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Ab ac : Heal h moni o ing and he in eg a ion of ch em in o homel en i onmen can
ppo heal h aging. In hi pape , e foc on he in eg a ion of a fall de ec ion em in o

he in elligen b ilding. We p e en a lo in i e a o de ec fall and loca e people in ide
a b ilding ba ed on he lo po e i ele echnolog Bl e oo h Sma and a concep ho ell
de igned h man comp e in e ac ion (HCI) concep in ide a b ilding can help o a e li e o a
lea p e en people of hea inj ie .

Ke o d : fall de ec ion, h man comp e in e ac ion, ma home, in elligen b ilding, indoo lo-
cali a ion

1 In od c ion and Mo i a ion

The Uni ed Na ion e ima e ha in 5 , he ® ime in hi o , o glob ill acco-
moda e mo e old people han o ng h man nde 15 [UN1 ]. Be ide he p oblem fo
o hole heal h and elfa e em, he e p og e ill e peciall make high demand
on o heal hca e em. To ake ca e of he e con eq ence and o p o ide a afe and
iable en i onmen fo h man , p e en i e mea e ill acq i e mo e igni®cance. Fall
con i e a la ge p opo ion of dome ic acciden . The a e one of he mo igni®can
ca e fo life- h ea ening inj ie and ho a clo e link be een he d a ion n il he
eme genc e ice a i e and he e e i of he inj [WNI81]. Beca e an e pan ion
of medical ca e fo he g o ing g o p of elde l i no po ible, mea e fo a onomo
ca e and eillance of pe on ill be mo e and mo e impo an [TV ].
Thi pape de c ibe he in eg a ion of a fall de ec ion em in o an in elligen b ild-
ing, o he i e kno n a Sma Home. Be ide he echnical a pec of he in eg a ion, he

em p o ide a a o in eg a e an info ma ion echnolog em in o he dome -
ic en i onmen , and e peciall o achie e a be e e adap ion and fa e ini ia ion of
he p e en ion in ca e of an acciden . The em i cha ac e i ed b he lo co and
ene g - a ing componen a ell a good in eg a ion in o he ph ical en i onmen o
imp o e he h man comp e in e ac ion (HCI), hich i e peciall impo an fo he el-
de l , e.g. [Ma ].
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Rela ed Wo k

.1 In eg a ion in o he in elligen b ilding

Fall de ec ion in gene al i a idel di c ed ®eld in e ea ch ( ee he o k of M ba hi
e al. [MSS1 ]), hile he in eg a ion of ho e em , e peciall i h ega d o de igning
HCI fo elde l , ecei e fa le a en ion. The ackno ledged p oblem of ma home in
gene al a e abo e all he high co and he dif®c l managemen of he em, in combi-
na ion i h a lack of ¯e ibili and inadeq a el de eloped afe concep [B 11], hich
lead o a lo of ob acle e peciall fo olde people. One app oach o e amine and ol e
he e p oblem i he p ojec Ca a Vecchia 5 of he Alpen-Ad ia Uni e i of Klagenf
hich die ambien a i ed li ing in al a ea in e di ciplina il b in alling ma

home echnolog in o ho ehold of elde l and moni o ing hem cien i®call . The e-
ea che nde line he calm in eg a ion of componen and de c ibe ho ph ical objec
can be ed fo op ical ignalling of a iable info ma ion [Le1 ]. Add ionall , he con-
cl de ha a eal in elligen en i onmen ho ld adap o he ocial c e and no ice
e a [LMH1 ]. Be ide he e gene ali ed pape on echnical in eg a ion and HCI in ide
he in elligen b ilding, he e a e e e al peci®c app oache o in eg a e a fall de ec ion

em in o he li ing en i onmen . Y e al. de c ibe a em hich de ec fall i -
all b cla i®ca ion ba ed on ppo ec o machine (SVM) [Y 1 ]. The no i®ca ion
of a fall i eali ed b cla ic comm nica ion echniq e like SMS o in e ne -ba ed me -
aging e ice . In he o k of Lee e al., he fall de ec ion i ppo ed b accele a ion
en o of a anda d ma phone in combina ion i h a moni o ing em and no i®-
ca ion b email [JYK1 ]. H ang e al. p e en a em ba ed on he i ele anda d
ZigBee he e he fall de ec ion i again eali ed b accele a ion en o . Unlike he p e-
io em , he po i ion of he fallen pe on ill be de e mined and en o a Remo e
Teleca e P o ide b GSM o he In e ne [HC14]. Ano he app oach o he in eg a ion of a
fall de ec ion em i p e en ed b Klack e al. ho ed a g id of pie o-elec ic en o
in ide a en i i e ¯oo o de ec a fall and he po i ion of he pe on. In he ho ca e, hi
info ma ion i i ali ed on a ideo all [Kl11].

. Wi ele Ne o king P o ocol

In he ®eld of he i ele connec ion of componen , a b oad ange of diffe en p o ocol
a e a ailable o choo e f om, he e Bl e oo h Sma [Bl15a], ZigBee 8 .15.4 [Zi15], Z-
Wa e [Z-15] and ANT [AN15] eem o be f e-p oof and a e h of en efe ed o in
cien i®c li e a e [De1 ] [Si1 ] [Ca 9]. Beca e po e con mp ion i a di ec q ali
cha ac e i ic, pape hich foc ed on he ene g ef®cienc of he p o ocol a e ele an .
Fo hi opic, he pape of Deme e e al. [De1 ] and Siekinnen e al. [Si1 ] deli e
e l . Bo h a e ha Bl e oo h Sma i he mo ene g ef®cien a ie . Deme e e
al. compa ed Bl e oo h Sma , ZigBee 8 .15.4 and ANT, hile Siekkinen e al. foc ed
5 Ca a Vecchia, i al. = old ho e p ojec ac on m: Ca in hian A ocia ion of Sma Ambience ± Ven e
Enabling Collabo a ion and Comm nica ion in he acc omed Home o ppo Independen Aging
( .ca a ecchia.a ).
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on he compa i on be een Bl e oo h Sma and ZigBee 8 .15.4. Be ide he a pec of
po e con mp ion, he foc of he echnolog i a q i e ele an fac o . Cao e al. con-
cl ded ha Bl e oo h Sma offe pecial bene® fo he age a Wi ele Bod A ea
Ne o k [Ca 9].

. Indoo locali a ion

The locali a ion of pe on o objec in ide a b ilding b adio an mi ion echniq e
i a idel di c ed ®eld in he cien i®c li e a e. Unlike he locali a ion o ide of
b ilding , he e of GPS i no fea able beca e of he high hielding of he o e b ild-
ing c e . The me hod and echniq e fo indoo locali a ion can be conden ed in o
o app oache : ®nge p in ing- and model-ba ed app oache . The ®nge p in ing me hod

i ba ed on he anal i of he en i onmen and hei o nding igna e o b ild a
da aba e and e hi fo a la e locali a ion p oce b pa e n ma ching [YWL1 ]. E -
ample fo hi a e RADAR [BP ] o Ho [YA 5]. Model-ba ed echniq e e ima e
he loca ion ba ed on geome ical model and he beha io of elec omagne ic a e
hen he a e an mi ed [YWL1 ]. A lo of he e model make a ela ion hip be een
he ignal eng h and he di ance be een ende and ecei e , e.g. he log-di ance Pa h
lo model (LPLM) [BS1 ]. O he e he Time of A i al (ToA) [Yo ], Time Diffe -
ence of A i al (TDoA) [PCB ] o he Angle of A i al (AoA) [NN ] o e ima e he
loca ion.

Sma Fall S em

A de c ibed in he p e io ec ion, he e a e man diffe en app oache fo de ec ing and
epo ing a fall. Man fall de ec ion em do no foc on he e -f iendl and ppo -
i e in eg a ion of he em in ide in elligen b ilding . The em Sma Fall de c ibed
he e add e e he gap be een he echnical p oce of de ec ing a fall and he e in-
ol ed.

.1 S em de c ip ion

O fall de ec ion em i ba ed on h ee independen componen : he fall de ec ion
mod le, he in eg a ion mod le and he p ope poin of in eg a ion in o he in elligen
b ild ng, he ba e a ion nning OpenHAB [Op15]. The fall de ec ion mod le i a mall
ea able de ice, hile he in eg a ion mod le i a ingle-boa d comp e . Comm nica ion

be een he e bmod le i eali ed b bo h he i ele anda d Bl e oo h Sma (fo -
me kno n a Bl e oo h Lo Ene g ) and i ele LAN. Fig e 1 ho he a ocia ed

c e of he em. He e e ee he moni o ed pe on eq ipped i h he fall de ec ion
mod le. Addi ionall , he e a e an ponde hich a e loca ed in e e oom nea he doo
o make he p oce of locali a ion po ible. E e an ponde i in eg a ed in he ne o k
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b i ele LAN. Fo comple e co e age in ide a ea , addi ional an ponde can be in-
alled in an loca ion in ide he b ilding. The ba e a ion, in fo m of an OpenHAB, can

be po i ioned a an a bi a loca ion i h he e ic ion ha i m be connec ed i h
he ne o k b LAN o WLAN. Be ide he de c ibed bmod le , LED ligh ip a e
embedded in o he ¯oo . The e ip a e connec ed o he em b KNX [KN15] hich
i a anda di ed, OSI-ba ed ne o k comm nica ion p o ocol fo in elligen b ilding .
The p oce of comm nica ion be een he mod le fall de ec ion and locali a ion and he
KNX mod le LED ligh ip i eali ed b he OpenHAB and i in eg a ed binding .

Fig. 1: S em a chi ec e Sma Fall

. Scena io de c ip ion

The en i onmen of he cena io i an a i ed li ing comple fo elde l . In hi pecial
fo m of ho ing, he elde l li e mo l independen l i h a high anda d of elf de e -
mina ion and i h conc en ppo b ained aff a ell a neighbo . Pe on A, in
he follo ing Alice, and pe on B, in he follo ing Bob, a e eq ipped i h a fall de ec ion
mod le. The hole facili i p epa ed fo he ope a ion of ch em. Thi incl de a
eg la deplo men of he componen and he in alla ion of ligh ip . In hi e am-
ple e e apa men con i of h ee oom . The oom a e iden i®ed b he label pa e n
apa men . oomn mbe (Fig e ). In o e ample Alice i loca ed in oom A.1. To e
he adio, he alk in o oom A. . When he alk h o gh he doo , he check-in p oce
in oom A. i de ec ed b he an ponde and epo ed o he ba e a ion. No Alice

mbled o e he edge of he ca pe and fall , b mping he head and en e ing a a e of
q an i a i e con cio ne di bance. No he i no able o mo e b he elf o o ge
help. The fall de ec ion mod le de ec hi a e and epo a fall o he ba e a ion,
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hich p oce e and agg ega e bo h, he p e io l ob ained locali a ion da a and he fall
da a. A a e l of he eme genc , he eme genc no i®ca ion p oce ill be ini ia ed,
hich con i of o bp oce e . On he one hand, p ofe ional help ill be called ia
he no i®ca ion of a ca e o doc o and on he o he hand, fo he ® aid, a neighbo ill
be info med. Enabled h o gh he p oce of locali a ion, he em i capable of accom-
pli hing he locali a ion of Bob hich i loca ed in oom B. . The fall de ec ion em
d a a en ion o he eme genc and ppo Bob i h he di co e of he acciden
pa ien b ac i a ing he ligh ip hich g ide him o Alice.

Fig. : Scena io de c ip ion Fall

. Ha d a e

The follo ing ec ion deal i h he componen ed b he em and he nde l ing
ha d a e. A de c ibed in b ief in Chap e .1, he em con i of h ee diffe en ph -
ical componen . On he e ide, a ea able con i ing of o main pa i loca ed: A
S em on Chip (SoC), hich i made p of a -bi ARM Co e M i h 5 KB ¯a h
memo , 1 KB memo and a Bl e oo h Sma componen (Table 1) and a i-a ial accel-
e a ion en o mea ing linea accele a ion in h ee o hogonal di ec ion . The componen
i de igned a an l a lo po e In eg a ed Ci c i (IC) and ho a po e con mp ion
of 1 µA, hich lead o a g ea l e ended ba e life. The accele ome e ppo a
band id h p o 1kH i h a e ol ion of 1 bi and a ange of ± 1 g (Table ).

CPU ARM Co e M , -bi
Fla h 5 kB
RAM 1 kB
Digi al IO SPI, I C, UART
Po e ppl 1.8 V - . V

Tab. 1: SoC ke cha ac e i ic

Mea emen ange ± , ±4, ±8, ±1 g
Digi al e ol ion 1 bi
Band id h 1 H - 8 H
Digi al IO SPI, I C
Po e ppl .4 V - . V

Tab. : Accele ome e ke cha ac e i ic
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CPU All inne A1 (Co e A8) , -bi
Weigh 14 g
RAM 51 MB DDR -SDRAM
Digi al IO USB- . -Ho , Mic o-HDMI (T p D), Mini-USB, GPIO FPC
Po e ppl 5V 15 mA - 5V mA

Tab. : In eg a ion mod le ke cha ac e i ic

Bo h componen a e a embled on a . cm cm i ed chip (Fig e ). The econd
e en ial componen i he an ponde o in eg a ion mod le. D e o i mall i e and he
high pe fo mance and lo po e con mp ion, e e a ingle-boa d comp e . I con i
of a All inne A1 i h a Co e A8, 51 MBDDR -SDRAM and a po e con mp ion
of 15 p o mA. The Bl e oo h Sma connec ion i eali ed b a Bl e oo h 4.
enabled USB-Dongle. The o al dimen ion of he an ponde i 4 4 mm (Fig e
4).

Fig. : Fall de ec ion mod le Fig. 4: In eg a ion mod le

.4 Fall de ec ion

We de c ibe he fall de ec ion en o b ie¯ . The fall de ec ion i elf i eali ed b a
h e hold-ba ed me hod (TBM). The accele a ion da a a e collec ed b he i-a ial en o
and e al a ed on he SoC. The fo nda ion fo he p oce of e al a ion i a a e machine
i h he ® e a e : Befo e Fall, F ee Fall, Impac , Af e Impac and Fall. Befo e a fall

occ , he mea ed accele a ion al e i nea l 1 g, hich i ca ed b he g a i a ional
accele a ion and i fo ce. In he an i ion o a fall, he e i a ho pe iod of ime i h an
accele a ion al e clo e o g, befo e he impac ca e a al e > g. In o de o be able
o make he di inc ion be een a eal fall and a imila i a ion, e.g. ai climbing, he
e po e i anal ed and cla i®ed a S able o Un able ba ed on he ho i on al

o e ical po e of he pe on af e he impac . A de ailed de c ip ion of he app oach can
be fo nd in [Sp15].

.5 In eg a ion in o he in elligen b ilding

A lo of he de c ibed em in Chap e ha e no o onl dimen a in eg a ion in o
in elligen b ilding , hich i mo l eali ed b me aging e ice , e.g. SMS o E-Mail.
The follo ing em p e en an app oach o in eg a ing a fall de ec ion em in o he
in elligen b ilding i h pa ic la ega d o e adop ion and he in ol emen of he
ph ical en i onmen .
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.5.1 Bl e oo h Sma

To enable he in eg a ion of he em in o he in elligen b ilding, he em i fo nded
pon e abli hed anda d in he b ilding a oma ion. Ba ed on he in igh di c ed in
Chap e ega ding i ele ne o k anda d and hei po e con mp ion i h e pec
o hei ope a ionali in WBAN , e ha e cho en Bl e oo h Sma a he i ele con-
nec ion anda d.
Bl e oo h Sma , fo me l kno n a Bl e oo h Lo Ene g , a anno nced in 1 a
pa of he ne Bl e oo h anda d 4 and p o ide ad an age pa ic la l i h ega d o
ene g ef®cienc and in e ope abili . The ba i of he echnolog i a hie a chical p o®le
de®ni ion (Gene ic A ib e P o®le) i h e ice and cha ac e i ic con ained he ein.
In ca e of he Sma Fall em, a e ice i h fo cha ac e i ic i de®ned, hich en-
able he fall de ec ion componen o p o ide al e , e.g. dimen ional accele a ion da a,
fo he an ponde . F he , he cha ac e i ic VSA ( ec o m of accele a ion da a) a
ell a Fall hich i a bina ¯ag fo he fall indica ion a e a igned i h a no i®ca ion

p ope hich enable he p o iding componen o no if he ecei ing componen onl
in he ca e of a change in al e (Table 4). Thi beha io enable a po e a ing p oce
in hich e e componen can a in lo ene g mode n il a po ible fall i de ec ed and
epo ed.

Name UUID Fo ma P ope ie
XVal 1411- -1 -8 - 8 5f9b 4fb IEEE- 54 -bi Floa READ
YVal 141 - -1 -8 - 8 5f9b 4fb IEEE- 54 -bi Floa READ
YVal 141 - -1 -8 - 8 5f9b 4fb IEEE- 54 -bi Floa READ
VSA 1414- -1 -8 - 8 5f9b 4fb IEEE- 54 -bi Floa READ, NOTIFY
Fall 1415- -1 -8 - 8 5f9b 4fb Boolean READ, NOTIFY

Tab. 4: Sma Fall Se ice De®ni ion

.5. OpenHAB

The e of p oblem ela ed o he he e ogeneo p o ocol land cape in i ele ne o k ,
in od ced in Chap e .5.1, can be an fe ed on he i ed connec ion a ell. The
mo pop la ep e en a i e a e KNX, HomeMa ic [Ho15] and iNELS [iN15]. To add e
he e p oblem , OpenHAB a de eloped. The em i a endo - and p o ocol indepen-
den in eg a ion pla fo m i h lo ha d a e eq i emen and a e f iendl App- and
Web-ba ed e in e face o p o ide an ea a o con®g e and con ol home a oma-
ion componen . Wi h an in eg a ed domain peci®c lang age, OpenHAB p o ide a lo -
le el app oach o p og am p oced e and beha io in he con e of home a oma ion.
The e en -ba ed a chi ec e enable he in eg a ion of all kind of diffe en de ice and
componen hich a e add e ed o e peci®c p o ocol binding . Fo he in eg a ion of he
Sma Fall em in o he OpenHAB eco em, a p op ie a binding a implemen ed
hich p o ide he in e face o he a io an ponde and enable he locali a ion and
he no i®ca ion of fall .
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.5. Locali a ion

ITU indoo p opaga ion model The locali a ion o he di ance e ima ion i eali ed
i h a model-ba ed app oach fo nded on he ITU indoo p opaga ion model de c ibed in

[In1 ]. The model i ba ed on he pa h lo p edic ion hich i an empi ical ma hema ical
fo m la ion fo he cha ac e i a ion of adio a e p opaga ion. The gene al ITU model
i a i e-gene ic model fo nded on he in igh of he f ee- pace lo model [BKW11]
(Eq a ion 1) de i ed b he F ii po e an mi ion eq a ion [F 4 ]

FSPL(dB) = 1 log1

 
λ
4πd

!
, (1)

he e λ i he a eleng h in me e and d i he an mi e o ecei e di ance in me e .
The f ee pace pa h lo model i onl applicable in an a ea i h no RF ob acle . O e
ime, e ea che ha e applied a pa h lo e ponen n hich i in ended o abili e he
model in diffe en en i onmen . Ba ed on hi , he ITU elea ed he ITU model fo indoo
a en a ion (Eq a ion ) hich handle he pa ic la ob acle in b ilding , e.g all , and
e ima e he pa h lo an indoo link ma e pe ience.

L o al = log1 ( f )+N ⇤ log1 (d)+L f (n)− 8 [dB] ( )

In Eq a ion i f he f eq enc of he p o ocol in Mh , hich i app o ima el 4 MH
fo Bl e oo h Sma [Bl15b]. N i a coef®cien fo he po e lo of he connec ion hich
i peci®ed in [In1 ]. The a iable L f (n) de c ibe he ¯oo pene a ion fac o hich i
de e mined a 4n in e iden ial apa men he e n i he n mbe of ¯oo [In1 ].
Fo o p po e, N and L f (n) a e no f®cien fo Bl e oo h Sma . O empi ical e al -
a ion of he al e de e mined N = 1 and L f (n) = 14 a pa ame e fo an accep able
modeling of he pa h lo , e peciall fo lo e di ance (Fig e 5). The di ance be-
een ende and ecei e i ep e en ed a d. Wi h he kno ledge of he o al pa hlo

L o al = PT dBm −PR dBm be een ende and ecei e , e can e ima e he di ance d and
e hi fo he locali a ion p oce . Beca e he Bl e oo h RSSI da a i bjec ed o elec-
ical in e fe ence, an e ima ion ba ed on he RSSI a da a i nea l impo ible [JKB1 ].

Fo hi ea on, e e he a i hme ic mean o abili e he mea ed da a and make a
coa el e ima ion po ible (Eq a ion ).

A=
1
n

n

Â
i=1

Li o al ( )

We de e mined a al e n= a an app op ia e al e. A he e poin al e fo he check-
in p oce , e e a limi of d < 1m. In ca e of hi al e being nde c , he an ponde
no i®e he ba e a ion hich hen decide if i i a check-in o a check-o fo he co e-
ponding pe on in a peci®c oom.
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Fig. 5: ITU Model RSSI . Mea ed RSSI

.5.4 H man comp e in e ac ion

Thi chap e di c e he conc e e in eg a ion of he p oce in o he ph ical homel
en i onmen of he elde l . We e an LED ligh ip ac a o ba ed on he KNX ne o k
comm nica ion p o ocol fo in elligen b ilding . A b ie¯ de c ibed in Chap e . , af e
a fall he ba e a ion ill be info med and he ale p oce begin . Fi , he fallen pe on
ill be loca ed ba ed on he p e io l collec ed da a. Then, a po en ial e c e ill be de-
e mined on an indi id al ba i . The ne ep i he incl ion of he ph ical en i onmen .
We e he KNX-binding of OpenHAB o con ol he ligh ip b ending da a eleg am
hich a e con e ed in o ac ion . E e LED in he ligh ip can be iched on o off
o i ali e a pa h on he ¯oo f om an oom A o an o he oom B. Mo eo e , a cha e
ligh can be oggled hich i ali e he di ec ion of he pa h and enable o he pe on
o ®nd he igh oom immedia l (Fig e ).

Fig. : LED ligh ip off Fig. : LED ligh ip on

4 Concl ion and F e Wo k

We p e en ed he p inciple of o em o de ec a fall and loca e a pe on, di c ed
he conc e e in eg a ion in o he home en i onmen of he elde l . Acco ding o he HCI

199



Aljo cha PÈo ne e al.

f ame o k of Sai maa e al. [SK 8], o in e ac ion in ide he em foc e e peciall
on he H man Technolog (H T) and Technolog Home (T H) pe pec i e. On he one
hand he ea e of e and accep abili i a e impo an poin b he a oma ion and
anda di ed cha ac e i ic a e nece a a ell. To add e he e poin , e ha e de-
igned a em hich e a e minimall in a i e me hod of fall de ec ion. O he -
em a e fo nded on came a-ba ed app oache o e a lo of la ge ha d a e. Th o gh he
age of an non-p op ie a in eg a ion em i ho an clo d a chi ec e like Open-

HAB, e ha e made a high le el of a oma ion po ible i ho he lo of p i ac and
elf de e mina ion. A f he impo an poin i he biq i o cha ac e i ic of he em.
The hole em con i of mall i ed componen , hich a e ea o deplo . All of
he p oce e a e de igned o make a e lo need of adap ion fo he e po ible. The
epo f nc ionali of he em i embedded in o he ph ical en i onmen of a home
hich lead in he end o a e minimall in i e echnolog i h foc on he e and

no on he echnolog i elf.
In f e o k, e ill con ide he po ibili ie o in eg a e mo e b ilding componen ,
e.g. ma lock o ma indo , o make he ac e ca e po ible fa e and mo e ef®-
cien l . F he , e an o de e mine ho e can e en o like ai q ali , empe a e
o o nd in en i o enable he em o epo a b ief o e ie of he en i onmen al
i a ion o he killed pe onnel and o abili e and imp o e he i a ion fo he acciden
ic im.

Refe ence

[AN15] ANT Wi ele : , ANT Ba ic . Web i e, 15. Re ie ed f om http://www.thisisant.
com/developer/ant/ant-basics/ ( 15, Ap il ).

[BKW11] B bank, Jack L. Ka ch, William Wa d, Jon: An in od c ion o ne o k modeling and
im la ion fo he p ac icing enginee . ComSoc g ide o comm nica ion echnologie .
John Wile & Son , 11.

[Bl15a] Bl e oo h SIG: , Bl e oo h Co e Speci®ca ion 4. . Web i e, 15. Re ie ed f om https:
//www.bluetooth.org/en-us/specification/adopted-specifications\?_ga=
1.235534465.1491899422.1429453009 ( 15, Ap il ).

[Bl15b] Bl e oo h SIG Inc.: , Radio A chi ec e - F eq enc Band and Channel A ange-
men . Web i e, 15. Re ie ed f om https://developer.bluetooth.org/
TechnologyOverview/Pages/Radio.aspx ( 15, Ap il ).

[BP ] Bahl, Pa am i Padmanabhan, Venka a N: RADAR: An in-b ilding RF-ba ed e loca ion
and acking em. In: INFOCOM . Nine een h Ann al Join Confe ence of he
IEEE Comp e and Comm nica ion Socie ie . P oceeding . IEEE. ol me . Ieee, pp.
5± 84, .

[B 11] B h, AJ Lee, Bong hin Mahajan, Ra l Aga al, Sha ad Sa oi , S efan Di on, Colin:
Home a oma ion in he ild: challenge and oppo ni ie . In: P oceeding of he SIGCHI
Confe ence on H man Fac o in Comp ing S em . ACM, pp. 115± 1 4, 11.

[BS1 ] Bo a, Mi o la Simek, Milan: Adap i e di ance e ima ion ba ed on RSSI in 8 .15. 4
ne o k. Radioenginee ing, (4), 1 .



In eg a ion of a fall de ec ion em in o he in elligen b ilding

[Ca 9] Cao, H a ong Le ng, Vic o Cho , C pid Chan, Hen : Enabling echnologie fo
i ele bod a ea ne o k : A e and o look. Comm nica ion Maga ine, IEEE,

4 (1 ):84±9 , 9.

[De1 ] Demen e , A em Hodge , S e e Ta lo , S a Smi h, Jo h a: Po e con mp ion anal-
i of Bl e oo h Lo Ene g , ZigBee and ANT en o node in a c clic leep cena io.

In: Wi ele S mpo i m (IWS), 1 IEEE In e na ional. IEEE, pp. 1±4, 1 .

[F 4 ] F ii , H.T.: A No e on a Simple T an mi ion Fo m la. P oceeding of he IRE, 4(5): 54±
5 , Ma 194 .

[HC14] H ang, Chih-Ning Chan, Chia-Tai: A ZigBee-ba ed loca ion-a a e fall de ec ion em
fo imp o ing elde l eleca e. In e na ional jo nal of en i onmen al e ea ch and p blic
heal h, 11(4):4 ±4 48, 14.

[Ho15] HomeMa ic: , HomeMa ic ± i machen Home Con ol einfach. Web i e, 15. Re ie ed
f om http://www.homematic.com/( 15, Ap il ).

[In1 ] In e na ional Telecomm nica ion Union: Recommenda ion ITU-R P.1 8- - P opaga ion
da a and p edic ion me hod fo he planning of indoo adiocomm nica ion em and
adio local a ea ne o k in he f eq enc ange 9 MH o 1 GH . Technical epo ,
In e na ional Telecomm nica ion Union, 1 .

[iN15] iNELS: , iNELS BUS S em. Web i e, 15. Re ie ed f om http://www.inels.com/
products/inels-bus-system( 15, Ap il ).

[JKB1 ] J ng, Joon o ng Kang, Dongoh Bae, Chang eok: Di ance E ima ion of Sma De ice
ing Bl e oo h. In: ICSNC 1 , The Eigh h In e na ional Confe ence on S em and

Ne o k Comm nica ion . pp. 1 ±18, 1 .

[JYK1 ] Je -V i Lee Yea-Da Ch ah Kenn T.H. Chieng: Sma Elde l Home Moni o ing S -
em i h an And oid Phone. In (Science and Enginee ing Re ea ch S ppo Socie , ed.):
In e na ional Jo nal of Sma Home, ol me Vol. No. 1 , pp. 1 ± . SERSC, 1 .

[Kl11] Klack, La MÈolle ing, Ch i ian Zie¯e, Ma ina Schmi -Rode, Thoma : F e Ca e
Floo : A Sen i i e Floo fo Mo emen Moni o ing and Fall De ec ion in Home En i on-
men . In (Akan, O g Bella i a, Paolo e al., ed ): Wi ele Mobile Comm nica ion
and Heal hca e, ol me 55 of Lec e No e of he In i e fo Comp e Science , Social
Info ma ic and Telecomm nica ion Enginee ing, pp. 11± 18. Sp inge Be lin Heidel-
be g, 11.

[KN15] KNX: , Wha i KNX? Web i e, 15. Re ie ed f om http://www.knx.org/knx-en/
knx/association/what-is-knx/index.php ( 15, Ap il ).

[Le1 ] Lei ne , Ge ha d Hi , Ma in Fe che , Dipl-Ing An on J B o n, John NA: A pek e de
H man Comp e In e ac ion im Sma Home. HMD P a i de Wi chaf info ma ik,
5 ( ): ±4 , 1 .

[LMH1 ] Lei ne , Ge ha d Melche , R dolf Hi , Ma in: Spiel egeln im in elligen en Wohn m-
feld. In: Ve ne ng al o iale nd echni che Pa adigma, pp. 189± . Sp inge , 1 .

[Ma ] Ma c , Aa on: Uni e al, Ubiq i o , U e -in e face De ign fo he Di abled and Elde l .
ACM In e ac ion , 1 ( ): ± , Ma ch .

[MSS1 ] M ba hi , M hammad Shao, Ling Seed, L ke: A e on fall de ec ion: P inciple
and app oache . Ne ocomp ing, 1 :144±15 , 1 .

1



Aljo cha PÈo ne e al.

[NN ] Nic le c , D. Na h, B.: Ad hoc po i ioning em (APS) ing AOA. In: INFOCOM
. T en -Second Ann al Join Confe ence of he IEEE Comp e and Comm nica-

ion . IEEE Socie ie . ol me , pp. 1 4±1 4 ol. , Ma ch .

[Op15] OpenHAB: , OpenHAB - empo e ing he ma home. Web i e, 15. Re ie ed f om
http://www.openhab.org/ ( 15, Ap il ).

[PCB ] P i an ha, Ni anka B. Chak abo , Ani Balak i hnan, Ha i: The C icke Loca ion-
ppo S em. In: P oceeding of he h Ann al In e na ional Confe ence on Mobile

Comp ing and Ne o king. MobiCom , ACM, Ne Yo k, NY, USA, pp. ±4 , .

[Si1 ] Siekkinen, M. Hiienka i, M. N minen, J.K. Nieminen, J.: Ho lo ene g i bl e oo h
lo ene g ? Compa a i e mea emen i h ZigBee 8 .15.4. In: Wi ele Comm nica-
ion and Ne o king Confe ence Wo k hop (WCNCW), 1 IEEE. pp. ± , Ap il
1 .

[SK 8] Sai maa, T. Kim, Hee-Cheol: A Holi ic Unde anding of HCI Pe pec i e on Sma
Home. In: Ne o ked Comp ing and Ad anced Info ma ion Managemen , 8. NCM
8. Fo h In e na ional Confe ence on. ol me , pp. 59± 5, Sep 8.

[Sp15] Sp e, Denni PÈo ne , Aljo cha Weini chke, Ale ande KÈonig, Ma hia : Sma Fall:
Accele ome e -Ba ed Fall De ec ion in a Sma Home En i onmen . In: Incl i e Sma
Ci ie and e-Heal h, ol me 91 of Lec e No e in Comp e Science, pp. 194± 5.
Sp inge In e na ional P bli hing, 15.

[TV ] Tang, P a Venable , Tim: Sma home and eleca e fo independen li ing. Jo nal of
Telemedicine and Teleca e, (1):8±14, .

[UN1 ] UNFPA and HelpAge In e na ional: Ageing in he T en -Fi Cen . Repo , UNFPA
and HelpAge In e na ional, 1 .

[WNI81] Wild, Deid e Na ak, US I aac , B: Ho dange o a e fall in old people a home? BMJ,
8 ( ): ± 8, 1981.

[YA 5] Yo ef, Mo afa Ag a ala, A hok: The Ho WLAN loca ion de e mina ion em.
In: P oceeding of he d in e na ional confe ence on Mobile em , applica ion , and
e ice . ACM, pp. 5± 18, 5.

[Yo ] Yo ef, Mo afa Yo ef, Adel Riege , Ch ck Shanka , Uda a Ag a ala, A hok: Pin-
Poin : An A nch ono Time-Ba ed Loca ion De e mina ion S em. In: P oceeding of
he 4 h In e na ional Confe ence on Mobile S em , Applica ion and Se ice . MobiS
, ACM, Ne Yo k, NY, USA, pp. 1 5±1 , .

[Y 1 ] Y , Miao Rh ma, A. Naq i, S.M. Wang, Liang Chambe , J.: A Po e Recogni ion-
Ba ed Fall De ec ion S em fo Moni o ing an Elde l Pe on in a Sma Home En i on-
men . Info ma ion Technolog in Biomedicine, IEEE T an ac ion on, 1 ( ):1 4±1 8 ,
No 1 .

[YWL1 ] Yang, Zheng W , Chen h Li , Y nhao: Loca ing in Finge p in Space: Wi ele Indoo
Locali a ion i h Li le H man In e en ion. In: P oceeding of he 18 h Ann al In e na-
ional Confe ence on Mobile Comp ing and Ne o king. Mobicom 1 , ACM, Ne Yo k,
NY, USA, pp. 9± 8 , 1 .

[Z-15] Z-Wa e Alliance: , Abo Z-Wa e Technolog . Web i e, 15. Re ie ed f om http:
//z-wavealliance.org/about_z-wave_technology/ ( 15, Ap il ).

[Zi15] ZigBee Alliance: , ZigBee: The Open, Global Wi ele S anda d fo Connec ing
E e da De ice . Web i e, 15. Re ie ed f om http://www.zigbee.org/
zigbee-for-developers/ ( 15, Ap il ).


