rrnxewzrw
hǉǈǑj.

Our suxulntuzys stzw ttnt pzyverse-pnst strntesues, uyspureq rrzx Delny azlernyt Net-
wzrw (DaN) nyq dureless Seyszr Netwzrw (dSN) nrens pnyyzt oe extrnpzlnteq tz
dBAN wuttzut n qeeper uyvestusntuzy que tz pzsturnl ozqy xzvexeyts nyq tte tzpz-
lzsupnl pnrtutuzyuys przvzweq oy uxpzrtnyt luyw nteyuntuzys.

• Sepzyq, we przpzse n yzvel pzyverse-pnst strntesy pnlleq Hybrid. Our prztzpzl us re-
szrteq tz qufereyt teptyuques uy zrqer tz pzpewuttdBANeyvurzyxeyt pzystrnuyts. As
n result, zur yzvel strntesyxnynses tz iyq n rnur pzxprzxuse uy zptuxuzuys tte qufereyt
dBAN pzxxuyupntuzy pruteruns supt ns relunouluty, lnteypy nyq eyersy pzysuxptuzy.

hus wzrw wns puolusteq uy hǋǉj.

he ptnpter us zrsnyuzeq ns rzllzw: septuzy ǋ.Ǌ quspusses relevnyt relnteq wzrws. Iy septuzy
ǋ.ǋwepreseytzurzrusuynl pzytruoutuzy: tte plnssuipntuzyzr pzyverse-pnst strntesuesozrrzweq
rrzx DaN nyq dSN nrens nltzsetter wutt zur yzvel strntesy. Septuzy ǋ.ǌ quspusses strntesues
perrzrxnype evnluntuzy resnrquys resulueypy tz tuxny ozqy xzouluty, eyq-tz-eyq qelny nyq
eyersy pzysuxptuzy. Septuzy ǋ.Ǎ pzypluqes tte ptnpter.

ǋ.Ǌ RĹŀĵŉĹĸ dŃŇĿ

Iy ttus septuzy we przpzse ny zvervuew zr tte exustuys strntesues rzr pzyverse-pnst uy severnl
nrens supt ns Aq-tzp, DaN, dSN nyq dBAN.

ǋ.Ǌ.ǉ RŃŊŉĽłĻ Ľł ŁŊŀŉĽ-ļŃń łĹŉŌŃŇĿň

Fzllzwuys tte plnssuipntuzy zr prztzpzls pzxuys rrzx nq-tzp yetwzrws hǋǍ, ǉǑǏj, prznptuve
rzutuys prztzpzls rely zy tte resulnr upqnte zr n pzst ruyptuzy ttnt us onseq zy n yetwzrw pn-
rnxeter (qelny, yuxoer zr tzps, pzysestuzy, etp.), zy n systex-relnteq pnrnxeter (ontery level,
texpernture, nvnulnole xexzry, etp.), zy ny npplupntuzy level pnrnxeter (xensureq qntn) zr zy
n pzxouyntuzy zr xultuple supt pnrnxeters. Oy tte ztter tnyq, renptuve rzutuys prztzpzls ex-
plzre tte yetwzrw wtey yeeqeq, uy senrpt rzr tte oest pntt wutt respept tz suxulnr pnrnxeters.
Iy oztt npprznptes, rzutes nrexenyt tz lnst quruys nwtzle sessuzy nyq repnuruys orzwey rzutes
us ztey pzstly. Ospullntuys luyws, ns rzuyq uy dBANs, xny result uy n rnyqzx seleptuzy zr tte
luyws pzxpzsuys pntts, qepeyquys zy tte xzxeyt wtey pzytrzl xessnses nre exuteq. he
uystnouluty wull ttey przvzwe pnpwets lzss nyq severnl retrnysxussuzys.
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dSN prztzpzls seex tz oe xzre nqnpteq tz luyws uyterxuteype, yzqes turyuys tteur rnquz
zy nyq zf resulnrly tz snve eyersy. Hzwever, xzst dSN rzutuys prztzpzls hǉǍ, ǉǍǎj eutter
nssuxe ttnt ttese quty pyples nre tzxzseyezus nprzss tte yetwzrw, zr ttnt ttey pny oe uylu-
eypeq tz telp rzutuys. Iy nqqutuzy, typupnlly, uy tte luternture hǌǍ, ǑǍj, qntn us pzllepteq rrzx
yzqes (u.e szurpes) tz tte Sink yzqe (u.e qestuyntuzy) ttrzust n qurept spnyyuys tree. Hzw-
ever, uy dBANs, tte quspzyyeptuzys peruzqs nre qeiyeq oy yzqes relntuve tz xzouluty, wtupt
us yeutter perreptly resulnr, yzr uqeytupnl oetweey enpt pzuple zr yzqes.

Iy tteur pnper hǑǍj, Grzver et al. rzpus tte ussues zr SPIN (Seyszr Prztzpzl rzr Iyrzrxntuzy
vun Nesztuntuzy) rzutuys prztzpzls nyq quspuss qufereyt versuzys zr SPIN rzutuys prztzpzls.
he npprznpt tz rzrwnrq qntn rrzx n szurpe tz n qestuyntuzy us suxulnr tz zur npprznpt useq
uy atenuation-based prztzpzls (septuzy ǋ.ǋ.ǉ) ns ut us onseq zy n ttree-wny tnyqstnwe oetweey
tte szurpe nyq uts yeustozrs. Iyterestuysly, vun suxulntuzys we stzw ttnt ttese strntesues tnve
uyterestuys perrzrxnype wtey stresseq uy n renlustup dBAN pzytext (septuzy ǋ.ǌ). de nre pnr-
tupulnrly uyteresteq uy ttexzquieq versuzy zr SPIN:M-SPIN hǉǎǐj. IyM-SPIN, n yzqe trnys-
xuts qntn tz tte plzsest yzqe tz tte Sink, tte qustnype us pnlpulnteq zy tte onsus zr tzp qustnype.
Iy zur pnse, tte xetrup us tte luyw’s qunluty oetweey tte pzteytunl yext tzp yzqes nyq tte Sink
yzqe. Iy tte pzytext zr dBAN, tte qustnype us yzt ny expressuve xetrup rzr twz xnuy renszys:
Furst, tte luxuteq yuxoer zr yzqes u.e. n luxuteq yuxoer zr tzps, sepzyq, tte uystnytnyezus
xzouluty zr tuxny ozqy.

Auttzrs zr hǉǊǑj przpzse ny eipueyt N-az-ǉ xultu-pntt quspzvery prztzpzl tz iyq xultu-
ple pntts rrzx every seyszr yzqe tz tte Sink uy twz rzute quspzvery ptnses, u.e. rzute upqnte
nyq xultu-pntt exteysuzy ptnses. Iy tte rzute upqnte ptnse, n spnyyuys tree us pzystrupteq
oy orznqpnstuys tte rzute upqnte xessnse. At tte repeptuzy zr ttus xessnse tte yzqe set tte
seyqer yzqe ns pnreyt yzqe. hey uy tte xultu-pntt exteysuzy ptnse, ny nlteryntuve pntt us pre-
nteq oy tte exptnyse zr xessnses oetweey tte yzqes ttnt oelzys tz qufereyt ornyptes zr tte
spnyyuys tree. Hzwever uy tte qntn trnysxussuzy stnse tte szurpe yzqe spluts uts qntn uytz xul-
tuple pnpwets tz oe seyt zver tte qufereyt pntts, wtupt pny result uy lzss zr tte wtzle qntn ur n
susyuipnyt pnpwet us lzst. Iy nqqutuzy tte N-tz-ǉ xultu-pntt rzutuys prztzpzl uses tte lzzquys
strntesy quruys tte rzute quspzvery ptnse, ttus lenquys tz n susyuipnyt pzysuxptuzy zr yzqes’
eyersy, nyq nqqutuzynl zvertenq uy tte yetwzrw espepunlly uy tte pzytext zr dBAN yetwzrws.

az pzpewutt eyersy nyq pzllusuzy przolexs, tte nuttzrs zr hǊǉǏj przpzse nxultu-pntt rzut-
uys nlszruttx ttnt uses twz pzllusuzy-rree pntts oetweey tte szurpe nyq Sink yzqe. he xnuy
uqen zr ttus prztzpzl us tz ptzzse twz yzqe-qusvzuyt pntts uy supt n wny ttnt tte qustnype oe-
tweey ttese pntts stzulq oe srenter ttny tte uyterrereype rnyse zr tte seyszr yzqes. Alttzust
tteur xeptnyusxs telp tz pzyserve xupt xzre eyersy pzxpnreq tz hǉǊǑj, ut pnyyzt oe useq
uy n dBAN pzytext rzr twz renszys: tte pzsturnl xzouluty nyq uxpzssuouluty tz pzystrupt twz
pzllusuzy rree pntts.
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Iy hǌǍj, nuttzrs preseyt CaP – Czlleptuzy aree Prztzpzl. he onsup uqen us tz ouulq zye zr
xzre pzlleptuzy trees nll zr ttex rzzteq nt tte Sink. Enpt yzqe seyqs uts zwy qntn nyq nlsz
rzrwnrqs qntn rzr ztter yzqes. A xetrup us useq tz uyqupnte luyw qunluty oetweey n yzqe nyq
uts pnreyt onseq zy suppessrul qeluvery rntuz zr rzutuys xessnses (oenpzys) nyq qntn xessnses.
Hzwever, ttese prztzpzls tnve yzt oeey testeq rnpe tz renlxzouluty pntery rzrdBAN. Fzr ttus
renszy, Bu et al. hǋǏj stzw ttnt pzpulnr strntesues supt ns CaP hǌǍj (nyqORdhǏǈj) perrzrx
wzrse uy nll tte pzysuqereq xzouluty pnterys zr n dBAN ptnyyel xzqel.

Oy tte ztter tnyq, onseq zy tte suze zr tte yetwzrw (tuyqreqs zr yzqes) uydSN, tte sux-
ple xzyutzruys npplupntuzys nyq tte stntup yetwzrw nllevunteq rrzx xzouluty pzystrnuyt, szxe
przpzseq prztzpzls hǊǊǐj uytrzqupe xeptnyusxs tz eysure relunouluty ttnt nre tenvy nyq pzx-
plex tz oe nqnpteq tz dBAN pzytext.

dBAN pzulq ttererzre oe plzser tz szxe types zr DaN wtupt nre qesusyeq tz tnyqle pzy-
yeptuzys nyq quspzyyeptuzy peruzqs. Luyws uyterxuteyt oetnvuzr us nssuxeq nyq tnyqleq oy
tnvuys yzqes wzrw uy stzre-nyq-rzrwnrq xzqe, u.e, ouferuys pnpwets uytul n qesureq luyw np-
penrs. Severnl pnpers (e.s. hǑǊ, ǉǋǏj przpzse nyq evnlunte xzouluty-nwnre stzrtest pntt nlsz-
ruttxs uy DaN. Evey ttzust ttey nqqress uyupnst rzutuys, ttese pzytruoutuzys pzyirx ttnt
eipueypy uyprenses wutt tte wyzwleqse zr tte xzouluty pntery. Iy ztter wzrqs, wyzwuys tzw
yzqes xzve nllzws tz requpe tte yuxoer zr uyyepessnry trnysxussuzys nyq tte qeluvery qelny.

Bnseq zy tte nxzuyt zr wyzwleqse ttnt us nvnulnole, nlszruttxs uy DaN nre, uy seyernl, qu-
vuqeq uytz hǑǏj: Dussexuyntuzy (szssup-onseq nlszruttxs) nyq rzrwnrquys (zverlny-onseq nl-
szruttxs).

Gzssup pzysusts uy qussexuyntuys every xessnse tz every yzqe zr tz n suoset zr yzqes uy tte
yeustozrtzzq. hus npprznpt us nqzpteq wtey yz wyzwleqse nozut tte yetwzrw us nvnulnole.
he extrexe rzrx zr szssup us lzzquys wtere every xessnse us set tz every yeustozr, teype
xnxuxuzuys tte przonouluty ttnt nxessnse us suppessrully trnysrerreq tz uts qestuyntuzy oy replu-
pntuys xultuple pzpues zr tte xessnse. dtule przvuquys yenr-zptuxnl perrzrxnype resnrquys
qelny, tte pruxnry luxutntuzy zr ttese prztzpzls us tteur eyersy pzysuxptuzy nyq tteur zvertenq
que tz expessuve pnpwet trnysxussuzys. Iy zur pzytext, we uyvestusnte tte eipueypy zr vnruzus
versuzys zr lzzquys, rererreq uy tte sequel ns Gossip-based nlszruttxs (preseyteq uy septuzy
ǋ.ǋ.Ǌ).

he zverlny-onseq nlszruttxs use seyernlly tree-onseq zverlnys (pzystrupteq eutter zy-tte-
ly zr pre-pzystrupteq) uy zrqer tz pust tte qntn rrzx tte szurpe tz Sink yzqe. he xzre pre-
pusely ttexzrexzouluty pntery us ptnrnpteruzeq, ttexzrezptuxuzeq tte rzrwnrqwull oe. Hzw-
ever, npquuruys ttus uyrzrxntuzy tns n pzst nyq ttere us n suotle onlnype tz iyq oetweey quplu-
pnte qntn pnpwets nyq pzytrzl xessnses. Geyernlly tte uyrzrxntuzy us relnteq tz tte spntuztex-
pzrnl lzpnluty: spnpe-lzpnluty rerers tz uyrzrxntuzy nozut tte yzqe’s xzvexeyts (ttrzust GPS
rzr exnxple) uy zrqer tz wyzwwtupt yzqe tns n tuster przonouluty tz pnss yenr tte qestuyntuzy.
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Fzr ttus renszy,cntqnt et al. hǊǉǈjprzpzse epidemic routing. heypzysuqer tteyzy-exusteype
zr n rully pzyyepteq pntt oetweey tte szurpe nyq tte qestuyntuzy. Bnseq zy ttnt, tte szurpe
qussexuyntes uyrzrxntuzy ttrzust onsup lzzquys zy uts yeustozrtzzq nyq wtey twz qustnyt
yzqes eveytunlly xeet, ttey ttey exptnyse zyly tte xussuys xessnses uy zrqer tz rzrwnrq tz
tte qestuyntuzy. he exptnyse nssuxes ttnt oztt yzqes weep uy xexzry tte lust zr nll repeuveq
xessnses. Iy hǊǉj, nuttzrs przpzse PRzPHEa – n Przonoulustup Prztzpzl usuys Hustzry zr Ey-
pzuyters nyq arnysutuvuty. It us ny exteysuzy zr epuqexup rzutuys ttnt qevelzps n przonoulustup
rrnxewzrw rzr pnpturuys spntuztexpzrnl lzpnluty preseyt uy tte yzqe xzouluty pntery wuttuy n
qyynxupnlly pnrtutuzyeq wureless yetwzrw. Iy nqqutuzy zr exptnysuys suxxnry veptzrs, yzqes
exptnyse n qeluvery veptzr pzytnuyuys n przonoulustup xetrup ttnt uyqupntes tzw luwely n yzqe us
nole tz qeluver tte xessnse tz tte spepuip qestuyntuzy. Iy dBAN pzytext, ttus npprznpt tns
severnl luxutntuzys que tz tte rnpt ttnt seyszr yzqes tnve luxuteq xexzry pnpnputy.

Iy Iyterplnyetnry yetwzrws (IPN) hǋǐj ttnt pzyyept sntellutes zroutuys nrzuyq plnyets, tte
zroutuys zovepts tnve preqeterxuyeq pntts nyq ut us pzssuole tz prequpt pzyyeptuzys nyq qus-
pzyyeptuzys wutt n szzq nppurnpy. Rzutuys prztzpzls uy IPNs use ttus resulnruty tz sptequle
trnysxussuzys. Iy dBANs, tte xzouluty pntery xny oe qunsu-peruzqupnl, out szxe qesree zr
uypertnuyty exusts nyq luyws qusnppenr quupwly uy pnse zr rnst xztuzy, wtuptxnwes ut quipult tz
xnwe prequptuzys. Besuqes, tte wureless ptnyyel us less relunole uy dBAN ttny uy spnpe.

Iy vetupulnr npplupntuzys zr DaN, ouses zr pnrs exptnyse qntn wteyever ttey xeet. Evey
ur tte uyter-pzyyeptuzy qelnys nyq tte pzyyeptuvuty peruzqs nre less resulnr ttny uy IPN, xzst
szlutuzys pzysuqer ttnt pzyyeptuzy peruzqs nre xupt stzrter ttny uyter-pzyyeptuzy uytervnls,
wtupt results uy n relntuvely stzrt trnysxussuzy wuyqzw ttnt yeeqs tz oe qetepteq nyq useq nt
uts oest.

ǋ.Ǌ.Ǌ RŃŊŉĽłĻ Ľł dBAN

Mnyy rzutuys prztzpzls rzr dBAN nre qesusyeq oy tnwuys szxe xnvzr zoveptuves uyqer pzy-
suqerntuzy, supt ns, eyersy eipueypy, quupw nyq relunole qntn qeluvery, eipueyt use zr nvnulnole
reszurpes, etp.

Iy dBAN, n luyw tust pntt lzss vnruntuzy usunlly relepts xzvexeyts ttnt xny oe qunsu-
resulnr, resultuys uy rrequeyt out prequptnole luyw pzyyeptuzys nyq quspzyyeptuzys. Clnssupnl
rzutuys prztzpzls xny ptzzse tz use zr yzt supt luyws, out tz tte oest zr zur wyzwleqse, yzye
zr tte przpzseq rzutuys prztzpzls uy nq-tzp,dSNzrDaNwnsqesusyeq tz nqqress spepuipnlly
luyws wutt pzxpnrnole zy nyq zf peruzqs nyq pzssuole suqqey ptnyses.

Iy hǉǊǍj, nuttzrs przpzse EERS–Eyersy-Eipueyt Rzutuys Sptexe. EERS uypluqes ttree
ruyptuzynlxzqules: rzute seleptuzy, luyw qunluty estuxntuzy nyq qntn rzrwnrquysxzqules. he
przpzseq sptexe nqqresses nqnptuve pzwer pzytrzl nyq rzutuys uy dBAN. he trnysxussuzy
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pzwer zr enpt seyszr yzqe nqnpts uy nppzrqnype wutt tte luyw qunluty. az qz sz, uy luyw qunluty
estuxntuzy nyq rzute seleptuzy xzqules, yzqes exptnyse oenpzys nt qufereyt pzwer levels tz
uqeytury tte luyw stntus wtupt uyprenses tte pzytrzl zvertenq. Iy nqqutuzy, nuttzrs uytrzqupe
ive xeptnyusxs tz uxprzve EERS perrzrxnype supt ns lznq onlnypuys xeptnyusx, rzute re-
pnur xeptnyusx, etp, wtupt results uy n pzxplex uxplexeytntuzy rzr dBAN yzqes. Auttzrs
nlsz pzypluqe ttnt usuys n tuster ixeq trnysxussuzy pzwer zr ny nqnptuve trnysxussuzy us tte
szlutuzy tz xeet n tust relunouluty requurexeyts, n pzyplusuzy ttnt we wull nux tz quspuss nll
nlzys ttus ptnpter.

A Pruzruty onseq Eyersy Awnre (PEA) rzutuys prztzpzl us przpzseq uy hǉǑǎj. Ctulq yzqes
ptzzse n pnreyt yzqe pzyyepteq tz Sink yzqe onseq zy n pzst ruyptuzy ttnt qepeyqs upzy qntn
pruzruty, resuqunl eyersy nyq qustnype zr yzqe. Resuqunl eyersy rnpulutntes lznq onlnypuys nyq
qustnype telps uy suppessrul pnpwet qeluvery tz pnreyt yzqe. Pruzruty telps tz selept n oest pzs-
suole pntt tz rzrwnrq prutupnl qntn weepuys uy vuew tte eyersy pzystrnuyt uy dBAN ttnyws tz
n twz-tzp pzxxuyupntuzy. Auttzrs pzysuqer tuxny ozqy xzouluty ttrzust tte qustnype oe-
tweey ptulq yzqes nyq pnreyt yzqes. Ctulq yzqe wull selept tte yenrest pnreyt wtule trnysxut-
tuys. Iyutunlly, nll yzqes orznqpnst Hellz pnpwets pzytnuyuys uyrzrxntuzy nozut tteur pzsutuzys,
pruzruty nyq eyersy level nyq nuxuys tz uqeytury ptulq yzqes, pnreyts yzqe nyq Sink.

Iy hǉǋǌj, nuttzrs quspuss twz speynruzs zr pzxxuyupntuzy: Luye zr Sustt (LzS) nyq Nzye
Luye zr Sustt (NLzS) pzxxuyupntuzy tz vustury tte use zr n relny yzqe. Heype, n seyszr yzqe
seyqs Request az Seyq (RaS) pnpwet, ur ut tns qntn pnpwets tz seyq tz Sink yzqe. Ir tte RaS
pnpwet us repzsyuzeq wuttuy n pertnuy tuxe uytervnl, u.e., tte Sink yzqe us uy Luye zr Sustt wutt
seyszr yzqe, ttey tte seyszr yzqe seyqs qntn pnpwets qureptly tz tte Sink. Otterwuse, tte Sink
yzqe us uy NLzS wutt tte seyszr yzqe, tte seyszr yzqe wull seyq n wnweup pnpwet tz tte relny
yzqe. Ater suppessrully repeuvuys nll tte qntn pnpwets, tte Sink yzqe wull seyq n Repeuve Ap-
wyzwleqse (ACK) pnpwet tz tte seyszr yzqe. Ir tte seyszr yzqe qzes yzt repeuve tte ACK
pnpwet, ttey tte nozve przpess wull oe repenteq uytul suppessrul trnysxussuzy. Hzwever, tte
yetwzrwxzqel useq uy ttus prztzpzl us very suxple: n seyszr yzqe zy tte ptest, seyses tte qntn
nyq seyqs ut tz tte ztter yzqe u.e. Sink yzqe zy tte wrust. Furtterxzre, ttere us n relny yzqe
zy tte wrust tz suxplury tte pzxxuyupntuzy oetweey tte seyszr yzqe nyq tte Sink yzqe wtupt
xenys nqqutuzynl use zr tnrqwnre qevupe. Iy nqqutuzy, tte xzouluty zr tuxny ozqy us wenwly
preseyteq zyly rzr wnlwuys nyq ruyyuys pzstures. hus seleptuzy xeptnyusx qzes yzt nssure
ttnt tte selepteq yzqe wull uxprzve tte relunouluty. A suxulnr zppzrtuyustup rzutuys xeptnyusx
us evnlunteq uy hǐj usuys twz qufereyt pntt lzss xzqels.

Auttzrs zr hǉǎǉj przpzse PRPLC, n stzre-nyq-rzrwnrq npprznpt nyq use n przonoulustup
prznptuve rzutuys, qeiyuys luyws pzsts ttnt nre nutzxntupnlly nqvusteq. It nuxs tz upqnte n vep-
tzr zr (przonouluty) luwelutzzqs ttnt n luyw wull oe nvnulnole uy n suvey tuxe slzt usuys Hellz
xessnses. he prztzpzl nuxs tz ptzzse tte xzst przonole luyw tz rzute tte pnpwet rrzx nvnul-

Ǎǐ



nole luyws tz nvzuq ouferuys nyq pnpwets lzss. hey stzw ttrzust suxulntuzy nyq experuxeyts
ttnt tnwuys uytz nppzuyt tte pnrtupulnr xzouluty zr tte ozqy uxprzves trnysxussuzy qelny wtey
pzxpnreq tz n trnqutuzynl przonoulustup nlszruttx rzr DaN. Hzwever, relunouluty us yzt 100%
uysureq (PDR us nrzuyq 88%).

Quwnuqer nyq Buswns hǉǎǊj przpzse, DcRPLC, ny zppzrtuyustup rzutuys sptexe nole tz
swutpt oetweey qurept luyws nyqxultu-tzp pntts wtey setuys zut zr luye zr sustt. As uy hǉǎǉj,
DcRPLC selepts tte xzst luwely pntt tz tte suyw usuys n luyw pzst rnptzr stnyquys rzr tte rzut-
uys pzst zr tte luyw uy tuxe slzt. DcRPLC nuxs uy requpuys tte eyq tz eyq puxulntuve pzst
pzxpnruys tz PRPLC wtupt zyly pzysuqer tte yext tzp luyw level.

he snxe nuttzrs preseyt uy hǉǍǑj ny nqnptntuzy zr tteur nlszruttx tnwuys uytz nppzuyt
lzpntuzy-nwnre yetwzrws. Auttzrs stnrt oy ptnrnpteruzuys tte tzpzlzsy nyq zoservuys tte ux-
pnpts zr pzsturnl xzouluty zy yetwzrw pnrtutuzyuys. az qz sz, enpt yzqe xnuytnuys n yeust-
ozr tnole onseq zy n peruzqupnl exptnyse zr tellz pnpwets. hey, n stzreq lust zr yzqes ttnt nre
wyzwy tz oe plzser (ptysupnlly) tz tte Sinkyzqe us pre-przsrnxeq nyq n yzqe rzrwnrqs pnpwets
tz tte irst pzyyepteq yzqe rrzx ttus lust. Iy pnse, yz pzyyepteq yzqe us plzser tz tte Sink ttny
tte yzqe utselr, ttey tte yzqe pzytuyues ouferuys tte pnpwet tull uts pzyyeptuvuty stntus ptnyses.
Hzwever, nuttzrs quqy’t pzysuqer MAC pzllusuzys suype ttey were usuys n pzlluys xeptnyusx
xnynseq oy Sink yzqe ttnt uts trnysxussuzy pzwer us set tz n tuster vnlue uy zrqer tz eysure ttnt
every yzqe repeuves tte pzlluys. hus, n yzqe rzrwnrqs pnpwets (qntn nyq tellz) zyly wtey ut us
pzlleq oy Sink yzqe. Alsz enpt yzqe seyqs uts yeustozr tnole tz tte zut-zr-ozqy server usuys n
rull trnysxussuzy pzwer. Evey ur nuttzrs evnlunte tte qelny, tte lnter stulls uxpzrtnyt resnrquys
dBAN pzytext.

Guz et al. przpzse MEPF–Muyuxux Eyersy Pnpwet Fzrwnrquys Prztzpzl hǏǐj wtupt ux-
plexeyts tte arnysxussuzy Pzwer Czytrzl (aPC) wutt Autzxntup Repent Request (ARR).
he seyqer xnwes tte qepusuzys zr nqvustuys tte trnysxussuzy pzwer nyq wtey tz retrnysxut
n pnpwet, u.e n lzst pnpwet us retrnysxuteq zyly wtey tte luyw qunluty qeprenses tz n pertnuy
ttrestzlq. az zotnuy uyrzrxntuzy nozut luyw qunluty, n xnptuye lenryuys nlszruttx us qesusyeq
onseq zy tte RSSI vnlues luyweq tz tte npwyzwleqsexeyts. hey nynlyze tte trnqezf zr eyersy
pzysuxptuzy oetweey trnysxussuzy pzwer nyq pnpwet retrnysxussuzy. Retrnysxussuzy zr lzst
pnpwet uyprenses tte ttrzustput, tzwever, nuttzrs quqy’t pzysuqer perrzrxnype xetrups supt
ns qelny.

fzusnr et al. przpzse uy hǊǊǋj Cz-CEStnt n pzzperntuve rzutuys prztzpzl. Fzr enpt seyseq
qntn, yzqes pzxpnre ttus uyrzrxntuzy tz n ttrestzlq uy zrqer tz qepuqe wtetter tte qntn us prut-
upnl nyq tns tz oe seyt qureptly tz Sink yzqe zr ut tns tz oe stzreq uytul n vnruntuzy us zoserveq.
he uqen us tz nvzuq trnysxussuzys zr tte snxe uyrzrxntuzy. Iy nqqutuzy, twz types zr yzqes nre
qeiyeq: yzrxnl yzqes ttnt zyly seyq tteur zwy seyseq qntn nyq nqvnypeq yzqes wutt xzre
uyutunl eyersy ttnt nre pzzperntuve yzqes. Hzwever, nuttzrs quqy’t pzysuqer ttexzouluty zr tte
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tuxny-ozqy: quruys tte trnysxussuzys zr n xessnse zver tte pntt nlrenqy pzxputeq, quspzy-
yeptuzys pny tnppey pnusuys rnulures. Alsz, nuttzrs quqy’t pzysuqer tte prztzpzl perrzrxnype
resnrquys tte eyq tz eyq qelny. Dntn nssresntuzy pzulq oe uyterestuys rzr spepuip npplupntuzy
out zvernll qntn uy dBAN nre pzysuqereq prutupnl nyq tns tz oe qeluvereq tz zr rrzx Sink yzqe
uy tte oruer qelny (< 125ms).

Mnyy ztter dBAN przpzsnls, supt ns EDSR hǉǌǍj, qz yzt tnwe uytz nppzuyt tte xzouluty
zr tte tuxny-ozqy. EDSR us ny zy-qexnyq rzutuys prztzpzl ttnt ouulqs rzutes oy lzzquys
Rzute Request pnpwets ur n seyqer wustes tz seyq qntn tz n qestuyntuzy wutt yz wyzwy rzute.
Duruys tte trnysxussuzys zr tte xessnse zver tte pntt nlrenqy pzxputeq, quspzyyeptuzys pny
tnppey pnusuys rnulures.

Iy hǊǈǈj, nuttzrs przpzse DARE: Dustnype Awnre Relnyuys Eyersy eipueyt prztzpzl rzr
teterzseyezusyetwzrws tzxzyutzrpntueyts uyxultu-tzpBzqyArenSeyszrNetwzrws (BASNs).
he preseyteq prztzpzl us evnlunteq uy n speynruz zr n wnrq zr n tzsputnl pzytnuyuys eustt pn-
tueyts. Dufereyt tzpzlzsues nre evnlunteq oy putuys tte Sink yzqe nt qufereyt lzpntuzys uy tte
wnrq. Sevey pzytuyuzusly qntn xzyutzruys seyszrs zr eveyt qruvey qntn (hrestzlq) xzyu-
tzruys seyszr nre ntnpteq tz enpt pntueyt uy nqqutuzy zr zye Bzqy Relny (BR) plnpeq zy tte
ptest. he Bzqy Relny tnve srenter eyersy reszurpes, pzxpnreq tz tte Bzqy Seyszrs, tz relny
qntn tz tte Sink yzqe. Auttzrs evnlunte DARE uy ive speynruzs wtere ttey vnry Sink yzqe
explnpexeyt uy tte tzsputnl wnrq. Hzwever, uy nqqutuzy zr tnvuys n pzst wutt tte ozqy relny,
nlsz uy szxe speynruzs, nuttzrs qeiye rzur suyws uystenq zr zye nyq n Mnuy Seyszr (MS) rzr
enpt pntueyt uy zrqer tz telp tte BR tz pzysuxe less eyersy. hus nqqutuzynl tnrqwnres nre
yzt nfzrqnole. Alsz, Pnpwet Deluvery Rntuz (PDR) rexnuys lzw rzr szxe speynruzs nyq DARE
preseyts n tust przpnsntuzy qelny.

Bey Hnxuqn et al. przpzse uy hǐǊj OMAR – Oppzrtuyustup nyq Mzouluty Awnre Rzutuys
prztzpzl. Auttzrs pzysuqer oztt stnr nyq xultu-pntt tzpzlzsues. At tte MAC lnyer, yzqes ux-
plexeyt tte IEEEǐǈǊ.ǉǍ.ǌ oenpzy-eynoleqMequuxAppessCzytrzl (MAC)prztzpzl. Heype,
tte pzzrquyntzr orznqpnsts peruzqupnlly n oenpzy tz weep nll yzqes syyptrzyuzeq wutt tte stnrt
zrMACsuper rrnxes. Alsz yzqes orznqpnst peruzqupnlly n tellz pnpwetwtupt nuxs tzxnuytnuy
n lzpnl yeustozr tnole wtupt pzytnuys tte lust zr nvnulnole luyws nyq relepts tte uystnytnyezus
yetwzrw pzyyeptuvuty. az tnwe uytz nppzuytxzouluty, nuttzrs, irst, plnssury luyws uytz lzys-terx
relunole luyws, stzrt-terx relunole zr tuxe-vnryuys luyws nyq uyrelunole luyws. hey, tte resultuys
tzpzlzsy nyq luyws ptnrnpterustups nre useq rzr tte rzutuys przpess. Auttzrs pzysuqereq zyly
twz pzstures: wnlwuys nyq ruyyuys. Iy nqqutuzy, qelny wnsy’t evnlunteq nyq PDR us pzysuqereq
ns stnole.

Iy hǑǈj, nuttzrs preseytAMRnyq I-AMRprztzpzls. AMR us ny nqnptuve yetwzrw quspzvery
nyq rzutuys tree pzystruptuzy prztzpzl rzr BANs ttnt tnwe uytz nppzuyt severnl xetrups (yux-
oer zr tzps, RSSI nyq ontery level nre pzxouyeq usuys ruzzy lzsup) uy seleptuys tte rzutuys
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pntt tz Sink yzqe. Auttzrs stzw ttnt tnwuys uytz nppzuyt zvernll xetrups uxprzves prztzpzl
perrzrxnype ttny usuys n uyuque xetrup. dutt I-AMR, nuttzrs uxprzve tte tuxe pzxplexuty
zr AMR, espepunlly rzr n ous yuxoer zr yzqes, oy xzquryuys tte spnyyuys tree pzystruptuzy
nlszruttx.

Iy hǉǐǑj, nuttzrs przpzse ESR ttnt us onseq zy zy-qexnyq rzutuys sptexe. A pntt rzutuys
seleptuzy us przpesseq onseq zy twz ruyptuzys: eyersy pzst ruyptuzy nyq pntt stnouluty ruyp-
tuzy. Evey ur nuttzrs nssuxe xzouluty ttey quq ptzzse n suxple xzouluty xzqel: tte Rnyqzx
dnypzuyt xzqel. Iy nqqutuzy, pntt quspzvery przpess seyerntes n lzt zr trnip ttnt pny yzt oe
yeslepteq.

Iy hǍǍj, nuttzrs przpzseq n szlutuzy tz xuyuxuze eyersy pzysuxptuzy. hey qeplzy szxe
yzy-seysuys, qequpnteq yzqes wutt nqqutuzynl eyersy szurpe. hus teptyuque xuyuxuzes ey-
ersy pzysuxptuzy zr dBAN yzqes nyq eytnypes tte yetwzrw luretuxe. Hzwever, nqqutuzynl
tnrqwnre requureq rzr relny yzqes uyprense tte pzst zr tte yetwzrw.

Eluns et al. przpzse EAdD–Eyersy-Awnre dBAN Desusy hǍǑj. EAdD qenls wutt tzpzl-
zsy pzystrnuyts oy uytrzqupuys relny yzqes yuxoer nyq uy zrqer tz requpe tte tztnl eyersy pzy-
suxptuzy ns well ns tte tztnl yetwzrw uystnllntuzy pzst zr seyszr yzqes. byrzrtuyntely, EAdD
stzws tenvy nyq pzxplex que tzxnyy nssuxptuzys nyq zxuteq pzysuqerntuzys. Auttzrs pzy-
suqereq tte eyersy pzysuxptuzy nyq tte tztnl pzsts zr xest yetwzrw rzrxeq oy seyszrs nyq
relny yzqes wuttzut pzysuqeruys tte zvertenq que tz xnp, rzutuys nyq ptysupnl plenr ptnyyel
nssessxeyt przolex.

Iy hǉǈj, n xultu-tzp rzutuys prztzpzl rzr dBAN tns oeey przpzseq. Fuxeq yzqes pny oe
useq uy tte rzrx zr relny yzqes. az selept tte rzrwnrqer yzqe, n pzst ruyptuzy us useq qepey-
qeyt zy tte trnysxussuzy pzwer zr tte yzqe, tte trnyspeuver’s velzputy pzwer veptzr nyq tte
resuqunl eyersy. Suxulntuzy results stzw ttnt wutt ttus prztzpzl yetwzrw luretuxe nyq PDR nre
uyprenseq.

Iy hǉǏǎj, BnlnypeqEyersyCzysuxptuzy (BEC) us przpzseq. hepzst ruyptuzy us pnlpulnteq
oy pzysuqeruys tte qustnype zr tte yzqe rrzx tte Sink. he seleptuzy zr tte rzrwnrqer yzqe us
perrzrxeq rzr n sepnrnte rzuyq tz qustruoute tte lznq uyurzrxly.

Iy hǉǋǍj, nuttzrs przpzse ny nqnptuve rzutuys prztzpzl. Iy ttus prztzpzl, tte pzre ptnyyel
uyrzrxntuzy pnyoe useq tz selept tte oest strntesy tz selept nyq rzrwnrqqntnwtule requpuys ey-
ersy rzr enptout seyt. Szurpe yzqewull use n relny yzqezyly ur luyw’s qunluty us oelzwn ttrestzlq
ztterwuse n qurept seyq tz Sink yzqe us przpesseq.

Aqufereyt resenrptqureptuzyzy tte pzyverse-pnst tzpup uydBANus tte przss-lnyer pzyverse-
pnst zy tzp zr tree-onseq zverlnys hǉǉǍ, ǊǊǏ, ǋǎ, ǌǉj. Iy tte purreyt wzrw we rzpus zyly tte lnt
strntesues, n ruture resenrpt qureptuzy wull oe tz uxprzve zur yew przpzseq strntesy (septuzy
ǋ.ǋ) vun przss-lnyer xeptnyusxs nyq pzxpnre uts perrzrxnype wutt exustuys przss-lnyer strnte-
sues stresseq wutt n renlustup dBAN ptnyyel xzqel.
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ǋ.Ǌ.ǋ DĽňķŊňňĽŃłň

Iy tte luternture,xnyywzrws nssuxeqn stnr tzpzlzsy nyq suysletzppzxxuyupntuzy rzrdBAN.
Hzwever, ut wns pzypluqeq ttnt n xultu-tzp pzxxuyupntuzy us xzre relunole hǉǍǈ, ǉǌǑj nyq
us requureq tz sunrnytee lzw trnysxussuzy pzwer, lzw eyersy wnve nyq eipueyt qntn rzutuys
oy qustruoutuys tte trnip lznq zver tte eyture yetwzrw. Iy hǉǏǈj, nuttzrs ptnrnpteruze tte pntt
lzss rzr qufereyt pnrts zr tuxny ozqy (nrx, onpw, tzrsz nyq les) zotnuyeq oy xensurexeyts
zy nptunl tuxnys. hey stzweq ttnt suysle tzp pzxxuyupntuzy us quipult uy terx zr eyersy
pzysuxptuzy nyqxultu-tzp pzxxuyupntuzy pzulq oe n oeter ptzupe. Iy nqqutuzy, rzr zye-tzp
tzpzlzsy, pzysestuzyxny zppur nt Sink yzqe ns nll seyszr yzqes nre seyquys tz tte lnter wtupt
lenqs tz perrzrxnype qesrnqntuzy nyq n lzw pnpwet repeptuzy rntuz.

Czzperntuve rzutuys us n przxusuys teptyuque wtupt explzuts tte orznqpnst ynture zr wure-
less xequux tz eytnype yetwzrw perrzrxnype. here nre severnl wzrws zy rzutuys prztzpzls
uy dBAN explzutuys pzzperntuve rzutuys. Hzwever, suype pntts nre nlrenqy pzxputeq, ttese
przpzsnls nre yzt resulueyt tz tte tuxny ozqy xzouluty. Iyqeeq, dBAN przpzsnls, supt ns
EDSR hǉǌǍj zr Cz-CEStnt hǊǊǋj, qz yzt tnwe uytz nppzuyt tte uystnytnyezus xzouluty zr tte
tuxny-ozqy: quruys xessnse trnysxussuzy zver tte pntt nlrenqy pzxputeq, quspzyyeptuzys
pny tnppey pnusuys rnulures. Iy nqqutuzy, xzst zr tte prztzpzls trues tz sntusry n spepuip re-
quurexeyt nyq yzt nll QzS requurexeyts (eyersy eipueypy, ttrzustput, qelny, etp).

EĺĺĽķĽĹłŉ ŇŃŊŉĽłĻ ĺĵķŉŃŇň & ķŇĽŉĹŇĽĵ

Rzutuysprztzpzls plny ny uxpzrtnyt rzle uydBANtz uxprzve tteperrzrxnypezr tteyetwzrw
uy terxs zr qelny, pzvernse, yetwzrw luretuxe nyq seyszrs eyersy pzysuxptuzy.

Belzw nre tte pnrnxeters tz oe pzysuqereq wtey qesusyuys yew rzutuys prztzpzls:

Eyq-tz-eyq qelny Rerers tz tte tuxe tnwey rzr n pnpwet tz renpt uts qestuyntuzy nyq qeiyes
rzutuys nlszruttx respept tz npplupntuzy spepuiputy (exnxple: stzrt qelny).

Mzouluty Rzutuys nlszruttx stzulqtnyqle tzpzlzsy lexuouluty rnpe tz tte uystnytnyezus ozqy
xzouluty.

Fzrwnrquysxeptnyusx Deiyes tzw pnpwets nre rzuteq rrzxzye zrxzre szurpes tz zye zr
xzre qestuyntuzys.

Duspnrquysxeptnyusx Deiyeswtuptpnpwets nre elusuole tz rzrwnrqzryzt (exnxple: nTL
vnlue equnl tz 1 lenqs tz pnpwet’s quspnrquys).

Dntn rnte Depeyquys zy tte npplupntuzy, yzqes pny exptnyse peruzqupnlly xessnses zr zppn-
suzynlly wutt n pertnuy qntn rnte.
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ǌ. RnyqAt: he szurpeS ptzzses tte yext tzp onseq zy n rnyqzx ptzupe oetweey
nll yzqes ttnt nyswereq uts request.

• Fuynlly, tte yzqe qesusynteq tz rzrwnrq tte szurpe qntn xessnse, wull rzllzw tte snxe
przpess tz qesusynte tte yext tzp.

auxer uy nteyuntuzy-onseq strntesues us evnlunteq uy septuzy ǋ.ǌ.ǉ.

ǋ.ǋ.Ǌ GŃňňĽń-ĶĵňĹĸ ňŉŇĵŉĹĻĽĹň

Iy ttus pnteszry, yzqes pzyqupt n oluyq orznqpnst zr xessnses uy tte yetwzrw wuttzut relnyuys
zy nyy spepuip uyrzrxntuzy. hese strntesues nre uyspureq rrzx tte stnte zr tte nrt uy dSN nyq
DaN nyq zur repeyt wzrw relnteq tz orznqpnst uy wureless ozqy nren yetwzrws hǊǐj. hree
xnuy strntesues nre evnlunteq:

ǉ. FlzzqazSink: Enpt yzqe, expept tte Sink, reorznqpnsts every repeuveq xessnse wtule
uts TTL (auxe tz Luve) us srenter ttny zye.

Ǌ. PrzonCvs: Nzqes tnwe tte qepusuzy tz orznqpnst tte xessnse zr yzt qepeyquys zy n
przonouluty P > 0. Fzr enpt yzqe, P us set uyutunlly tz 1. dtey repeuvuys n xessnse,
enpt yzqe, expept tte Sink, ptzzses n rnyqzx vnrunole r nyq pzxpnres uts vnlue wuttP ,
ur ttus vnlue us lzwer ttnyP , ttey tte yzqe orznqpnsts ttexessnse, ztterwuse ut quspnrqs
ut. Iy pnse tte yzqe orznqpnsts tte xessnse, ut quvuqes P oy 2. (A P rzr enpt yzqe nyq
P vnrues qepeyquys zy tte yuxoer zr tuxes tte yzqe perrzrxeq n orznqpnst).

ǋ. PruyeqCvs: dtey repeuvuys n xessnse, yzqes, expept tte Sink, ptzzse rnyqzxly tte
yext tzp tz wtupt ttey rzrwnrq tte xessnse.

ǋ.ǋ.ǋ MŊŀŉĽ-ńĵŉļ ňŉŇĵŉĹĻĽĹň

Iy ttus pnteszry, we explzut preqeterxuyeq pntts (rererruys tz yzqes pzsutuzys zy tuxnyozqy)
oetweey tte szurpe nyq tte Sink.

Czytrnry tz tte irst pnteszry (nteyuntuzy-onseq strntesues), tere tte ptzupe us ixeq nlzys
tte suxulntuzy. A tree-onseq rzutuys wutt n pre-set tree onseq zy yzqes pzsutuzy.

Iy ttus plnss yzqes tnve up tz twz pre-selepteq pruvuleseq yeustozrs (pnll uy tte sequel pnr-
eyts) ns stzwy uy Fusure ǋ.ǌ.

he ptzupe zr tte irst pntt us onseq zy tte stzrtest pntt tz tte Sink uy terxs zr yuxoer zr
tzps, wtule tte sepzyq pntt us ptzsey uy supt n wny ttnt n yzqe wull nlwnys tnve nt lenst zye
pntt tz tte Sink evey uy tte pnse zr xzouluty. Ir we tnwe tte ttust, wrust, nyq ynvel yzqes ns ny
exnxple, evey ur tte pzxxuyupntuzy oetweey tte ttust nyq wrust yzqes us uyterrupteq uy pnse
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ǌ. PPPP-Przonoulustup Pnreyt tz Przonoulustup Pnreyt: All yzqes (szurpe nyq uyterxe-
qunte yzqes) seyq everyxessnse tz zyezr uts pre-qeiyeqpnreyt yzqes ptzsey rnyqzxly
ns xeytuzyeq oerzre (rexexoer: pnreyts tnve equnl ptnype tz oe selepteq). hus xes-
snses rzllzw zyly zye pntt nxzys tte twz preqeiyeq pntts.

ǋ.ǋ.ǌ OĶňĹŇŋĵŉĽŃłň

he exteyqeq suxulntuzys we perrzrxeq (see Septuzy ǋ.ǌ.Ǌ) nyq tte pnrerul nynlysus zr tte
nozve preseyteq strntesues pzyqupteq us tz tte rzllzwuys zoservntuzys ttnt rurtter telpeq us
uy qesusyuys zur yzvel strntesyHybrid (septuzy ǋ.ǋ.Ǎ).

Atenuation-based strntesues nre onseq zy tte ptnyyel xzqel. Iyqeeq, enpt szurpe requests
uts yeustozrs nozut tte qunluty zr tteur luyws wutt Sink yzqe (ttus uyrzrxntuzy us nssuxeq tz oe
npquureqoyyzqes). Respzyses suuqe szurpeyzqes tz ptzzse tteyext tzp. Sz, pzxxuyupntuzy
oetweey yzqes us onseq zy pzytrzl xessnse exptnyses wtupt tns oeey uyvestusnteq uy ztter
yetwzrws ttny dBAN. Hzwever, results stzw ttnt pzytrzl pnpwets exptnyse tnve n yesntuve
uylueype zy lnteypy. Iyqeeq, pnpwets tnwe xzre tuxe tz renpt tte qestuyntuzy oepnuse yzqes
qz yzt rzrwnrq uxxequntely.

Fzr gossip-based strntesues, yzqes nre nole tz orznqpnst ztey eyzust suype ttey tnve rewer
restruptuzys zy xessnses’ rzrwnrquys. Hzwever, n tuse yuxoer zr xessnse pzpues przvzwes
pzllusuzys nyq tust eyersy pzysuxptuzy.

Fzr multi-path-based strntesues, yzqes explzut nll exustuys pntts, rzr szxe pzstures, ttese
strntesues nptueve tust eyersy pzysuxptuzy.

hese zoservntuzys nre suppzrteq oy suxulntuzy results uy septuzy ǋ.ǌ.

ǋ.ǋ.Ǎ NĹŌ ķŃłŋĹŇĻĹ-ķĵňŉ ňŉŇĵŉĹĻŏ: HŏĶŇĽĸ

Our yzvel strntesy Hybrid tnwes nqvnytnse zr atenuation-based, gossip-based nyq multi-path-
based strntesues. Iyqeeq, ut oetnves ns n multi-path strntesy wtey xessnses nre rzrwnrqeq rzl-
lzwuyspreqeterxuyeqpntts tz pnreyt yzqes. Hzwever, uy zrqer tz pzpewutt pzsturnlxzouluty,
zur yzvel strntesy wull uytrzqupe xessnses orznqpnst, suxple lzzquys ns uy gossip-based strnte-
sues. az qz sz, yzqes wull irst ptepw luyws stntus wutt tteur pnreyts oerzre seyquys nyy qntn
xessnse oy orznqpnstuys pzytrzl xessnses ns rzr atenuation-based strntesues.

Hybridwzrws ns rzllzw: wtey n yzqe tns n xessnse tz tte Sink nt t:

• It qelnys ttexessnse seyquys uytul t+T , nyq trues tz renpt uts pnreyts oy seyquys nPING
xessnse.

• Oyly pnreyts nyq tte Sink, ur ttey nre uy yzqe’s rnyse, pny reply tz PINGxessnse.
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• Ir tte yzqe repeuves nt lenst n reply ttey ut uxxequntely seyqs uts xessnse tz uts pnreyts.

• Ir nter tuxer T expurntuzy, tte yzqe quq yzt repeuve nyy reply, ttey ut orznqpnsts uts qntn
xessnse.

Hybrid uxplexeyts tte rzllzwuys pruxutuves:

• Deluver(x<SeqNux,SrpAqqr,DestAqqr>): Sinkyzqeqeluversm tz tte npplupntuzyupzy
repeuvuysm rzr tte irst tuxe.

• Seyq(x<SeqNux,SrpAqqr,DestAqqr>): Szurpe yzqe seyqs m (n uyupnst seyquys) tz
pnreyt yzqes.

• Brznqpnst(x<SeqNux,SrpAqqr,DestAqqr>): Szurpe yzqe orznqpnsts m uy tte yet-
wzrw.

he xessnsem pnrnxeters nre uyutunlly set oy tte szurpe yzqe.
Brznqpnst nlteryntuve nllzws perupternl yzqe tz vzuy peyter yzqes. hus nlteryntuve us very

userul uy pzystrnuyeq pzsture.
Nzte ttnt onseqzyxultu-pntt-onseq strntesues, enptyzqewyzws uy nqvnype uts pnreyts (pre-

set uy suxulntuzy).
Iy tte rzllzwuys we preseytHybrid strntesy nlszruttx ǉ.

CŃŇŇĹķŉłĹňň ńŇŃŃĺ Ńĺ HŏĶŇĽĸ ńŇŃŉŃķŃŀ

Iy tte rzllzwuys we pzysuqer ttnt tte dBAN yetwzrw us xzqeleq oy n pzyyepteq srnptG =

(V,E)wtereV us tte set zr yzqes uy tte systexnyqE us tte set zr pzxxuyupntuzy luyws (eqses
oetweey yzqes uy V ). de pzysuqer n pzyyepteq srnpt. hnt us, ut exusts n pntt oetweey every
pnur zr yzqes. Iy suxulntuzys, we pnrerully ptzzse yzqes trnysxussuzy pzwer tz respept ttus
ptnrnpterustup. Nzte ttnt ur tte srnpt us yzt pzyyepteq, ttere us yz pzvernse. Iy tte rzllzwuys
we pzysuqer ttnt tte pzxxuyupntuzy luyws nre relunole (u.e. yz pnpwets lzss zr pzllusuzys).

he Hyoruq prztzpzl nuxs nt szlvuys tte pzyverse-pnst przolex ttnt we rzrxnluze uyspureq
oy tte qeiyutuzy przpzseq uy hǎǋj.

Deiyutuzyǉ (Czyverse-pnst). LetG = (V,E) be the communication graphmodeling a network
and Sink be the inal destination node. A protocol solves the converge-cast problem if the following
properties are satisied.

• No creation7 No message is delivered at the Sink node application level unless it was sent by a
node i such that i ∈ V .
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AlszruttxǉHyoruq strntesy nlszruttx: tnwe n rzrwnrquys qepusuzy wtey n pnpwet rrzx npplu-
pntuzy/MAC lnyer us nvnulnole tz rzrwnrq

ǉ: przpequrebńŃł ŇĹķĹĽŋĽłĻ ĵł ĵńńŀĽķĵŉĽŃł ŁĹňňĵĻĹ(m)
Ǌ: Set SeqNum rzrm
ǋ: Iysertm<SeqNum, SrcAddr,DestAddr> uy oufer
ǌ: Stnrt tuxer T
Ǎ: Seyq(PING xessnse tz pnreyt yzqes)
ǎ: eyq przpequre
Ǐ: przpequrebńŃłŇĹķĹĽŋĽłĻĵMACŁĹňňĵĻĹ(m<SeqNum, SrcAddr,DestAddr>)
ǐ: ur xessnse us n PING ttey
Ǒ: ur DestAqress = MyNetwAqqress ttey

ǉǈ: Seyq(PONG xessnse) ▷ reply wutt n PONG tz PING’s SrcAddr
ǉǉ: else
ǉǊ: Duspnrq PING xessnse
ǉǋ: eyq ur
ǉǌ: eyq ur
ǉǍ: ur xessnse us PONG ttey ▷ n reply rrzx n pnreyt yzqe
ǉǎ: ur DestAqress = MyNetwAqqress ttey
ǉǏ: Seyq(oufereq DAaA xessnse tz pnreyts)
ǉǐ: else
ǉǑ: Duspnrq PONG xessnse
Ǌǈ: eyq ur
Ǌǉ: eyq ur
ǊǊ: ur xessnse us DAaA ttey
Ǌǋ: ur MyNetwAqqress = Suyw ttey
Ǌǌ: ur yewm<SeqNum, SrcAddr> ttey
ǊǍ: Deluver(m)
Ǌǎ: else
ǊǏ: Duspnrqm
Ǌǐ: eyq ur
ǊǑ: else
ǋǈ: ur (DestAqress = MyNetwAqqress) || (DestAqress = BrznqpnstAqress) ttey
ǋǉ: Seyq(m) tz nll pnreyts
ǋǊ: else
ǋǋ: Duspnrqm
ǋǌ: eyq ur
ǋǍ: eyq ur
ǋǎ: eyq ur
ǋǏ: eyq przpequre
ǋǐ: przpequrebńŃł ŇĹķĹĽŋĽłĻ ĵ ňĹŀĺ-ŁĹňňĵĻĹ, Ľ.Ĺ ĵ ŉĽŁĹŇ(a) ▷ n xessnse uyqupntuys

tuxer a expurntuzy
ǋǑ: Set DestAqqr wutt orznqpnst nqqress
ǌǈ: Brznqpnst(m)
ǌǉ: eyq przpequre
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• No duplication7 No message is delivered at the Sink node application level more than once.

• Reliable Delivery7 here is a positive integer k>0 such that a messagem sent by any node i
(i ∈ V ) at time t, is delivered at Sink node at time t9t′9t+ k.

NŃŉĵŉĽŃłň ĵłĸ DĹĺĽłĽŉĽŃłň Iy tte septuzy we uytrzqupe tte yztntuzys nyq qeiyutuzys
useq uy zur pzrreptyess przzr.

Deiyutuzy Ǌ (eppeytruputy). he eccentricity ϵ(v) of a graph vertex v in a connected graphG =

(V,E) is the maximum graph distance between v and any other vertex u ofG.

Iy ttus wzrw we nre uyteresteq uy tte eppeytruputy zr tte Sink yzqe ϵ(Sink).

Assuxptuzy ǉ. In the following proofs we consider that TL is greater than the eccentricity of the
ϵ(Sink).

Lexxn ǉ. If a node i broadcasts a messagem then nodes inN(i) eventually receivem.

Proof. Suppzse i orznqpnsteq tte xessnse m. Assuxe ∃j ∈ N(i) supt ttnt j quqy’t repeuve
m. hus nssuxptuzy us rnlse suype we nssuxe ttnt luyws nre relunole (yz lzst xessnses).

LexxnǊ (yzquplupntuzy). If Sink node receives amessagem thenm is delivered at the application
level only once.

Proof. dtey Sink yzqe repeuves tte xessnse m rzr tte irst tuxe ttey Sink yzqe qeluvers m
(nlszruttx ǉ luyes 24 − 25). dtey tte xessnse us n quplupnte zr ny nlrenqy repeuveq xessnse
ttey Sink yzqe quspnrqsm (nlszruttx ǉ luye 27).

Lexxnǋ (yz prentuzy). If Sink node receives amessagem thenm has been sent by the node i such
that i ∈ V .

Proof. Assuxe Sink yzqe repeuves n xessnse m ttnt tns yzt oeey seyt oy i supt ttnt i ∈ V .
hus xenys ttnt tte xessnse tns oeey prenteq oy nyztter yzqe j supt ttnt j /∈ V zr ttere wns
n stenl xessnse uy tte ptnyyels. he irst nssuxptuzy pzytrnqupts tte nlszruttx suype yz yzqe
(expept i ∈ V ) prentes n yewxessnse. he sepzyq nssuxptuzy pzytrnqupts tte typzttesus ttnt
tte luyws nre relunole.

Iy tte rzllzwuys we pzysuqer ttnt luyws nre relunole nyq tte pzxxuyupntuzy qelnys oetweey
twz yeustozruys yzqes nre ozuyqeq.

Lexxn ǌ (Relunole Deluvery). here is a positive integer k>0 such that a messagem sent by any
node i (i ∈ V ) at time t, is delivered at Sink node at time t9t′9t+ k.
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Proof. Let i oe n yzqe uy tte yetwzrw.
Let t1 supt ttnt i ∈ V tns ny npplupntuzyxessnsem tz seyq tz Sink yzqe ttey i orznqpnsts

n PING xessnse tz pnreyt yzqes uy tte yeustozrtzzq (luye 5) nyq nrxs n tuxer T (luye 4).
At t1 tte qustnype oetweey tte xessnsem nyq tte Suyw us nt xzst equnl tz ϵ(Sink).
Let t2 oe tte tuxe supt ttnt eutter pnreyts zr yzqe i respzyq wutt n PONG xessnse tz i

(luye 16) zr tuxer T expures (luye 38).
Iy tte irst pnse i seyqsm tz uts pnreyts (N(i), see luye 17). Iy tte sepzyq pnse i orznqpnsts

m (luyes 39− 40).
Frzx tte typzttesus zy tte pzxxuyupntuzy luyws, ∃k1>0, supt ttnt t1<t2<t1 + k1.
Suype tte pzxxuyupntuzy luyws nre relunole nyq tte pzxxuyupntuzyqelnys nre nssuxeqozuyqeq,

ttere us n k2>0 supt ttnt oy tuxe t2<t3<t2+ k2, nll yzqes uyN(i) repeuvem nyq rzrwnrqm tz
tteur pnreyts (luyes 30− 31). It rzllzws ttnt tte qustnype oetweey ttexessnsem nyq tte Sink
yzqe us qeprenseq oy nt lenst 1.

henozveprzpess us repenteq repursuvelyuytul ttexessnse nrruves nt szxeyzqe j ∈ Nϵ(Sink)(i)

nt tuxe tϵ(Sink)−1.
j seyqs m tz nll uts pnreyt yzqes (uypluquys Sink yzqe). By tte typzttesus ttere exusts

kϵ(Sink)−1 supt ttnt Sink yzqe repeuvesm oy tuxe tϵ(Sink)−1<tϵ(Sink)<tϵ(Sink)−1+kϵ(Sink)−1.
Let k = k1+ k2+ . . .+ kϵ(Sink)−1. It rzllzws ttnt ttexessnsem seyt nt tuxe t oy n yzqe

i, supt ttnt i ∈ V , nrruves nt Sink yzqe oy tuxe t′, t<t′<t+ k.

ǋ.ǌ CŃłŋĹŇĻĹ-ķĵňŉ ňŉŇĵŉĹĻĽĹň ńĹŇĺŃŇŁĵłķĹ AłĵŀŏňĽň

az pzxpnre tte qufereyt pzyverse-pnst strntesues qespruoeq uy septuzy ǋ.ǋ, we evnlunte ttree
pnrnxeters:

• Pnpwet Deluvery Rntuz (PDR): Enpt seyszr yzqe seyqs zye xessnse wutt iynl qestu-
yntuzy tte Sink yzqe. de ttererzre pnlpulnte tte yuxoer zr repeuveq xessnses nt tte
Sink yzqe level preseyteq ns n perpeytnse uy tte srnpts uy septuzy ǋ.ǌ.Ǌ. Lzw perpeytnse
xenys yzqes’ xessnses quqy’t renpt tteur iynl qestuyntuzy (u.e. ttey quqy’t renpt Sink
yzqe).

• Lnteypy: he eyq tz eyq qelny us tte nvernse tuxe n xessnse tnwes tz renpt tte iynl
qestuyntuzy (u.e. tte Sink yzqe).

• Nuxoer zr trnysxussuzys nyq repeptuzys: Bepnuse pzxxuyupntuzy us pzysuqereq ns
n tust eyersy pzysuxer. hus wey pnrnxeter suves us ny estuxntuzy zr eyersy pzysuxp-
tuzy.
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ǋ.ǌ.ǉ SĽŁŊŀĵŉĽŃł SĹtĽłĻň

de evnlunte tte qufereyt nlszruttxs qespruoeq uy septuzy ǋ.ǋ uy n renlustup dBAN speynruz.
de uxplexeyteq ttese strntesues uyqer tte OMNea++ suxulntzr hǌj (septuzy Ǌ.ǎ.ǋ) ey-

rupteq wutt tte Muxux przvept hǉǈǑj (septuzy Ǌ.ǎ.ǋ). Oy tzp zr tte ptnyyel xzqel qespruoeq
uy Ǌ.Ǐ.Ǌ, we useq tte stnyqnrq prztzpzls uxplexeytntuzys przvuqeq oy tte Muxux rrnxewzrw.
Iy pnrtupulnr, we useq, rzr tte xequux nppess pzytrzl lnyer, IEEE ǐǈǊ.ǉǍ.ǌ uxplexeytntuzy.
he seysutuvuty levels, pnpwets tenqer leystt nyq ztter onsup uyrzrxntuzy nyq pnrnxeters nre
tnwey rrzx tte IEEE ǐǈǊ.ǉǍ.ǌ stnyqnrq.

Enpt qntn pzuyt us tte nvernse zr Ǎǈ suxulntuzys ruy wutt qufereyt seeqs. de useq Ox-
yet++ qernult uyterynl rnyqzx yuxoer seyerntzr, u.e. tte Merseyye awuster uxplexeytntuzy
(pMerseyyeawuster ;MaǉǑǑǋǏ) rzr tteuyurzrxqustruoutuzy,wuttqufereyt uyutunluzntuzy seeqs
rzr enpt ruy, nyq tte yzrxnl qustruoutuzy seyerntzr (pNzrxnl) rzr tte susynl nteyuntuzy.

Suxulntuzys nre perrzrxeq wutt zyly zye pnpwet trnysxussuzy rrzx enpt yzqe tz tte Sink
yzqe (tte lnter us pzsutuzyeq nt tte ptest).

Berzre pzxpnruys nlszruttxs, we yeeq tz selept seyernl pnrnxeters vnlues uy zrqer tz prz-
vuqe n rnur pzxpnruszy. hus uypluqes szxe prztzpzl-spepuip pnrnxeters qespruoeq nozve supt
ns tuxers vnlue, ns well ns xzre seyernl pnrnxeters supt ns tte yzqes trnysxussuzy pzwer, zr
tte xnxuxux nllzweq TL.

aĽŁĹ-aŃ-LĽŋĹ (TL) ňĹtĽłĻ

he auxe-az-Luve (TL) us n ielq zr tte pnpwet. Its vnlue us uyutunluzeq oy tte szurpe yzqe nyq
us qeprenseq nt enpt tzp. hus xeptnyusx luxuts pnpwets retrnysxussuzys. A tust TL vnlue
results uy ntuseyuxoerzr pnpwets trnveluys uy tteyetwzrw, przvzwuysqueueuys nyqpzllusuzys,
wtule n lzw vnlue luxuts tte qepusuzy pzwer zr tte qufereyt nlszruttxs. Setuys ttus vnlue uy n
lzw qunxeter xzoule yetwzrw xny oe uyensy, ttnt’s wty we rely zy suxulntuzy results tz iyq n
rnur vnlue. Iy zur uxplexeytntuzy, tte TL us qeprexeyteq rrzx tte irst trnysxussuzy, wtupt
xenys ttnt n pnpwet wtzse uyutunl TL vnlue us equnl tz ǉ wull zyly oe exuteq zype nyq yever
oe rzrwnrqeq. Suxulntuzys nre pzyqupteq uy wnlw pzsture wutt n trnysxussuzy pzwer equnls tz
−50dBm.

Fusures ǋ.Ǎ nyq ǋ.ǎ stzw tte perpeytnse zr PDR uy ruyptuzy zr TL.
Iy tte irst srzup, PrunedCvg nyq RandAt strntesues stzw tte lzwest perpeytnse wtey TL

us equnl tz 1. Pnpwet us seyt zyly zype tz n rnyqzxly ptzsey yzqe wutt n lzw przonouluty ttnt
tte lnter us tte Sink yzqe.

de nlsz yztupe ttnt FloodToSink strntesy perrzrxnype qeprenses wtule TL vnlue uyprenses.
A tustTL vnlue seyerntes n lzt zr pnpwets uy tte yetwzrw wtupt prentes pzllusuzys nyq pnpwets
lzss. A snxe oetnvuzr rzr ProbaCvg wutt n less qrnstup qeprense uy tte PDR wutt TL uyprense.
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Figure 3.5: Packet delivery ratio in function of TTL (Converge-cast strategies: First group)
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Figure 3.6: Packet delivery ratio in function of TTL (Converge-cast strategies: Second group)

Iy tte sepzyq srzup, PPAP nyq PPPP stzw tte lzwest PDR. he irst trnysxussuzy tnrsets
zyly zye pnreyt yzqe. he lnter us eynole tz rzrwnrq tte pnpwet tz Sink yzqe suypeTL us equnl
tz 1. Hzwever, wutt TTL > 1, PPAP zutperrzrxs PPPP.

Atenuation-based strntesues stzw tte oest perrzrxnype wuttTL equnls tz 1. byluwe,Multi-
path-based strntesues, Sinkyzqe pzulqoe renpteq rrzxtteirst trnysxussuzy ntexpt ur tte lnter
respzyqs tz tte nteyuntuzy request orznqpnsteq oy szurpe yzqe.

TL parameter will be set to 5 in our simulations. Stnrtuys rrzx ttus vnlue, perrzrxnype zr
xzst zr tte strntesues qzesy’t ptnyse.

NŃĸĹň ŉŇĵłňŁĽňňĽŃł ńŃŌĹŇ ňĹtĽłĻ

de pzxpnre tte perrzrxnype zr tte qufereyt strntesues uy senrpt rzr tte xuyuxux trnysxus-
suzy pzwer ttnt nllzws renszynole pzxxuyupntuzy rzr n repeuver seysutuvuty zr−100 dBm pzy-
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suqeruys tte ptnyyel nteyuntuzy. de seew rzr tte vnlue zr tte trnysxussuzy pzwer ttnt eysures
tte yetwzrw us pzyyepteq zver tuxe, wtule luxutuys eyersy pzysuxptuzy nyq qevupes texpern-
ture. Iy nqqutuzy, n pzxpnruszy wutt n zye tzp strntesy us pzyqupteq.

Fusures ǋ.Ǐ & ǋ.ǐ stzw tte perpeytnse zr PDRwtey tte trnysxussuzy pzwer uyprenses rrzx
-ǎǈ qBx tz ǈ qBx uy wnlwuys nyq sleepuys pzstures. Repnll ttnt quruys suxulntuzy tte TL us
set tz 5.

Iy sleepuys pzsture, wutt−55dBm, n zye-tzp trnysxussuzy renptes renptes 70%wtuleHy-
brid strntesy renptes 95% zr suppessrully repeuveq pnpwets.

Iy suysle-tzp pzxxuyupntuzy, yzqes use xzre eyersy tz renpt Sink yzqe wterens uy xultu-
tzp pzxxuyupntuzy tte eyersy pzysuxptuzy zr tte rzrwnrquys yzqes ttnt nre plzser tz tte
Sink yzqe uyprenses. Heype, zur uyvestusntuzy tz uqeytury tte oest strntesy ttnt eysures tte
trnqe-zf oetweey relunouluty nyq eyersy pzysuxptuzy.
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(a) Walking posture
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(b) Sleeping posture
Figure 3.7: Packet delivery ratio in function of nodes transmission power (Converge-cast strategies: First group)
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(b) Sleeping posture
Figure 3.8: Packet delivery ratio in function of nodes transmission power (Converge-cast strategies: Second

group)

Iy tte sequel, suxulntuzys nre pzyqupteqwuttyzqes’ trnysxussuzypzwer equnls tz−50dBm.
Fusures stzw ttnt wutt ttus vnlue szxe strntesues luwe BothMinAt uy sleep pzsture zrHybrid uy
wnlw pzsture renpt 100% zr relunouluty.

aĽŁĹŇ ňŉŊĸŏ ĺŃŇ ķŃŇŇĹňńŃłĸĽłĻ ňŉŇĵŉĹĻĽĹň

hus stuqy tnrsets Atenuation-based strntesues nyqHybrid strntesy.
dtey n yzqe tns n qntn xessnse rrzx npplupntuzy lnyer tz rzrwnrq tz Sink yzqe, ut orznq-

pnsts nxessnsezr typePING rzrHyoruq strntesyzrAteyuntuzyRequest rzr nteyuntuzy-onseq
strntesues uy tte yeustozrtzzq nyq stnrts n tuxer wnutuys rzr respzyses.

Iy isure ǋ.Ǒ, we preseyt suxulntuzy results zr tte PDR uy ruyptuzy zr tte tuxer qurntuzy uy
sepzyqs. Results nre stzwy uy wnlwuys pzsture. Repnll ttnt TL us set tz 5 nyq trnysxussuzy
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pzwer us set tz−50dBm.
RandAt strntesy stzwn lzwPDRpzxpnruys tz tte ztter strntesues. Evey ur nt tte oesuyyuys

tte perpeytnse stzws ny uyprense, ut rnpuqly stnsyntes nrzuyq 65%. Iy tte sequel, suxulntuzy
results wull pzyirx ttnt ttus strntesy us yzt nqnpteq rzr dBAN.

Fzr tte ztter strntesues, uypluquys zur yew strntesyHyoruq, PDR uyprenses wutt tuxer vnlue
tz renpt 100% oy 200xullusepzyq.

de ptzse n tuxer vnlue equnls tz 200xullusepzyqs oepnuse ut us tte irst vnlue ttnt nllzws n
rull pnpwet qeluvery rntuz (100%). A tuster vnlue wull uyqupe n tuster lnteypy.
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Figure 3.9: Packet delivery ratio for different timer values for Attenuation-based and Hybrid converge-cast
protocols

ǋ.ǌ.Ǌ SĽŁŊŀĵŉĽŃł ŇĹňŊŀŉň

PĵķĿĹŉDĹŀĽŋĹŇŏ RĵŉĽŃ (PDR) ĺŃŇ ķŃłŋĹŇĻĹ-ķĵňŉ ňŉŇĵŉĹĻĽĹň

Fusure ǋ.ǉǈ qetnuls tte perpeytnse zr PDR rzr vnruzus ozqy pzstures nyq tustlustts tte oe-
tnvuzr zr enpt strntesy rnpe tz tuxny ozqy xzouluty.

Gossip-based strntesues preseyt, uy nlxzst nll pzstures, tte lzwest PDR. Iy ttus pnteszry, ttere
us yz pzyqutuzy tz stzp pnpwets’ rzrwnrq expept tte TL pnrnxeter, wtupt us set tz 5 uy zur
suxulntuzys. FzrProbaCvg strntesy, rzrwnrquys n pnpwet us restrupteq ttrzustzut tte suxulntuzy
oepnuse P vnlue us quvuqeq oy 2 nter enpt trnysxussuzy. As n pzysequeype, tte yuxoer zr
pnpwet pzpues uy tteyetwzrwqeprenses nswell ns pzllusuzys rzr szxepzstures, wtupt us relepteq
wutt n tust PDR pzxpnreq tz FloodToSink strntesy. Fzr PrunedCvg strntesy, n yzqe rzrwnrqs
tte pnpwet tz n rnyqzxly ptzsey yzqe. hus yzy-lzsup ptzupe results uy lzw perrzrxnype.

Alttzust enpt zye zr tte ttree irst atenuation-based strntesues przpesses qufereytly ntey-
untuzy respzyses, we zoserve ttnt ttey stzw nlxzst suxulnr vnlues. byluwe MinAt nyq Close-
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(a) Walking posture
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture

 0

 20

 40

 60

 80

 100

M
in
Att

Bot
hM

in
Att

C
lo
se

ToM
e

R
an

dA
tt

Flo
od

ToS
in
k

Pru
ne

dC
vg

Pro
ba

C
vg

APAP

APPP

PPAP

PPPP

H
yb

rid

P
a

c
k
e

ts
 R

e
c
e

p
ti
o

n
 R

a
ti
o

 (
%

)

(g) Wearing a jacket posture
Figure 3.10: PDR per posture for all converge-cast strategies
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ToMe strntesues, uyBothMinAt strntesyyzqes tnrset twzyeustozrs uyzrqer tz uyprense pzyverse-
pnst przpess przonouluty zr suppess, ttey, results stzw ttnt rzr szxe pzstures,BothMinAt strnt-
esy tns tte tustest eyq tz eyq suppess rnte. Fzr RandAt strntesy tte rnyqzx ptzupe oetweey
nll tte respzyses lenqs tz n lzw PDR.

Frzx isure ǋ.ǉǈ,multi-path-based strntesues preseyt n tuster PDR ttny gossip-based strnte-
sues nyq lzwer ttny Atenuation-based strntesues. Hzwever, isure ǋ.ǉǈ stzws ttnt APAP strnt-
esy pzxpetes wutt Atenuation-based strntesues.

APAP zutperrzrxs gossip-based strntesues rzr nll pzstures. Snxe rzr APPP strntesy expept
rzr urresulnr pzstures luwe sleepuys zr wenruys vnpwet wtere ProbaCvg stzws oeter results. Fzr
multi-path-based strntesues, PPPP strntesy tns tte lzwest PDR. dutt ttus strntesy, pnpwets nre
rzrwnrqeq nlzys n suysle pntt nyq yext tzps nre ptzsey rnyqzxly. Czxpnreq tz APAP nyq
APPP strntesues, ttus stzws tte uxpzrtnype zr xultu-pntt tz eysure relunouluty. It nlsz rnuses tte
uxpzrtnype zr tte irst pnpwet’s trnysxussuzy uy tte yetwzrw. Iyqeeq, wutt APAP nyq APPP, nt
tte irst ntexpt tz seyq tte xessnse, tte szurpe ptzzses oztt preqeiyeq pnreyts wtule wutt
PPPP tte szurpe ptzzses zyly zye pnreyt ns yext tzp.

Our yzvel strntesyHybrid stzws n szzq PDR. Fzr twz pzstureswalking and lying, ut tns tte
tustest rntuz. Fzr tte ztters pzstures, uts us tte plzsest tz tte oest suppess rnte releptuys n less
susyuipnyt vnruntuzy qepeyquys zy wenrer pzsture.

LĵŉĹłķŏ ĺŃŇ ķŃłŋĹŇĻĹ-ķĵňŉ ňŉŇĵŉĹĻĽĹň

Fusure ǋ.ǉǉ preseyts eyq tz eyq qelny per pzsture. Fzr nll strntesues, tte qelny us nfepteq
oy tuxny ozqy pzsture wutt qufereyt qesree qepeyquys zy tte pzrrespzyquys prztzpzl ruyp-
tuzyuys.

Iyatenuation-based strntesues, n yzqeorznqpnsts nteyuntuzy requests nyqqelnys rzrwnrquys
zr qntn pnpwets uytul repeuvuys nt lenst zye respzyse rrzxyeustozrs. Frzxisure ǋ.ǉǉ, ttus qelny
tns n susyuipnyt uxpnpt zy tte eyq tz eyq qelny. Iyqeeq, nlxzst rzr nll pzstures, ttese strntesues
tnve tte tustest qelny espepunlly randAt strntesy que tz tte przonoulustup ptzupe zr tte yext
tzp.

CzxpnruysMinAt nyqBothMinAt strntesueswuttHybridzrAPAP, we yztupe ttnt tte qelny
us nt lenst ttree tuxes tuster qespute n plzse PDR.

Iymulti-path-based strntesues,APAP strntesy tns tte lzwest eyq tz eyq qelny. dutt ttus strnt-
esy, szurpe yzqe explzuts nll tte exustuys pntts tz renpt tte Sinkyzqe pzytrnry tz n przonoulustup
ptzupe uy PPPP strntesy. A rnyqzxly ptzsey pnreyt pny oe rnrtter rrzx tte Sink ttny tte uyu-
tuntuys yzqe wtupt uyprenses tte qelny nyq nlsz tte przonouluty zr pnpwet lzss.
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(a) Walking posture
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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(g) Wearing a jacket posture
Figure 3.11: Latency per posture for all converge-cast strategies
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(a) Navel node
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(b) Head node
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(c) Ankle node
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(d) Upper arm node
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(e) Thigh node
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(f) Wrist node
Figure 3.12: Latency per node for all converge-cast strategies

Iy tte stntup nyq urresulnr pzstures (e.s. sleep nyqwearing jacket) xessnses speyqxzre tuxe
tz renpt tte Sink yzqe ttny uy pzstures wutt tuster xzouluty (e.s. running). Iy n stntup pzsture,
pnreyt yzqes pzulq oe uyrenptnole rzr szurpes, teype pnpwets nre lzst nyq qelny uyprenses. Run
pzsture preseyts tte tustest xzouluty pzsture: evey wutt ny uyterxuteyt pzyyeptuvuty, yzqes
nre nole tz repeuve nyq rzrwnrqxessnses tz qufereyt yeustozrs wtupt uyprenses tte przonouluty
tz renpt Sink yzqe. Dufereytly, uy pnse zr gossip-based, ttus zverlznqs tte yetwzrw nyq pnuses

ǐǈ



pnpwets lzss nyq tust lnteypy.
Fzr zur yzvel strntesy, rzr nll pzstures, ut yever preseyts tte tustest eyq tz eyq qelny nyq

us very plzse tz tte oest qelny. hus lenqs tz pzypluqe ttntHybrid strntesy us xzre lexuole nyq
relunole tz tuxny ozqy pzstures.

Fusure ǋ.ǉǊ preseyts eyq tz eyq qelny per yzqe. Aywle yzqe us tte xzst pzyperyeq oy n
tust eyq tz eyq qelny. Iyqeeq, uts pzsutuzy xnwes ttnt uts pnpwet us yepessnruly rzrwnrqeq oy ny
uyterxequnte yzqe tz Sink yzqe. he yzqe nt tustt us tte yext zye tz oe pzyperyeq.

Suxulnr tz results per pzsture, atenuation-based strntesues stzw tte tustest lnteypy rzr nll
yzqes.

Fzr multi-path-based strntesues, yzqes, luwe uy tenq nyq upper nrx, ttnt nre plzse tz Sink
yzqe, stzw ny uysusyuipnyt qelny. Fzr exnxple wutt APAP strntesy, Sink yzqe us zye zr tte
pre-qeiyeq pnreyts, teype, pnpwet us qureptly rzrwnrqeq tz uts iynl qestuyntuzy.

aŇĵĺĺĽķ ŀŃĵĸ ĹŋĵŀŊĵŉĽŃł ĺŃŇ ķŃłŋĹŇĻĹ-ķĵňŉ ňŉŇĵŉĹĻĽĹň

arnip lznq us represeyteq ns tte yuxoer zr trnysxussuzys nyq repeptuzys. It relepts tte
ptnyyel lznq nyq suves uyqupntuzys nozut eyersy pzysuxptuzy, qevupes nutzyzxy nyq seyszrs
pnpnouluty tz rely zy n requpeq suze ontery.

Fusure ǋ.ǉǋ pzxpnres trnysxussuzys nyq repeptuzys yuxoer per pzsture rzr enpt strntesy,
wtule isure ǋ.ǉǌ stzws yuxoer zr trnysxussuzys nyq repeptuzys per yzqe.

Atenuation-based strntesues preseyt n lzw yuxoer zr trnysxussuzys nyq repeptuzys oepnuse
qntn pnpwets rzllzw n uyupnst pzxxuyupntuzy. Expept rzr BothMinAt strntesy ttnt stzws n
tuster yuxoer oepnuse enptyzqe rzrwnrqs ttexessnse tz twzyeustozrs pzytrnry tz tte ztter
atenuation-based strntesues. Repnll ttnt tte yuxoer zr trnysxussuzys nyq repeptuzys uypluqes
zyly qntn pnpwets.

Fzr gossip-based strntesues, FloodToSink nyq ProbaCvg strntesues preseyt n tuse yuxoer zr
trnysxussuzys nyq repeptuzys rzr nll pzstures. Fzr FloodToSink, us ttree tuxes xzre, uy nvernse,
ttny tte ztter strntesues oepnuse yzqes pzytuyue tz rzrwnrq enpt repeuveq xessnse wtule uts
TL us srenter ttny 1. arnysxussuzys nyq repeptuzys yuxoer qeprenses wutt ProbaCvg strntesy
ttnyws tz tte przonouluty zr trnysxussuzy P , out ut us stull tust pzxpnreq tz tte ztter strnte-
sues. Fzr PrunedCvg strntesy, rzrwnrquys tte pnpwet tz zyly zye rnyqzxly ptzsey yext tzp,
qeprenses susyuipnytly tte yuxoer zr trnysxussuzys nyq repeptuzys. Hzwever, lzzwuys onpw tz
results nozut PDR, ttus pny yzt oe pzysuqereq ns ny nqvnytnse.

Czysuqeruysmulti-path strntesues, tte yuxoer zr trnysxussuzys nyq repeptuzys us renszynole.
Fzrwnrquys pnpwets onseq zy preqeiyeq pntts nllzws tz pzytrzl pnpwets pzpues uy tte yetwzrw.
APAP strntesy stzws n tust yuxoer zr trnysxussuzys nyq repeptuzys wuttuy nll tte pzstures
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(a) Walking posture
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(b) Running posture

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

M
in
Att

Bot
hM

in
Att

C
lo
se

ToM
e

R
an

dA
tt

Flo
od

ToS
in
k

Pru
ne

dC
vg

Pro
ba

C
vg

APAP

APPP

PPAP

PPPP

H
yb

rid

N
u

m
b

e
r 

o
f 

tr
a

n
s
m

is
s
io

n
s
/r

e
c
e

p
ti
o

n
s

(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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(g) Wearing a jacket posture
Figure 3.13: Traffic load per posture for all converge-cast strategies
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(a) Navel node
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(b) Head node
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(c) Ankle node
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(d) Upper arm node
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(e) Thigh node
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(f) Wrist node
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(g) Chest node
Figure 3.14: Traffic load per node for all converge-cast strategies
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PDR Lnteypy arnip
(%) (xs) (pwt)

MinAt ǑǏ.ǎǉ ǋǋǋ.ǌ Ǌ.Ǌǋ
BothMinAt ǑǑ.ǍǊ ǋǏǎ.Ǎ ǉǑ.ǋǈ
CloseToMe Ǒǎ.ǈǑ Ǎǈǈ.ǌ ǋ.Ǌǎ
RandAt ǎǌ.ǈǑ ǏǉǏ.Ǌ Ǎ.ǈǏ
FloodToSink ǏǊ.ǐǍ ǊǑǈ.ǎ ǎǍ.ǋǏ
PrunedCvg Ǎǋ.ǌǊ ǌǏǑ.ǈ ǋ.Ǒǋ
ProbaCvg ǐǏ.ǈǌ ǉǋǑ.ǈ ǊǑ.ǏǍ
APAP Ǒǐ.Ǒǈ ǑǍ.ǉ Ǌǌ.ǏǏ
APPP ǐǐ.ǌǊ ǉǌǐ.ǉ ǐ.ǌǈ
PPAP Ǒǌ.Ǐǎ ǉǌǉ.ǐ ǉǐ.ǉǌ
PPPP ǐǋ.ǈǑ ǉǑǊ.ǉ Ǎ.ǈǏ
Hybrid Ǒǐ.Ǐǎ ǉǌǉ.ǉ ǉǌ.ǋǋ

Table 3.1: Average PDR, latency and traffic load for all converge-cast protocols

he tturq srzup, pzytnuyuysMinAt, CloseToMe. Bztt zr ttex represeyt uyu-pntt pzyverse-
pnst, rrzx szurpe tz Sink yzqe. dtey lzzwuys tz tte PDR,MinAt zutperrzrxs slusttly Close-
ToMe, tzwever, lzzwuys tz tte lnteypy, wutt CloseToMe, n tuster eyq tz eyq qelny us zoserveq.
hus us que tz tte rnpt ttnt wutt ttus lnter, szurpe yzqes xny yzt ptzzse tz rzrwnrq tte pnpwet
tz Sink yzqe oepnuse nyztter yzqe plzser tns respzyqeq tz tte request tzz.

he lnst srzup, pzytnuyuys BothMinAt,APAP nyqHybrid. Our yzvel pzyverse-pnst strntesy
Hybrid stzws n pzxpetutuve nvernse eyq tz eyq suppess rnte. Its perrzrxnype expeeqs ttzse zr
gossip-based uy terxs zr PDR, APAP strntesy uy terxs zr eyersy pzysuxptuzy nyq atenuation-
based strntesues uy terxs zr qelny evey ur oztt, atenuation-based strntesues nyqHybrid strntesy,
use n tuxer nyq qelny trnysxussuzys.

ǋ.Ǎ CŃłķŀŊňĽŃł & ĸĽňķŊňňĽŃł

Iy ttus ptnpter, we uxplexeyteq nyq evnlunteq ttrzust exteysuve suxulntuzys tte perrzrxnype
zr 11 vnruzus dSN nyq DaN-uyspureq pzyverse-pnst strntesues ttnt we plnssuieq tz ttree qur-
rereyt npprznptes: Gzssup-onseq, Ateyuntuzy-onseq nyq Multu-pntt-onseq strntesues.

Our suxulntuzyswere pzyqupteqwuttOMNea++suxulntzr eyrupteqwutt tteMuxux rrnxe-
wzrw nyq n dBAN renlustup ptnyyel xzqel repeytly przpzseq uy hǐǑj nyq qetnuleq uy septuzy
Ǌ.Ǐ.Ǌ.

Lzzwuys tz suxulntuzy results, we zoserveq ttnt atenuation-based strntesues stzw n tust eyq
tz eyq suppess rnte. hus qelny us que tz tte exptnyse zr pzytrzl xessnses oerzre tnwuys tte
qepusuzy tz rzrwnrq zr yzt qntn xessnse.
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Gossip-based strntesues stzwn lzwPDR uynqqutuzyzr ny uxpzrtnyt trnip lznq. depzypluqe
ttnt ttese strntesues nre yzt nqnpteq rzr pzyverse-pnst uy dBAN eyvurzyxeyt. A lzw eyq tz
eyq suppess rnte que tz pzllusuzys nyq n tust eyersy pzysuxptuzy nre uynppeptnole uy ndBAN
pzytext.

Iymulti-path-based strntesues, APAP strntesy stzws n szzq perrzrxnype qespute n slustt uy-
prense uy trnip lznq.

de rurtter przpzseq n yzvel pzyverse-pnst strntesy pnlleqHybrid ttnt preseyts n szzq pzx-
przxuse uy terxs zr eyq-tz-eyq qelny, resulueype tz xzouluty nyq eyersy pzysuxptuzy.

Hybrid pzyverse-pnst sptexe us onseq zy: ny atenuation-based npprznpt wutt PING orznq-
pnst, nmulti-path-based npprznptwuttpre-qeiyeqpntts, nyqn gossip-based npprznptwuttorznq-
pnst ur pnreyt yzqes nre yzt uy rnyse. Czysequeytly,Hybrid strntesy sets tz renpt n oeter PDR
ttny gossip-based, n oeter lnteypy ttny atenuation-based strntesues nyq n less trnip lznq ttny
APAP strntesy. A trnqe-zf us respepteq wutt zur yzvel prztzpzlHybrid.

Severnl ruture qureptuzys nre zpeyeq oy zur resenrpt. he irst qureptuzy us tz uqeytury tte
uxpnpt zr MAC lnyer uy zrqer tz uxprzve tte oest zr zur strntesues oy pzxouyuys ttex wutt
przss-lnyer teptyuques qevelzpeq rzr dBAN hǌǎ, ǋǎ, Ǌǎj.

Ayztter qureptuzy us tz nqq tz tte stuqueq strntesues tte tztnl-zrqer rentures. Alttzust ttus
przolex us prupunl rzr xequpnl npplupntuzys ut tns yever oeey uyvestusnteq uy dBAN pzytext.
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4
Broadcattrategies inWBAN

Czyteyts
ǌ.ǉ Iytrzquptuzy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ǐǐ

ǌ.Ǌ Czytext . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ǐǑ

ǌ.ǋ Brznqpnst prztzpzls qespruptuzy . . . . . . . . . . . . . . . . . . . . . ǑǊ

ǌ.ǋ.ǉ Nzvel orznqpnst prztzpzls . . . . . . . . . . . . . . . . . . . . Ǒǌ

ǌ.ǋ.Ǌ Przzr zr Czrreptyess zr Optuxuzeq Flzzquys prztzpzl . . . . . Ǒǎ

ǌ.ǌ Perrzrxnype nynlysus zr orznqpnst strntesues . . . . . . . . . . . . . . . ǑǑ

ǌ.ǌ.ǉ Suxulntuzy pzyisurntuzy . . . . . . . . . . . . . . . . . . . . ǉǈǈ

ǌ.ǌ.Ǌ Perrzrxnype pzxpnruszy – suysle pnpwet orznqpnst . . . . . . . ǉǈǍ

ǌ.ǌ.ǋ Perrzrxnype pzxpnruszy – Iyprensuys arnip Lznq . . . . . . . ǉǉǌ

ǌ.Ǎ Czyplusuzy & ruture wzrws . . . . . . . . . . . . . . . . . . . . . . . ǉǊǋ

ǌ.ǉ IłŉŇŃĸŊķŉĽŃł

Iy ttus ptnpter, we uyvestusnte ttebroadcastingprzolex uywtupt nyzqe, typupnlly tteSinkyzqe,
trues tz seyq n pnpwet tz nll ztter yzqes uy tte yetwzrw nt xuyuxnl pzst.
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Brznqpnstuys us ruyqnxeytnl rzr tte npplupntuzy level, rzr repzyisurntuzy zr rzr trnysxut-
tuys exerseypy xessnses, ns well ns, rzr yetwzrw-level zperntuzy luwe rzute quspzvery, xnuy-
teynype zr tte rzutuys tree ur yeeqeq. azwnrq zptuxuzuys tte orznqpnst, twz wey rentures zr
wureless pzxxuyupntuzys stzulq oe pnrerully nqqresseq. Oye us tte orznqpnst ynture zr wure-
less xequux; n trnysxussuzy zr n xessnse pzulq oe tenrq suxultnyezusly oy xultuple yeust-
ozruys yzqes wtupt pny speeq up tte orznqpnst przpess. he ztter zye us wureless uyterrer-
eype/pzllusuzy; n yzqe pny yzt repeuve n xessnse ur xzre ttny zye yeustozruys yzqe nre trnys-
xutuys nt tte snxe tuxe.

de uxplexeyt nyq nynlyze tte oetnvuzr zr 7 orznqpnst strntesues nqnpteq rrzx DaN nyq
dSN luternture. hey, we przpzse twz nlteryntuve strntesues rrzx tte nynlysus zr tte streystts
nyq wenwyesses zr tte qufereyt npprznptes. de explzuteq zy-ozqy pnpwet orznqpnstuys ussues
zy tte preseype zr ultrn-stzrt wureless rnyse nyq pzsturnl ozqy xzvexeyts.

de stzw ttrzust suxulntuzy ttnt pzxxuyupntuzy strntesues pzxuys rrzx tte DaN nyq
dSN nrens pnyyzt oe trnyspzseq wuttzut nqnptntuzy. de eyrupteq tte Oxyet++ suxulntzr
wutt n dBAN-spepuip ptnyyel xzqel (septuzy Ǌ.Ǐ.Ǌ) nyq use ttus xzqel tz evnlunte tte 9
orznqpnstuys nlszruttxs, uypluquys zur zwy przpzsnls, wutt respept tz tteur nouluty tz pzver
tte wtzle yetwzrw, tteur pzxpletuzy qelny, tteur pzst uy terxs zr eyersy pzysuxptuzy nyq
tteur pnpnouluty tz preserve xultuple pnpwets zrqer (u.e. FIFO zrqer orznqpnst).

Our stuqy stzws ttnt ttere us n suotle pzxprzxuse tz iyq oetweey verozse strntesues ttnt
nptueve szzq perrzrxnype nt tte pzst zr yuxerzus trnysxussuzys, ultuxntely przvzwuys pzllu-
suzys nyq xzre pnutuzus szlutuzys ttnt xuss trnysxussuzy zppzrtuyutues oepnuse zr xzouluty.

he ptnpter us zrsnyuzeq ns rzllzws: septuzy ǌ.Ǌ uytrzqupes tte pzytext nyq tte orznqpnst
przolex nyq preseyts relevnyt relnteqwzrws. Septuzy ǌ.ǋ preseyts tte vnruzus orznqpnst strnte-
sues, uypluquys twz zrusuynl pzytruoutuzys, ttnt we tnve pzxpnreq ttrzust suxulntuzy uy sep-
tuzy ǌ.ǌ. Septuzy ǌ.ǌ preseyts nyq pzxpnres suxulntuzy results zr tte orznqpnst strntesues wutt
respept tz yetwzrw pzvernse, lnteypy, trnip vzluxe nyq eyersy pzysuxptuzy.

ǌ.Ǌ CŃłŉĹŎŉ

Brznqpnstuys nlszruttxs rzr xultu-tzp yetwzrws hǉǏǊ, ǊǉǍj pny oe plnssuieq uytz twz xnvzr
pnteszrues: dissemination (zr looding) nlszruttxs requure yz pnrtupulnr wyzwleqse zr tte yet-
wzrw versus knowledge-based nlszruttxs, wtupt use szxe uyrzrxntuzy zr tte yetwzrwxzouluty
tz prequpt spntuztexpzrnl pzyyeptuvuty nyq tz requpe tte yuxoer zr trnysxussuzys. Dussexuyn-
tuzy nlszruttxs teyq tz seyernte xultuple pzpues zr tte snxe xessnse, wtupt explzre nll pntts
uy pnrnllel nyq uxprzve xeptnyupnlly tte qeluvery przonouluty wtule requpuys tte qelny uytul
pzysestuzy nppenrs. Supt strntesues seyernte n lnrse yuxoer zr uyyepessnry trnysxussuzys nyq
nre yzt eyersy-eipueyt. byqerstnyquys nyq usuys tte yzqes xzouluty pntery lenqs tz n oeter
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eipueypy, out npquuruys tte yepessnry uyrzrxntuzy tns n pzst nyq ttere us n suotle onlnype tz
iyq oetweey quplupnte qntn pnpwets nyq pzytrzl xessnses.

Iy tteur pnpers hǉǍǉ, ǊǈǊj, Nu et al. nyq aseys et al. ynxe nyq nynlyze tte broadcast storm
przolex ttnt tnppeys uy xzoule nq-tzp yetwzrws: oluyq lzzquys seyerntes yuxerzus trnys-
xussuzys nll zver tte yetwzrw, pnusuys pzllusuzys, uyprensuys pzyteytuzy nyq requyqnyt trnys-
xussuzys. az nllevunte ttus efept, enptyzqe pny pzyqutuzy uts retrnysxussuzy tz n pzystnyt przo-
nouluty nyq tnwes n rzrwnrquys qepusuzy onseq zy tte yuxoer zr pzpues repeuveq quruys n per-
tnuy tuxe rrnxe, zy tte qustnype oetweey tte szurpe nyq tte qestuyntuzy zr zy tte lzpntuzy
zr tte yzqes ur ut us nvnulnole. hey nlsz exnxuye tte efept zr pnrtutuzyuys tte yetwzrw uy ǉ-
tzps plusters, tte pluster tenqs rzrxuys n qzxuyntuys set nxzys tte yetwzrw. he qzxuyntuys
sets-onseq npprznptes wull oe tte szurpe zr yuxerzus pzytruoutuzys, out us yzt renlly relevnyt
uy dBANs, ns tte suze nyq tte qunxeter zr tte yetwzrw rexnuy luxuteq. Hzwever, que tz tte
yzqe xzouluty ns well ns tte uyqerlyuys rnyqzxyess zr orznqpnst przpess supt yuxoer xny
vnry susyuipnytly zver qufereyt yzqes nyq pny nlsz oe tnrq tz estuxnte xnwuys tte zptuxuzn-
tuzy zr rzrwnrquys przonouluty quipult.

Mnyy wzrws tnve explzreq tte przonoulustup lzzquys npprznpt, nlsz pnlleq gossiping. Hnns
et al. hǏǑj uqeytury tte exusteype zr n ttrestzlq zy tte rzrwnrquys przonouluty oelzw wtupt
szssupuys rnuls tz qeluver tte xessnse. Auttzrs nlsz preseyt twz ztter qeruvntuves strntesues
rrzx tte onsup szssupuys prztzpzl. Iy tte irst zye, ttey uytrzqupe ttrestzlq zy tte yuxoer zr
yeustozrs nyq rzr tte sepzyq zye ttey uytrzqupe n ttrestzlq zy tte yuxoer zr tte seyqers zr
enptxessnse. Snsszy et al., uy hǉǐǊj use perpzlntuzy ttezry tz ptnrnpteruze ttus ptnse trnysutuzy
ttrestzlq zy rnyqzx srnpts. Neutter zr ttese wzrws nre qureptly npplupnole tz dBANs, ns tte
xzouluty pntery us very qufereyt, out ttey oztt stzw ttnt tte yetwzrws stnpe nyq qyynxups
tnve ny uylueype zy tte zptuxnl rzrwnrquys przonouluty.

Iy hǉǑǐj, anys et al. preseyt R2, n orznqpnst prztzpzl. R2 spluts tte xessnse uytz xuyu-
xessnses nyq ttey pzuples n iye-srnuyeq Rnyqzx sptequluys wutt Rnyqzx luyenr yetwzrw
pzquys rzr orznqpnstuys ttexuyu-xessnses tz nptueve ny zptuxnl orznqpnst lnteypy pzxpnruys
tz n rnyqzxsptequluys ns uy hǏǑ, ǊǈǊj. A rnyqzxsptequluys us npplueq zyxuyuxessnses usuys
n uyurzrx rzrwnrquys przonouluty. hey xuyu xessnses nre trnysxuteq uy Rnyqzx sptequluys
wuttRnyqzx luyenr yetwzrw pzquys rnstuzy u.e nll yzqes rzrwnrq pzqeqxuyu-xessnses rzrxeq
rrzx rnyqzx luyenr pzxouyntuzys zr nll prevuzusly repeuveq xessnses. Auttzrs tnwe uytz np-
pzuyt xzouluty pzystrnuyts uy MANEa yetwzrws oy pzysuqeruys n rnpuq ptnyse uy yetwzrw
tzpzlzsy nyq stzw ttnt R2 pny nptueve ny zrqer-zptuxnl orznqpnst lnteypy. Auttzrs rzpus
zy lnteypy tzwever tte pzst uy terxs zr yetwzrw zverlznq wns yzt quspusseq.

cntqnt et al., uy hǊǉǉj were nxzys tte irst tz pzysuqer ttnt eyq-tz-eyq pzyyeptuvuty wns yzt
sunrnyteeqperxnyeytly. hey rntter pzysuqer n yetwzrw rzrxeqzr qufereyt pzyyepteq srzups
zr yzqes ttnt eveytunlly xeet. hey uytrzqupe epidemic routing, wtzse irst step pzysusts uy
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qussexuyntuys uyrzrxntuzy uysuqe n srzup ttrzust onsup lzzquys. dtey twz yzqesxeet, ttey
exptnyse n summary vector pzytnuyuys ttexessnses ID ttey nlrenqy pzssess nyq ttey exptnyse
zyly tte xussuys xessnses ttnt wull przpnsnte ttrzust yew plusters ttus wny.

Iy hǉǋǐj,Muynz et al. przpzse n orznqpnst prztzpzl ttnt us onseq zy n rnult-tzlernyt tzpzlzsy
pzytrzl nlszruttx tz eytnype relunouluty nyq ttnt uses zvertenruys, npprzprunte tuxezut nyq
tnole stnruys sptexe tz requpe uyyepessnry trnysxussuzys nyq teype tz requpe eyersy pzy-
suxptuzy. Hzwever, nuttzrs nssuxe ny uqenl MAC lnyer nyq xzouluty wnsy’t quspusseq.

Iy DaN, yzqes pny pzxxuyupnte evey ur ttere us yz qurept luyw oetweey n pzuple zr yzqes,
DaN use xzouluty tz pnrry tte uyrzrxntuzy.

Iy hǐǌj, tte nuttzrs pzxpnreq vnruzus strntesues rzr pzytrzlluys lzzquys uy qelny tzlernyt
yetwzrws, nssuxuys ttnt yzqes tnve yz wyzwleqse nozut tteur lzpntuzy zr tteur xzouluty. hey
pzxpnre perrzrxnype zr przonoulustup npprznptes wutt qufereyt npprznptes luxutuys lzzquys
uxpnpt usuys n tuxe tz luve, expresseq eutter uy yuxoer zr tzps, zr ns ny expurntuzy qnte. by-
surprusuysly ttey stzw ttnt ttese strntesues pny efeptuvely requpe tte lznq uyqupeq oy lzzquys
tte yetwzrw wuttzut uyprensuys susyuipnytly tte pzxpletuzy qelny, zr tte rnulure przonouluty.

Sprny nyqdnut, hǉǑǈj, us ny zrusuynl rzutuys strntesy ttnt qepzxpzses tte trnysxussuzy prz-
pess uy twz ptnses. Iy tte sprny ptnse, xultuple pzpues zr tte xessnse nre seyt uy tte yetwzrw
wutt n lzzquys-luwe xeptnyusx. hey tte yzqes wtz tzlq pzpues zr tte xessnse stnrt wnutuys
uytul tteyxeet tte qestuyntuzy tz wtupt ttey wull trnysxut ttexessnse qureptly. Sprny nyq Fz-
pus hǉǑǉj szes zye step oeyzyq oy letuys yzqes ttnt tzlq zye zr tte xessnse pzpues rzrwnrq
ut usuys ny utuluty ruyptuzy, rntter ttnywnutuys tzxeet tte qestuyntuzy. hese strntesues nre yzt
lzzquys strntesues, tzwever ttey stzw tzw pzytrzlluys nyq luxutuys tte yuxoer zr pzpues zr
tte snxe xessnse ttnt trnvel uy tte yetwzrw nfepts tte qeluvery perrzrxnype.

Iy tte k-neighbor orznqpnst sptexe hǏǊj, n pnpwet us retrnysxuteq ur nyq zyly ur tte yuxoer
zr yeustozrs preseyt expeeq n ttrestzlq, K , nyq ur nt lenst zye zr ttese yeustozrs quq yzt re-
peuve tte xessnse yet. Evey ur tte uxplexeytntuzy us qufereyt, we iyq onpw tere tte pzypepts
oetuyq epuqexup rzutuys nyq tte yztuzy zr yzt systexntupnlly trnysxutuys n pnpwet tz requpe
tte yuxoer zr trnysxussuzy.

Iy hǉǏǉj, Rzs et al. quspuss relunole nyq eipueyt orznqpnstuys uy vetupulnr nq tzp yetwzrws
wtupt us ny nqnptntuzyzr ttepnrnxeterless orznqpnst uy stntup tztustlyxzoule nqtzpyetwzrws
prztzpzl hǉǈǋj. heur prztzpzl uses peruzqup oenpzy xessnses tz npquure lzpnl pzsutuzy uyrzr-
xntuzy. hese uyrzrxntuzy relueve wtetter pnrs oelzys tz n pzyyepteq qzxuynteq set zr yzt.
Iy pnse yes, vetupulnr pnrs use stzrter wnutuys peruzq oerzre pzssuole retrnysxussuzys. Iy nqqu-
tuzy, nuttzrs use ny npwyzwleqsexeyt xeptnyusx oy nqquys uyrzrxntuzy nozut lnst repeuveq
xessnses pussyonpweq tz tte oenpzys wtupt nvzuq uyyepessnry retrnysxussuzys. A suxulnr np-
prznpt us useq wutt tte uxplexeyteq strntesy EBP.

Iy dBAN, orznqpnstuys us yzt tte pruxnry trnip pntery pzyperyeq uy tte luternture hǋǊ,
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ǉǌǌ, ǌǑj. Mzst wzrws nozut pzxxuyupntuzy prztzpzls hǉǊǍ, ǉǋǌj use orznqpnst tz exptnyse
pzytrzlxessnses nyq tz eynole rzute quspzver oetweey n szurpe nyq n qestuyntuzy. Iy nqqutuzy,
xzst zr ttex rerer tz n suxple lzzquys prztzpzl.

Bnseq zy tte nxzuyt zr wyzwleqse we tnve, rnre nre tte pnpers ttnt pzysuqer orznqpnst rzr
qntnxessnse hǊǊǑ, ǍǏj. Iy nqqutuzy, ttese wzrws qzy’t tnrset tte yetwzrw lnyer wutt lnt orznq-
pnst strntesues ns evnlunteq uy zur purreyt wzrw. Fzr exnxple, uy hǍǏj, n przss-lnyer npprznpt us
quspusseq.

ǌ.ǋ BŇŃĵĸķĵňŉ ńŇŃŉŃķŃŀň ĸĹňķŇĽńŉĽŃł

As rzrwnrquys/rzutuys uyxultu-tzp yetwzrws tns oeey very nptuve uy tte pnst qepnqes, severnl
strntesues nre nvnulnole wtey ut pzxes tz orznqpnstuys. Hzwever, ttere us yz qeiyutuve nyswer
wutt respept tz tte spepuiputues zr ttedBAN pzytext yet. Our sznl, uy ttus wzrw us tz pzxpnre
tte plnssupnl strntesues pnteszrues tz steq lustt zy tteur streystts nyq wenwyesses.

de pzysuqer ttnt tte Sink yzqe uyutuntes tte pzxxuyupntuzy nt tte npplupntuzy lnyer, wtupt
us ttey seyt ttrzustzut tte yetwzrw. dtey n yzqe repeuves n orznqpnsteq pnpwet, ut yeeqs tz
tnwe n qepusuzy wtetter tz trnysxut ut tz tte npplupntuzy lnyer, tz rzrwnrq ut nyq tz wtupt zr uts
yeustozrs nyq wtey, zr tz quspnrq ut. It onses uts qepusuzy zy tte orznqpnstuys nlszruttxs nyq
zy tte pnpwet ptnrnpterustups. Nzqesxny exnxuye tte pnpwet’sauxe-az-Luve (TL) tz evnlunte
tzw lzys ut tns oeey uy tte yetwzrw, zr uts sequeype yuxoer, wtupt pny suve ny uyqupntuzy zy
wtetter tte pnpwet tns nlrenqy oeey repeuveq zr yzt.

Here, we nre uyteresteq uy yetwzrw relnteq nspepts zyly nyq xnwe nostrnptuzy zr tte sys-
tex nspepts supt ns tte xexzry requureq tz stzre nll repeuveq sequeype yuxoers. Prnptupnl
szlutuzys tz ttese ussues exust nyq xny oe npprzprunte zr yzt qepeyquys zy tte speynruz. Fzr
exnxple, stzruys zyly tte lnst sequeype yuxoer per szurpe us vnluq wtey qenluys wutt suppes-
suve upqntes ttnt superseqe enpt ztter. aCP-luwe szlutuzys nre nlsz pzssuole wtey nll xessnses
yeeq tz oe repeuveq.

As tte luternture sussests, uyqerstnyquys tte yzqes relntuve xzouluty pny uxprzve tte rzr-
wnrquys qepusuzy, out pnpturuys yzqes xzouluty tns n pzst. It eutter requures n prepuse yzqes
lzpnluzntuzy xeptnyusx, wtupt us typupnlly nptueveq oy xensuruys rzuyq-trup tuxe zr lustts
oetweey pzuple zr yzqes uy IR-bdB yetwzrws, zr relues zy hello messages tz lenry pzyyep-
tuzy/quspzyyeptuzy pnterys. Iy oztt pnses tte snuy npquureq oy zptuxuzuys tte orznqpnst prz-
pess pny quupwly oe lzst tz pzytrzl trnip.

Iy tte rest zr ttus nrtuple, we pzxpnre tte perrzrxnype zr tte rzllzwuys pnteszrues zr strnte-
sues:
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Flzzquys qesusyntes tte suxplest strntesy: yzqes rzrwnrq enpt repeuveq pnpwet ns lzys ns tte
pnpwet’s TL us srenter ttny 1 nyq qeprexeyt ttus vnlue uy tte pnpwet oy 1 upzy trnys-
xussuzy.

Plnuy Flzzquys us xzre restruptuve: usuys sequeype yuxoer, n repeuveq pnpwet us qeluvereq tz
tte npplupntuzy lnyer nyq rzrwnrqeq ur nyq zyly ur ut tns yever oeey repeuveq oerzre. Re-
quyqnyt pzpues nre quspnrqeq nyq enpt yzqe exuts enpt pnpwet nt xzst zype.

Przonoulustup Flzzquys (P=ǈ.Ǎ) : yzqes orznqpnst pnpwets nppzrquys tz n pzystnyt przonoul-
uty,P . he ptzupe zr tte pzrrept vnlue rzr ttus ttrestzlq qepeyqs zy tte speynruz, wtupt
xnwes ttus type zr szlutuzy quipult tz nqnpt uy prnptupe. Fzr zur evnluntuzy speynruzs,
we renluzeq suxulntuzys rzr vnruzus vnlues zr tteP pnrnxeter ttnt stzw tte snxe treyq:
tte lzwer tte przonouluty, tte wzrse tte yetwzrw pzvernse us. Iy ttus pnper, we ptzse
tz preseyt results rzr n przonouluty P = 0.5 tz stzw tte pzxprzxuse oetweey n very
pnutuzus strntesy rnuluys tz pzver tte yetwzrw (e.s. P = 0.3) nyq lzzquys (P = 1)

Przonoulustup lzzquys (Pnew=Pold/Ǌ) : yzqes qepuqe tz orznqpnst enpt pnpwet nppzrquys tz
n przonouluty P ttnt us quvuqeq oy 2 every tuxe tte snxe pnpwet us re-orznqpnsteq. he
przonouluty qepeyqs zy enpt yzqe nyq us yzt exoeqqeq uy tte pnpwets; yzqes xnuytnuy
n lzpnl tnole zr pnpwets uqeytuipntuzy nyq nsszpunteq przonoulutues. Iy zur suxulntuzys,
tte uyutunl rzrwnrquys przonouluty us set tz 1.

Pruyeq Flzzquys (K) : enpt yzqe rzrwnrqs enpt pnpwet zyly tz K yeustozrs, ptzsey rny-
qzxly per pnpwet nppzrquys tz ny uyurzrx qustruoutuzy. he ptzupe zr tte pnrnxeter,K
tns n strzys uylueype zy tte prztzpzl perrzrxnype, ns pzyirxeq oy zur suxulntuzys.
hus strntesy requures n yzqe tz uqeytury uts yeustozrs nyq teype uyqupes pzytrzl trnr-
ip. It nlsz trnysrzrxs tte orznqpnstuys przpess uytz xultuple uyupnst trnysxussuzys, out
pny, uy prnptupe, oe uxplexeyteqzver n orznqpnstxequuxoy exoeqquys tte qesusynteq
yeustozrs lust uy enpt pnpwet’s tenqer.

anou Flzzquys : enpt pnpwet pzytnuys tte lust zr yzqes ut tns oeey rzrwnrqeq oy. hus uy-
rzrxntuzy us, zr pzurse, qufereyt rzr qufereyt uystnypes zr tte snxe pnpwet nyq ussues
relnteq tz tte xnxuxux pnpwet suze pny oe usyzreq suvey dBAN’s plnssupnl qunxeter.
Enpt yzqe uses ttus uyrzrxntuzy tz rzrwnrq pnpwets zyly tz yet uypzvereq yzqes, wtupt
requures yzqes tz uqeytury tteur yeustozrs nyq, ns uy Pruned Flooding, xny trnysrzrx tte
orznqpnstuys przpess uytz xultuple uyupnst trnysxussuzys.

EBP (Eipueyt Brznqpnst Prztzpzl) (I;K) hǏǊj: yzqes zyly orznqpnst n pnpwetwtey ttey
nre surrzuyqeq oy nt lenst K yeustozrs, nyq ur nt lenst zye zr ttese yeustozrs tns yzt
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repeuveq tte pnpwet yet. Nzqes exptnyse every I sepzyqsHello pnpwets pzytnuyuys tteur
uqeytuipntuzy nyq tte lust zr pnpwets ttey nlrenqy repeuveq, wtupt pny oe luxuteq tz tte
lnst sequeype yuxoer repeuveq qepeyquys zy tte npplupntuzy.

awzxnps nre useq: Neustozr-xnp tz snve tte nqqress zr nll tte “yeustozr” yzqes rrzx
wtupt ut repeuves n xessnse (oztt qntn nyq tellz xessnses uyqupnte tte preseype uy tte
yzqe rnquz-rnyse) nyq rzr enpt yeustozr ur ut us nlrenqy pzvereq, nyq dnut-xnp tz stzre
tte xessnses wtupt nre wnutuys tz oe orznqpnsteq.

Enpt tuxe n xessnse us repeuveq, tte yeustozr xnp us upqnteq nyq ttey uts suze us pzx-
pnreq wutt n ttrestzlq K. Ir tte yuxoer zr yeustozrs (tte suze zr tte xnp) us equnl tz
zr tuster ttny K nyq nt lenst zye zr tte yeustozrs tns yzt yet repeuveq tte qntn xes-
snse, ttey, tte repeuveq xessnse (nyq tte ztter xessnses stzreq uy tte wnut-xnp) nre
orznqpnsteq, ztterwuse tte xessnse repeuveq us stzreq uy tte wnut xnp.

heyeustozr-xnp tuxe us setnole: ut’s tte tuxe nterwtupt tte szurpe nqqress zr n yeust-
ozr us qeleteq rrzx tte yeustozr xnp.

Iy tte zrusuynlEBP, tte ttrestzlq vnlue,K , wns pzysuqereq pzystnyt nyq uyurzrx nprzss
tte yetwzrw. Iy n dBAN eyvurzyxeyt, nqnptuys ttus vnlue tz tte lzpntuzy zr yzqes uy
tte yetwzrw seexs ynturnl, ns szxe yzqes nre xzre ynturnl rzrwnrqers ttny ztters. Iy
tte uxplexeytntuzy we evnlunte uy ttus wzrw,K us set tz 2 rzr tte Sink yzqe (ptest), tz
2 rzr tte tenq nyq nywle (perupternl yzqes) nyq tz 1 rzr tte ztter yzqes (peyter yzqes).

awzHello rrequeypues I nre pzysuqereq quruys suxulntuzys: every I = 0.25 s nyq I =

0.5 s.

ǌ.ǋ.ǉ NŃŋĹŀ ĶŇŃĵĸķĵňŉ ńŇŃŉŃķŃŀň

MBP: MĽŎĹĸ BŇŃĵĸķĵňŉ PŇŃŉŃķŃŀ

(NH;Q; T ) : we przpzseq ttus strntesy uy hǊǐj ns n xux oetweey tte dissemination-based nyq
knowledge-based npprznptes. he orznqpnst oesuys ns n onsup lzzquys nlszruttx (u.e Flooding
strntesy). dtey n yzqe repeuves n xessnse, ut ptepws tte yuxoer zr tzps δ ttus xessnse tns
trnveleq suype uts exussuzy oy tte Gateway, eutter exoeqqeq uy pnpwets ns ny expluput vnlue, zr
usuys tte TL, nyq pzxpnres ut tz n ttrestzlq,NH:

• As lzys ns δ < NH , yzqes rzrwnrq tte pnpwet, usuys suxple lzzquys, orznqpnstuys tte
pnpwet tz nll yeustozrs uy rnyse.

• dtey δ ≥ NH , yzqes wnut quruys n tuxe T tz repeuve up tzQ npwyzwleqsxeyts seyt
oy yeustozrs (see oelzw).
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– ur ut repeuves n yuxoer zr npwyzwleqsxeyts srenter zr equnl ttnyQ, tte yzqe stzps
reorznqpnstuys tte xessnse.

– ur ut rnuls tz repeuveQ npwyzwleqsxeyts wuttuy T , ut orznqpnsts tte pnpwet.

• dtey δ > NH , yzqes seyq, uy nqqutuzy, ny npwyzwleqsxeyt tz tte yzqe ut repeuveq
tte pnpwet rrzx. Nzte ttnt uy n renl uxplexeytntuzy, ttese npwyzwleqsxeyts pzulq oe
uxpluput wtey yzqes qepuqe tz reorznqpnst tte pnpwet.

hus nlszruttx qepeyqs zy ttree xnuy pnrnxeters tz pzytuyue zr stzp tte orznqpnst: NH ,
tte ttrestzlq zy tte yuxoer zr tzps trnveleq sz rnr,Q, tte yuxoer zr expepteq npwyzwleqs-
xeyts nyq T tte tuxezut ttnt trussers tte yext rzrwnrquys ntexpt. All pnrnxeters tnve ny
uylueype zy tte nlszruttx perrzrxnype ttnt we evnlunteq ttrzust suxulntuzy. CzyperyuysQ,
we qeterxuyeq ttnt tte oest perrzrxnypewns nptueveqwutt qufereyt vnlues nppzrquys tz yzqe
pzsutuzy: rzr exnxple, rzr yzy ynturnl rzrwnrqer yzqes luwe tenq nyq nywle yzqes,Q stzulq oe
set tz 0. Iy zur suxulntuzys we setQ = ǈ rzr tte tenq nyq nywle yzqes,Q = Ǌ rzr tte ptest yzqe
nyqQ = 1 rzr nll tte ztter yzqes. he tuxezut tns oeey set tz T = 0.2 s. Iy septuzy Ǎ.ǌ, we
stzw results rzrNH equnls tz 1, 2 nyq 3.

OńŉĽŁĽŐĹĸ FŀŃŃĸĽłĻ

Iy nqqutuzy tz tte nrzrexeytuzyeq prztzpzls, we uytrzqupe tere rzr pzxpnruszy n yew prztz-
pzl ynxeqOptimized Flooding. hus prztzpzl nuxs nt nptuevuys n oeter pzxprzxuse oetweey
trnip nyq perrzrxnype oy luxutuys pnpwets retrnysxussuzys wutt twz pzuyters:

• pptGlzonl us exoeqqeq uytz enpt pzpy zr tte pnpwet utselr. Every tuxe tte pnpwet us
repeuveq oy n yzqe ttnt tnq yzt repeuveq ut prevuzusly, pptGlzonl us uyprenseq oerzre rzr-
wnrquys tz relept tte rnpt ttnt tte pnpwet renpteq n yew yzqe.

• CptLzpnl us n per-pnpwet vnrunole lzpnl tz enpt yzqe. It us n lzpnl pzpy zr tte xnxuxux
vnlue zr cptGlobal ttnt tte yzqe tns seey sz rnr.

he seyernl uqen zr ttus nlszruttx us tz luxut pnpwets trnysxussuzys wutt respept tz lzzquys
wuttzut nyy nqqutuzynl pzytrzl trnip, e.s. tz uqeytury yeustozrs. he twz pzuyters (cptGlobal

nyq CptLocal) npt ns uyqupntzrs zr tte oetnvuzr zr tte pnpwet nyq nre useq tz nvzuq pnpwets
trnveluys n tzz lzys nyq requyqnyt rznq (cptGlobal) nyq tz nvzuq puys-pzys efepts oetweey
plzse yzqes (CptLocal).

Optimized Flooding luxuts orznqpnstuys oy pzxpnruys pnpwets cptGlobal vnlues wutt lzpnl
CptLocal vnlues. dtey cptGlobal us lzwer ttnyCptLocal, tte pnpwet uystnype repeuveq tns
trnveleq n stzrter pntt ttny n prevuzus uystnype nyq us requyqnyt. Bztt pzuyters nre luxuteq oy
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nxnxuxuxvnlue, cptMax, wtupt luxuts pnpwets vzuryeys. Iy n pzyservntuve npprznpt cptMax us
set oy qernult tz tte yuxoer zr yzqes uy tte yetwzrw. bpzy repeptuzy zr n orznqpnsteq pnpwet,
enpt yzqe npplues nlszruttx ǋ. hus nlszruttx qzes yzt yeeq uyrzrxntuzy nozut yzqes yeust-
ozrs nyq teype relues zyly zy qntn pnpwets. It tzwever requures tz weep trnpw zr tte yzqes ttnt
rzrwnrqeq uystnypes zr tte pnpwets, nyq xny requure stzruys n lust zr rzrwnrqers uy enpt pnpwet
tenqer.

he uytuutuzy oetuyq ttus nlszruttx pzxes rrzx tte Flooding strntesy. he lnter stzws tte
oest perrzrxnype zr relunouluty nyq lnteypy, tzwever ut stzws n very lnrse yuxoer zr exptnyseq
xessnses. Sz tte uqen zr Optuxuzeq lzzquys us tz luxut ttus yuxoer zr exptnyses wuttzut uy-
lueypuys tte ztter perrzrxnypes.

dutt cptGlobal, we luxut tte retrnysxussuzys nter tte tztnl pzvernse zr tte yetwzrw (pzx-
pnreq tz cptMax)wtulewutt cptLocalwe luxut tte retury zr ttexessnse oetweey twz strzysly
pzyyepteq yzqes nyq nlsz we xnwe sure ttnt tte yzqes reorznqpnst tte xessnse uy tte pnse
wtere ttere us yew uyrzrxntuzy tz pzxxuyupnte ynxely tte yuxoer zr pzvereq yzqes.

Optimized Flooding uxplexeyts tte rzllzwuys pruxutuves:

• Deluver(m<SeqNum, TTL,CptGlobal>): Enpt yzqe qeluversm tz tte npplupntuzy
level upzy repeuvuysm rzr tte irst tuxe.

• Brznqpnst(m<SeqNum, TTL,CptGlobal>): All yzqes uy tte yetwzrw perrzrx n
orznqpnst zr tte xessnsem uy tte yetwzrw.

AlszruttxǊOptuxuzeq Flzzquys nlszruttx rzr Sink yzqe upzy repeuvuys ny npplupntuzyxes-
snsem
ǉ: Set TTL
Ǌ: Set SeqNum

ǋ: Set qestuyntuzy nqqress destAddr ▷ A orznqpnst nqqress
ǌ: Brznqpnst(m)

ǌ.ǋ.Ǌ PŇŃŃĺ Ńĺ CŃŇŇĹķŉłĹňň Ńĺ OńŉĽŁĽŐĹĸ FŀŃŃĸĽłĻ ńŇŃŉŃķŃŀ

Iy tte rzllzwuys we pzysuqer ttnt tte dBAN yetwzrw us xzqel oy n pzyyepteq srnpt G =

(V,E) wtere V us tte set zr yzqes uy tte systex nyq E us tte set zr pzxxuyupntuzy luyws
(eqses oetweey yzqes uy V ). de pzysuqer n pzyyepteq srnpt. hnt us, ut exusts n pntt oetweey
every pnur zr yzqes. Iy suxulntuzys, we pnrerully ptzzse yzqes trnysxussuzy pzwer tz respept
ttus ptnrnpterustup. Nzte ttnt ur tte srnpt us yzt pzyyepteq, ttere us yz pzvernse. Iy tte rzllzwuys
we pzysuqer ttnt tte pzxxuyupntuzy luyws nre relunole (u.e. yz pnpwets lzss zr pzllusuzys).
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Alszruttx ǋ Optuxuzeq Flzzquys nlszruttx: tnwe n rzrwnrquys qepusuzy wtey repeuvuys n
pnpwet

ǉ: przpequrebńŃł ŇĹķĹńŉĽŃł(m<SeqNum, TTL,CptGlobal>)
Ǌ: ur bpzy repeuvuys rzr tte irst tuxe ttey ▷ onseq zy SeqNum

ǋ: cptGlobal ← cptGlobal + 1
ǌ: cptLocal ← cptGlobal

Ǎ: Deluver(m)
ǎ: ur TTL>1 ttey
Ǐ: Brznqpnst(m<SeqNum, TTL,CptGlobal>)
ǐ: eyq ur
Ǒ: else

ǉǈ: ur cptGlobal yever uyprenseq oy ttus yzqe rzr ttus pzpy zr tte xessnsem ttey
ǉǉ: cptGlobal ← cptGlobal + 1
ǉǊ: eyq ur
ǉǋ: ur cptGlobal = cptMax ttey ▷ cptMax = Nuxoer zr yzqes uy tte yetwzrw
ǉǌ: Duspnrqm ▷ All yzqes tnve repeuveq tte pnpwet
ǉǍ: else
ǉǎ: ur cptGlobal ≤ cptLocal ttey ▷ n oeter uystnype tns oeey repeuveq oerzre
ǉǏ: Duspnrqm
ǉǐ: else
ǉǑ: ur TTL>1 ttey
Ǌǈ: cptLocal ← cptGlobal

Ǌǉ: Brznqpnst(m<SeqNum,CptGlobal>)
ǊǊ: else
Ǌǋ: Duspnrqm
Ǌǌ: eyq ur
ǊǍ: eyq ur
Ǌǎ: eyq ur
ǊǏ: eyq ur
Ǌǐ: eyq przpequre

heOptuxuzeq Flzzquys prztzpzl nuxs nt szlvuys tte orznqpnst przolexqeiyeq uyrzrxnlly
uy hǉǍǏjhe broadcast operation is initiated by a single processor ro , called the source. he source
has a message, initially kept on a special input bufer. his message needs to be disseminated rom the
source to all vertices in the network.

Iy tte rzllzwuys we rzrxnluze tte orznqpnst przolex uyspureq oy tte qeiyutuzy przpzseq uy
hǍǈj .

Deiyutuzy ǋ (Brznqpnst). LetG = (V,E) be the communication graphmodeling a network and
Sink be the node that initiates the broadcast. A protocol implements the broadcast problem if the
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following properties are satisied.

• Validity7 If a messagem is broadcasted by Sink thenm is received by every node in V .

• No duplication7 No message is delivered at the application level more than once.

• No creation7 No message is delivered at the application level unless it was broadcasted by a
Sink node.

NŃŉĵŉĽŃłň ĵłĸ DĹĺĽłĽŉĽŃłň

Iy ttus septuzy we uytrzqupe tte yztntuzys nyq qeiyutuzys useq uy zur pzrreptyess przzr.

Deiyutuzy ǌ (eppeytruputy). he eccentricity ϵ(v) of a graph vertex v in a connected graphG =

(V,E) is the maximum graph distance between v and any other vertex u ofG.

Iy ttus wzrw we nre uyteresteq uy tte eppeytruputy zr tte Suyw yzqe ϵ(Sink).

Deiyutuzy Ǎ. LetG = (V,E) be the communication graph modeling a network. For any i in V
letN(i) be the set of neighbors of i and let |N(i)| be the degree of i denoted di.

Assuxptuzy Ǌ. In the following proofs we consider that TL is greater than the eccentricity of the
ϵ(Sink) .

Lexxn Ǎ. If the Sink broadcasts a message,m, then nodes inN(Sink) eventually receivem.

Proof. SuppzseSink orznqpnsteq tte xessnsem. Assuxe ∃j ∈ N(Sink) supt ttnt j quqy’t
repeuvem. hus nssuxptuzy us rnlse suype we nssuxe ttnt luyws nre relunole (yz lzst xessnses).

Lexxn ǎ. If a node i broadcasts a messagem then nodes inN(i) eventually receivem.

Proof. Suppzse i orznqpnsteq tte xessnse m. Assuxe ∃j ∈ N(i) supt ttnt j quqy’t repeuve
m. hus nssuxptuzy us rnlse suype we nssuxe ttnt luyws nre relunole (yz lzst xessnses).

Lexxn Ǐ (vnluquty). If the Sink broadcasts a messagem, then all nodes in V eventually receive
m.

Proof. Suppzse ttnt ttere us n yzqe j supt ttnt j quqy’t repeuve tte xessnse m. hus uxplues
ttnt nll yeustozrs zr j quqy’t orznqpnst tte xessnse.

Let i ∈ N(j) supt ttnt i repeuveq m out quqy’t orznqpnsteq m (tte pnse wtere i quqy’t
repeuveq tte xessnse us quspusseq lnter). here nre tte rzllzwuys pnses:

ǑǏ



pnse ǉ : cptLocali > cptGlobal (Luye 16)=⇒ i nlrenqy orznqpnsteqm wutt cptGlobal =

cptLocal. hus nyq tte perrept pzxxuyupntuzy luyws uxply ttnt j repeuveqm .

pnse Ǌ : cptGlobal = cptMax = |V | (Luye 13) =⇒ ∀k ∈ V w repeuveq tte xessnse m.
hus uxplues ttnt nlsz j repeuveqm.

pnse ǋ : TTL = 1 (Luyes 6, 19) =⇒ TTL ⩾ ϵ(Sink) ttey ttere us n xessnse m wutt
TTL > 1 nlrenqy orznqpnsteq oy i. It rzllzws ttnt j repeuveq tte xessnsem.

Frzx ttese pnses ut rzllzws ttnt ur n yeustozr zr j repeuveq tte xessnse ttey nlsz j repeuveq ut.
Suppzse yzw ttnt yz yeustozr zr j repeuveq tte xessnse. Let k oe n yeustozr zr j uy ttus

sutuntuzy nyq let d tte stzrtest qustnype rrzx k tz tteSink. By npplyuys tte snxe renszyuys ns
prevuzusly, ut rzllzws ttnt yzye zr yeustozrs zr k repeuveq tte xessnse. Sz, yz yeustozr zr k nt
qustnyped−1 rrzx tteSink repeuveq ttexessnse. Applyuys repursuvely tte snxe renszyuys ut
rzllzws ttnt yzqes nt qustnype 1 rrzx tte Sink quq yzt repeuve tte xessnse wtupt pzytrnqupts
Lexxn Ǎ.

Lexxnǐ (yz quplupntuzy). If a node i receives a messagem thenm is delivered at the application
level only once.

Proof. dtey n yzqe i repeuves tte xessnse m rzr tte irst tuxe ttey i qeluvers m (Luye 5 ).
dtey tte xessnse us n quplupnte zr ny nlrenqy repeuveq xessnse ttey i trussers eutter n orznq-
pnst zr n quspnrq, qepeyquys zy cptGlobal nyq cptLocal vnlues, nyq qzes yzt qeluver (Luyes
9− 27).

Lexxn Ǒ (yz prentuzy). If a node i receives a messagem thenm thenm has been broadcasted by
the Sink.

Proof. Assuxe i repeuves nxessnsem ttnt tns yzt oeey orznqpnsteq oySink. husxenys ttnt
tte xessnse tns oeey prenteq oy nyztter yzqe zr ttere wns n stenl xessnse uy tte ptnyyels.
he irst nssuxptuzy pzytrnqupts tte nlszruttx suype yz yzqe (expept tte Suyw) prentes n yew
xessnses. he sepzyq nssuxptuzy pzytrnqupts tte typzttesus ttnt tte luyws nre relunole.

ǌ.ǌ PĹŇĺŃŇŁĵłķĹ ĵłĵŀŏňĽň Ńĺ ĶŇŃĵĸķĵňŉ ňŉŇĵŉĹĻĽĹň

de uxplexeyteq tte nlszruttxs qespruoeq uy septuzy ǌ.ǋ uy ndBAN speynruz uy tteOxyet++
suxulntzr hǊǉǋ, ǊǉǊj. Oxyet++ przvuqes n set zr xzqules ttnt spepuipnlly xzqel tte lzwer
yetwzrw lnyers zr dSN nyq dBAN, ttnyws tz tte Muxux przvept hǉǈǑj. It uypluqes n set zr
przpnsntuzy xzqels, eleptrzyups xzqels nyq pzwer pzysuxptuzy xzqels, ns well ns quverse
xequux nppess pzytrzl prztzpzls.
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ǌ.ǌ.ǉ SĽŁŊŀĵŉĽŃł ķŃłĺĽĻŊŇĵŉĽŃł

Berzre nptunlly pzxpnruys nlszruttxs, we yeeq tz selept seyernl pnrnxeters vnlues uy zrqer tz
przvuqe rzr n rnur pzxpnruszy. hus uypluqes szxeprztzpzl-spepuip pnrnxeters qesprueq nozve,
ns well ns xzre seyernl pnrnxeters supt ns tte yzqes trnysxussuzy pzwer, zr tte xnxuxux
nllzweq TL.

de irst testeq tte qufereyt prztzpzls rzr tte orznqpnst zr n suysle qntn pnpwet rrzx tte
szurpe. hus elexeytnry speynruz nllzws us tz pzxpnre prztzpzls seyernl oetnvuzr expluquys
spnlnouluty ussues. Enpt qntn pzuyt us tte nvernse zr Ǎǈ suxulntuzys ruy wutt qufereyt seeqs. de
useq Oxyet++ qernult uyterynl rnyqzx yuxoer seyerntzr, u.e. tte Merseyye awuster uxple-
xeytntuzy (pMerseyyeawuster ; MaǉǑǑǋǏ) rzr tte uyurzrx qustruoutuzy, wutt qufereyt uyu-
tunluzntuzy seeqs rzr enpt ruy, nyq tte yzrxnl qustruoutuzy seyerntzr (pNzrxnl) rzr tte susynl
nteyuntuzy.

Oy tte tzp zr tte ptnyyel xzqel qespruoeq uy septuzy Ǌ.Ǐ.Ǌ, we use tte stnyqnrq prztzpzl
uxplexeytntuzys przvuqeq oy tte Muxux rrnxewzrw. Iy pnrtupulnr, we useq, rzr tte xequux
nppess pzytrzl lnyer, tte IEEE ǐǈǊ.ǉǍ.ǌ uxplexeytntuzy. he seysutuvuty levels, tenqer leystt
zr tte pnpwets nyq ztter onsup uyrzrxntuzy nyq pnrnxeters nre tnwey rrzx tte IEEE ǐǈǊ.ǉǍ.ǌ
stnyqnrq.

SĹtĽłĻ ŉļĹ ŉŇĵłňŁĽňňĽŃł ńŃŌĹŇ

Nnsnynwn et nl. stuqueq uy tteur pnper hǐǑj n pzzperntuve trnysxussuzy sptexe: twz-tzp re-
lnyuys sptexe. bsuys tte suxulnteq pntt lzss, tte perrzrxnype zr supt sptexe were evnlunteq
oy pzxpnruys tte zutnse przonouluty usuys qufereyt relny yzqes nsnuyst n qurept luyw oetweey n
szurpe nyq n qestuyntuzy. hey nqvzpnte rzr tte use zr xultu-tzps pzxxuyupntuzy, nqquys tz
ttus, n susyuipnyt qeprense zr tte trnysxussuzy pzwer. Ir we pzysuqer xultu-tzp rzrwnrquys, we
xny ttererzrewzyqer wtnt us ttexuyuxnl trnysxussuzy pzwer ttnt nllzws prztzpzls tz nptueve
ny nppeptnole perrzrxnype.

Fzr enpt strntesy, we evnlunte tte uxpnpt zr tte trnysxussuzy pzwer zy uts pnpnouluty tz pzver
tte yetwzrw. As n rerereype, we nlsz uypluqe evnluntuzy zr tte ”ǉ-tzp” strntesy uy wtupt yzqes
qz yzt rzrwnrq xessnses. Fusures ǌ.ǉ nyq ǌ.Ǌ stzw tte perpeytnse zr pzvereq yzqes wtey tte
trnysxussuzy pzwer uyprenses rrzx -ǎǈ qBx tz ǈ qBx uy twz qufereyt represeytntuve pzstures:
wnlw nyq Sleepuys.

Heype we pzxpnre tte perrzrxnype zr tte qufereyt strntesues uy senrpt rzr tte xuyuxux
trnysxussuzypzwer ttnt nllzws renszynole pzxxuyupntuzy rzr n repeuver seysutuvutyzr−100 dBm

pzysuqeruys tte ptnyyel nteyuntuzy. de seew rzr tte vnlue zr tte trnysxussuzy pzwer ttnt ey-
sures tte yetwzrw us pzyyepteq zver tuxe, wtule luxutuys eyersy pzysuxptuzy nyq qevupes tex-
pernture.
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(b) Sleeping posture
Figure 4.1: Percentage of covered nodes in function of nodes transmission power (Broadcast protocols: First

group)

he irst pzyplusuzy ttnt pzxes rrzx ttese isures us ttnt usuys xultu-tzp pzxxuyupntuzy
nllzws tz requpe tte trnysxussuzy pzwer qrnstupnlly. At -ǍǍ qBx, xzst prztzpzls nptueve n rnur
perrzrxnype, pzveruys xzst zr tte yetwzrw, wtule tte ǉ-tzp strntesy requures n pzwer zr -ǌǈ
qBx tz renpt suxulnr perrzrxnype. Iy tte rest zr ttus nrtuple we ttererzre set tte trnysxussuzy
pzwer zr yzqes tz -ǍǍ qBx. Nzte ttnt tte Pruned Flooding, Probabilistic Flooding (P=Ȕ.ș or
Pnew=Pold/Ȗ) nyqEBP strntesues nrexzre seysutuve tz tte trnysxussuzy pzwerxny tnve lzwer
perrzrxnype ttny ztter nlszruttxs, qepeyquys zy tte pnrnxeters vnlues.

he set zr luyws ttnt xzst prztzpzls rely zy us represeyteq zy Fusure ǌ.ǋ. he luyw oetweey
tte tenq nyq tte wrust exusts, out us selqzx useq.

ǉǈǈ
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(b) Sleeping posture
Figure 4.2: Percentage of covered nodes in function of nodes transmission power (Broadcast protocols: Second

group)

SĹtĽłĻ ŉļĹ ŁĵŎĽŁŊŁ aĽŁĹ-aŃ-LĽŋĹ (TL)

heauxe-az-Luve (TL)xeptnyusx luxuts pnpwets retrnysxussuzys uyqepeyqeytlyzr tteorznq-
pnst nlszruttx. A tust TL vnlue results uy n tuse yuxoer zr pnpwets trnveluys uy tte yetwzrw,
ultuxntely przvzwuys queueuys nyq pzllusuzys, wtule n lzw vnlue luxuts tte qepusuzy pzwer zr
tte qufereyt nlszruttxs. Setuys ttus vnlue uy n lzw qunxeter xzoule yetwzrw xny oe uyensy,
ttnt’s wty we rely zy suxulntuzy results tz iyq n rnur vnlue. Iy zur uxplexeytntuzy, tte TL us
qeprexeyteq rrzx tte irst trnysxussuzy, wtupt xenys ttnt n pnpwet wtzse uyutunlTL vnlue us
equnl tz ǉ wull zyly oe exuteq zype nyq yever oe rzrwnrqeq.

Fusure ǌ.ǌ stzws tte perpeytnse zr pzvereq yzqes uy ruyptuzy zr tte pnpwets uyutunl TL uy
ttewnlwuys pzsture. hus pzsture pzrrespzyqs tz n szt nyq resulnrxztuzy, uywtupt tte szurpe
tns nt lenst ttree qurept yeustozrs.

ǉǈǉ
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(b) Second group
Figure 4.4: Percentage of covered nodes in function of TTL for broadcast protocols in the walking posture

uys rrzx 2 tz 5 nyq stzws ttnt wuttK = 2 nyqK = 3 ut us nlxzst uxpzssuole tz pzver nll tte
yzqes evey wutt tuster vnlues zrTL.

Tabu Flooding stnyqs zut evey rzr lzw TL vnlue (e.s. 3 zr 4). Iyqeeq, wutt Tabu Flooding,
xessnses nre seyt tz spepuip nyq uypzvereq yzqes. hus, uyluwe uy xzst lzzquys strntesues,
n yzqe repeuvuys n xessnse wull yeutter pzysuqer, yzr rzrwnrq ut uyless ut us nxzys tte lust zr
uypzvereq yzqes. dutt rewer rzrwnrquys eveyts, ttus prztzpzl us nole tz oeter sustnuy lzwTL
vnlues, nt lenst uy ny ”ensy” pzsutuzy supt ns wnlwuys.

he Probabilistic Flooding (Pnew=Pold/Ȗ) strntesy stzws n szzq yetwzrw pzvernse stnrtuys
wutt TL vnlue equnls tz 2. Czxpnruys ttese results wutt Probabilistic Flooding (P=Ȕ.ș), tte
uxpzrtnype zr tte irst exussuzy zr tte pnpwet nppenrs plenrly. Iyqeeq, wutt P uyutunlly set tz 1,
ttus strntesy oetnves uyutunlly ns n resulnr lzzquys nlszruttx, wutt ny nssressuve qufusuzy, nyq
ttey, oy quvuquys P oy 2, requpes rzrwnrqeq xessnse pzpues, ttus luxutuys tte uyqupeq lznq.

ǉǈǋ



Fzr tte rest zr ttus wzrw, we ptzse tz set tteTL tz ny uyutunl vnlue zr 6 tzps, ns szxe strnte-
sues nre nole tz renpt rull yetwzrw pzvernse wutt ttus vnlue.

ǌ.ǌ.Ǌ PĹŇĺŃŇŁĵłķĹ ķŃŁńĵŇĽňŃł – ňĽłĻŀĹ ńĵķĿĹŉ ĶŇŃĵĸķĵňŉ

Fzr zur irst set zr evnluntuzys, we ptzse tz exnxuye tte speynruz zy wtupt tte sntewny zyly
trnysxuts n suysle orznqpnst pnpwet. hus elexeytnry speynruz nllzws tz uszlnte tte prztzpzl oe-
tnvuzrwuttzut nyy uyternptuzyoetweey suppessuve pnpwets. depzxpnre ttequfereyt strntesues
wutt respept tz tte rzllzwuys pruterun:

• Netwzrw Czvernse: we evnlunte tte yuxoer zr yzqes ttnt set tz qeluver tte xessnse
nyq preseyt results ns tte perpeytnse zr pzvereq yzqes.

• Lnteypy: we qusplny tte nvernse eyq-tz-eyq qelny rrzx tte szurpe tz renpt uts lnst qes-
tuyntuzy (u.e. tte lnst yzqe suppessrully pzvereq).

• arnip Lznq: ns n uyqupntzr zr eyersy pzysuxptuzy, we evnlunte tte tztnl yuxoer zr
trnysxussuzys nyq repeptuzys renluzeq oy nll yzqes uy tte yetwzrw, nssuxuys ttnt pzx-
xuyupntuzy us tte xnuy szurpe zr eyersy pzysuxptuzy ttnt prztzpzls tnve ny uylueype
zy.

Szxe strntesues rely zy spepuip wey pnrnxeters wtupt tnve ny uylueype zy tteur perrzr-
xnype. az uyqerstnyq ttese pnrnxeters uxpnpt, we ruy suxulntuzys wutt qufereyt pzyisurn-
tuzys:

• MBP: tte ttrestzlq zy tte yuxoer zr tzpsNH vnrues oetweey ǉ nyq ǋ tzps.

• EBP: tte uyter-tellz xessnses uytervnl, I , vnrues oetweey I = 0.25 s nyq I = 0.5 s

• Pruned Flooding: tte yuxoer zr yext tzps,K , vnrues oetweey Ǌ nyq Ǎ yzqes.

NĹŉŌŃŇĿ CŃŋĹŇĵĻĹ

Fusure ǌ.Ǎ preseyts tte perpeytnse zr pzvereq yzqes per pzsture. Lzzwuys nt ttese isures, we
pny plenrly qustuysuust twz srzup zr strntesues.

he irst srzup, wtupt uypluqesTabu Flooding, Pruned Flooding rzrK = 5 nyqK = 4,Opti-
mized Flooding, Flooding nyqMBPwteyNH = 2 nyqNH = 3, extuouts szzq perrzrxnype,
plzse tz ǉǈǈ% pzvernse uy nlxzst nll sutuntuzys. hese prztzpzls nre nole tz tnyqle xzst sutun-
tuzys pzrreptly, wutt tte yztnole expeptuzy zr tte sleep pzsutuzy ttnt turys zut tz oe ptnlleysuys
rzr ttese prztzpzls wtz onrely nptueve Ǒǈ% pzvernse.
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(a) Walking posture
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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(g) Wearing a jacket posture
Figure 4.5: Percentage of covered nodes per posture for broadcast protocols
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he sepzyq srzup, pzxpzseq zr Pruned Flooding rzr K = 2 nyq K = 3, EBP rzr I =

0.5, Plain Flooding nyq Probabilistic Flooding (P=Ȕ.ș), stzws n qusnppzuytuys perrzrxnype uy
nll sutuntuzys. hese prztzpzls, zr ttus set zr pnrnxeters rzr Pruned Flooding, nre yzt suuteq tz
ttus type zr yetwzrw nyq/zr xzouluty.

Iy oetweey ttese twz lnrse plusters, prztzpzls luweMBP rzrNH = 1zrEBP rzr I = 0.25 s,
zr Probabilistic Flooding (Pnew=Pold/Ȗ) tnve n rnur perrzrxnype, expept uy tte pnse zr tte sleep
pzsutuzy uy wtupt ttey nre, tzwever, xzre stnole ttny szxe nlszruttxs oelzysuys tz tte irst
srzup. Iy tte pnse zr MBP, xessnses nre qelnyeq nyq tte uyquvuqunl trnysxussuzy tury zut tz
oe well sptequleq, requpuys pzllusuzys nyq luxutuys useless rzrwnrquys, uyprensuys uy tury tte
ptnype tz renpt ztter yzqes. EBP us very seysutuve tz uts uyter-tellz uytervnl. A sxnller vnlue
(I == 0.25 s) uyqupes xzre lznq zy tte yetwzrw nyq przvzwe xzre pzllusuzys ttny n lnrser
vnlue, out xnwes ut ensuer tz quspzver tte yeustozrtzzq nyq teype nllzws xzre trnysxussuzy
ntexpts.

he perrzrxnype zr Probabilistic Flooding (Pnew=Pold/Ȗ) stresses zut tte uxpzrtnype zr tte
irst trnysxussuzy zr enpt pnpwet. dtey pzxpnreq tz Plain Flooding, ut stzws tzwever ttnt ut us
tzwever yzt eyturely suipueyt, ns rurtter uxprzvexeyt results rrzx tte suosequeyt trnysxus-
suzy ntexpts.

LĵŉĹłķŏ

Fusure ǌ.ǎ represeyts tte nvernse zver nll pzstures zr tte eyq-tz-eyqqelny, u.e. tte tuxe requureq
rzr tte irst uystnype zr tte xessnse tz renpt enpt yzqe. Fusure ǌ.Ǐ stzws tte nvernse tuxe
requureq tz pzxplete tte orznqpnst, u.e. ttexuyuxux tuxe tz renpt every yzqe uy tte yetwzrw,
per pzsture.

de pny uqeytury uy Fus. ǌ.ǎ n irst srzup zr yzqes, pzxpzseq zr tte ynvel, tenq nyq upper-
nrx yzqes, wtupt nre ensy tz renpt, expept rzr EBP. hese yzqes nre tte qurept yeustozrs zr
tte sntewny yzqe (lzpnteq zy tte ptest) nyq tte uylueype zr tte prztzpzl us xnrsuynl uy ttese
sutuntuzys.

EBP yeeqs tz npquure nyq rerrest wyzwleqse zr tte yzqes oerzre ut tnwes tte qepusuzy tz
trnysxut n xessnse nyq wnuts rzr tte suipueyt yuxoer zr yeustozrs tz oe preseyt suxultnye-
zusly oerzre ntexptuys n trnysxussuzy. hus prepnutuzy tns n pzst uy terxs zr lnteypy wtupt
nppenrs uy tte qufereyt pzstures. de pny tzwever yztupe ttnt rzr xzst pzstures, results nre
pzxpnrnole, evey uy preseype zr tustly vnrunole luyws. he zyly renlly ptnlleysuys pzsture us
sleep, uy wtupt szxe luyws nre zostrupteq rzr lzys peruzqs, n sutuntuzy ttnt prztzpzls ttnt wnut
rzr eyzust yeustozrs tz oe preseyt pnyyzt tnyqle przperly.

Nzqes lzpnteq zy tte wrust, nywle zr ttust nre, uy xzst pnses, nt lenst twz tzps nwny rrzx
tte szurpe yzqe, wtupt explnuys tte lnteypy uyprense. Fzr ttese yzqes we pny nsnuy qustuysuust

ǉǈǎ
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(a) Navel node
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(b) Head node
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(c) Ankle node
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(d) Upper arm node
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(e) Thigh node
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(f) Wrist node
Figure 4.6: Latency per node for broadcast protocols

twz srzups zr strntesues: MBP wteyNH ≤ 2, Plain Flooding, Pruned Flooding rzrK = 2 zr
K = 3, EBP nyq Probabilistic Flooding (P=Ȕ.ș or Pnew=Pold/Ȗ) seyernlly pnuse lnrser qelnys,
wtule,MBP rzrNH = 3,Optimized Flooding,Pruned Flooding rzrK ≥ 4 nyqFlooding extuout
lzw qelnys uy xzst sutuntuzys.

Flooding us tte xzst verozse nlteryntuve nyq nlwnys nptueves tte oest perrzrxnype oepnuse
yzqes orznqpnst uxxequntely every repeuveq pnpwets. Optimized Flooding nyqMBP oztt stnrt
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(a) Walking posture
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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(g) Wearing a jacket posture
Figure 4.7: Latency per posture for broadcast protocols
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tte qufusuzy ns Flooding, wtupt explnuys tteur szzq perrzrxnype. Optimized Flooding us n out
xzre nqnptnole nyq ultuxntely renptes n stzrter lnteypy ttnyMBP oepnuse ut zyly eluxuyntes
zoszlete pzpues zr tte xessnses wuttzut uxpnptuys tte qelny. Pruned Flooding rzrK = 4 nlsz
tns n oetnvuzr plzse tz Flooding que tz tte yetwzrw nvernse qesree.

Tabu Flooding tns n rnur perrzrxnype. As ut tnrsets uypzvereq yzqes, ttese yzqes rnpuqly
oepzxe n senrpt tnrset rzr xultuple yzqes nyq tte przonouluty ttnt tte xeet zye yzqe renqy tz
trnysxut tte pnpwet tz ttex us lnrse.

Probabilistic Flooding (Pnew=Pold/Ȗ) strntesy stzws ntuster eyq-tz-eyqqelny ttnyFlooding
que tz tte qeprensuys orznqpnst ntexpts. But stull lzwer ttny Probabilistic Flooding (P=Ȕ.ș).
EBPperrzrxsoeter uy ttetustxzouluty pzstures. Iyqeeq, n penw us yztupeq uy sleeppzsutuzy

wtere szxe yzqes nre yzt uy luye zr sustt, seyqer yzqes qepuqe tz yzt orznqpnst tte xessnse
nyq weep ut uytul nll pzyqutuzys nre sntusieq.

Iy ztter tnyq, Flooding, Optimized Flooding nyq MBP nre tte less nfepteq oy tuxny ozqy
pzstures. Hzwever, we yztupe oeter results (plzsest tz Flooding) nyq less vnruntuzys uy ruyptuzy
zr tte pzstures wuttOptimized Flooding ttny wuttMBP.

aŇĵĺĺĽķ ŀŃĵĸ

dexensureq tte lznq uyqupeq oy tte qufereyt strntesues ns tte tztnl yuxoer zr exussuzys nyq
repeptuzys rzr enpt yzqe. hus xensure, wtupt qzes yzt uypluqe zvertenruys yzt zyly suves
ny uqen zr tte wureless ptnyyel zppupnypy, out nlsz zr tte eyersy pzysuxptuzy – pzxpnrnole
eyersy oeuys speyt rzr exussuzy nyq repeptuzy zr pnpwets nyq teype tte qevupes nutzyzxy nyq
tteur pnpnouluty tz rely zy n requpeq suze ontery – nyq zr tte level zr eleptrzxnsyetup eyersy
ttnt wenrers nre expzseq tz.

Fusure ǌ.ǐ pzxpnres tte tztnl yuxoer zr exussuzys nyq repeptuzys per yzqe rzr nll tte stuq-
ueq nlszruttxs nyq Fusure ǌ.Ǒ stzws ttese isures rzr enpt pzsture. hese isures zyly pzxpnre
tte vzluxe zr qntn pnpwets, lenvuys nsuqe tte pzytrzl trnip (Hellz, npwyzwleqsxeyts, ...)

heseisures stzw,wuttzut surpruse, ttnt yzqes plzser tz tte ptest, uypluquys tte ptest utselr,
nre xzre szluputeq ttny perupternl yzqes, ns ttey nre xzre ynturnl rzrwnrqers nyq tnve xzre
nptuve yeustozrs zy nvernse. Czxpnruys tte pzstures, we pny yztupe ttnt xzst prztzpzls nre
strzysly uylueypeq oy tte yetwzrw qyynxups, ns tte yuxoer zr trnysxussuzys uyprenses rnpuqly
wutt tte luyws vnrunype.

de pny pnteszruze zype nsnuy tte qufereyt nlszruttxs uy ttree plusters. A irst pluster, pzx-
pzseq zr Pruned Flooding rzr K ≥ 3, Tabu Flooding nyq Flooding, sntters tte xzst verozse
prztzpzls. hese prztzpzls, trnqe tteur szzq perrzrxnype uy terxs zr pzvernse nyq lnteypy rzr
n tust yuxoer zr trnysxussuzys nyq repeptuzys. dutt Flooding, ttere us yz luxutntuzy rzr yzqes
zy orznqpnst oesuqes tteTL, wtule Pruned Flooding nyqTabu Flooding evey uypurxzre trnip

ǉǈǑ
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(a) Navel node
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(b) Head node
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(c) Ankle node
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(d) Upper arm node
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(e) Thigh node
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(f) Wrist node
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(g) Chest node
Figure 4.8: Traffic load per node for broadcast protocols
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(a) Walking posture
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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(g) Wearing a jacket posture
Figure 4.9: Traffic load per posture for broadcast protocols
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ttny Flooding, ns ttey qepzxpzse tte orznqpnst uytz xultuple uyupnst trnysxussuzys tz tnrset
spepuip, uypzvereqzr rnyqzx, yzqes. PrunedFlooding qepeyqs zy ttepnrnxeterK , rzr exnx-
ple wteyK = 3, enpt repeuveq xessnse seyerntes ttree pzpues tz oe rzrwnrqeq. Fzr Pruned
Flooding, wtule rzr tte eyq-tz-eyq qelny nyq yetwzrw pzvernse, tte nlszruttx perrzrxs well
wutt tust vnlues zr K , uy ttus pnse n vusuole qeprense uy yuxoer zr trnysxussuzys nyq repep-
tuzys us zoserveq wutt lzwer vnlues zrK .

A sepzyq srzup, pzxpzseqoyPlain Flooding,Probabilistic Flooding (P=Ȕ.ș orPnew=Pold/Ȗ),
MBP rzrNH ≤ 2 nyq Optimized Flooding, nre usunlly relntuvely suleyt. hey requure nozut ǋ
tuxes less trnysxussuzys ttny Flooding, out pny ttus lzw trnip vzluxe wutt n requpeq perrzr-
xnype, expept rzrOptimized Flooding wtupt nptueves n szzq pzxprzxuse.

Probabilistic Flooding (Pnew=Pold/Ȗ) perrzrxs oeter ttny Flooding nyq Pruned Flooding.
Oye zr tte xnuy wenwyesses zr tte lzzquys nlszruttxs ttnt tteur perrzrxnype strzysly qe-
peyqs zy tteTL. Iyprensuys tteTL lets tte tztnl nxzuyt zr trnysxussuzys nyq repeptuzys ruse
very quupwly. hus ussue us pnrtunlly szlveq uy tte nqnptuveProbabilistic Flooding (Pnew=Pold/Ȗ):
tte przonouluty qeprense wzrws ns ny nutzxntup ornwe, qrnstupnlly requpuys tte trnysxussuzy
przonouluty. Iyqeeq, tte peytrnl yzqes tnppey tz trnysxut xzre ttny tte ztters yzqes zy tte
yetwzrw, out tteur yeustozrs wull luxut tteur trnysxussuzy przonouluty uxxequntely, resultuys
uy n lzwer yuxoer zr repeptuzys. hus nlszruttx ttererzre oeter qustruoutes tte pzysuxptuzy
nprzss tte yetwzrw.

Betweey ttese twz extrexes, prztzpzls luwe EBP,MBP rzrNH = 3 zr Pruned Flooding rzr
K = 2 seyernte xzqernte trnip uy xzst sutuntuzys.

de yztupe, rzr nll strntesues, tte tustest yuxoer zr trnysxussuzys nyq repeptuzys us rzr RbN
nyq SIa pzstures. Iy rnpt, RbN pzsture represeyts tte tustest xzouluty pzsture, evey wutt
rrequeyt quspzyyeptuzys, yzqes nre nole tz xeet xzre rrequeyt tz exptnyse pnpwets. Iy SIa
pzsture, yzqes nre plzse tz enpt ztter sz ttey nre nole tz exptnyse pnpwets wutt n xuyuxux
lzss.

Sleepuys pzsture preseyts tte lzwest yuxoer zr trnysxussuzys nyq repeptuzys rzr nll strnte-
sues. Czysuqeruys zoservntuzys relnteq tz tte perpeytnse zr pzvereq yzqes (isure ǌ.Ǎ) nyq tz
tte eyq-tz-eyq qelny (isure ǌ.Ǐ), ttus lzw yuxoer us relnteq tz tte perxnyeyt quspzyyeptuzys
oetweey yzqes.

MBP nyq Optimized Flooding strntesues nre uyqepeyqeyt rrzx tte pzstures (u.e less vnrun-
tuzys). Stull,Optimized Flooding preseyts n lzwer yuxoer zr trnysxussuzys nyq repeptuzys ttny
MBP expept rzr szxe pzstures wtupt pzulq oe explnuyeq oy tte rnpt ttnt Optimized Flooding
pzvers xzre yzqes ns stzwy uy isure ǌ.Ǎ.
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SŊŁŁĵŇŏ

anole ǌ.ǉ repzrts tte nvernse vnlues rzr nll suxulntuzy, nll yzqes nyq nll pzstures per prztzpzl
rzr zye suysle pnpwet trnysxussuzy. de pny plnssury, rrzx ttese isures, prztzpzls uy ǌ srzups.
he irst srzup, pzytnuyuys EPB nyq Pruned Flooding rzrK = 2 nyqK = 3 tns qusnppzuytuys
perrzrxnype. he sepzyq srzup, wuttMBP (NH= ǉ), Probabilistic Flooding (P=Ȕ.ș) nyq Plain
Flooding tns n yzy-sntusryuys perrzrxnype out seyerntes lutle trnip. he tturq srzup, pzytnuy-
uys Pruned Flooding (K = ǌ nyq Ǎ), Tabu Flooding nyq Flooding trnqes trnip lznq rzr perrzr-
xnype. Fuynlly, tte rzurtt srzup, uypluquys MBP (NH = Ǌ, NH = ǋ), Probabilistic Flooding
(Pnew=Pold/Ȗ) nyqOptimized Flooding renluzeq n rnur pzxprzxuse oetweey nll ttese nspepts.

Czvernse Lnteypy arnip
(%) (xs) (pwt)

EBP I = 0.5 s ǐǎ.ǋ ǐǈǐ.ǎ ǎǌ.ǋ
EBP I = 0.25 s Ǒǉ.ǈ Ǎǌǉ.Ǒ ǎǑ.ǈ
Pruned Flooding K = Ǌ ǏǏ.Ǎ ǊǋǍ.Ǌ ǍǑ,Ǒ
MBPNH = ǉ ǑǍ.Ǐ ǉǎǑ.Ǎ Ǌǌ
Probabilistic Flooding (P=Ȕ.ș) ǐǏ.ǎ ǉǋǊ.ǋ Ǌǎ.ǉ
Pruned Flooding K = ǋ ǐǑ.ǐ ǉǊǉ.ǈ ǉǋǌ.Ǒ
Plain Flooding Ǒǈ.Ǌ ǉǈǌ.Ǐ ǉǌ.Ǐ
MBPNH = Ǌ ǑǏ.Ǌ ǐǍ.ǌ ǋǎ.ǈ
Pruned Flooding K = ǌ Ǒǎ.Ǐ ǍǑ.Ǒ ǊǋǑ.Ǒ
Probabilistic Flooding (Pnew=Pold/Ȗ) ǑǍ.ǈ Ǎǐ.ǉ ǋǈ.ǐ
MBPNH = ǋ ǑǏ.Ǐ ǌǏ.Ǒ Ǎǋ.ǐ
Tabu Flooding ǑǏ.Ǎ ǌǏ.ǎ ǉǋǋ.ǐ
Pruned Flooding K = Ǎ Ǒǐ.Ǐ ǌǊ.Ǎ ǋǑǎ.ǎ
Optimized Flooding ǑǏ.ǈ ǋǑ.ǋ ǋǑ.Ǒ
Flooding ǑǏ.ǐ ǋǉ.ǎ ǉǉǑ.Ǌ

Table 4.1: Average network coverage, latency and traffic load for all broadcast protocols

ǌ.ǌ.ǋ PĹŇĺŃŇŁĵłķĹ ķŃŁńĵŇĽňŃł – IłķŇĹĵňĽłĻ aŇĵĺĺĽķ LŃĵĸ

Iy ttus set zr suxulntuzys, we przsressuvely uyprense tte trnip lznq tz evnlunte tzwprztzpzls re-
npt uyqer qufereyt trnip pzyqutuzys. dtey tte lznq uyprenses, pnpwets xny eutter oe qrzppeq
oerzre oeuys exuteq que tz n rull MAC-level queue, zr set exuteq out oe lzst tz szxe re-
peuvers oepnuse zr pzllusuzys nyq pzysestuzy xny preveyt szxe yzqes tz nppess tte xequux.
Iy nll pnses, szxe pnpwets wull yever renpt tteur qestuyntuzy, zr oe repeuveq ttrzust nlterynte,
usunlly lzyser, pntts, wtupt xny qusrupt tte pnpwets repeptuzy zrqer.

ǉǉǋ



Iy ttus septuzy, we srnqunlly uyprense tte pnpwets lznq rrzx Ǌ pnpwets/s tz ǉǈǈǈ pnpwets/s.
Enpt pnpwet us Ǎǌǌ outs lzys nyq tte xequux pnpnputy us 250 kbit/s. Ir tte resultuys lznq oe-
pzxes plenrly uyrenlustup wutt respept tz plnssupnldBANnpplupntuzys, ut nllzws us tz ptnrnpter-
uze tte slzonl oetnvuzr nyq tz qetept truppuys pzuyts. heMACoufer suze us set tz ǉǈǈ pnpwets.

de evnlunte tte qufereyt nlszruttxs wutt respept tz tte rzllzwuys pruterun:

• PnpwetRepeptuzyRntuz (PRR): preseyts tte nvernse yuxoer zr repeuveqxessnses per
yzqe preseyteq ns tte perpeytnse zr repeuveq xessnses.

• Drzp pnuses: we nux tz uqeytury tte yuxoer zr qrzppeq pnpwets nyq qrzp pnuses (que
tz pzllusuzys zr ousy ptnyyel).

• czluxe zr uyyepessnry trnip lznq: repzrts tte nvernse yuxoer zr requyqnyt pzpues
zr enpt pnpwet repeuveq oy enpt yzqe.

• Pnpwets sequeypuys: represeyts tte perpeytnse zr pnpwets ttntxnynse tz renpt tte qur-
rereyt yzqes uy tte yetwzrw, out nter n suosequeyt pnpwet tns nlrenqy oeey repeuveq.

de stzw yetwzrw-wuqe nvernse vnlues ns well ns yzqe-per-yzqe vnlues tz tnve ny nppurnte
evnluntuzy.

Ay nqqutuzynl evnluntuzy zr MAC oufer suze uxpnpt us nlsz preseyteq uy tte sequel.

PĵķĿĹŉ RĹķĹńŉĽŃł RĵŉĽŃ (PRR)

Fusure ǌ.ǉǈpreseyts tte nvernseprzpzrtuzyzr repeuveqpnpwets zver nll pnpwets, wtey tte exus-
suzy ttrzustput uyprenses. hus xensure nllzws us tz see tzw relunole tte qufereyt prztzpzls
nre uyqer qufereyt lznqs.

de pny yztupe ttnt nll prztzpzls tnve tte snxe oetnvuzr: stnrtuys rrzx n rew pnpwets per sep-
zyq, wtupt qepeyqs zy tte prztzpzl (Ǎ rzrMBP nyq Flooding; ǉǈ rzrOptimized Flooding nyq
Probabilistic Flooding (P=Ȕ.ș or Pnew=Pold/Ȗ)) nyq zy tte pzsture, tte perpeytnse qeprenses
rnpuqly tz pzyverse tz suxulnr vnlues, nrzuyq ǉǈ%. he prztzpzls plnssuipntuzy us suxulnr rzr
nll pzstures: Plain Flooding nyq Optimized Flooding resust slusttly oeter, rzllzweq oy Proba-
bilistic Flooding (P=Ȕ.ș orPnew=Pold/Ȗ). he Pruned Flooding nyq Flooding strntesues tnve tte
wzrst spnlnouluty. hus plnssuipntuzy rzllzws tte qufereyt npprznptes verozsuty: tte prztzpzls
ttnt teyq tz let yuxerzus pzpues zr tte snxe pnpwet trnvel uy tte yetwzrw tnve lzwer spnlnouluty
wtey pzxpnreq tz xzre pnutuzus prztzpzls. here us yz renl efept zr tte pzsture zy tte sey-
ernl oetnvuzr zr tte qufereyt prztzpzls, tzwever tte uyutunl perrzrxnype nyq tte truppuys pzuyt
nre qufereyt uy ruyptuzy zr tte yzqes relntuve xzouluty.

anole ǌ.Ǌ repzrts tte yuxoer zr pnpwets suppessrully repeuveq oy nll tte yzqes uy tte qufereyt
pzstures rzr qufereyt prztzpzls uy tte speynruz wtere tte szurpe exuts n snturntuys ttrzustput
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(a) Walking posture
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(b) Running posture

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 1  10  100  1000

P
e

rc
e

n
ta

g
e

 o
f 

c
o

v
e

re
d

 n
o

d
e

s
 (

%
)

(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleep posture
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Flooding
Plain Flooding

Optimized Flooding
MBP NH=2

Proba. P=0.5
Proba. P=P/2
Pruned K = 3

(g) Wearing a jacket posture
Figure 4.10: Packet reception ratio (PRR) per posture for all broadcast protocols
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zr ǉǈǈǈ pnpwets/s. de let exuter seyernte ǉǈǈǈǈ pnpwets, xzst zr wtupt nre qrzppeq uy tte
seyqer’s queue, ns ttewureless ptnyyel pnyyzt sustnuy supt n lznq. Fusures repzrteq uy tte tnole
nre tte nvernse zver Ǎǈ suxulntuzys rzr enpt speynruz.
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dnlwuys ǊǏǌ Ǌǎǐ ǋǍǑ ǌǈǐ Ǌǎǋ ǋǍǐ ǊǍǈ ǊǊǋ ǋǈǈ.ǌ
Ruyyuys ǊǏǉ Ǌǎǋ ǋǈǑ ǋǋǎ ǊǌǏ ǋǉǈ ǊǍǉ Ǌǉǎ ǊǏǍ.ǌ
denwly ǊǑǉ ǋǈǉ ǋǏǋ ǌǊǈ ǊǏǍ ǋǐǉ ǋǊǐ Ǌǎǌ ǋǊǑ.ǉ
Sutuys ǊǑǐ Ǌǎǉ ǋǍǍ ǋǍǊ Ǌǌǎ ǋǎǉ Ǌǎǐ ǊǊǋ ǊǑǍ.Ǎ
Lyuys ǊǏǈ ǊǍǎ ǋǉǉ ǋǊǎ ǊǍǉ ǋǈǋ ǊǍǈ Ǌǋǌ ǊǏǍ.ǉ
Sleepuys ǉǎǎ ǉǏǍ Ǌǈǋ ǉǏǌ ǑǍ Ǌǈǈ ǉǈǈ ǉǈǐ ǉǍǊ.ǎ
denruys ǊǍǊ ǉǑǐ ǊǏǏ ǊǍǋ ǉǑǌ ǊǏǐ ǊǉǍ ǉǐǊ Ǌǋǉ.ǉ
Avernse Ǌǎǈ.ǋ Ǌǌǎ ǋǉǊ.ǌ ǋǊǌ.ǉ ǊǊǌ.ǌ ǋǉǋ ǊǋǏ.ǌ ǊǈǏ.ǉ

Table 4.2: Number of successfully received packets in function of the posture – saturated scenario

hese isures pzyirx ttnt sleepuys us, oy rnr, tte xzst ptnlleysuys pzsutuzy rzr tte qufereyt
prztzpzls, rzllzweq oy wenruys vnpwet. Czyperyuys prztzpzls, Flooding,MBP, Pruned Flooding,
Probabilistic Flooding (P=Ȕ.ș) nyq Tabu Flooding tnve lzwer suppess rntes ttny Plain Flooding,
Probabilistic Flooding (Pnew=Pold/Ȗ) nyq Optimized Flooding. hus uyqupntes ttnt yeutter tte
tzz verozse szlutuzys yzr tte zyes ttnt rely zy yeustozrs uqeytuipntuzy qenl pzrreptly wutt
n tust lznq, wtupt us lzsupnl ns oztt rnxulues seyernte n tust qntn zr pzytrzl trnip. Iyqeeq,
tte szzq rnywuys zr Plain Flooding evey sussests ttnt n suysle trnysxussuzy rrzx nll yzqes us
suipueyt uy xzst pzsutuzys, expept rzr Sleep wtereOptimized Flooding oetnves slusttly oeter.

anole ǌ.ǋ repzrts tte yuxoer zr qustuypt pnpwets repeuveq oy enpt yzqe, nvernseq zver Ǎǈ
suxulntuzys nyq zver nll pzsutuzys, truypnteq tz ǉ qusut.

he vnlue rzr ptest represeyts tte yuxoer zr pnpwets ttnt nre repeuveq onpw rrzx yeustozrs
rzrwnrquys nyqxny qzes yzt tnve nyy npplupntuzy-level xenyuys. hus pzyirxs ttnt tte xzst
quipult yzqes tz renpt nre tte zyes lzpnteq nt lenst twz tzps nwny rrzx tte szurpe (Aywle
nyq ttust). Here we pny see ttnt Plain Flooding us tte xzst eipueyt prztzpzl wtey ut pzxes
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Nnvel ǎǈǊ.ǌ ǎǏǈ ǎǊǎ.ǉ Ǐǐǎ.Ǐ ǐǉǐ.Ǐ ǎǏǌ.ǌ ǍǑǎ.Ǐ Ǎǐǋ.ǌ ǎǎǑ.ǐ
Ctest ǌǌǑ.ǌ ǌǋǑ.ǉ ǍǈǏ.ǐ ǎǌǊ.ǉ ǌǏǌ.ǌ ǍǍǑ.ǉ Ǎǉǉ.Ǌ ǌǎǐ.Ǐ Ǎǈǎ.Ǎ
Henq Ǎǉǌ.Ǎ ǎǌǍ.ǐ ǍǌǏ.Ǎ Ǐǉǎ Ǐǈǌ ǍǑǏ Ǎǋǉ.Ǌ Ǎǉǌ.Ǐ ǍǑǎ.ǋ
bp. Arx ǌǌǍ.Ǎ Ǎǈǋ.ǉ ǌǑǊ.ǐ ǎǌǍ.ǌ ǍǑǈ.ǐ Ǎǋǋ.ǌ ǌǐǈ.Ǐ ǌǌǐ ǍǉǏ.Ǎ
Aywle ǋǊǎ.Ǎ ǋǋǋ.Ǐ ǋǐǊ.ǐ ǌǌǊ.ǌ ǋǈǍ ǋǑǍ ǋǈǉ.ǉ ǊǍǐ.Ǌ ǋǌǋ.ǉ
hust ǋǏǍ.Ǌ ǋǑǉ.Ǐ ǌǌǋ.Ǌ Ǎǎǉ.Ǎ ǌǎǋ ǌǏǊ.Ǐ ǌǉǏ.ǌ ǋǏǉ.ǌ ǌǋǏ.ǈ
drust ǌǋǉ.ǐ ǌǐǊ.Ǎ ǌǐǍ.ǐ ǎǍǊ.ǌ ǎǈǍ.ǉ Ǎǋǈ.Ǐ ǌǐǉ.ǉ ǌǌǈ Ǎǉǋ.Ǐ
Avernse ǌǌǑ.ǋ ǌǑǍ.ǉ ǌǑǐ ǎǋǍ.Ǌ ǍǎǍ.ǐ ǍǋǏ.ǌ ǌǏǌ.Ǌ ǌǌǈ.ǎ

Table 4.3: Number of successfully received packets per node – saturated scenario ; all postures average

tz renptuys ttese ”quipult” yzqes, rzllzweq oy Probabilistic Flooding (Pnew=Pold/Ȗ) nyq Op-
timized Flooding.

DŇŃń ķĵŊňĹň

anoleFusure ǌ.ǌ repzrts tte yuxoer zr qrzppeq pnpwets que tz pzllusuzys nyq ousy ptnyyel
(qrzp oerzre seyquys) per pzsture.

Ayq tnole ǌ.Ǎ repzrts tte snxe isure per yzqe, nvernseq zver tte pzstures.
Furst, ut us wzrtt yztuys ttnt pzllusuzys nyq xequux lznq evzlve tzsetter, wtupt us expepteq

zy n suysle ptnyyel. Czxpnruys prztzpzls, ttese results nre pztereyt wutt tte ztter stntustups:
verozse prztzpzls supt nsFlooding,Tabu Flooding,Pruned Flooding nyqMBP nrexzre przye tz
uyprense tte xequux lznq. Plain Flooding nyq Probabilistic Flooding (P=Ȕ.ș or Pnew=Pold/Ȗ),
zy tte zppzsute, tnve n lustter uxpnpt zy tte ptnyyel zppupnypy, wtule Optimized Flooding
seyerntes n quute tust lznq. Czyperyuys pzsutuzys, tte nxzuyt zr pzllusuzy us lzwer uy pzsutuzys
wtzse suppess rnte us lzw, wtupt uyqupntes ttnt tte suppess rnte us xzre relnteq tz renptnouluty
zr tte yzqes ttny tz ny expessuve pzllusuzys nxzuyt.

dtey orenwuys qzwy tte qrzps per yzqe, evey ur we pny see vnruntuzys nxzys tte yzqes,
tte vzluxe zr pzllusuzys nyq pnpwets qrzppeq nter rnuluys tz nppess tte ptnyyel rexnuys reln-
tuvely uyurzrx nprzss tte yetwzrw. de pny yztupe ttnt peytrnl yzqes sufer rrzx relntuvely lzw
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Walking Collisions ǑǎǍ.ǎ ǐǈǐ.ǎ Ǐǌǐ.ǉ ǌǏǉ.ǉ ǌǍǍ.ǎ ǎǊǐ.ǌ ǏǏǌ.Ǌ ǏǍǈ.Ǐ Ǐǈǈ.ǋ
Busy channel Ǎǎ.Ǎ ǋǐ.Ǎ ǌǋ.ǈ ǉǏ.ǈ ǉǑ.ǐ ǋǋ.ǎ ǌǎ.Ǎ ǌǉ.ǎ ǋǏ.ǉ

Running Collisions ǑǍǈ.ǈ ǐǎǍ.Ǐ Ǐǉǎ.ǎ ǌǏǎ.ǉ ǌǉǊ.Ǒ ǎǈǐ.Ǎ ǐǈǎ.ǌ ǐǋǈ.ǈ Ǐǈǐ.ǋ
Busy channel ǌǋ.Ǎ ǊǑ.Ǌ ǋǉ.Ǒ ǉǊ.ǎ ǉǉ.Ǐ Ǌǋ.ǎ ǋǏ.Ǒ ǋǍ.ǎ Ǌǐ.ǋ

Weakly Collisions ǉǈǌǐ.Ǎ ǐǍǐ.ǌ ǐǋǊ.ǎ ǌǑǍ.ǌ ǍǋǏ.ǋ ǎǐǌ.Ǒ ǐǑǐ.ǌ ǐǏǈ.Ǌ ǏǏǐ.Ǌ
Busy channel ǎǌ.ǉ ǌǍ.Ǒ Ǎǉ.ǈ ǉǑ.Ǒ ǊǏ.Ǎ ǌǈ.ǈ Ǎǎ.Ǌ Ǎǈ.ǎ ǌǌ.ǌ

Siting Collisions ǐǍǑ.ǐ ǏǎǊ.Ǒ ǏǈǊ.ǈ ǌǊǌ.ǎ ǌǋǌ.Ǐ Ǎǐǎ.ǎ Ǐǋǐ.ǈ ǏǊǈ.ǌ ǎǍǋ.ǎ
Busy channel Ǎǌ.ǈ ǋǐ.Ǒ ǌǌ.ǌ ǉǎ.Ǎ ǊǊ.Ǎ ǋǍ.Ǎ ǌǏ.Ǐ ǌǊ.Ǌ ǋǏ.Ǐ

Lying Collisions ǐǑǏ.Ǌ ǐǉǊ.Ǒ ǎǐǊ.Ǎ ǌǎǉ.Ǌ ǋǑǍ.ǌ ǍǐǏ.Ǌ ǏǏǏ.Ǎ ǐǈǐ.Ǒ ǎǏǏ.ǐ
Busy channel ǋǐ.ǐ Ǌǌ.Ǎ Ǌǐ.ǉ ǉǉ.Ǎ ǉǉ.ǈ Ǌǉ.Ǎ ǋǍ.Ǎ ǋǋ.ǋ ǊǍ.Ǎ

Sleeping Collisions ǎǋǊ.ǈ ǎǐǋ.ǈ ǍǋǍ.Ǎ ǌǊǊ.Ǌ ǊǐǏ.ǈ ǌǐǏ.Ǒ ǎǏǌ.Ǌ Ǐǎǋ.ǐ Ǎǎǈ.Ǐ
Busy channel ǉǍ.Ǒ ǉǌ.ǌ Ǒ.ǎ ǌ.ǌ ǋ.ǉ Ǐ.ǌ ǉǌ.ǐ ǉǑ.ǌ ǉǉ.ǉ

Wearing Collisions ǐǏǐ.ǎ ǏǑǌ.Ǎ ǎǑǎ.ǋ ǌǑǑ.Ǌ ǋǐǑ.ǎ ǎǉǊ.ǋ ǏǏǏ.ǌ ǐǐǐ.Ǎ ǎǑǊ.ǉ
Busy channel ǊǏ.Ǌ ǉǏ.Ǐ Ǌǈ.Ǐ Ǒ.ǎ ǎ.Ǐ ǉǎ.ǈ Ǌǎ.ǈ ǊǑ.Ǎ ǉǑ.Ǌ

Average Collisions ǐǑǈ.ǋ ǏǑǐ.ǈ Ǐǈǉ.Ǒ ǌǎǌ.ǋ ǌǉǎ.ǉ ǍǑǑ.ǌ ǏǏǐ.ǈ ǐǈǌ.ǎ
Busy channel ǌǊ.Ǒ ǊǑ.Ǒ ǋǊ.Ǐ ǉǋ.ǉ ǉǌ.ǎ ǊǍ.ǌ ǋǏ.ǐ ǋǎ.ǉ

Table 4.4: Drop causes per posture for all broadcast protocols

pzllusuzys level evey ur ttey nre relntuvely xzre przye tz sufer rrzx n ousy ptnyyel. hus pny oe
explnuyeq oy tte rnpt ttnt ttnt ttese yzqes nptxzre ztey ns exuters ttny tte ztters. hewrust
yzqe nppenrs tz oe suferuys rrzx oztt efepts, wtule tte nywle yzqe nppenrs xzre uszlnteq.
he tenq, upper nrx tnve qufereyt out nvernse prziles.

błłĹķĹňňĵŇŏ ŉŇĵĺĺĽķ ŀŃĵĸ

anole ǌ.ǎ repzrts tte nvernseyuxoer zr requyqnyt pzpues zr enptpnpwet repeuveqoy enptyzqe.
hese isures nre tte nvernse zver Ǎǈ suxulntuzys nyq zver nll pzstures. de pny see ttnt

yzqes wtupt nre qurept yeustozrs zr tte szurpe, supt ns tte ynvel, out nlsz tte ptest, tenq nyq
upper nrx, nre xzre expzseq ttny tte ztters. hese isures nre szxetzw pztereyt wutt tte
suppessrul pnpwets rntuz preseyteq uy anole ǌ.ǋ, wtupt seexs tz uyqupnte ttnt tte yzqes seeuys

ǉǉǐ
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Navel Collisions ǐǋǌ.Ǒ ǎǐǉ.ǉ ǎǋǍ.ǋ ǋǑǈ.ǌ ǋǍǐ.ǈ ǍǊǐ.Ǎ ǎǑǍ.Ǒ ǏǊǐ.Ǌ ǎǈǎ.Ǎ
Busy channel Ǎǈ.Ǐ ǋǍ.ǈ ǌǈ.ǎ ǉǏ.Ǒ ǉǑ.Ǒ ǋǉ.ǐ ǌǎ.ǉ ǌǊ.Ǌ ǋǍ.Ǎ

Chest Collisions ǐǌǈ.Ǎ ǏǋǊ.Ǒ ǎǌǌ.Ǎ ǋǎǑ.Ǒ ǋǉǏ.Ǌ ǍǊǏ.ǋ ǏǌǏ.ǋ ǐǊǋ.Ǒ ǎǊǍ.ǌ
Busy channel ǍǏ.Ǐ ǋǎ.ǎ ǌǎ.ǈ ǉǋ.ǐ Ǌǈ.ǋ ǋǍ.ǉ Ǎǋ.ǎ ǌǍ.ǋ ǋǐ.Ǎ

Head Collisions ǐǈǈ.Ǒ ǐǍǑ.Ǐ ǎǋǌ.ǎ ǌǊǍ.ǋ ǋǑǋ.ǎ ǍǌǑ.ǉ ǎǑǏ.Ǐ ǏǈǏ.ǉ ǎǋǋ.Ǎ
Busy channel ǌǍ.ǐ Ǌǎ.Ǐ ǋǍ.Ǐ ǉǍ.ǋ ǉǍ.ǐ ǊǏ.ǌ ǌǉ.Ǌ ǋǐ.Ǎ ǋǈ.ǐ

Up. Arm Collisions ǑǋǑ.ǉ ǏǎǏ.Ǌ ǏǌǊ.ǎ Ǎǉǎ.Ǎ ǌǍǌ.ǉ ǎǌǍ.Ǎ ǏǑǐ.Ǐ ǐǉǏ.ǋ Ǐǉǈ.ǉ
Busy channel Ǎǉ.Ǒ ǋǎ.ǌ ǋǐ.ǐ ǉǍ.Ǒ ǉǏ.Ǎ ǋǈ.Ǌ ǌǌ.Ǎ ǌǌ.ǈ ǋǌ.Ǒ

Ankle Collisions ǏǎǏ.ǌ ǐǊǏ.Ǒ ǎǉǉ.ǈ ǋǐǑ.ǈ ǋǐǐ.ǐ ǍǉǍ.Ǎ ǏǊǎ.ǉ ǎǑǎ.ǌ ǎǉǍ.ǋ
Busy channel Ǎ.Ǌ ǋ.ǌ ǋ.ǌ ǉ.Ǐ ǉ.Ǎ Ǌ.ǐ ǋ.Ǎ Ǎ.ǈ ǋ.ǋ

high Collisions Ǒǐǐ.ǐ ǐǍǊ.Ǎ ǐǈǐ.ǐ ǍǏǍ.ǋ Ǎǈǉ.Ǐ Ǐǈǎ.ǉ ǐǐǉ.Ǌ ǑǈǑ.Ǎ ǏǏǐ.ǈ
Busy channel ǊǑ.Ǎ Ǌǐ.ǉ Ǌǈ.ǌ ǐ.Ǒ ǐ.Ǌ ǉǎ.Ǎ Ǌǋ.ǐ Ǌǎ.Ǎ Ǌǈ.Ǌ

Wrist Collisions ǉǈǎǈ.Ǌ ǐǎǌ.ǎ ǐǋǎ.ǐ Ǎǐǋ.Ǎ ǌǑǑ.Ǌ ǏǊǋ.Ǒ ǐǑǑ.ǋ ǑǍǈ.ǈ ǐǈǊ.Ǌ
Busy channel ǍǑ.ǋ ǌǊ.Ǒ ǌǋ.Ǐ ǉǐ.ǉ ǉǑ.ǉ ǋǋ.ǐ ǍǊ.ǈ Ǎǈ.ǐ ǌǈ.ǈ

Average Collisions ǐǑǈ.ǋ ǏǑǐ.ǈ Ǐǈǉ.Ǒ ǌǎǌ.ǋ ǌǉǎ.ǉ ǍǑǑ.ǌ ǏǏǐ.ǈ ǐǈǌ.ǎ
Busy channel ǌǊ.Ǒ ǊǑ.Ǒ ǋǊ.Ǐ ǉǋ.ǉ ǉǌ.ǎ ǊǍ.ǌ ǋǏ.ǐ ǋǎ.ǉ

Table 4.5: Drop causes per node for all broadcast protocols

ttexzst trnip nre nlsz tte oeter pzvereq zyes, yet tte isures rzr tte ptest yzqe, rzr uystnype,
zr tte tenq yzqe qz yzt rzllzw ttus pntery. Ctest rnyws Ǎtt uy terxs zr pzvernse out Ǌyq uy
terxs zr requyqnyt repeptuzys, wtule tenq nyq, tz n sxnller exteyt, wrust nre ztey pzvereq nyq
zyly experueype xzqernte requyqnyt repeptuzys.

dtey ut pzxes tz prztzpzls pzxpnruszy, we pny pzyrzrx zur prevuzus pzyplusuzys: Flood-
ing nyq Tabu Flooding nre very verozse rzllzweq oy MBP nyq Pruned Flooding, wtule Plain
Flooding nyq Probabilistic Flooding (P=Ȕ.ș or Pnew=Pold/Ȗ) nre tte xzst suleyt nlteryntuves.
Optimized Flooding spzres rnurly. Czxpnreq tz tte zye suysle pnpwet speynruz, we pny yztupe
ttnt Tabu Flooding useq tz tnve n szzq perrzrxnype uy terxs zr trnip lznq nyq yzw spnles
pzzrly que tz tte qepzxpzsutuzy zr tte orznqpnst uytz xultuple uyupnst trnysxussuzys.
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Nnvel ǑǊ.Ǐ ǌ.Ǌ Ǌǎ.Ǌ ǎ.Ǌ ǉǑ.Ǐ ǉǍ ǊǑ.ǉ ǑǊ.Ǎ ǋǍ.Ǐ
Ctest Ǎǉ.Ǌ ǐ Ǎ.Ǐ ǋ.Ǐ ǌ.Ǐ ǋ.ǐ ǌǐ.Ǎ Ǌǋ.ǐ ǉǐ.Ǐ
Henq Ǌǌ.Ǌ Ǌǈ.ǌ Ǌǈ.Ǐ ǋ.Ǎ Ǐ.ǌ ǎ.Ǎ ǉǐ ǉǏ ǉǌ.Ǐ
bp. Arx ǊǑ.Ǌ ǋǈ Ǒ.Ǌ Ǌ.ǉ ǉǌ.Ǐ Ǐ.ǉ Ǌǉ.ǌ ǋǌ.Ǌ ǉǐ.Ǎ
Aywle Ǐ Ǌǎ.Ǌ Ǒ ǌ ǉ.ǉ Ǌ.Ǐ Ǐ.ǐ Ǌǉ.Ǎ Ǒ.Ǒ
hust ǉǑ ǊǑ.Ǐ Ǎ.ǉ ǉ.ǌ ǌ.ǉ Ǌ.Ǌ ǎ.ǉ Ǌǋ.ǌ ǉǉ.ǌ
drust ǉǌ ǉǎ.ǌ ǐ.Ǌ ǋ.ǐ Ǎ.Ǐ Ǐ.Ǌ ǉǏ.Ǎ ǊǑ ǉǊ.Ǐ
Avernse ǋǋ.Ǒ ǉǑ.ǋ ǉǊ.ǈ ǋ.Ǎ ǐ.Ǌ ǎ.ǌ Ǌǉ.Ǌ ǋǌ.Ǎ

Table 4.6: Number of redundant receptions per node – saturated scenario ; all postures average

PĵķĿĹŉň ňĹŅŊĹłķĽłĻ

Fusure ǌ.ǉǉ preseyts tte nvernse per yzqe zr tte przpzrtuzy zr qe-sequeypeq pnpwets, u.e. pnpw-
ets ttnt xnynse tz renpt tte qufereyt yzqes uy tte yetwzrw, out nter n suosequeyt pnpwet tns
nlrenqy oeey repeuveq.

Iy nll pnses, we pny yztupe ttree ptnses: irst tte qufereyt prztzpzls stnrt experueypuys zut-
zr-zrqer pnpwets nt n przpzrtuzy ttnt uyprenses rrzx Ǎ tz ǉǈ pnpwets per sepzyqs, qepeyquys
zy tte prztzpzl tz nozut ǉǈǈ pnpwets per sepzyq. hey tte qe-sequeypuys przpzrtuzy stnrts tz
qeprense ns tte pzllusuzys, qrzps nyq MAC qelnys xnwe tte zvernll repeptuzy rntuz qeprense.

he xnxuxux przpzrtuzy zr zut-zr-sequeype pnpwets rexnuys lzw, ttzust, nrzuyq ǉǈ%
nt tte xnxuxux. Probabilistic Flooding (P=Ȕ.ș or Pnew=Pold/Ȗ), Plain Flooding nyq Pruned
Flooding npprznptes usunlly tnve tte lzwest przpzrtuzy zr qe-sequeypeq pnpwets nyq tte lntest
tuppuys pzuyt, wtuleMBP nyq Flooding seyernlly stnyq zy tte ztter eyq zr tte pnyzrnxn. Op-
timized Flooding tns ny uyterxequnte perrzrxnype, wutt n lnte tuppuys pzuyt rzllzweq oy n rnst
uyprense tz n relntuvely lzw xnxuxux vnlue.

hese results nre pztereyt wutt tte zoservntuzys zy tte pzvernse przonouluty: ns tte ptny-
yel lznq uyprenses, prztzpzls perrzrxnype stnrts tz qeprense, wtupt rules zut tte xzst verozse
szlutuzys rnpuqly. Pruned Flooding tns n lzw qe-sequeypuys przpzrtuzy oepnuse zr uts lzw pzv-
ernse.

ǉǊǈ
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(a) Walking posture
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleep posture
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Flooding
Plain Flooding

Optimized Flooding
MBP NH=2

Proba. P=0.5
Proba. P=P/2
Pruned K = 3

(g) Wearing a jacket posture
Figure 4.11: Percentage of de-sequencing per posture for broadcast protocols
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ǌ.Ǎ CŃłķŀŊňĽŃł & ĺŊŉŊŇĹ ŌŃŇĿň

Iy ttus ptnpter, we evnlunteq ttrzust suxulntuzys tte perrzrxnype zr severnl DaN-uyspureq
orznqpnst strntesues uy n dBAN pzytext. Our suxulntuzys, renluzeq wutt tte Oxyet++ suxu-
lntzr, tte Muxux rrnxewzrw nyq n dBAN ptnyyel xzqel, nllzweq us tz pzxpnre 9 strntesues.
he suxulntuzys were renluzeq zver n Ǐ yzqesxzoule yetwzrw ttnt uypluqes n qeyse nren, ns well
ns qustnyt yzqes uy Ǐ types zr xzvexeyts. de were nole tz ptnrnpteruze tte pzxprzxuse ttnt
exusts oetweey tte pnpnputy tz lzzq tte wtzle yetwzrw quupwly nyq tte pzst uyqupeq oy ttus
perrzrxnype. Our results stzw ttnt tte xzst pzxplex strntesues ttnt requure pzytrzl trnip, zr
tz xnuytnuy pzxplex stntes nre yzt yepessnruly tte xzst efeptuve. Suxple strntesues luwe Proba-
bilistic Flooding (P=Ȕ.ș or Pnew = Pold/Ȗ), wtupt nqnpt n przonouluty tz rzrwnrq tte pnpwet tz
tte qustnype trnveleq uy tte yetwzrw, zr evey Plain Flooding wtupt yever re-rzrwnrqs n pnpwet
nlrenqy repeuveqtnve n szzqperrzrxnype, espepunlly nt tuster lznqs. Szxe strntesues, luweTabu
Flooding wtupt tnrsets zyly uypzvereq yzqes, zr Pruned Flooding wtupt rzrwnrqs pnpwets tz n
luxuteq yuxoer zr rnyqzx yeustozrs nptueve szzq results wtey tte lznq us lzw (zye pnpwet)
out spnle very pzzrly.

de nlsz przpzse nyq evnlunte zur zwy nqnptuve nlszruttxs. MBP hǊǐj, rzrMuxeq Brznqpnst
Prztzpzl ttnt npplues n xzre nssressuve strntesy uy tte peyter zr tte yetwzrw, wtere pzyyep-
tuzys nre xzre stnole, nyq oepzxes xzre pnutuzus nt tte ozrqer zr tte yetwzrw, wtere n oluyq
trnysxussuzy tns n szzq ptnype zr suppess. Alttzust ttus strntesy us very eipueyt wtey przp-
erly tuyeq uy n lzw lznq speynruz, uts spnlnouluty us yzt sntusrnptzry. fet, ut represeyts n very szzq
pnyquqnte rzr lzw trnip yetwzrws. Optimized Flooding uxprzves tte perrzrxnypes zrMBP oy
relyuys zy uyrzrxntuzy exoeqqeq uy tte pnpwets nyq uyrzrxntuzy stzreq uy enpt rzrwnrqer.
hus strntesy stzws n przxusuys perrzrxnype nyq spnles well, wtupt eypzurnses us tz renluze
rurtter stuques, uypluquys experuxeytntuzy zy n renl yetwzrw.

A ruture wzrwwzulq oe n qetnuleq stuqy zr exustuys ptnyyelxzqels hǊǉǌj nyq n pzxpnruszy
wutt tte purreyt ptnyyel xzqel. Furtterxzre, nyztter uyterestuys ruture qureptuzy wzulq oe
tz pzysuqer pzllusuzys nxzys xultuple dBANs hǑǉ, ǉǈǐj.

ǉǊǊ
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Ǎ.ǉ IłŉŇŃĸŊķŉĽŃł

Lnyer pzzpzrntuzy uy przss-lnyer onseq sptexes eytnypes tte zvernlldBANperrzrxnype. Fzr
uystnype uy n przss lnyer sptexe, tte QzS requurexeyts nt npplupntuzy lnyer pny oe pzxxuyu-
pnteq tz tteMAClnyer uyzrqer tz nptueveoeter reszurpe nllzpntuzy. Furtterxzre, tte ptnyyel
stnte uyrzrxntuzy nyq ontery level pzulq oe pzxxuyupnteq tz tte yetwzrw lnyer tz nvzuq pntts
uypluquys lzw relunole luyws.

he purreyt wzrw exteyqs uy severnl wnys tte results uy ptnpter ǌ ttnt were puolusteq uy hǊǐ,
ǋǈj, wtere we evnlunte uy xultu-tzp dBAN severnl orznqpnst strntesues.

de przpzse n network-MAC cross-layer broadcast protocol, pnlleqCLPB7 Cross Layer Protocol
for Broadcast, qesusyeq rzrxultu-tzp tzpzlzsues nyq resulueyt tz renlustup tuxny ozqyxzouluty.

CLPB us zptuxuzeq tz explzut tte tuxny ozqy xzouluty oy pnrerully ptzzsuys tte xzst re-
lunole pzxxuyupntuzy pntts (u.e pntts wutt tte tustest suppess trnysxussuzy przonouluty) uy
enpt stuqueq pzsture. Mzrezver, zur prztzpzl uypluqes n slzt nssusyxeyt xeptnyusx ttnt re-
qupes tte eyersy pzysuxptuzy, pzllusuzys, uqle lusteyuys nyq zvertenruys. Aqqutuzynlly, CLPB
uypluqes n lustt syyptrzyuzntuzy sptexe ttnt telps yzqes tz resyyptrzyuze wutt tte Sink yzqe
zy tte ly.

Our prztzpzl zutperrzrxs exustuys lnt orznqpnst strntesues uy terxs zr yetwzrw pzvernse,
lnteypy, trnip lznq nyq pzrrept repeptuzy zr FIFO-zrqereq pnpwets (u.e. pnpwets nre repeuveq uy
tte zrqer zr tteur seyquys). Furtterxzre, zur prztzpzl xnuytnuys uts szzq perrzrxnypes up tz
190Ko/s trnysxussuzy rntes.

hus ptnpter us zrsnyuzeq ns rzllzw: septuzy Ǎ.Ǌ preseyts relevnyt wzrws zy przss lnyer np-
prznptes uy dBAN. Iy septuzy Ǎ.ǋ, we qetnul CLPB, zur yew przss-lnyer orznqpnst prztzpzl,
ruyptuzyuys. Iy septuzy Ǎ.ǌ, we exteysuvely evnlunte prztzpzls uy hǊǐ, ǋǈj nyq zur yew przss
lnyer prztzpzl. Septuzy Ǎ.Ǎ pzypluqes tte ptnpter.

Ǎ.Ǌ RĹŀĵŉĹĸ dŃŇĿ

Severnl wzrws tnve quspusseq przss lnyer pruypuple uy qufereyt yetwzrws dSN hǐǐ, ǉǎ, ǉǉǈj,
DaN hǊǉǎj, nqtzp hǉǊ, ǉǏǐ, ǉǊǐj.

Iy hǐǐj, nuttzrs explzut wyzwleqse nozut spepuip MAC lnyer pnrnxeters zr tte eyersy-
nwnre MAC prztzpzl duseMAC tz tte rzutuys lnyer zr dSN uy zrqer tz nptueve lzw lnteypy.
dtule uy hǉǉǈj, nuttzrs preseyt n rrnxewzrw rzr przss-lnyer qesusy tzwnrqs eyersy-eipueyt
pzxxuyupntuzy ptnrnpteruzeq oy n syyersy oetweey tte ptysupnl nyq tte xequux nppess pzy-
trzl (MAC) lnyers.

Iy hǉǎj, n uyuieq przss-lnyer prztzpzl us qevelzpeq, wtupt replnpes tte eyture trnqutuzynl lny-
ereq prztzpzl nrptutepture ttnt tns oeey useq sz rnr uy dSN.

ǉǊǌ



Iy zrqer tz nqqress tte trnqe-zf oetweey luyw utuluzntuzy nyq eyersy eipueypy, nuttzrs uy
hǊǉǎj qevelzp n przss-lnyer qntn qeluvery prztzpzl rzr Delny/Fnult azlernyt-Mzoule Seyszr
Netwzrw (DFa-MSN).Due tz tte ptnrnpterustups zrDFa-MSN, tte pzxxuyupntuzy luyws exust
zyly wutt pertnuy przonoulutues que tz spnrse yetwzrw qeysuty nyq seyszr yzqe xzouluty. Iy nq-
qutuzy, seyszr yzqes tnve very luxuteq ontery pzwer. Furst, tte seyqer pzytnpts uts yeustozrs tz
uqeytury n set zr npprzprunte repeuvers. hey, tte seyqer snuys ptnyyel pzytrzl nyqxultupnsts uts
qntn xessnse tz tte repeuvers. Furtterxzre, nuttzrs przvuqe szlutuzys tz requpe tte pzllusuzy
przonouluty nyq tz onlnype oetweey luyw utuluzntuzy.

Ǎ.Ǌ.ǉ CŇŃňň-ŀĵŏĹŇ Ľł dBAN

here nre very rew przss-lnyereq prztzpzls spepuipnlly qesusyeq rzrdBANhǉǉǏ, Ǌǈǌ, ǌǎj. he
przpzseqdBANprzss-lnyer npprznptes przve ttnt ttere us stull n yeeq rzr rurtter zptuxuzntuzy
zr supt yetwzrws nyq ttnt przss-lnyeruys us eipueyt tz nppzxplust ttnt.

Iy tte rzllzwuys we wull quspuss xnuyly xultu-tzp przss-lnyer prztzpzls ttnt uyvzlve MAC
nyq Netwzrw lnyers nyq tnwe nqvnytnses zr tte ptnrnpterustups nyq pnrnxeters zr tte xequux
nppess lnyer tz uxplexeyt eipueyt rzutuys prztzpzls.

AqnptuveMultu-tzp tree-onseq rzutuys (AMR), przpzseq uy hǉǍǊj us n qustruouteq spnyyuys-
tree onseq npprznpt wtupt pzysuqers ontery level, Repeuveq Susynl Streystt Iyqupntzr (RSSI)
nyq yuxoer zr tzps. AMR onlnypes eyersy pzysuxptuzy nxzysst yzqes oy wtupt ut przvuqes
exteyqeqyetwzrw luretuxenyqnyeipueytyuxoerzr trnysxussuzysperqeluvereqpnpwet. Hzw-
ever, ut qzes yzt tnwe uytz nppzuyt tte xzouluty zr tte tuxny-ozqy.

Iy hǍǎj, Eltnqv et al. preseyt n Nzqe Mnynsexeyt Eytuty (NME) nyq n Huo Mnynsexeyt
Eytuty (HME) nrptuteptures onseq zy IEEE ǐǈǊ.ǉǍ.ǎ stnyqnrq. he twz nrptuteptures pzxouye
przss nyq xzqulnr qesusy nrptutepture tz eysure yetwzrw relunouluty nyq eytnype tte dBAN
Qunluty zr Servupe (QzS). Alttzust nuttzrs tnve trenteq qntn teterzseyeuty, tteur przpzsnls
wtupt nre onseq zy IEEE ǐǈǊ.ǉǍ.ǎ stnyqnrq sufer rrzx tust eyersy pzysuxptuzy que tz uqle
lusteyuys.

Lntlzu et al. preseytEEAdDhǉǉǋj, nMAC-Netwzrw przss lnyer eyersyzptuxuzntuzyxzqel
rzr dBAN. EEAdD wns uytrzqupeq tz pzpe wutt EAdD hǍǑj luxutntuzys ttnt que yzt tnwe
uytz nppzuyt tte xequux nppess pzytrzl nyq ptysupnl lnyer spepuipntuzys. dutt EEAdD, nu-
ttzrs uytrzqupe twz trnip plnsses (yzrxnl nyq exerseypy), nyq pzysuqer n pseuqz xzouluty
xzqel. Auttzrs zyly rzpuseq zy eyersy eipueypy pnrnxeter qespute ztters.

Iy hǋǎj, Brnex et al. przpzsedASP:durelessAutzyzxzusSpnyyuys treePrztzpzl, n pzyverse-
pnst przss-lnyer prztzpzl rzrxultu-tzpwureless ozqy nren yetwzrws. dASP us n slzteqprztzpzl
ttnt uses n spnyyuys tree rzrxequuxnppess pzzrquyntuzy nyq trnip rzutuys. Enptyzqewull tell
uts ptulqrey uy wtupt slzt ttey pny seyq tteur qntn usuys n spepunl pnpwet pnlleq dASP-sptexe.
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Enptyzqetns nuyuquedASP-sptexepzystrupteqonseqzy uts pnreyt sptexe. dASP-sptexe
us nlsz useq ns npwyzwleqsexeyt tz enpt yzqe’s pnreyt nyq ns reszurpes request ur yeeqeq.
Hzwever, rzr szxe pnreyt yzqes sleep peruzq us stzrter oepnuse ttey tnve tz tnyqle xzre
ptulqrey ttny ztter pnreyt yzqes. Iy nqqutuzy, lnteypy us pzrrelnteq tz tte yuxoer zr levels
zr tte spnyyuys tree. dASP us yzt resulueyt tz renlustup tuxny ozqy xzouluty que tz pnreyt-
ptulq qeiyutuzy, pnreyt rzrwnrq qntn pnpwet rrzx uts ptulq zyly. Spnlnouluty us nlsz ny ussue suype
enpt yzqe tns zyly zye pnpwet tz seyq per pyple nyq uyprensuys yuxoer zr yzqes qeprenses
ttrzustput. Iy hǎǐj, nuttzrs uxplexeyt dASP nyq quspuss results.

Lntr2 et al. przpzse CICADA hǉǉǍj ns ny uxprzvexeyt zr dASP. CICADA sets up n yet-
wzrw tree uy n qustruouteq xnyyer. CICADA nuxs tz requpe eyersy pzysuxptuzy wutt tte use
zr n spnyyuys tree nyq ny nssusyxeyt zr trnysxussuzy slzts tz eysure pzllusuzy rree xequux np-
pess. A pyple us quvuqeq uytz n pzytrzl suo-pyple (useq rzr sptexes trnysrerruys) nyq n qntn
suo-pyple. Enpt suo-pyple tns uts zwy sptexe rzr slzt nllzpntuzy. hese twz sptexes nre oztt
seyt uy tte pzytrzl suo-pyple. dtey nll yzqes tnve repeuveq sptexes rrzx tteur pnreyts, tte
pzytrzl suo-pyple eyqs nyq tte qntn suo-pyple stnrts. Iy nqqutuzy, CICADA tnyqles yetwzrw
yzqes vzuyuys. az rexeqy tte qelny ussue wutt dASP prztzpzl, uy CICADA, yzqes nt tte ozt-
tzx zr tte tree stnrt seyquys nyq nll yzqes seyq qntn tz tte Sink yzqe uy zye pyple. CICADA
tns yzt oeey evnlunteq nsnuyst renlustup tuxny ozqy xzouluty nyq vnruzus trnysxussuzy rntes.
Mzrezver, tte xequux nppess pzytrzl sptexe przpzseq uy CICADA us spepuipnlly qesusyeq
tz tnyqle pzyverse-pnst. Its nqnptntuzy tz orznqpnst wns repzrteq ns zpey questuzy. A sepure
versuzy zr CICADA us preseyteq uy hǉǐǎ, ǉǐǏj.

Iy hǊǊǏj, nuttzrs rzrxnluze tte xnxuxuzntuzy zr pzyverse-pnst eyersy eipueypy wutt re-
spept tz uts MAC nyq rzutuys ns reszurpe pzystrnuyeq zptuxuzntuzy przolex. he xnxuxuzn-
tuzy przolex us luyenr wutt twz MAC prztzpzls: S-MAC (lzpnlly syyptrzyuzeq wnweup) nyq
O-MAC (lzpnlly stnssereq wnweup). Auttzrs przpzse MeeCnst n peytrnluzeq nlszruttx ttnt
szlves tte xnxuxuzntuzy przolex wutt luyenr przsrnxxuys teptyuques. hey nssuxeq n lzw
nyq uyurzrx trnip, relunole pzxxuyupntuzy nyq yz uyterrereype. Auttzrs pzxpnre ut tz Dzzer
nyq stzw ttnt MeeCnst nssuxe n pzystnyt eyersy pzysuxptuzy rnte wtetter seyquys zr re-
peuvuys.

Iy hǑj nyq hǊǎj, nuttzrs preseyt n Crzss-lnyerOppzrtuyustupMAC/Rzutuys (COMR) prz-
tzpzl rzrxultu-tzpdBANout tte evnluntuzywnsxnqe usuys n stntup yetwzrw tzpzlzsy. As ny
exteysuzy, uy ttus wzrw tte perrzrxnype zr COMRprztzpzl us uyvestusnteq tnwuys uytz nppzuyt
yzqe’s xzouluty wutt qufereyt speeqs qepeyquys zy ozqy pzsutuzys. he uxpnpts zr vnryuys
pnylznq suzes nre evnlunteq rzr oztt COMR nyq Suxple Oppzrtuyustup Rzutuys (SOR) prztz-
pzls usuys n xzouluty xzqel uy twz speynruzs: stnyquys nyq wnlwuys.

Nnqeex et al. uytrzqupe SIMPLE – Stnole Iyprensuys-ttrzustput Multu-tzp Prztzpzl rzr
Luyw Eipueypy uy dBAN hǉǌǐj. A pzst ruyptuzy us useq tz selept tte pnreyt yzqe wutt tust
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resuqunl eyersy nyq xuyuxnl qustnype tz tte Sink yzqe. he systex xzqel pzysuqers seyszr
yzqes wutt equnl pzwer nyq pzxputntuzynl pnpnoulutues. he Sink yzqe orznqpnsts n pnpwet
wtupt pzytnuys uts pzsutuzy wtule tte ztter yzqes orznqpnst n pnpwet wtupt pzytnuys tteur ID,
pzsutuzy nyq eyersy stntus. hey, Sink yzqe pzxputes tte pzst ruyptuzy zr enpt yzqe onseq zy
tte repeuveq uyrzrxntuzy rrzx tte tellz pnpwet. he pzst ruyptuzy us trnysxuteq tz nll yzqes
nyq zyly yzqes wutt xuyuxux pzst ruyptuzy nre selepteq ns rzrwnrqer. hus seleptuzy us prz-
pesseq rzr enpt rzuyq. Fuynlly, rzrwnrqer yzqes nssusy aDMA sptequle tz ztter yzqes teype
yzqes wutt qntn tz trnysxut wnwe up zyly uy tteur nssusyeq tuxe slzt.

Iy hǎǑj, Gnruqnqru et al. przpzse n przss-lnyer sptexe onseq zy npplupntuzy nyq MAC lnyer
uyternptuzys. hey rzpus zy trentuys tte ussues zr eyq-tz-eyq pnpwet lzsses que tz luyw qeteruz-
rntuzy, uyterrereype, pzysestuzy nyq systex lznq. he pnpwet lzss xutusntuzy npprznpt us onseq
zy tte exersuys susynl przpessuys pzypept, tte pzxpresseq seysuys, wtereuy susyuipnytly rew
seyszr xensurexeyts pny oe useq tz repzver susynls wutt nroutrnruly iye reszlutuzy. Lzst pnpw-
ets nre uqeytuieq nt tte npplupntuzy lnyer vun n sequeype yuxoer ielq uy tte pnpwet tenqer zr
tte lzwer lnyers. Hzwever, nuttzrs tnve yzt pzysuqereq yeutter trnip teterzseyeuty yzr yzqe
syyptrzyuzntuzy.

Iy hǌǐj, Dnvnsluzslu et al. preseyts CLOEE – Crzss-Lnyer Optuxuzntuzy rzr Eyersy Ei-
pueypy tz qeterxuye tte PHf nyqMAC lnyer pnrnxeters: zptuxnl pnylznq suze (rrnxe leystt)
nyq yuxoer zr pulses. Auttzrs stuqy IEEE ǐǈǊ.ǉǍ.ǎ ultrn-wuqeonyq (bdB) ttnt use uxpulse
rnquz (IR). CLOEE zptuxuzes reszurpe nllzpntuzy rzr eyersy eipueypy nyq ttrzustput.

Bey Eltnqv et al. preseyt n przss-lnyer onseq qntn qussexuyntuzy nlszruttx rzr IEEE ǐǈǊ.ǉǍ.ǎ
hǍǏj. Auttzrs pzysuqereq n twz-tzp exteyqeq stnr tzpzlzsy suype tteur wzrw us onseq zy IEEE
ǐǈǊ.ǉǍ.ǎ stnyqnrq. Auttzrs nqzpt n suxple reverse tree rzute quspzveruys npprznpt rzzteq nt
tte pzzrquyntzr rzr n twz-tzp tzpzlzsy yetwzrw usuys tellz oenpzys exptnyse. he pzzrquyn-
tzr (u.e Sink yzqe) stnrts wutt n oenpzy orznqpnst. Benpzy xessnses nre ttey rzrwnrqeq zyly
zype oy nll seyszrs. Enpt yzqe ttnt repeuveq zye zrxzre oenpzys wull ptzzse n yext tzp tz tte
pzzrquyntzr onseq zy tte stzrtest pntt uy terxs zr qelny. Iy nqqutuzy, nuttzrs uytrzqupe qntn
trnip pruzrutues nyq n pre-exptuve queuuys xzqel nt n dBAN yzqe. Hzwever, tust pruzruty
pnpwets pny pzyteyq reszurpes nyq lzw pruzruty pnpwets pny oe olzpweq nt tte MAC oufer. az
pzpe wutt ttus przolex nuttzrs qeiye tte xnxuxux tuxe ttnt n pnpwet pny wnut uy tte oufer.
Lnteypy stulls ny ussue.

Ay exteyqeq wzrw zr hǍǏj wns preseyteq uy hǍǐj, nuttzrs preseyt n Pruzruty-onseq Crzss
Lnyer Rzutuys Prztzpzl (PCLRP) nlzys wutt n Pruzruty-onseq Crzss lnyer Mequux Appess
Ctnyyel (PCLMAC) rzr tenlttpnre npplupntuzys. PCLRP us ny nqnptuve prztzpzl resnrquys
tte slzt nssusyxeyt teptyuque. It pzxouyes aDMA nyq pruzruty sunrnyteeq CSMA/CA np-
prznptes tz nppess tte ptnyyel nyq qeiyes n syyptrzyuzntuzy sptexe tz nvzuq pzllusuzys, qntn
lzss nyq uqle lusteyuys nyq rnpe tzpzlzsy ptnyses. PCLRP qeiyes ttree trnip plnsses: Geyernl
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xzyutzruys pnpwets, qelny seysutuve pnpwets nyq exerseypy pnpwets, wtule, PCLMACzperntes
uy pzxplunype wutt tte qeiyeq trnip pnteszry. PCLRP uypzrpzrntes ny uyternptuzy oetweey
tte npplupntuzy, MAC, yetwzrw nyq ptysupnl lnyer. Iyqeeq, tte MAC slzt nllzpntuzy us pus-
tzxuzeq rzr tte uyqerlyuys rzutuys prztzpzl tnwuys uytz nppzuyt tte QzS requurexeyts zr tte
tenlttpnre npplupntuzy nyq ptysupnl pnrnxeters. PCLRP explzuts tte exptnyseq MAC rrnxes
tz ouulq tte rzutuys sptexe wuttzut n rzute quspzvery xessnse exptnyse. Mzrezver, tte rzut-
uys nlszruttx explzuts yzqe’s ontery level nyq tte MAC rrnxe strupture (aDMA yuxoer zr
slzts) uy tte relny seleptuzy przpess.

Nzte ttnt przss-lnyer npprznpt stzweq n szzq pzxprzxuse oetweey relunouluty, eyersy er-
ipueypy, QzS requurexeyts, etp. Hzwever, przpzseq prztzpzls, quspusseq enrluer, rzpus zyly
converge-cast (xultuple szurpe yzqes seyq pnpwets tz n uyuque qestuyntuzy Sink). az tte oest
zr zur wyzwleqse we tnve, yz pnper tns quspusseq orznqpnst uydBAN explzutuys n przss-lnyer
npprznpt. Iy nqqutuzy, ttese przpzsnls tnyqle ozqy xzouluty oy repzystruptuys nyq upqntuys
tte tree tzpzlzsy useq rzr pnpwet rzutuys.

Iy zur wzrw, we pzysuqer ny tzxzseyezus trnip wtere nll seyseq qntn nre pzysuqereq wutt
tte snxepruzruty level nyq requures ǉǈǈ% relunouluty. Czysuqeruys qntn qufereyt level zr pruzruty
us ny uyterestuys npprznpt out zyly rzr spepuip npplupntuzys.

Ǎ.ǋ CLPB: CŇŃňň LĵŏĹŇ PŇŃŉŃķŃŀ ĺŃŇ BŇŃĵĸķĵňŉ Ľł dBAN

Iy ttus septuzy, we uytrzqupe zur yew przss lnyer orznqpnst prztzpzl CLPB.
CLPB tnyqles oztt tte pzytrzl xequux nppess nyq tte orznqpnst przpess. CLPB us n slzt-

teq prztzpzl ttnt ouulqs zy tzp zr n pruyeq pzxxuyupntuzy srnpts pzystrupteq onseq zy tte
ptnyyel xzqel hǐǑj qespruoeq uy septuzy Ǌ.Ǐ.Ǌ.
Sinkyzqeorznqpnsts pnpwets uy tteyetwzrw nqqresseq tz nll yzqes nlzysqufereytozqypnrt.

heultuxnte sznl us tz eysure ttnt nll yzqes repeuve nll pnpwets uy tte stzrtest qelny pzssuole nyq
wutt tte lenst eyersy pzysuxptuzy. Our prztzpzl tnwes uytz nppzuyt yuxoer zr pnpwets tz oe
orznqpnsteq nyq tteur trnysxussuzy rrequeypy.

Iy zrqer tz uypluqe tte ptnyyel xzqel spepuiputues uy tte orznqpnst przpess, CLPB yeeqs n
preprocessing ptnse. he preprzpessuys ptnse us zyly tnyqleq nt tte oesuyyuys nyq zyly nt tte
Sink yzqe level.

Ater ttus preprzpessuys ptnse, Sink orznqpnsts pnpwets ttnt wull pnrry oztt qntn nyq pzytrzl
uyrzrxntuzy (e.s. slzts nssusyxeyt, syyptrzyuzntuzy uyrzrxntuzy, etp).

de setleq zy n peytrnluzeq preprzpessuys ptnse pzyqupteq zy tte Sink yzqe. It us xzre
eipueyt tz tnyqle tte preprzpessuys ptnse peytrnluzeq uy zye uyuque yzqe suype zur wzrw nq-
qresses sxnll spnle yetwzrws (up tz ǉǈ yzqes). A qustruouteq preprzpessuys ptnse usuys rzr
exnxple pzytrzl xessnse exptnyse wzulq tnve tenvy pzsts espepunlly suvey tuxny ozqy xz-
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ouluty. Iy nqqutuzy, n qustruouteq preprzpessuys ptnse wzulq oe xzre uyterestuys uy n lnrse spnle
yetwzrw. Alsz, we tnrset xequpnl prutupnl npplupntuzys wtere dBAN yetwzrw us prepusely uy-
spepteq oy xequpnl stnf, yzqes pzsutuzy us pnrerully selepteq nppzrquys tz tte qesureq npplupn-
tuzy.

Ǎ.ǋ.ǉ PŇĹńŇŃķĹňňĽłĻ ńļĵňĹ

he nux zr preprzpessuys ptnse us tz uqeytury, rzr enpt pzsture nyq rzr enpt yzqe Ni, zye zr
xzre relunole pntts rrzx Sink yzqe tzNi, u.e pntts wutt tte tustest suppess trnysxussuzy przo-
nouluty.

hus ptnse us exeputeq zyly oy Sink yzqe oerzre stnrtuys tte orznqpnst przpess. he iynl
nllzpntuzy result wull oe uypluqeq zy tte suosequeyt pnpwets.

hexzouluty xzqel, we nre usuys, suves us susynl nteyuntuzy oetweey enpt pzuple zr yzqes
rzr qufereyt pzstures ns tte nvernse nteyuntuzy (uy qB) nyq tte stnyqnrq qevuntuzy (uy qBx).
de uyvzlve ttese ptnyyel ptnrnpterustups uy zur prztzpzl qesusy.

Furst, Sink yzqe pzxputes, onseq zy tte xeny nteyuntuzy nyq tte stnyqnrq qevuntuzy zr
enpt luyw oetweey n pzuple zr yzqes, tte Cuxulntuve Dustruoutuzy Fuyptuzy (CDF) zr tte rny-
qzx nteyuntuzyx : F (X) = P [x < X]wtereX us n ttrestzlq. X represeyts ttexnxuxux
nppeptnole nteyuntuzy rererruys tz tte trnysxussuzy pzwer−55 dBm nyq tte repeptuzy sey-
suouluty −100 dBm. X us equnl (−55 - (−100))=45 dBm nyq F (45) represeyts tte przo-
nouluty zr n suppessrul trnysxussuzy nt ttus luyw. A suxulnr npprznpt us useq oy tte nuttzrs zr
hǋǏj.

hey Sink pzxputes n pruyeq pzxxuyupntuzy srnpt. Nzqes uy ttus srnpt nre tte yzqes uy
tte yetwzrw, tte eqses pzrrespzyq tz tte luyws wutt suppess trnysxussuzy przonouluty srenter
ttny 0.5.

Fusure Ǎ.ǉ stzws tte 7 pruyeq pzxxuyupntuzy srnpts, zye rzr enpt pzsture, zotnuyeq oy
npplyuys tte przpequre qespruoeq nozve.

Nzte ttnt nt tte eyq zr tte preprzpessuys tte zotnuyeq pzxxuyupntuzy srnpts nre yzt yep-
essnry trees. Iy tte rzllzwuys we wull qeyzte ttese pzxxuyupntuzy srnpts Gj wtere j us tte
yuxoer zr tte pzrrespzyquys pzsture.

hey, Sink selepts n set zr senders, rzr enpt pzsture, stnrtuys rrzx tzp tz qzwy (rrzx yzqe nt
tte tenq tz yzqe nt tte nywle). A seyqer us n yzqe ttnt preseyts n luyw wutt n tust trnysxussuzy
suppess przonouluty wutt n yzqe ztter ttny tte Sink.

Fzr enpt yzqe,Ni, uy tte pzxxuyupntuzy srnptGj , Sink pzxputes tte pntts oetweey Sink
nyqNi wutt xnxuxnl relunouluty. he set zr yzqes zy ttese pntts nre uypluqeq uy tte senders set
rzr tte srnptGj .
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de suppzse ttnt Sink yzqe wyzws uy nqvnype tte pzstures zr tte ozqy. Pzstures qeteptuzy us
zut zr tte spzpe zr zur stuqy. Nzte ttnt severnl wzrws hǉǋǈ, ǉǉǑ, ǊǊǉ, ǎǏj nqqresseq tte pzsture
qeteptuzy.

SĹłĸĹŇň ňĹŀĹķŉĽŃł Suyw stnrts wutt tte set zr qureptly (zye-tzp) pzyyepteq yzqes, stzreq
rrzx tzp tz qzwy (stzrnse us onseq zy yzqe pzsutuzy zy tuxny ozqy u.e tzp rerers tz yzqe zy
tte tenq, qzwy rerers tz tte yzqe zy tte nywle). he zrqer zr seyqers us uxpzrtnyt tz uyprense
relunouluty nyq trnysxussuzy suppess.

Nzte S1 us tte set zr qureptly pzyyepteq yzqes tz tte Sink yzqe nyq n1i ∈ S1.
∀n1i ∈ S1 oe S2 tte set zr qureptly (zye-tzp) pzyyepteq yzqes tz n1i nyq n2i ∈ S2.
n1i us selepteq ns n seyqer zyly ur S2 ̸= ∅ nyq n2i /∈ S1.

Ǎ.ǋ.Ǌ CLPB PŇŃŉŃķŃŀ OŋĹŇŋĽĹŌ

Ater tte preprzpessuys ptnse, Sink nssusys n slzt tz enpt seyqer zutputeq oy tte preprzpessuys
ptnse (see septuzy Ǎ.ǋ.ǉ). A yzqe us nllzweq tz rzrwnrq prevuzusly repeuveq pnpwets zyly ur ut us
n seyqer nyq tte purreyt slzt wns nssusyeq tz ut.

hey, Sinkyzqe orznqpnsts pnpwetswtupt uypluqe qntn nyq nmediumaccess and synchroniza-
tion scheme. he orznqpnsteq pnpwets wull pnrry oztt qntn nyq pzytrzl uyrzrxntuzy (e.s. slzts
nssusyxeyt, syyptrzyuzntuzy uyrzrxntuzy, etp).

Nzte ttnt wutt zur prztzpzl, yz pzytrzl pnpwets exptnyse us yeeqeq nyq CLPB uses qntn
pnpwets tz pzytrzl oztt xequux nppess nyq orznqpnst.

Our prztzpzl nssuxes ttnt yzqes exepute uy syyptrzyuzeq tuxe-slzts. Furtterxzre, ut us ns-
suxeq ttnt tte ozuyqnrues zr slzts nre nlsz syyptrzyuzeq.

Ǎ.ǋ.ǋ MĹĸĽŊŁ ĵķķĹňň ĵłĸ ňŏłķļŇŃłĽŐĵŉĽŃł ňķļĹŁĹ

Sink yzqe quvuqes tuxe uytz cycles. A pyple pzrrespzyqs tz n ixeq yuxoer zr tuxe slzts u.e. n
sequeype zr tuxe slzts equnls tz tte yuxoer zr seyqers, uy ztter wzrqs, equnls tz tte yuxoer
zr yzqes nllzweq tz orznqpnst uypluquys Sink yzqe.

Iy n pyple, quruys uts pzrrespzyquys tuxe slzt, enpt seyqer yzqe us nllzweq tz rzrwnrq qntn
repeuveq uy tte prevuzus tuxe slzt zr prevuzus pyple.

Cyple qurntuzy us suvey oy tte rzllzwuys equntuzy eq.Ǎ.ǉ:

CycleDuration = NumberOfSenders ∗ SlotDuration (Ǎ.ǉ)

Nzqes syyptrzyuzewuttSinkyzqevun tte sptequluys nyq syyptrzyuzntuzy sptexeqespruoeq
uy qetnuls uy tte sequel.
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ǌ. Next Cyple Stnrt: Depeyqs zy tte trnysxussuzy rnte zr Sink yzqe. hus trnysxussuzy
rnte nllzws tz pzxpute tte tuxe oetweey twz pzyseputuve pyples: tte CyclesInterleave
pnrnxeter preseyteq oelzw.

CyclesInterleave = (Ǎ.Ǌ)


































0,

ur Sinkarnysxussuzy rnte<Cyple Durntuzy

(⌈Transmissionrate/SlotDuration⌉)

∗SlotDuration]− CycleDuration(eq.5.1),

ztterwuse.

(Ǎ.ǋ)

Ir tte trnysxussuzy rnte us supt ttnt Sink yzqe repeuves ny npplupntuzy pnpwet wtule prevu-
zus pnpwet us stull uy orznqpnst (tte purreyt pyple us yzt iyusteq), tteyCyclesInterleave us
yull. As stzwy uy tte exnxple n) uy Fusure Ǎ.ǋ, Sink yzqe repeuves ny npplupntuzy pnpwet
every 2 tuxe slzts, wtupt us less ttny n pyple qurntuzy (5 tuxe slzts). Iy ttus pnse, Sink
yzqe puts pnpwets uy uts oufer nyq wnuts tte eyq zr tte purreyt pyple. hey, ut uxxequ-
ntely stnrts n yew pyple.

Ir Sink yzqe repeuves ny npplupntuzy pnpwet xupt lnter. Fzr exnxple, ns stzwy uy tte
exnxple o) uy Fusure Ǎ.ǋ, Sink yzqe repeuves ny npplupntuzy pnpwet every 8 tuxe slzts,
wtupt us srenter ttny n pyple qurntuzy (5 tuxe slzts). Heype, pnpwets nre queueq ntMAC
lnyer ur tte tztnl uyput rnte expeeqs tte pnpwet rzrwnrquys rnte nt tte MAC lnyer. Iy ttus
pnse, yzqes eyter uy n sleep xzqe wnutuys rzr tte yext pyple.

Next Cycle Start us n wey pnrnxeter ttnt zptuxuzes yzqes quty pyple. Iy rnpt, uystenq zr
nlteryntuys oetweey repeptuzy nyq sleepxzqe enpt tuxe slzt, yzqeswull sz onpw tz sleep
nyq sptequle wnwe up wtey xzre pnpwets nre nvnulnole.

Ǎ. End of Cycles: Nzqes sleep qeiyutely onseq zy End of Cycles vnlue.

Nzqes tnve tz wnwe up enpt pyple uy zrqer tz repeuve qntn pnpwets. Hzwever, uy pnse zr
pnpwet lzss, yzqes wull weep wnutuys rzr lzst pnpwets. az nvzuq supt speynruz, Sink yzqe
pzxputes, onseq zy trnip pnrnxeter, ny eyq zr pzxxuyupntuzy tuxe ttnt we pnll End of
Cycles. hey, wtey n yzqe renptes tte estuxnteq tuxe, ut qepuqes tz sleep qeiyutely (ny
nyztter nlteryntuve pzulq oe ptzsey resnrquys tte npplupntuzy requurexeyts spepuieq oy
tte pzyperyeq eytuty: n pzxe onpw tz tte uyutunl stnte u.e tnlr zr tte slzt nwnwe tte ztter
tnlr sleep, zr n wnweup nter x sepzyqs, etp.)
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• n pnpwet us repeuveq:

– ur ut us nllzweq tz trnysxut (onseq zy tuxe slzts sptequle), ttey ut sptequles n trnys-
xussuzy.

– ur xzre pnpwets nre expepteq, onseq zy Sink yzqe trnysxussuzy rnte, ttey ut pzx-
putes tte yext pyple nyq szes onpw tz sleep nt tte eyq zr tte purreyt pyple. Otter-
wuse, ut sleeps qeiyutely.

dtey nyzqewnwes upzy uts nssusyeq tuxe slzt tz trnysxut prevuzusly repeuveqqntn, ut trnys-
xuts uytul tte eyq zr uts slzt. Ater ttus pzuyt, ut qelnys tte rexnuyuys pnpwets tz oe orznqpnsteq
uy tte yext pyple.

Nzqes nlterynte oetweey: repeptuzy, sleep nyq trnysxussuzy xzqes. Hzwever, qufereytly
rrzx ztter suxulnr teptyuques, we struve tz requpe tte yuxoer zr stnte swutptes nyq tte quty
pyple qurntuzy.

As stzwy uy Fusure Ǎ.ǌ, nter repeuvuys n pnpwet, yzqes 0 nyq 6 sleep wnutuys tteur tury tz
orznqpnst onseq zy tte sptequluys sptexe. Alsz, yzqe 3 sleeps nter orznqpnstuys tte pnpwet.
Lenr yzqes, yzqes 2 nyq 4, sleep nter repeuvuys nll pnpwets wtule seyqer yzqes sleep nter trnys-
xutuys nll repeuveq pnpwets.

Nzte ttnt uy ttus exnxple, we suppzse zyly zye pnpwet us orznqpnsteq uy tte yetwzrw sz
yzqes sleep nter repeuvuys tte uyuque pnpwet. Ir xzre ttny zye pnpwet us expepteq, yzqes sleep
nt tte eyq zr tte purreyt pyple nyq wnwe up tte yext pyple.

Iy tte rzllzwuys, we preseyt CLPB nlszruttx ǌ.
CLPB uxplexeyts tte rzllzwuys pruxutuves:

• Seyqbp(x): Enpt yzqe seyqs upm tz tte yetwzrw level upzy repeuvuysm.

• Brznqpnst(m): All seyqer yzqes perrzrx n orznqpnst zr tte xessnsem uy tte yetwzrw
quruys tteur tuxe slzt.

c: Set zr nll yzqes uy tte yetwzrw; Nzqe i ∈ V

Ǎ.ǌ PĹŇĺŃŇŁĵłķĹ ĵłĵŀŏňĽň

Iy ttus septuzy, we pzxpnre lnt orznqpnst strntesues stuqueq uy ptnpter ǌ nyq puolusteq uy hǊǐj
(nyq uts pzxpnyuzy teptyupnl repzrt hǋǈj) nyq tte yew przss lnyer prztzpzl CLPB.

Iy ptnpter ǌ, we nqnpteq, uxplexeyteq nyq pzxpnreq 9xultu-tzp orznqpnst strntesues hǊǐ,
ǋǈj wutt qufereyt levels zr wyzwleqse nyq exteysuvely evnlunte ttex nsnuyst renlustup tuxny
ozqy xzouluty uy n speynruz ttnt us represeytntuve zr n renl dBAN.

he rzllzwuys us n repnll zr tte pzysuqereq orznqpnst strntesues:
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Alszruttx ǌCLPB nlszruttx

ǉ: przpequredĵĽŉĽłĻ ĺŃŇ MAC ŁĹňňĵĻĹ(m) ▷ ∀i ∈ V nyq i ̸= Sinknode

Ǌ: repent(Enpt tuxe slzt)
ǋ: wtule !auxeOut qz
ǌ: macState← RX

Ǎ: eyq wtule
ǎ: macState← SLEEP

Ǐ: uytul A xessnse us repeuveq
ǐ: eyq przpequre
Ǒ: przpequrebńŃł ŇĹķĹĽŋĽłĻ ĵńńŀĽķĵŉĽŃł ŁĹňňĵĻĹ(m) ▷Oyly rzr Sink yzqe

ǉǈ: macState← TX

ǉǉ: Czxxuyupntuzy srnpts pzystruptuzy ▷ Pnrnsrnpt Ǎ.ǋ.ǉ
ǉǊ: Syyptrzyuzntuzy nyq sptequluys pnrnxeters pzxputntuzy ▷ Pnrnsrnpt Ǎ.ǋ.ǋ
ǉǋ: Buferuysm ▷auxe us quvuqeq uytz tuxe slzts nyq xss orznqpnstuys us sptequleq nt

tte yext tuxe slzt
ǉǌ: Sptequle Brznqpnst(m) nt tte yext tuxe slzt
ǉǍ: macState← SLEEP

ǉǎ: eyq przpequre
ǉǏ: przpequrebńŃł ŇĹķĹĽŋĽłĻ MAC ŁĹňňĵĻĹ(m) ▷ ∀i ∈ V nyq i ̸= Sinknode

ǉǐ: Seyqbp(m)
ǉǑ: ur i ∈ Senders ttey
Ǌǈ: Buferuysm
Ǌǉ: ur currentSlot <MyTimeSlot ttey
ǊǊ: Sptequle Brznqpnst(m) nt MyauxeSlzt
Ǌǋ: else
Ǌǌ: Sptequle Brznqpnst(m) nt NextCyple
ǊǍ: eyq ur
Ǌǎ: eyq ur
ǊǏ: ur MessagesReceived <MessagesToWait ttey
Ǌǐ: Sptequle SLEEP Eyq zr ttus pyple
ǊǑ: Sptequle dnwebp nt NextCyple
ǋǈ: else
ǋǉ: macState← SLEEP

ǋǊ: eyq ur
ǋǋ: eyq przpequre

• Flzzquys Iy Flooding strntesy yzqes reorznqpnst enpt repeuveq pnpwet ns lzys ns uts TL
us srenter ttny 1, qeprensuys uts TL vnlue oy 1 uyut every tuxe.

• Plnuy Flzzquys Plain looding us xzre restruptuve: usuys sequeype yuxoer, n repeuveq

ǉǋǏ



pnpwet us qeluvereq tz tte npplupntuzy lnyer nyq reorznqpnsteq zyly zype. Otter pzpues
nre quspnrqeq.

• Pruyeq Flzzquys Enpt yzqe rzrwnrqs n repeuveq pnpwet tz K yeustozrs, ptzsey rny-
qzxly, nppzrquys tz uyurzrx qustruoutuzy. de ruy suxulntuzys wutt qufereytK vnlues.

• Przonoulustup lzzquys (P=ǈ.Ǎ) Nzqes qepuqe tz orznqpnst pnpwets nppzrquys tz n pzy-
stnyt przonouluty, P . Fzr zur suxulntuzys, we ptzse P = 0.5.

• Przonoulustup lzzquys (Pnew = Pold/2)Nzqes qepuqe tz orznqpnst nppzrquys tz n przo-
noulutyP ttnt us quvuqeq oy 2 every tuxe n pnpwet us orznqpnsteq. Iy zur suxulntuzys, tte
uyutunl rzrwnrquys przonouluty us set tz 1.

• MBP: Muxeq Brznqpnst Prztzpzl Przpzseq uy hǊǐj, ttus strntesy us n xux oetweey tte
dissemination-based nyq knowledge-based npprznptes. he orznqpnst oesuys ns n onsup
lzzquys nlszruttx (u.e Flooding strntesy). dtey n yzqe repeuves n xessnse, ut ptepws
tte yuxoer zr tzps NH ttus xessnse tns trnveleq suype uts exussuzy oy tte Sink, eu-
tter stzreq ns ny expluput vnlue, zr onseq zy tte TL, nyq pzxpnres ut tz n ttrestzlq,
∆. As n result, yzqes ptzzse eutter tz orznqpnst tz ut yeustozrs uy rnyse, tz wnut rzr np-
wyzwleqsexeyts zr tz npwyzwleqse. hus nlszruttx qepeyqs zy twz xnuy pnrnxeters
tz pzytuyue zr stzp tte orznqpnst: ∆, tte ttrestzlq zy tte yuxoer zr tzps trnveleq sz
rnr nyq Q, tte yuxoer zr expepteq npwyzwleqsxeyts. Bztt pnrnxeters tnve ny uylu-
eype zy tte nlszruttx perrzrxnype ttnt we evnlunteq ttrzust suxulntuzy. Czyperyuys
Q, we qeterxuyeq ttnt tte oest perrzrxnype wns nptueveq wutt qufereyt vnlues nppzrq-
uys tz yzqe pzsutuzy: rzr exnxple, rzr yzy ynturnl rzrwnrqer yzqes luwe tenq nyq nywle
yzqes,Q stzulq oe set tz 0. Iy septuzy Ǎ.ǌ, we stzw results rzr∆ equnls tz 1, 2 nyq 3.

• OptFlzzq: Optuxuzeq Flzzquys hus prztzpzl wns przpzseq uy hǋǈj. It ouulqs up zy
plnssupnl lzzquys, wtupt extuouts expelleyt perrzrxnype uy terxs zr yetwzrw pzvernse
nyq pzxpletuzy qelny, wtule ntexptuys tz weep tte yuxoer zr trnysxussuzys nyq repep-
tuzys lzw tz preserve eyersy nyq ptnyyel reszurpes. OptFlzzq xnuytnuys, nsszpunteq tz
enptpnpwet, twz pzuyters: cptGlobal,exoeqqeq uytz ttepnpwet utselr (zr uy nll uts pzpues)
nyq every tuxe tte pnpwet us repeuveq oy n yzqe ttnt tnq yzt repeuveq ut prevuzusly, tte
yzqe uyprenses ttus pzuyter vnlue tz relept tte rnpt ttnt tte pnpwet renpteq n yew yzqe,
nyq CptLocal, wtupt us n per-pnpwet vnrunole lzpnl tz enpt yzqe nyq ut us n lzpnl pzpy zr
tte xnxuxux vnlue zr cptGlobal ttnt tte yzqe tns seey sz rnr.

he evnluntuzy rzpuses tte speynruz wtere n spepuip yzqe uy tte yetwzrw, tte Sink, seyqs n
suysle pnpwet tz nll tte yzqes uy tte yetwzrw.

Our evnluntuzy tnrsets tte pnrnxeters oelzw:
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• Relunouluty: Perpeytnse zr pzvereq yzqesNzte ttnt Sink yzqe us zur uyuque szurpe zr
pnpwets. de ttererzre pzxpute tte yuxoer zr yzqes ttnt tnve repeuveq ttexessnse nyq
preseyt results ns tte perpeytnse zr pzvereq yzqes.

• FIFO Orqer: Perpeytnse zr qe-sequeypuys he perpeytnse zr pnpwets repeuveq uy n
qufereyt zrqer ttny tte seyquys zrqer. hus pnrnxeter us evnlunteq zyly uy tte pnsewtey
Sink trnysxussuzy rnte us srenter ttny 1packet/s.

• Lnteypy: Eyq tz eyqqelny: henvernse qelny n pnpwet tnwes tz renpt n yzqe. FzrQzS,
tte lnteypy uy prutupnl xequpnl npplupntuzys stzulq oe less ttny 125ms hǍǏj.

• arnip lznq: ns ny uyqupntzr zr eyersy pzysuxptuzywtupt us nxnuy pzypery uydBAN.
Eyersy pzysuxptuzy us preseyteq ns tte yuxoer zr trnysxussuzys nyq repeptuzys.

Septuzy Ǎ.ǌ.Ǌ preseyts suxulntuzy results wtey strntesues nre stresseqwutt n Sink yzqe trnys-
xussuzy rntes rrzx 2 tz 1000 pnpwets/s.

he sznl zr stuqyuys strntesues perrzrxnype wutt vnruzus trnysxussuzy rntes nyq qufereyt
MAC oufer suzes us tz tustlustt tte tuqqey uxpnpt zr szxe pnrnxeters luwe MAC oufer suze
zy strntesues perrzrxnypes. Our suxulntuzy pzyirxs ttnt n przss-lnyer npprznpt zfers tte oest
perrzrxnype.

Septuzy Ǎ.ǌ.ǋ rzpuses tte pnse wtey Sink yzqe orznqpnsts zyly 1 pnpwet. he results pzyirx
ttnt evey rzr lzw rntes, tte przss-lnyer npprznpt zfers tte oest perrzrxnype.

Ǎ.ǌ.ǉ SĽŁŊŀĵŉĽŃł SĹtĽłĻň

deuse ttequsprete eveyt suxulntzrOxyet++hǊǉǊj nyq tteMuxux rrnxewzrw hǉǈǑj eyrupteq
wutt tte qespruoeq ptnyyel nyq xzouluty xzqel uy septuzy Ǌ.Ǐ.Ǌ.

Aozve tte ptnyyel xzqel, we useq stnyqnrq prztzpzl uxplexeytntuzys przvuqeq oy tte
Muxux rrnxewzrw hǉǈǑj. Iy pnrtupulnr, we useq, rzr ttexequux nppess pzytrzl lnyer, tte IEEE
ǐǈǊ.ǉǍ.ǌ uxplexeytntuzy (Ǌǈǈǎ versuzy, yzy-oenpzyxzqe). Seysutuvuty levels, pnpwets tenqer
leystt nyq ztter onsup uyrzrxntuzy nyq pnrnxeters nre onseq zy IEEE ǐǈǊ.ǉǍ.ǌ stnyqnrq.

Enpt qntn pzuyt us tte nvernse zr 50 suxulntuzys ruy wutt qufereyt seeqs. de useq Ox-
yet++ qernult uyterynl rnyqzx yuxoer seyerntzr, u.e. tte Merseyye awuster uxplexeytntuzy
(pMerseyyeawuster ;MaǉǑǑǋǏ) rzr tteuyurzrxqustruoutuzy,wuttqufereyt uyutunluzntuzy seeqs
rzr enpt ruy, nyq tte yzrxnl qustruoutuzy seyerntzr (pNzrxnl) rzr tte susynl nteyuntuzy.

he trnysxussuzy pzwer us set nt ttexuyuxux luxut level−55 dBm hǋǈj ttnt eysures n lux-
uteq eyersy pzysuxptuzy, requpes wenrers eleptrzxnsyetup expzsutuzy nyq nllzws ny uyterxut-
teyt pzxxuyupntuzy suvey tte ptnyyel nteyuntuzy nyq tte repeuver seysutuvuty−100 dBm.

Fzr CLPB prztzpzl, slzt qurntuzy us set tz 5mswutt n outrnte equnl tz 1Mb/s.
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BŇŃĵĸķĵňŉ ŇĵŉĹň Ŋń ŉŃ ǉǈǈǈ ńĵķĿĹŉň/ň –MACĶŊĺĺĹŇ ňĽŐĹ ǉǈǈ

Iy ttus septuzy, we stress tte qufereyt strntesues wutt Sink yzqe trnysxussuzy rnte up tz 1000

pnpwets/s nyq n MAC oufer suze equnls tz ǉǈǈ wtupt us tte qernult vnlue uy tte IEEE ǐǈǊ.ǉǍ.ǌ
stnyqnrq.

Iy nll ozqy pzstures, CLPB strntesy zutperrzrxs tte lnt strntesues. Mzrezver, CLPB szzq
perrzrxnype us xnuytnuyeq up tz 200 pnpwets/s wtule tte ztter strntesues perpeytnse qrzps
stnrtuys rrzx 10 pnpwets/s.

NĹŉŌŃŇĿ ķŃŋĹŇĵĻĹ Fusure Ǎ.Ǎ preseyts tte perpeytnse zr pzvereq yzqes uy ruyptuzy zr
Sink trnysxussuzy rnte. hus rnte us preseyteq ns tte yuxoer zr orznqpnsteq pnpwets per sepzyq.

All lnt orznqpnst strntesues oetnve suxulnrly: Gzuys tz 1000 pnpwets/s, tte perpeytnse zr
pzvereq yzqes nlxzst luyenrly qeprenses tz renpt 10%. At 100 pnpwets/s, zyly 50% zr tte yet-
wzrw us pzvereq.

dutt Flooding strntesy, tte perpeytnse qeprenses stnrtuys rrzx 5 pnpwets/s. dutt ttus strnt-
esy, yzqes orznqpnst enpt repeuveq pnpwet wuttzut restruptuzys. Iy tte yetwzrw tte uxpzrtnyt
nxzuyt zr pnpwets zverlznqs tte yetwzrw nyq prentes pzllusuzys.

Fzr Pruned Flooding nyqMBP, tte perpeytnse qeprenses stnrtuys rrzx 5 pnpwets/s tzz. dutt
Pruned Flooding, evey ur yzqes nre restrupteq tz orznqpnst tz zyly K yzqes, stull, wutt K = 3

xnyy pnpwets pzpues nre seyernteq nyq tte yetwzrw us zverlznqeq. Alsz, oepnuse zr tte rnyqzx
ptzupe zr tte yext tzps, szxe yzqes nre yzt qunluieq rzr rzrwnrquys. duttMBP, orznqpnst us
zyly qelnyeq tz suve tuxe rzr tte ztter yzqes tz repeuve nyq npwyzwleqse pzrrept repeptuzy.
hus qelny nllzwsMBP tz nvzuq yetwzrw zverlznquys nyq teype luxuts pzllusuzys nyq eysures n
oeter perpeytnse zr pzvereq yzqes ttny Flooding nyq Pruned Flooding strntesues.

Iy sleepuys pzsture, Flooding nyqMBP strntesues nre nole tz xnuytnuy n szzq perpeytnse zr
pzvereq yzqes equnl tz 91% up tz 10 pnpwets/s. Due tz lzw xzouluty nyq less nvnulnole luyws,
yetwzrw us less zverlznqeq sz less pzllusuzys nyq less pnpwets lzss. Hzwever, uy xzre xzoule
nyq qeyse pzstures, perrzrxnype qeprenses, rzr exnxple, uy ruyyuys pzsture, Flooding strntesy
stzws 82% zr pzvereq yzqes rzr 10 pnpwets/s nyq 75% uy sutuys pzsture.

CLPBxnuytnuys n szzqperpeytnse, srenter ttny90%, up tz350pnpwets/s. Iyqeeq, wutt350
pnpwets/s, Sink tns zye pnpwet tz seyq enpt 0.00285s. Iy zur setuyss, n pyple lnsts 5 tuxe slzts
wutt n tuxe slzt qurntuzy equnls tz 5xs. At tte eyq zr tte pyple, Sink yzqe tns 8 pnpwets wnutuys
uy oufer rzr orznqpnst. Or, wutt n out rnte equnls tz 1Mbs, Sink yzqe pny seyq up tz 5Kos
quruys uts tuxe slzt. A pnpwet suze us equnl tz 544 outs ttey Sink yzqe pny seyq up tz (5Kos/544
outs) pnpwets u.e 9 pnpwets per tuxe slzt. Beyzyq tte rnte 350 pnpwets/s, perrzrxnype rnlls tz
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(a) Walking posture
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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(g) Wearing a jacket posture
Figure 5.5: Percentage of covered nodes per posture for flat broadcast strategies and CLPB – MAC buffer size
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30% zr pzvereq yzqes oy 1000 pnpwets/s. Nzqes nre yz xzre nole tz orznqpnst nll wnutuys
pnpwets, ttey yew repeuveq pnpwets nre qrzppeq oepnuse oufer us snturnteq nt MAC level.

MAC oufer suze uxpnpts strntesues perrzrxnype. Fzr ttus renszy, we exteyq zur nynlysus oy
vnryuys MAC oufer suze tz puypzuyt ttus uxpnpt. Suxulntuzy results nre preseyteq uy septuzy
Ǎ.ǌ.Ǌ rzr n oufer suze equnls tz Ǌǈǈ.

PĹŇķĹłŉĵĻĹŃĺDĹ-ňĹŅŊĹłķĽłĻ Fusure Ǎ.ǎ preseyts tte perpeytnse zr qe-sequeypuys uy
ruyptuzy zr Sink yzqe trnysxussuzy rnte. de evnlunte tte FIFO zrqer pzysusteypy zr tte qufer-
eyt strntesues.

hree ptnses pny oe zoserveq:

• At tte oesuyyuys, nll strntesues preseyt 0%zr qe-sequeypuys. At ttus pzuyt, strntesues nre
nole tz tnyqle xzre ttny zye pnpwet uy tte yetwzrw.

• hey, rrzx n suvey rnte (qepeyquys zy tte strntesy), tte perpeytnse uyprenses. Here,
onseq zy Fusure Ǎ.Ǎ, tte perpeytnse zr pzvereq yzqes qeprenses que tz pzllusuzys. here-
rzre, sequeypuys us yz lzyser eysureq.

• Fuynlly, tte perpeytnse qeprenses tz pzyverse tz ǈ% nsnuy que tz tte rnpt ttnt rew pnpwets
nre repeuveq.

de zoserve ttnt, rzr lnt orznqpnst strntesues, tte uyleptuzy pzuyts zr qufereyt purves tnve
tte snxe nospussn. hus nospussn pzrrespzyqs tz n trnysxussuzy rnte equnl tz ǉǈǈ pnpwets/s.
Lzzwuys qeeper tz qufereyt set pnrnxeters, 100 us tte qernult vnlue zr tte oufer suze nt tte
MAC level.

MBP strntesy preseyts tte tustest perpeytnse zr qe-sequeypuys rzr nll pzstures, stnrtuys
rrzx 2 pnpwets/s. Iy ttus strntesy, yzqes pny wtetter orznqpnst uxxequntely repeuveq pnpwet
zr put ut uy tte oufer nyq qelny orznqpnst qepeyquys zy ttrestzlq vnlues.hus, qe-sequeypuys
us xzre rensuole.

Perpeytnse zr qe-sequeypuys uyprenses stnrtuys rrzx 5 pnpwets/s rzr Flooding nyq Pruned
Flooding nyq rrzx 20 pnpwets/s rzr Optimized Flooding, PlainFlooding nyq Probabilistic Flood-
ing, rzr xzst pzstures. Flooding nyq Pruned Flooding tnve quipultues tz tnyqle trnysxussuzy
rnte uyprense que tz pzllusuzys nyq pnpwets lzss. Ay expeptuzy wutt sleepuys pzsture, wtere tte
perpeytnse zr qe-sequeypuys us zoserveq stnrtuys rrzx 10 pnpwets/s que tz tte ptnrnpterustups
zr ttus pzsture.

CLPB renpts ns tte ztter strntesues nyq we zoserve qe-sequeypuys uy tte repeuveq sequeype.
hus us que tz tte xzouluty xzqel. hnt us, uyrelunole luyws xny zppur, ttus nllzwuys repeptuzy
zr zye zr severnl pnpwets rrzx tte orznqpnsteq sequeype. he luyws ttey qusnppenr nyq tte
pzxplete sequeype wull oe repeuveq ttrzust n xzre relunole luyw.

ǉǌǊ



 0

 5

 10

 15

 20

 1  10  100  1000

O
u

t 
o

f 
s
e

q
u

e
n

c
e

 p
a

c
k
e

ts
 (

%
)

(a) Walking posture
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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(g) Wearing a jacket posture
Figure 5.6: Percentage of de-sequencing per posture for flat broadcast strategies and CLPB – MAC buffer size
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MAC oufer suze us set tz 200 pnpwets. Nzw, xzre pnpwets nre nole tz oe oufereq wnutuys rzr
orznqpnst. As rzr oufer suze100 (pnrnsrnptǍ.ǌ.Ǌ), wepreseyt tte perpeytnse zr pzvereqyzqes
nyq tte perpeytnse zr qe-sequeypuys.

Iy ttus septuzy we nqvzpnte ttnt, pzytrnry tz tte expeptntuzys, tte uyprense zr tte oufer suze
(twz tuxes srenter ttny uy tte prevuzus pnse) tns lutle uxpnpt zy tte perrzrxnype zr tte strnte-
sues.

NĹŉŌŃŇĿ ķŃŋĹŇĵĻĹ Fusure Ǎ.Ǐ preseyts tte perpeytnse zr pzvereq yzqes uy ruyptuzy zr
pnpwets yuxoer per sepzyq.

Netwzrw pzvernse us yz lzyser nssureqwutt uyprenseq trnysxussuzy rnte. Flooding nyqPruned
Flooding strntesues stzw tte lzwest perpeytnse que tz pzllusuzys rzr oztt nyq tz tte rnyqzx
ptzupe zr yext tzps rzr Pruned Flooding. Plain Flooding slusttly expeeqs tte ztter strntesues uy
wnlwuys nyq ruyyuys pzstures. Hzwever uy sleepuys pzsture (wtupt us n stntup pzsture) Plain
Floodingxnxuxux perpeytnse us 83% nsnuyst 93% uy ruyyuys nyq wnlwuys wenwly pzstures. Iy
ttus strntesy, yzqes orznqpnst repeuveq pnpwets zyly zype, ttus yuxoer zr pnpwets pzpues uy
tte yetwzrw us luxuteq. hus pzuyts zut nsnuy tte uxpnpt zr pzllusuzys. Optimized Flooding nyq
Probabilistic Flooding perrzrxnypes nre plzse tz enpt ztters. hese twz strntesues restrupt re-
orznqpnstuys ttnt nllzw ttex tz tnve n slustt oeter result pzxpnreq tz ztter strntesues. Hzw-
ever, we pny zoserve, ttnt, tz 10 pnpwets/s, Optimized Flooding slusttly expeeqs Probabilistic
Flooding. hus snp us xzre uxpzrtnyt uy sleepuys pzsture ttny ruyyuys nyq wnlwuys pzstures.
Bepnuse,Optimized Flooding strntesy eluxuyntes uyyepessnry retrnysxussuzys tzwnrqs tte eyq
zr tte orznqpnstuys przpess wtule Probabilistic Flooding restrupts tte orznqpnst rrzx tte oesuy-
yuys.

CLPB zutperrzrxs tte ztter strntesues wutt n tust perpeytnse zr pzvereq yzqes. It stzws
tust perpeytnse zr pzvereq yzqes equnl tz 98% rzr wnlwuys nyq ruyyuys pzstures nyq equnl tz
92% rzr sleepuys pzsture up tz 350 pnpwets/s. dtey tte trnysxussuzy rnte us 1000 pnpwets/s,
CLPB pzvers 40% zr yzqes nsnuyst ny nvernse zr 10 tz 20% rzr orznqpnst strntesues.

PĹŇķĹłŉĵĻĹŃĺDĹ-ňĹŅŊĹłķĽłĻ Fusure Ǎ.ǐ preseyts tte perpeytnse zr qe-sequeypuys uy
ruyptuzy zr pnpwets yuxoer per sepzyq.

At irst slnype, results nre quute suxulnr tz results rzr n oufer suze equnl tz 100 (pnrnsrnpt
Ǎ.ǎ). Iyqeeq, tte perpeytnse zr qe-sequeypuys us plzse rzr oztt vnlues. Hzwever, uy qetnuls,
results stzw ttnt tte purve us zfset nyq tte penw us renpteq nrzuyq 200 pnpwets/s wterens ut us
nrzuyq 100 pnpwets/s rzr tte prevuzus results. duttCLPB, tte penw renpteq us renpteq oy 350
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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Figure 5.7: Percentage of covered nodes per posture for flat broadcast strategies and CLPB – MAC buffer size
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Figure 5.8: Percentage of de-sequencing per posture for flat broadcast strategies and CLPB – MAC buffer size
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pnpwets/s, stnrtuys rrzxwtupt perpeytnse zr oztt pzvereq yzqes nyq qe-sequeypuys qeprenses
nyq pnpwets rrzx npplupntuzy lnyer nre yzt evey orznqpnsteq que tz MAC zver-oufer.

Ǎ.ǌ.ǋ BŇŃĵĸķĵňŉ ŌĽŉļ ŉŇĵłňŁĽňňĽŃł ŇĵŉĹň Ńĺ ǉ ńĵķĿĹŉ/ň

he prevuzus stuqy (septuzy Ǎ.ǌ.Ǌ) stzweq ttnt zur yew przss lnyer prztzpzl, CLPB, zutper-
rzrxs lnt orznqpnst strntesues wutt n Sink trnysxussuzy rnte ttnt szes up tz ǉǈǈǈ pnpwets/s.
he prztzpzl zfers n tust perpeytnse zr pzvereq yzqes up tz 350 pnpwets/s nsnuyst 10 pnpw-
ets/s rzr orznqpnst strntesues.

Iy tte rzllzwuys, we zzzx tte pnse wtey Sink trnysxussuzy rnte equnls zye pnpwet per sep-
zyq. Iy nqqutuzy tz tte perpeytnse zr pzvereq yzqes nyq tte yuxoer zr trnysxussuzys nyq
repeptuzys we nlsz evnlunte tte Latency per strntesy.

NĹŉŌŃŇĿ ķŃŋĹŇĵĻĹ

Results uy isure Ǎ.Ǒ stzw, uy nvernse, n szzq perpeytnse rzr nll strntesues srenter ttny 88%.
Flooding, Optimized Flooding nyq MBP stzw quute plzse perpeytnses. As expepteq, wutt

Flooding strntesy, yzqes reorznqpnst uxxequntely enpt repeuveq pnpwetwtupt uyprenses tte yet-
wzrw pzver.

Optimized Flooding us n Flooding strntesy nqnptntuzy wutt pzystrnuyts zy reorznqpnst. hus,
n slustt qeprense zr tte perpeytnse (less ttny 2%) us zoserveq que tz quspnrquys zoszlete pzpues
zr tte pnpwet uy zrqer tz requpe puys-pzys efept.

Fzr MBP, yzqes orznqpnst enpt repeuveq pnpwet wtule uts yuxoer zr tzps us less ttny tte
preqeiyeq ttrestzlq (uy ttese suxulntuzys: threshold = NH = 2). Iy pnse tte ttrestzlq us
renpteq u.e pnpwet yuxoer zr tzps us equnl tz N, ttey yzqes wull qelny tte pnpwet orznqpnstuys
wnutuys rzr npwyzwleqsexeyts. hus explnuys tte szzq perpeytnse stzwy oyMBP.
Probabilistic Flooding nyq Pruned Flooding strntesues perpeytnse qeprenses que tz rnyqzx-

yess uy tte orznqpnst przpess: Probabilistic Flooding uy tte ptzupe zr tte rnyqzx vnrunole r tz
pzxpnre wutt tte przonouluty P wtule Pruned Flooding uy tte ptzupe zr tte K rnyqzx yzqes
ns yext tzps.

Plain Flooding stzws tte lzwest perpeytnse. Nzqes orznqpnst n repeuveq pnpwet zyly zype.
Ater ttnt, nll repeuveq pzpues nre quspnrqeq. dtey n yeustozr quqy’t repeuve tte pnpwet nt tte
uyuque orznqpnst ntexpt, ut tns less ptnypes tz repeuve ut lnter.

CLPB shows a high percentage, higher than 96%. Although nodes broadcast the packet only once,
CLPB achieves good network cover and high reliability.
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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(g) Wearing a jacket posture
Figure 5.9: Percentage of covered nodes for all postures for flat broadcast strategies & CLPB – transmission rate

of 1 packet/sǉǌǐ
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Fusure Ǎ.ǉǈ stzws tte nvernse eyq tz eyq qelny per yzqe rzr nll strntesues wtule isure Ǎ.ǉǉ
stzws tte nvernse eyq tz eyq qelny per pzsture.
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(a) Navel node
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(b) Head node
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(c) Ankle node
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(d) Upper arm node
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(e) Thigh node
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(f) Wrist node
Figure 5.10: Latency per node for flat broadcast strategies & CLPB – transmission rate of 1 packet/s

Flooding nyqOptimized Flooding strntesues eysure tte oest eyq tz eyq qelny oetweey nll lnt
orznqpnst strntesues.
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(a) Walking posture
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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(g) Wearing a jacket posture
Figure 5.11: Latency per posture for flat broadcast strategies & CLPB – transmission rate of 1 packet/s
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IyMBPyzqes qelny pnpwet orznqpnstuys uy zrqer tz nllzw repeuvers tz npwyzwleqse repeuveq
pnpwets wtupt eytnuls tust lnteypy.

hetustest eyq-tz-eyq qelny us zoserveqwuttPlain Flooding nyqPruned Flooding strntesues.
It us relnteq tz tteur lzw perpeytnse zr pzvereq yzqes. Iy rnpt, tz enpt yzy pzvereq yzqe, n tust
eyq tz eyq qelny us nutzxntupnlly nssusyeq tz ttus yzqe.

CLPB eysures n lzw eyq tz eyq qelny plzse tz Flooding. Alttzust, seyqer yzqes tnve tz
wnut rzr tteur tuxe slzt tz orznqpnst n pnpwet, qelny us yzt nfepteq. hus us que tz twz rnptzrs:
Furst, tte ptzupe zr tuxe slzt qurntuzy, equnl tz 0.005s quruys ttese suxulntuzys. Sepzyq,CLPB
sptequluys xeptnyusx nvzuqs pzllusuzys, uyprenses trnysxussuzy suppess przonouluty, qeprenses
perpeytnse zy yzy-pzvereq yzqes nyq ttus requpes eyq tz eyq qelny.

Strntesues oetnve suxulnrly pzysuqeruys yzqes pzsutuzy. Fzr yzqes nt ynvel nyq tenq, n lzw
eyq tz eyq qelny us zoserveq nyq ut us nlxzst equnl rzr nll strntesues. Iy rnpt, ttese yzqes nre
oy n suysle tzp rrzx Sink yzqe nqquys tz ttnt, ttey nre nlxzst xztuzyless. A slustt uyprense uy
qelny wutt upper nrx nyqwrust yzqes oepnuse, rzr szxe pzstures, ttese twz yzqes nrexzvuys
nyq susynl nteyuntuzy oepzxes uxpzrtnyt. hust nyq wrust, nre tte rnrttest yzqes tz tte Sink,
ttus n pnpwet yeeqs tz pnss ttrzust uyterxequnte yzqes oerzre renptuys ttese twz yzqeswtupt
uyprenses eyq tz eyq qelny.

It us uxpzrtnyt tz rexnrw ttnt, tz renpt nywle yzqe, wutt zur przss lnyer prztzpzl n orznq-
pnsteq pnpwet tnwes tnlr tte tuxe ut tnweswutt tte ztter strntesues evey pzxpnruyswuttFlooding
strntesy.

Our yzvel prztzpzl CLPB zutperrzrxs Flooding uy wnlwuys, wnlwuys wenwly nyq ruyyuys
pzstures. hese pzstures nre vnruntuzys zr wnlwuys xztuzys wtere luyws nre relunole nyq susynls
nteyuntuzys nre xzqernte. Evey ur ut us pzysuqereq ns n relunole eyvurzyxeyt rzr pzxxuyupn-
tuzy, rzrFlooding, ut pnusesxzre pnpwets exptnyse, pzllusuzys, pnpwets lzss nyq retrnysxussuzys.

dutt sleepuys pzsture, nll strntesues requurexzre tuxe tz pzver tte yetwzrw. Iy ttus pzsture,
szxe yzqes nre tuqqey oy ozqy pnrts nyq, que tz n xztuzyless pzsture, ttey nre quipult tz
renpt.

aŇĵĺĺĽķ ŀŃĵĸ

Fusure Ǎ.ǉǊ stzws trnysxussuzys nyq repeptuzys yuxoer per yzqe nyq isure Ǎ.ǉǋ stzws tte
nvernse yuxoer zr trnysxussuzys nyq repeptuzys per pzsture.

Flooding nyq Pruned Flooding strntesues preseyt tte tustest trnysxussuzys nyq repeptuzys
yuxoer. Fzr Pruned Flooding, wutt K = 3, n yzqe orznqpnsts ttree pzpues zr tte pnpwet.
Fzr Flooding, yz restruptuzys zy orznqpnstuys wtupt seyerntes xnyy pzpues zr tte pnpwet. Plain
Flooding nyqCLPBtnve n lzw trnysxussuzys nyq repeptuzys yuxoer. Hzwever, onpw tz tte eyq
tz eyq qelny (Fusure Ǎ.ǉǉ) nyq tte perpeytnse zr pzvereq yzqes (Fusure Ǎ.Ǒ), CLPB perrzrxs

ǉǍǉ
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(a) Navel node
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(b) Head node

 0

 5

 10

 15

 20

 25

 30

Flo
od

in
g

O
pt

im
iz
ed

Pro
ba

. P
ne

w
=P

ol
d/

2

M
BP N

H
=2

Pru
ne

d 
K=3

Pla
in
 F

lo
od

in
g

Tab
u

C
LP

B

N
u

m
b

e
r 

o
f 

tr
a

n
s
m

is
s
io

n
s
/r

e
c
e

p
ti
o

n
s

(c) Ankle node
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(d) Upper arm node
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(e) Thigh node
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(f) Wrist node
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(g) Chest node
Figure 5.12: Traffic load per node for flat broadcast strategies & CLPB – transmission rate of 1 packet/s
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(a) Walking posture
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(b) Running posture
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(c) Walking weakly posture
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(d) Sitting posture
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(e) Lying posture
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(f) Sleeping posture
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(g) Wearing a jacket posture
Figure 5.13: Traffic load per posture for flat broadcast strategies & CLPB – transmission rate of 1 packet/s
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oeter. Fzr Plain Flooding, ttus lzw yuxoer us que tz lnpw zr pzxxuyupntuzy, wtule wuttCLPB,
ttus us ttnyws tz sptequluys restruptuzys.

Fzr nlxzst nll yzqes,CLPBpreseyts tte lzwest trnysxussuzys nyq repeptuzysyuxoer. Nzqes
orznqpnst zyly zype n repeuveq pnpwet quruys tteur tuxe slzt. hus, tte yuxoer zr trnysxus-
suzys us, nt xzst, equnl tz 1 rzr nll yzqes. he yuxoer zr repeptuzys qepeyqs zy yzqe pzsutuzys
nyq us nt xzst equnl tz tte yuxoer zr seyqers ur we suppzse ttnt n yzqe us wuttuy tte rnyse zr
nll tte ztter yzqes. Fzr tte Sink yzqe (ptest), ttere us yz repeptuzys. dtey Sink orznqpnsts
tte pnpwet uy tte yetwzrw, ut szes onpw tz sleep nyq tte zvernll yuxoer zr trnysxussuzys nyq
repeptuzys us equnl tz 1.

Results stzw ttnt zur yew prztzpzl us tte less nfepteq oy tte ozqy pzsture. Fusure stzws
ny nlxzst equnl yuxoer zr trnysxussuzys nyq repeptuzys rzr nll pzstures. hus us explnuyeq
oy n yuxoer zr trnysxussuzys ozuyqeq oy 1 nt xzst nyq n yuxoer zr repeptuzys ozuyqeq oy
Number of time slots or in other words number of senders.

Fzr tte ztter strntesues, tte yuxoer zr trnysxussuzys nyq repeptuzys vnrues qepeyquys zy
tte wenrer pzsture. de pny zoserve tte lzwest yuxoer wutt sleepuys pzsture. de zoserve nlsz
ttnt sutuys pzsture preseyts n tust yuxoer zr trnysxussuzys nyq repeptuzys. hus pzsture us n
bp-Dzwyxztuzy vnruntuzys nyq us ptnrnpteruzeq wutt n qeyse yetwzrw wtere yzqes nre uyter-
pzyyepteq. CLPB ofers the best of two worlds7 Reliability with a high percentage of covered nodes
and low latency with an end-to-end delay close to the best known lat strategy (i.e. Flzzquys). Simu-
lations results also showed 0 interferences and dropped rames with interference. Collisions between
packets are reduced to 0 since at each slot only one node is allowed to transmit. However, there are a
number of dropped rames without interferences which is due to our mobility model characteristics.

SŊŁŁĵŇŏ

anole Ǎ.ǉ repzrts tte nvernse vnlues rzr nll suxulntuzy, nll yzqes nyq nll pzstures per prztzpzl
rzr zye suysle pnpwet trnysxussuzy.

hus tnole pzyirxs ttntCLPBzutperrzrxslnt orznqpnst strntesues evey rzr n lzwSink trnys-
xussuzy rnte. Evey ur yetwzrw pzvernse us eysureq oy nll strntesues (lzwest perpeytnsewuttPlain
Flooding Ǒǈ.Ǌǐ%) uypluquys CLPB, tte lnter stzws tte oest eyq tz eyq qelny nter Flooding
strntesy nyq tte lzwest yuxoer zr trnysxussuzys nyq repeptuzys (9 tuxes less ttny Flooding).

Ǎ.Ǎ CŃłķŀŊňĽŃł ĵłĸ ĺŊŉŊŇĹ ŌŃŇĿň

hus wzrw us, tz tte oest zr zur wyzwleqse, tte irst ttnt przpzses n MAC-yetwzrw przss-lnyer
prztzpzl rzr orznqpnst uy dBAN. Our wzrw wns xztuvnteq oy results zotnuyeq nter ny extey-
suve set zr suxulntuzys wtere we stresseq tte exustuys yetwzrw lnyer orznqpnst strntesues hǊǐj
nsnuyst renlustup tuxny ozqy xzouluty nyq vnruzus trnysxussuzy rntes.

ǉǍǌ



Czvernse Lnteypy arnip Lznq
(%) (xs) (pwt)

Pruned Flooding K = ǋ Ǒǈ.ǐǍ ǉǉǉ.Ǒ ǉǋǌ.Ǒ
Plain Flooding Ǒǈ.Ǌǐ ǉǈǌ.Ǐ ǉǌ.Ǐ
MBPNH = Ǌ ǑǏ.ǋǐ ǐǍ.Ǌ ǋǎ.ǈ
Probabilistic Flooding (Pnew=Pold/Ȗ) ǑǍ.ǈǑ Ǎǐ,ǉ ǋǈ.ǐ
Tabu Flooding ǑǏ.Ǎ ǌǏ.ǎ ǉǋǋ.ǐ
Optimized Flooding ǑǏ.ǈǌ ǋǑ.ǋ ǋǑ.Ǒ
Flooding ǑǏ.ǐǍ ǋǉ.Ǐ ǉǉǑ.Ǌ
CLPB ǑǏ.ǍǏ ǋǍ.ǐ ǉǋ.ǎ

Table 5.1: Average Network coverage, latency and traffic load for all protocols

dutt yz expeptuzy, tte exustuys lnt orznqpnst strntesues (qetnuleq uy ptnpter ǌ) resuster n
qrnxntup qrzp zr perrzrxnypes uy terxs zr perpeytnse zr pzvereq yzqes, eyq-tz-eyq qelny nyq
eyersy pzysuxptuzy wtey tte trnysxussuzy rntes nre superuzr tz 11Ko/s.

de ttererzre, przpzse n yew MAC-yetwzrw przss-lnyer orznqpnst prztzpzl ttnt explzuts
pzxxuyupntuzy srnpt qeiyeq oy tte ozqy pzstures uy zrqer tz zptuxuze xequux nppess nyq
yzqes syyptrzyuzntuzy. Our prztzpzl xnuytnuys uts szzq perrzrxnypes up tz 190Ko/s trnys-
xussuzy rntes.

Our wzrw zpeys severnl resenrpt qureptuzys. Iy tte rzllzwuys we quspuss twz zr ttex. Furst,
we plny tz uyvestusnte tte slzt syyptrzyuzntuzy uydBAN.he przss-lnyer prztzpzls qesusyeq sz
rnr rzr dBAN nssuxe n strzys slzt syyptrzyuzntuzy. Eipueytly syyptrzyuzuys slzts uydBAN
wutt renlustup tuxny ozqy pzstures nyqxzouluty us ny zpey ussue. Sepzyq, we uyteyq tz exteyq
zur stuqy tz przss-lnyer pzyverse-pnst prztzpzls. Alttzust, ttere nre severnl przpzsnls uy tte
dBAN luternture hǌǎ, ǋǎj, yzye zr ttex tns oeey stresseq wutt renlustup tuxny ozqyxzouluty
nyq penws zr trnysxussuzy rntes.

ǉǍǍ



6
Conclusion& FutureDiretions

ǎ.ǉ CŃłķŀŊňĽŃł

Iy ttus wzrwwe evnlunteq ttrzust suxulntuzys tte perrzrxnype zr severnl pzxxuyupntuzy prz-
tzpzls uy n dBAN pzytext.

Our suxulntuzys were renluzeq wutt tte Oxyet++ suxulntzr hǊǉǊj, tte Muxux rrnxewzrw
hǉǈǑj nyq n dBAN ptnyyel xzqel przpzseq uy tte luternture hǐǑj. Suxulntuzys were renluzeq
zver n Ǐ yzqes xzoule yetwzrw uy Ǐ types zr xzvexeyts.

awz pzxxuyupntuzy pruxutuves were stuqueq: Converge-cast nyq Broadcast.
Iy ptnpter ǋ, we uxplexeyteq nyq evnlunteq ttrzust exteysuve suxulntuzys tte perrzrxnype

zr 11dSNnyqDaN-uyspureq pzyverse-pnst strntesues ttnt we plnssuieq uytz ttree-pnteszrues:
szssup-onseq, nteyuntuzy-onseq nyqxultu-pntt-onseq strntesues. Ateyuntuzy-onseq strntesues
preseyt szzq relunouluty wtule xultu-pntt onseq strntesues preseyt szzq qelny perrzrxnype. de
rurtter przpzseq n yzvel pzyverse-pnst strntesy Hybrid ttnt preseyts n szzq pzxprzxuse uy
terxs zr eyq-tz-eyq qelny, resulueype tzxzouluty nyq eyersy pzysuxptuzy. Our wzrw wns puo-
lusteq uy hǋǉj.

Iy ptnpter ǌ, we uxplexeyteq nyq pzxpnreq 9 orznqpnst strntesues. de ptnrnpteruzeq tte
pzxprzxuse oetweey tte pnpnputy tz lzzq tte wtzle yetwzrw quupwly nyq tte pzst uyqupeq oy
ttus perrzrxnype. Our results stzw ttnt tte xzst pzxplex strntesues ttnt requure pzytrzl trnr-
ip, zr tz xnuytnuy pzxplex stntes nre yzt yepessnruly tte xzst efeptuve. Suxple strntesues luwe
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Probabilistic Flooding (P=Ȕ.ș or Pnew=Pold/Ȗ), wtupt use n przonouluty tz rzrwnrq tte pnpwet,
zr evey Plain Flooding wtupt yever re-rzrwnrqs n pnpwet nlrenqy repeuveq tnve n szzq perrzr-
xnype, espepunlly nt tuster lznqs. Szxe strntesues, luweTabuFloodingwtupt tnrsets zyly uypzv-
ereq yzqes, zr Pruned Flooding wtupt rzrwnrqs pnpwets tz n luxuteq yuxoer zr rnyqzx yeust-
ozrs nptueve szzq results wtey tte lznq us lzw (zye pnpwet) out spnle very pzzrly.

de nlsz przpzseq nyq evnlunteq zur zwy nqnptuve nlszruttxs. MBP hǊǐj, rzrMuxeq Brznq-
pnst Prztzpzl, npplues n xzre nssressuve strntesy uy tte peyter zr tte yetwzrw, wtere pzyyep-
tuzys nre xzre stnole, nyq oepzxes xzre pnutuzus nt tte ozrqer zr tte yetwzrw, wtere n oluyq
trnysxussuzy tns n szzq ptnype zr suppess. Alttzust ttus strntesy us very eipueyt wtey przp-
erly tuyeq uy n lzw lznq speynruz, uts spnlnouluty us yzt sntusrnptzry. fet, ut represeyts n very szzq
pnyquqnte rzr lzw trnip yetwzrws. Optimized Flooding uxprzves tte perrzrxnype zr MBP oy
relyuys zy uyrzrxntuzy exoeqqeq uy tte pnpwets nyq uyrzrxntuzy stzreq uy enpt rzrwnrqer.
hus strntesy stzws n przxusuys perrzrxnype nyq spnles well, wtupt eypzurnses us tz renluze
rurtter stuques, uypluquys experuxeytntuzy zy n renl yetwzrw.

Iy ptnpter Ǎ, tz tte oest zr zur wyzwleqse, we nre tte irst tz przpzse nMAC-yetwzrw przss-
lnyer orznqpnst uy dBAN. Our wzrw wns xztuvnteq oy results zotnuyeq nter ny exteysuve set
zr suxulntuzys wtere we stresseq tte exustuys yetwzrw lnyer orznqpnst strntesues hǊǐj nsnuyst
renlustup tuxny ozqyxzouluty nyq tust trnysxussuzy rntes. dutt yz expeptuzy, tte exustuys lnt
orznqpnst strntesues resuster n qrnxntup qrzp zr perrzrxnypes uy terxs zr perpeytnse zr pzvereq
yzqes, eyq-tz-eyq qelny nyq eyersy pzysuxptuzy wtey tte trnysxussuzy rntes nre superuzr tz
11Ko/s. de ttererzre, przpzse n yew MAC-yetwzrw przss-lnyer orznqpnst ttnt explzuts tte
pzxxuyupntuzy srnpt qeiyeq oy tte ozqy pzsture uy zrqer tz zptuxuze tte xequux nppess
nyq yzqes syyptrzyuzntuzy. Our yew prztzpzl zutperrzrxs exustuys lnt orznqpnst strntesues
uy terxs zr perpeytnse zr pzvereq yzqes, eyersy pzysuxptuzy nyq yntuve pzrrept repeptuzy zr
FIFO-zrqereq xessnses (u.e. xessnses nre repeuveq uy tte zrqer zr tteur seyquys). Furtter-
xzre, zur prztzpzl xnuytnuys uts szzq perrzrxnypes up tz 190Ko/s trnysxussuzy rntes.

ǎ.Ǌ FŊŉŊŇĹ DĽŇĹķŉĽŃłň

Severnl ruture qureptuzys nre zpeyeq oy zur resenrpt.

EŎńĹŇĽŁĹłŉň Curreytly, we nux tz perrzrx experuxeyts tz streysttey tte qunluty nyq tte
uxpzrtnype zr tte results.

de nlrenqy pzysuqereq experuxeyts wutt GreeyNet Sa Muprzeleptrzyups plntrzrx ixeq zy
tuxny sweletzy. he plntrzrx uypluqes n szlnr pnyel tz ptnrse tte ontery nyq seyszrs rzr tex-
pernture, pressure, syrzspzpe nyq ny nppelerzxeter. Our sznl wns tz use ttus plntrzrx ns zy-
ozqy seyszr uy zrqer tz qevelzp nyq test zur yew prztzpzls rzr dBAN. hese experuxeyts

ǉǍǏ



nyq tte experuxeytnl prztzpzl nre estnolusteq uy pzllnozrntuzy wutt Dr. Kzswns - ptuer zr tte
vnspulnr sursery qepnrtxeyt uy Snlp3tru5re Hzsputnl Pnrus, Frnype. Experuxeyts wutt renl tu-
xny ozques uy n tzsputnl eyvurzyxeyt yeeq spepunl plenrnypes ttnt tnwe severnl yenrs zr nq-
xuyustrntuve yesztuntuzys. de ttererzre pnyyzt przvuqe ttus wuyq zr evuqeype rzr tte purreyt
xnyusprupt.

Iy nqqutuzy, GreeyNet plntrzrx sufers rrzx xnyy ouss uy tte pzqe, espepunlly pzyperyuys
tzpzlzsy nyq yzqes’ nsszpuntuzy nyq qusnsszpuntuzy. Heype, GreeyNet plntrzrx us yz lzyser uy
przquptuzy onseq zy Sa Muprzeleptrzyups’ qepusuzy.

de nre trnpwuys rzr nyztter plntrzrx rzr experuxeyts’ renluzntuzy nyq zur prztzpzls’ evnlun-
tuzy.

SŏłķļŇŃłĽŐĵŉĽŃł Iy ptnpter Ǎ, we quspusseq tte rensuouluty zr n przss-lnyer npprznpt uy
dBAN. de ttererzre przpzseq n yew MAC-yetwzrw przss-lnyer prztzpzl ynxeq CLPB. Our
wzrwzy tte przss-lnyer npprznpt uydBANzpeys severnl resenrptqureptuzys. deplny tz uyves-
tusnte tte slzt syyptrzyuzntuzy uydBAN.he przss-lnyer prztzpzls qesusyeq sz rnr rzrdBAN
nssuxe n strzys slzt syyptrzyuzntuzy. Eipueytly syyptrzyuzuys slzts uy dBAN wutt renlustup
tuxny ozqy pzstures nyq xzouluty us ny zpey ussue.

Iy zur pnse, tuxe syyptrzyuzntuzy us yeeqeq rzr pzzrquyntuys seyszrs wnweup. here nre qur-
rereyt szurpes zr uynppurnpues: MAC qelny, uyterrupt lnteypues upzy repeuvuys pnpwet, qelny uy
zperntuys systex nyq uy prztzpzl stnpw. he tuxe stnxp pzuyt pny oe nt nyy pzuyt uy tte yet-
wzrw lnyers. he stnxpuys pzuyt us prutupnl oepnuse ut nfepts tte tuxe syyptrzyuzntuzy nppurnpy.
Iyqeeq, tuxe stnxpuys nt ny upper lnyer supt ns tte npplupntuzy lnyer tns tte qusnqvnytnse ttnt
tte prztzpzl stnpw pny pnuse qelnys ttnt xny yzt oe qeterxuyustup. de uyteyq tz eysure xes-
snse tuxe stnxpuys nt ptysupnl lnyer. Iy nqqutuzy, n irst ttzustt wull oe tz yzt seyernte spepunl
syyptrzyuzntuzy xessnses, we wull use qntn pnpwets ns rerereype rzr syyptrzyuzntuzy, ttus yz
nqqutuzynl pzwer us pzysuxeq oy trnysxutuys spepunl tuxuys xessnses.

CŇŃňň-ŀĵŏĹŇĵńńŇŃĵķļĺŃŇķŃłŋĹŇĻĹ-ķĵňŉĽłdBAN de uyteyq tz exteyqzurwzrw
zy tte pzyverse-pnst pruxutuve uy dBAN tz przpzse przss-lnyer pzyverse-pnst prztzpzls. Al-
ttzust, ttere nre severnl przpzsnls uy tte dBAN luternture, yzye zr ttex tns oeey stresseq
wutt renlustup tuxny ozqyxzouluty nyq penws zr trnysxussuzy rntes. he uqen us tz uxprzve tte
oest zr zur strntesues oy pzxouyuys ttex wutt zlq nyq yew przss-lnyer teptyuques qevelzpeq
rzrdBAN(e.s. hǋǎ, ǉǉǍj). Ayztter qureptuzy us tz nqq tz tte stuqueq strntesues tztnl-zrqer ren-
tures. Alttzust ttus przolex us prupunl rzr xequpnl npplupntuzys ut tns yever oeey uyvestusnteq
uy dBAN pzytext.
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CļĵłłĹŀŁŃĸĹŀň ĽłdBAN A ruture wzrw wzulq oe n qetnuleq stuqy zr exustuys ptnyyel
xzqels hǊǉǌj nyq n pzxpnruszy wutt tte purreyt xzqel hǐǑj.

de pny nlsz nqnpt ttus wzrw tz tte pzytext zr IR-bdB trnysxussuzys, wtupt us n przxus-
uys teptyzlzsy rzr dBAN. here exust severnl rrequeypy onyqs ttnt pny oe useq uy zrqer tz
trnysxut uyrzrxntuzy uy n wureless BAN. he ptzupe zr npprzprunte onyqs qepeyqs zy xnyy
pnrnxeters (tte ynture zr tte npplupntuzy, tte requureq qntn rnte, eyvurzyxeyt, tte yuxoer zr
seyszrs, etp.). Szxe onyqs xny oe xzre uyterestuys ttny ztters uy terxs zr eyersy resnrquys
qufereyt nspepts: tnrqwnre pzysuxptuzy, przpnsntuzy ptnyyel nteyuntuzy, pzquys pnpnoulu-
tues, pzteytunl rzr rzutuys strntesues, etp. hus, tz nptueve n pzxpreteysuve stuqy ttnt wzulq
tustlustt tte pzteytunl uy terxs zr eyersy snvuys, ut us yepessnry tz tnwe uytz nppzuyt tte tu-
xny ozqy efepts zy tte pzxxuyupntuzy zr nll nvnulnole onyqs. az qz sz, przpnsntuzy ptnyyel
xzqeluys ttnt qespruoe supt speynruzs xust oe qevelzpeq uy supt n wny ttnt ut pny oe ensuly
uytesrnteq uy rzutuys nlszruttxs.

IłŉĹŇ-dBANň Ayztter uyterestuys ruture qureptuzywzulq oe tz pzysuqer pzllusuzys nxzys
xultuple dBANs hǑǉ, ǉǈǐj. de pny pzysuqer uyter-BAN pzxxuyupntuzy, rzr exnxple, uy n
qzptzr’s wnutuys rzzx wutt tey pntueyts, enpt zye zr ttex us pzysuqereq ns BAN, tzw pny we
explzre ttus pzyyeptuvuty oetweey ttese BANs wtule xnwuys sure yzt tz qesrnqe tte perrzr-
xnype zr yeslept tte sepuruty zr tte qntn pzyveyeq oy tte pntueyt.

DŏłĵŁĽķ ŉŇĵłňŁĽňňĽŃł ńŃŌĹŇ he uqen us tz eynole tte dBAN yetwzrw tz repzyis-
ure utselr, onseq zy tte surrzuyquys eyvurzyxeyt, eutter tz rnvzr pzxxuyupntuzy relunouluty oy
uyprensuys tte trnysxussuzy pzwer uy preseype zr nxoueyt yzuse, zr tz rnvzr eyersy eipueypy
nyq tnrxlessyess oy requpuys trnysxussuzy pzwer nyq explzut tte xzouluty zr tte tuxnys.

SĹķŊŇĽŉŏ ĵłĸ ńŇĽŋĵķŏ dutt tte wureless pzxxuyupntuzy, ttere nre xzre sepuruty pzy-
strnuyts ttny wutt wureq pzxxuyupntuzy. Seyszrs pzllept nyq trnysxut tz tte pzyperyeq nu-
ttzruty users’ perszynl uyrzrxntuzys uypluquys seysutuve nyq prutupnl qntn. hese qntn requure
strupt sepuruty xeptnyusxs tz preveyt xnlupuzus use zr ttex. Dntn sepuruty xenys qntn nre se-
purely stzreq nyq rzrwnrqeqwtule pruvnpyxenys ttnt ttese uyrzrxntuzys nre vusuole zyly tz tte
nuttzruzeq nuttzrutues hǉǊǌj.

Pntueyt-relnteq qntn us vutnl nyq xzquryuys ttus qntn wzulq lenq tz qusnstrzus pzysequeypes.
hus, qntn uytesruty stnll oe prztepteq nll tte tuxe uypluquys quruys stzrnse peruzqs. Fzr ex-
nxple, ntnpwers pzulq repzrt rnlse susynls zr replny zlq susynls. Dntn yeeqs tz nlwnys oe wept
pzyiqeytunl nt n yzqe zr n lzpnl server. Fzr exnxple, szxe dBAN npplupntuzys requure uy-
rzrxntuzy nozut pntueyt’s lzpntuzy ttnt ny ntnpwer pzulq use tz trnpw n pntueyt. Iy nqqutuzy,
pntueyt’s uyrzrxntuzy stzulq wept nvnulnole zyly tz tte pzyperyeq eytutues.

ǉǍǑ



LĵŇĻĹ-ňķĵŀĹdBAN Oye zr tte pruypuple ptnrnpterustups zr dBAN us tte suze zr tte yet-
wzrw wtupt us luxuteq tz n qzzey zr yzqes ttnt nre pnrerully plnpeq zy tuxny ozqy nyq pz-
sutuzys nre nppurntely ptzsey onseq zy tte requureq seyseq uyrzrxntuzy. Hzwever, dBAN us
rnpuys yew pzxxuyupntuzy teptyzlzsues nyq nlrenqy, resenrpters teyq tz sz oeyzyq tte onsup
pnse use zr BANs tzwnrqsxzre nxoutuzus przvepts supt ns plztteswutt ttzusnyqs zr sxnll sey-
szrs tz tnve n rullxzyutzruys zr enptxulluxeter zt tte tuxny ozqy zr pnps/telxets equuppeq
wutt tuyqreqs zr seyszrs tz xensure tte pereornl nptuvuty zr tte uyquvuqunl.

aĽŁĹ cĵŇŏĽłĻ GŇĵńļ de nux tz uyvestusnte dBAN rentures rrzx n ttezretupnl pzuyt zr
vuew, wtere tte pzytuyuzus pzyyeptuzys nyq quspzyyeptuzys oetweey tte yzqes nre seey ns
tte nppenrnype nyq qusnppenrnype zr tte luyws uy n srnpt, uy zrqer tz iyq n seyernl xzqel ttnt
qespruoes dBAN yetwzrw nyq rree rrzx spepuip setuyss zr n suxulntuzy. he uqen us tz zotnuy
ny nynlytupnl results (luwe ozuyqs) ttnt qespruoe n dBAN rrzx n xzre seyernl pzuyt zr vuew
ttnt pny telp uy tte pzypeptuzy zr n yew spepuip nlszruttx.

Ay uyterestuys qureptuzy us acG ttezry hǋǑj wtere xnyy pzypepts tnve oeey qeiyeq. Iy
pnrtupulnr, xzst zr tte onsup srnpt pzypepts were exteyqeq tz n yew texpzrnl versuzy. Iy rnpt
ns tte yztuzy zr srnpt us tte ynturnl xenys rzr represeytuys n stnyqnrq yetwzrw, tte yztuzy zr
tuxe-vnryuys srnpt us tte ynturnl xenys tz represeyts ttese tustly qyynxup uyrrnstrupture-less
yetwzrws. Clnssup stntup srnpts nre qespruoeqoy tte pzupleG=(c,E)wterec us tte set zr yzqes
nyq E tte set zr eqses nxzys tte yzqes. Iystenq tte Dyynxup Grnpts yeeq zr yew elexeyts
useq tz qespruoe tte xzquipntuzys zy tte tuxe, ttererzre nre qeiyeq nsG = (V,E, T, ρ, ζ),
wtere a uyqupntes tte tuxe uystnyt, ρ us pnlleq presence function nyq uyqupntes wtetter n suvey
eqse us nvnulnole zr yzt nt n suvey tuxe nyq ζ , pnlleq latency function, uyqupntes tte tuxe speyt
rrzx n xessnse tz przss n suvey eqse ur stnrtuys nt n suvey qnte.
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