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Optjnph, dwubwynpuybu dwpgni, Ynnuhg hpuwjwbwgynn swpdnudubph dwbwsnidp b
quuulupgnudp  Jupbnp pughp E nph msdwbp  Jupnn Eu oqul]  owpdulub
nkininghwibpp: Fudwiwluyhg peowjhtt hinwunuubpp htwpuwnpnipnit Eu mwhu
dwpnnit hwuwtbih (hul) hwdwpu dhon b wdkunipkp: Lputg dke woiwnnn Spugpuyghe
wwwhnympinibikpp  Jhpwenipnitubp Bt wnwbind wwpplp phwgquyuntbpnid:
Rdoynipjutt prwquyuenid wpwyl] dké hbwnwppppnipnit wpwewgunn puunhpttphg tu
hwunhuwiinid = swpdumb  wbkpjunnghwttph  Yhpwondp  hhywbnnipeniibph
wjunnpnodwl, Juwipiwpgbdwi, jupnuhy hhjwugnipniuutph dnthpeophugh fughpubpn:
Zmuuwtwh bt pguninud, np dwpnme dhqhufwmb Jhdwlh unthpnphiigh b hpufwib
dudwtwlnid hwpl Enwé nhypnid oqunipinit gnigupkpkint htwpwynpnipniip upwt &
hwiughuwinid wthwwnwlwiwugué wennowwwhnipjut hwdwlwupgbph twhwgdsdwip,
Uwljdwiup b ubppypdwip: dwudwbtwulhg peouyhtt  vwppwynpmudubpp  ufulp Gu
oquuugnpdyt] npwhku odwlnul qnpshp wwwlkputph b wqpuiowtbbtph dowldwb
Jubphpibpnid: Cupdmdtbph fwhwsdwl fubnhpp Yupkh b oymsk] wuppbp Yhpy nu
Jwhjws t U uhsibph wbuwlhg, npnug vhongny hpwlwiwugimu t wqpubpubibkph
hujwpugpiwh gnpsplpugp, W ppowlu Uhgwiwyphg, npuntn quinjoud £ opyElunp:
Syhsutipt &, hpkg hipphi, pudwiynd Eu mwuppbp mhybtph wpunwphtt thowduyph, Jhnptn
b Ypbkh wyghsubp: Shwytphg mipwpwigniph Yhpwndwt phypnid wuhpwdbon L hwoyh
wnbbk]  wt  uwwhdwtwhwlndutpp (dudwbwluyht,  gogpuinipjub, hhonpnipjub
nEjuwdupdwt hbwn juydws), npnup npynud Eu pupdnudubph fwtwgdwb jpunhpp (nuskjhu:
Cwipdnudubph  dwbwsnudp  hhdtwuwiund  phunwplynd £ npybiu wqpupwibkph
Jtpnisnipjutt fuinhp, nph nisnudp Yupnn E npnowlh pupnnmipmibibp wnwewgub:
Uwutwnpuwtu, wnghshg unwugqué wqpuiowbibpnud wnlw wnunijubph b upubg
hwjwpwqpuwi gwdp hunbbuhympuit wuwwdwnny YJuwpny b wuql] fwbwsdwb
&ogpuinipniup: Yhpkn jud wpuwphtt dhgwjuwypuyhtt wdhsubpt hpkug hbpphtt niubku
Yhpundwt swpuwynh uwhdwbwthwlnudubp, hywbu twb wndyjujabph ks Swduyubip:
dkpnhhojw) wuwndwnubkpny swpdnidubph Swbwsdwt puinhpp we wjuon wupnnowlmi
nisqud sk
Zwpyh wntbng JEpnhhojuy tjuwnwunndubpp, wihpwdbonnmpnit B wpwewtnud dowlyly
owpdmdubph  fwhwsdwh  Uh  hwdwlupg, npt’ oquiugnpstiny  wqnuipwibikph
(quwunlkpubph) Jhpodnipjuit b fwhwsdwt hwynh dbpngubpp  (Uwutwynpuybu,
dbpbiwjuljut  nunigdwt  dbpnnubpp), YYwwwph  dninpuyghtt wqnubpwbtbph
hwonppuwluinipniubph dpwlnwd, wnunifh qunud, vnwugws wfjujutph  Jepeuwfui
YEpnisnipynih b fwwsnid, pl npoid’ wpyniudbn b wpug:
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Uunbkbwjununpjub tyunuli k dowll) b hpulwhwgib) supdnidubph dwbwsdwb hwypnth
wgnphpUtph ypu hhdtduws wpwyb] wpug b wpynibwdtn dh tnp pupuguljupg:
ZEnugnundw Ukpnyukpp

Uwntbwpununipjut ke oquugnpéynid bt wwunltpubph dowfdwt b wqnubowubph
Subwsdwb dhpnnubpt nu wgnphpdbpp: Zknwgqnuynud o pwpdnudubph  dwbwgdw
hwynuh dkpnnutpp b tpwtg ogunugnpsdwdp unugws thnpduwljwb wpynibpubpp:

SGhunwljub inpmpniup

=  Uowlyt] t gniquhtn hnuptph hhudwt Jpu wppupwwnng, sdowldus wqpuipwbitph
hwjwpwqpuub, yuhywidwi b twpbtulub dywljdwub qgnpdpupwug:

= Upwldty E kpnhhpjuy gnpépupwgh  hpujwbwuging - pwpdwlub  Spugpuyhl
wwwhnympinih  Android owkpwghnt Jdhowduypmd: Opwgpuyhtt  hwdwlwpgp
Juwujunid t ogqumwgnpénnh htwnn hwdwgnpsulgnipjutt htnbpdtjuh «cwwntgdwi»
Eplnypep b hwjwpwugpuwb pipwgpnid wqnpuipwubph Ynpniuwnnp:

=  Uowljyky t hbupuyhti Jtljunpubtph dbpnnh b npnunulubph Swnkph wignphpdbph
hudwlygjws dh unp wwppbpuly (hhpphy wignphpd):

= Zhpphy wignphpuh oqgunugnpddwdp dowlyl] b dwppnme swpdnudubph dwbwgdwi b
nquuwlupquut  dh wdpnpouljut pipugulupg, npp thpuend £ dowljjws peouyhe
Spugpuyhtt hwdwlwpgp b wbwsnidt hpujwbwgunn ubpyipuyghtt hwdwlwpgp:

Upmyniuputph Yhpurwljui towhwlnipnibp

Uowljqud owpdnidubph Swbwsdwt hwdwlupgp Yuwpnn b oguuwugnpddbt] wwppkp
nnpunbkpnd dwppnt jud - hwdwwyuwwnwupwt wdhsubpny  hwdwipyus  opjkljnp
owpdnidubph fwbwsdwt, puywybu bwl opjijinht htnbbnt pughpubph msdwb hwdwnp:
Opwgpuyptt  hwdwlupgp  Ywupnn L oquuwgnpdyl] wmwpwplnyp  topduwfui
tyuwunwlubtpny: Upwlduws Spwgqpuyhtt hwdwlupgp Yupbih £ oquuwugnpst) qubwqui
ninpnlkpmd: w/ pdofulwi nnpunid hhquiinh peewhtt htnwunuh dhengny hpwljwl
dudwtulnid tpw YEtuwgnpéniubnipjut Unthpnphiq b nuuwlwpglk] tpw junwpws
$hqhjulwl swpdnidlikpp; p/ uynpunh npnpund’ dwpghlubph junwpdus supdnudibph
towswh  Unpbjpudnpnud; ¢/ puqUulwi nppomd’ ppulwt dudwbwlnd - owpdyng
opitjnttnh wwpwbswlwt Ynnpphtwwnbbph Jbpmsmipjut hwdwp, 1/ wpnwlupg
hpwyhdwmljubph wpwowgdwt dudwbwl wpwg wpdwquipduit hwdwlupgbpnid snwy
oqunipjut Swnuynipjniitp vunnigbint tyunwlyny:

Nugnyuimpyubp tbpluyugynn gpnypbkpp
*  Poouyhtt hbnwjunuhg wfjuyitkph hwjwpwgplwl, wwhywidwi b Gwjubwlub

Upwljuwl unp wignphpup b wjt hpwughng Spwgpuyht hwdwlwpgp: Uignphpup
4



hhdJwd E qniquhtn hnuptph wowwnwiph dbjuwthquh Jpu b hwyyh b wnbnud
htnwjunuh nyhshg hwjwpwgpynn wgpuiiywih $npdwnp:

*  Ugnubpwbibph dpwuldwt bwpbtwljub gopsptpugp htug peouwyhtt htnwhinuh Jpw
hpuubwgubint wpyniipnid htwpwynp £ nupdl] tuybu wdbih thopp Swduynyg
wnjjujutp thnpuwbgk) nyh ubkpybp: \

=  Iugph mSdwt hwdwp dulduws dwbwsdwtt b gpuuwljupgdut tnp wignphpd
hhdtudws hkupwjhtt yjunpubph dkpngh b npnunidukph Swnkph Jpu:

*  Cupdnudubph fwhwsdwt tnp b wpynibwybn Spugpughtt hwdwlwpgp, npp tkpunnud
E dipp updws wygnphpuph oquuugnpsdwdp dowldus oswpdnmdubph Swbwsdwb
wdpnngulub phpuguljupgp:

Uojumunwbiph wppymbipiiiph hwjuwunpmpmip hhdtwdnpynud £ dowldus spwugpuyhte
hwdwljunpgh Yhpundwdp vnugdws vh owpp thnpduwlwb wpyniuputpny:

Uoluwinwiph wpnymtptikph tkpypnudp

Ugjuwwnwipmid dpwjdws swpdnmidubph dwbwsdwt spugpuyhtt hwdwlupgp tkpgpdt b
oquiuugnpdymd k «Lhhnw Unpuyp puljipmipjui SOS Systems hwbpjuénid b quudmud £
whinunughtt phunwynpdut hnynd wpunwlupg hpughdwlubph twppwpupnipjut (UHRL)
911 qhwdwduyhtt junwjupdwu Yndhwnkh (&94) Ynnuhg:

Uohmnwiiph wypnpughwi. Unktwjununipyut hhdtwlwh wpyniupubpp qynigyby L.

= 22 9UU hudnpdwnmhluyh b wiundwnwugdwt ypnpikdubph htunpininh pughwinip,
htsytu twl pduhtt wqpuipwbubph b ywwunlbkputph dywdwb jupnpuwnnphugh
dwubwghunwljwb ubdhtwpubpnid:

= Stiphjuunyjuljut mbkjuninghwitph 9-pn thowqgquyhtt CSIT 2013 hwdwdnnnyniu:

*  Unyuhdbighuh b owpduljuwt mbkjpuninghwubtph dhpwqquyhtt hwdwdnnnynud (SPIE
Multimedia and Mobile Devices 2013), fninjhughyd, Lwjhdnpuhw, UU, 2013:

= Zwp-fnwwlut (Upugnbufwi) hwdwjuwpuwih  7-pg wwpkut b Jhowqquyht
wuy hputttnuljut hwdwdnnnyubtpnud (2013):

Zpunwpuymuibp

Usfuwwnwiph ~ hhdtwfwt  wpyniupubtpp thpuyugws a8 ghunwljwb
wphiwwnnipintuibpnud, npniig guulyp phpgws k ubndwugph 4Epenid:

Uwnkiwhinunipjub junniguspp

Uwnktwnunipniup punugus E wnwewpwihg, bpkp qnijuibphg, 83 wmunih wwpnibwlyng
qpuljuiinipjull gulhg, 18 wnniuwlhg b 40+ ujuphg: Uomwwnwbiph punhwinip Swjuip
Yuqunid k 136 to:
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Uojuunwiiph wpwowpwmimd hhutwynpdus b phdugh wpnhuljwinipniip, dhwljbpydus
Eu byuwwnwlutpt o1 fpughpubpp, htyybu twb yuwonyuwinipjuip tipjujugynn hhdtwfwt
npnyplbpp: Lodus L unugdws wpnniupttph ghnwlut tnpnypp b tpuwtg Yhpundwb
gnpsuwlub wpdtpp:

Unwghtt qnijup twlhpdws b owpdnudibph dwbwydwt hwdwlwpgbph Jbpnisniput
hwpght: 1.1 wwpwgpudnd pubwpldnud tu dwpgnr  swpdnwdubph fwbwgdwb b
nuuulupqiub dkpngubkpp, hull tpubg pudwtdwt punphwinip ujubdwt phpdws k ujup 1-
nd: Ujunithtinb phunwpyynud Bt wpnwphtt dhpwduypuyhtt widhsubpp b dhpbn widhsubpp
owpdnidubph qpuuwlupquub tyuwnwlny, wynd b wju 2 dnnbgnudubph Yhpundw
wnwybnipniuttpp b vwhdwbwhwynidubpp: 1.2 wupugpudnid tjupugpynud Ba Ypkh
wnyhsutipp b tpubg nmwpuntuwlubpp, dwutwynpuybu ghunwplynud Eu Ypkh hulipghwy
unhsutipp (kpwnwugp wpubjipndtunpp, ghpnulnuyp b dwqubnndbnpp) b whgnpnodw
wnyhsp (GPS wghsp) b mbknujuydwt Ynnpphtiwnbbph unnugdwi odwnuly A-GPS (Assistive
GPS) hwdwjupgp: 1.3 b 1.4 wwpwgpudpubpnid putwpyynd Eu Ypkh hubpghwy wdhsubpp
b ybpymsynud ko tpwg Jhpundwidp hpuljwtugdus wphiwnwupubph wpyniupubkpp: 1.5
wupugpudnid ubpluyugyus tu Ypkih wdhsutph ogurnugnpsdwt wnwybinipniukptt nu
ptpnipnibttpp b Juuwpynud E owpdnudubph  dwbwsdwb  wwpplip  wignphpdutph
wpnitwy bnntpyut hwdbdwnwlub yepnidnipniu:

/ / Uwpnnt pupdnidubiph dwbwsdwb )
—  hwdwlupgkph nuubp pun nhsttph
nbkuwlh

/ Upuwpht dhgun{ul]pb\ ‘{EI}EID mllbzhlljpb \ / Uplh U“Ulzhhllh\
ubph hwdwljupgkn wulwlju wdwlu
\\%z ph L} I“lj \&,/ \ hunfuljupgtip /

Lhuwp 1: Swpdnudibph fwugdwit b nwuwljupquwi 3 dninkgnidubiph Jpu hhhidws hwdwljupgbpp:
Epypnpny  qunud dpwlyly E pwpdwlwb wwppkph  wdhsubph  dhgngn]  unwuglus
wqnuiowtbph hwjwpugpldwb, twhbwliut dowldwh b thnpwbgdwt wgnphpd, npp
hhdujws E gniquhbn hnupbph wolwwnwiph Jpu: Loqws uUnunbgnidp dh  owpp
wnwybnipniutbp.

*  Uqquipwibkph hnjwigiwt  dudwiwly Ynpmuwnibkph  Yuwijuwpglnup’  bpk

dudwbwlh pupwgpnid oquuugnpénnp /indhsp/ noipu qu Swslnyphg, wwyw nsy pnnp
wqnuiowtubpp Jhwutkt ukpdbphte



*  Sfuyubph dwjuyh Wuqkgnudp’ poowyht htpwjunup Jpu wjjuyibph twbwufwi
Uwljdwt qnpdpupwgh ppwlwiwgdwb osunphhy ubpdtphtt niqupyynud E dhuyb
wqnuiowtubph hwonppujuimput twhpbtwjub Jpnwsnipyut wpyniupp: Uy
gnpépupwgh punugnighy dwubpb th wpunifp Gyjuglgnidp, Epuwnplinidh [Enkph
wnwhdihwgnidp, dudwbhwughl o hwdwpnulwbughlh hunlubhrbbph wpuwénidp,
Gpwiag Al Ypuw hunlubpouyhl JEqunnpakph Jupnignidp: Upyniupmid qquijhnpku
wjuqnud k thnjuwigynn wifyuutph Swduyp:

*  Poowjht hknwunuh «wwnkguwis Jhdwlh juijumup gusp hufwwlu-tnipmnibitph
phwypnid  poouwyhtt htpwjunup Yupny b dwdwiwl we dudwbwl QGupudbp b
htwpwynpnipnia snibitiuyg dudwtwlht wpdwquiphknt oquiwgnnpénnh
hpwdwutbtpht:

21 wupwgpudnud wnpynud t punph punhwimp dbhwlkpuynudp: 2.2 wwpugpudnud
tjupugpynid t peowghtt hinwhinuh Yhpundwdp supdnidubph puuujupquiut pughwinip
gnpdplpwgp, nph ujubdwt wuwnlbpduws t vy, 2-nud: 2.3 wwpugpudnid tjupugpdnud |
poowjhlt hinwpunuh wypsubphg thnjwtgyny wqnupwbbtph twpbtwuwt douldwt nne
gnpépupwgp: Ujih Juquuqus L dh pwuh thnybphg, npnig Up dwuh htn wadhgwwinpku
Juwyws E oquingnpédnnp, diniutikpt b junwpynud Eu hpkihg wujwh: Ujunkn phpdniud £
wl  poouyhtt  Spwqpuyht  wwwhnympyui  wojuwwnwiph  tjupuqpnipemniip:
Ulgpiupdbpuynpdwitt thnynd oquuugnpédnnp untnp b gnpénid poouht wmyyuwhnynipyju
hwdwlwng: Lw htwpwynpnipnib nith nEjwdupt] hp wthwnwlub ngjuukpp:

Uqnuuswuutph wuhtjupntt hwjwpugpmd b ywhwwinid

Ununihh tjwgkgnud, Epuwnplidmdp fEnkph wpwbdbugnid

Zwwnljubhoukph wpunwénd b hwwnwihpughtt JEYjunnph
Junnigmu

Uunwugdws wnjjujbtph hnjuwmignd b JEpgtwljui
dwiwydwh hpwlwbwugnid

‘Uljup 2: Swpdnudibph fwbwydwb pinhwinig gnpépupwgh ujubdwi:



YQupquynpnidubiph thnynid oguuugnpsnnp ptwnipnid k wyt mdhsp, b juwnwpnid Eunwugqus
wqnuipwtubph Jpnsnipni: Ywpquynpnudutph 2-pn thnyhg htnn hpwljuwbwugynd £
hwjwpwqpuwb thnyp, nph puphwinip gdwwwunlbpp phipdws E LY. 3-nud: Udpnne
hwdwljupgp wopuwwnnid k Eptip qniquhtn hnuptpny: Unwghti hnupp wwwwupiwbwnnt k
oquiuugnpdnnh wppnwwnwiiph hwdwp b hpujuwiwgunid | dtwugws 2 hnuptph wppiwnwupp
ufubnt jud wduwpubnt hpwdwbibph Yuisp: Gpypnpy hnupp wwunwuppwbwwnnt
wqnuipwbbph hwjwpwgpdw b uhthupnthqugdws wyjwutph ywhywtdwi hwdwp (LY.
4): Gppnpy hnupp wohiwwnnd £ wnwghtt hnuphg hwdwywnwujwt hpudwt wvnnwbwnig
htinn (L. 4) b wpuwwnnud E wyupwl, dhty uptijupnthqugdws htpeh b hwjwpwqpdui
dudwtwljh wjupup: Uqpubpwiubph hwjupwgpdwi thoih wjwpunhg htinnn ufuynud k£
wqpuiowtibph twptwjwi dpwldwt toyp, npp tjuwpugpus b 2.4 wupugpudnud:
Ujuntin htippuwinpti junwpynud i hbnlyjuy gnpénnnipyniuttpp.

Unumbh tjumqbgmd. wnunih wugkgdwt gnpénnnipjutt hpujwbwugdwt wpnyniupnid
npjuwd  wqnubpubbph  {a;,a,, .., az} hwgnppuljutmpmbhg wrwbdbugdnd b

Uhohtwgynid tu wyt Yhwmbpp, npnup npnpwlh hdwuwnng «wwn hbpn» i ppkbg
hwplwtinkphg (LY. 5)

Nputu wygnphpd Yhpwnyl] b k-yunhl jpuswdl quytpugdwi (k-fold cross validation)
wgqnphpup k=10 wpdtpny: Ykwntph dhob hwpduplynid k EJyjhyyut hknwynpnipniup: Gph
npjws Yhnh b tpw 2 hwplwb YEnkph dholt tnwé hknwynpmipinititnhg jnipupwbsnipp
wykih Uks k, putt nifju) dhowluyph hwdwp dhohtt hinwynpnipju Ypjuwywnplp, wyu
wnjuy) JEwnp hwdwpdnud £ wnuniyy b wyt dhohiugynid k:

Zuwnljuithoukph wpnwsnid. hwnlwhop, nu wqpupwiitph wpdws hwgnppuljwintpjui
Jtpwpbpu) wykh pupdp dwjuppuljh nbnbnpmnit yupnibwlnn dkénipnit £ /dheht
wpdbp, nhuybkpuhw, Ynpkjhughw/: Cuinhwpuwybu, hwnljuithop Yupnn L pugniib) husybu
plught (Gud pwbwlulwb 1, 5.8, -9.847), wjhybu b yYkpewnp whunwlu]npus
puqumpjut (ywnbqnphwy Gawpdpp, Jugngn, ul) wpdbp:

Zunluihoutph hhdwt Jpu junmgdmd b upjws dudwbwjwhwngusnid swpdnudp
pimpwgpny  hwnfwihowhtt  Yejunpp:  Zwnluihobbpp  pudwigmd ka2 puup’
dudwtwluyhtt b hwdwhwuwught: Mhwnp k ok, np wnwghtt puuuh mwpptpp Juudus sk
nyhsh wgnutpwbbph $npdwnhg: Unnpl Jujwpwugpbup wpubkiipndbtnph b GPS wyhsh
hwwnljwthoubph wpnwsdnidp: Upubjipndbnph hwnwhoubph Wquwpugpnipniut wdbh
wupq qupdiknt tguunuyny Gjwpugpiub hwdwp §ybpgikip Uk wowbgp x U wyy
wnwigphg unwgwés wqnubowbubph hwenppuljwimput  hhdwt Jpw  Ypkpkup
hwinljwlihoukph wpnwsdwt hwmdwywnwuhiwt putiwdbbpn:
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|| Initialize signal retrieving and storing threads

|

Signal retrieving thread Signal storing thread
(Thread 2) (Thread 3)

While user
didn’t stop process or time
is up

While process
is not stopped and queue
is not empty

Get signal
from queue

Get signal

Store signal

Synchronized signal queue
4 e SQLite

database instance

‘Vhwp 3: SYyuyutiph hwjuwpwgpdwi b yuwhwwbdw thnyh hpuljwbwgnudp:

Thunwpltup dudwbwlught At dhowljuypnid  gqpuugws  wqnuupwbbph
hwonppuwluinipnit b nghnnwpytup x-ph wnwigph wpdbpubpp: Thgnip At duwdwbwlnid
hwjuwpwugpdus Ltdbkunubph pwbwlp hwduuwp & 1-p, | >1: 2Eknbjw] hwnuihpubpp
Yoqunugnpdyth JEjunnpubtph junnigdwb hwdwp.



Sensor is available and
attached to process ?

No Yes
Attach accelerometer/
GPS sensor instance to Start Threads
application

Start signal retrieving thread
Activate signal storing thread
if it was not already running.

Initialize connection to SQLite database

Check intermediate No
signal queue

Is queue
empty ?

Read data from sensor
within predefined interval

|

Create acceleration/GPS
frame and save in

No intermediate synchronized

queue

Is period over ?

User stopped data
retrieving process ?

l

1. Pop element from queue
2. Store element in database

Yes Yes

1. Detach sensor
2. Release used resources
Bylerminatejthread 1. Close database connection
2. Release used resources
3. Close thread

Signal retrieving thread

Signal storing thread

Lhuwp 4: Uqnuibipwtkiph hunjupugpdwt b wjuthuyjuidwt hnupbph wphunwiiph ubdwi:

| /
|/ |

©
‘Uljup 5: Ununiyh iuqgdwl gnpénnnipjub hpulwbwgnd:
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Upbpuluy, dwpupduy b dpopli wpdkphkp (Min, Max, Mean) wju hwwnljuihpubpp
Jtpunupdunid tu mwupptph hwenpnuljuinipjut ke wjuqugnyuh, wnwybtjugniyuh
wpdbpubpp b dhoht pYwpwiwlwip: Zwhhpd towbhwluwt hwdwp Yoguwugnpstip
min max Hingex Aupnidbbpn:  /ndex thpp gnyg E wwjhu wnwigpht

Index’ Index

wuwwnlubbhmpeniip Indexe{x, y, z}> hull GPS wihsh hkwin wpjpwwnwbpnid thop
huwdwywwnwuppwnid k Jwyuwlut Ynnpphtwwnubphl, Epuyuuut
ynnpphtwntbph, Yuwd  pwpdpmipyjuup  Bpyph dwlbpbnyph Wuundudp
Index e { latitude, longitude, altitude}

= — X;
Hx 1i=1 !

Unwinupun pkgnid (Standard deviation). Zulhhpd wpwtwdwt hwdwp Joquuqgnpstup
T Index dnunnuup.

* IZ (x )2
o = .-
X 1-1j—q | Hy

YUnplpughw (Correlation) wju hwwnluihop gnyg E wwjhu Ynnpphbwnwlut kplne
wnwigputph dhol Ynpljmghw:
|

izl(xi —#X)(yi —ﬂy)

P
Xy | |
2 2
(o —u )Xy —u)
\/i_l' L

Uhohtitkpph hunnnud (Median crossing) wju hwwnlubhop Yhpunynid b wupphpulub
owpdnidubph htin wojiwwnwiph dudwiwl b gnyg b wmwjhu ph pwth wiquud k
wnwppkph  hweonppuwlwinipniip  hwwnbk] Jhohtt wpdbipht  hwdwywunwujuwing
wnwbigpp:

Luy) 1. Zwgnpruljuiinipjutt Uhptimlkinh npnpnud.

1.1.

1.2

Twuwynpl]  hwenpnuljuinipniip  HEdkunttph wddwt Jupgny: “hgnip Xp
hwunhuwtinid k uljqphrujui hwonpnwljwtnipniup: Unpunuynpyws
hwonppuljunipniup tpwhwltup S=Sort(X)-ny, hulj L=Length(X)-ny wowtwmlkup wyy
hwonppuwljunipju wwppkph pwbwlp:

median, -0y bpwbwlkip wyn hwonppuljuimipput  dhotwlknp, npp jupius k
wnwppbph ipjwsd hwonppuljuinipjui L tpjupnipjui qnyq jud fhuwn (hubknig b
hwoquplynid £ htnlbyw) putwdlh vhongny.
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Ly Lx .. )
xl=|—=| x2= 7+1 ,if Ly array length is even

mediany =

_ Ly -
, X3 = 7 +1 |, otherwise

L) 2. Opnutiph hwnnudibph pwtwlh npnonud.

2.1. Uhqptiwljwl X wdjuijitkph quuqushg hwblk] median -h wpdbipp b unwbw tnp
Xgyp = X — median inwuppkph quiqjws:
2.2, zwoyky unp hwonppuljuinipjui ke qpnutph hwnnidubph pubwlp:

Uju hwnwuhoubpp Yhpunybnt u wpwugpubphg jmupupwbsniph tjuwndwdp, pwtth np
wpubjtpnubphg unwgynny wujukptt wewdt] hwpdwp b dipnst] pun wpwtdht
wnwigputph:

Ujuntin  oquugnpdynid ki 3  dwdwbwluyhtt hwwnlwbhy, npntp Juydws Gtu
ynnpphtwnttph  hwenppujwbwput  dky  hwpbwb  Yhnbkph qnygbhph  uwnwgdw
dudwwljubph wnwybjugny, tJuqugnyu b dhohtt wpdtputph htw:

5. Jwdwhwluyhl dpbpluy, dwpupluy b dpopl wpdkphkp (Time domain max, min and
mean values)' wiju 3 hunlwuuhoutph hwyupydut hwdwp oqguugnpéynid wwppkph

hwonppuwljuunipjut hwphwb Yhwnkpp: Atmean -n] Yupwhwlkup Uhoht, hulj At . b
Atrin bpny wowbjugnyn b jwqugnyt wpdtpubpp  hwdwyunwuwupup:
‘Lpwig wpunuwsdwb pwtwdlbtpn pipdus ki uinnpl.

1-1
1
Atmean = TZ(AtiJrl - At)
i=1

Aty = MEX {Atiy — AL [i=1 2, -1 1>
Atmin =min {Ati+l —Ati ||=l, 2,.,1=-11 >1}

by Ykpupbpynd GPS unfhsh hwnlubhsibphl, wyyw hwolh wntkng tpw punqunphsibpp
Epuyuful, juytwlut Ynopphtwnkp, Gplipph dwulbpingph tjundwdp pupdpnipiniip,
Juunwupymd E hwnluuhpubph wpwbdtwgnd pununhsubphg jmipupwbymniph hwdwp
(husytu nu wpynud kp wpubjbpndtwnph nhwpnd):
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Skpunpnjunijainia  (Transition)' wju hwwnlwihop hwyqupynd b Gphnt  hwplwb
wphiwuphwgpuljut Jenbph dhol Enué hinwynpnipmniup b pny; E wnwihu winwubug
At = At, — At, dudwtwjwhwinywsnid opjiljinh whgws Lwhwyuphp: Tthgnip opjkljnp
Juwnwpk] £ wknuihnjunipni Gi=(longi, lati) Ynnpphtwwnttpny Yhwnhg Ga=(long:, lat2)

Ytwp: Sknuihnjunipniip Juowbwybup S uhdynny, hull hwwnljwuhoh hwoqupldm
pwtwdlip npynud k htnbywy Yepy.

T T
Alat=——(lat, -1 , Al =—l -1
a 180(a2 at) ong 180(ong2 ong)

a :sinz(ﬁj+cos [Ldatl}cos [Ldatz]'sinz(mj
2 180 180 2
c= 2-arct92(\/5,\/1—a)

S=R-c

npnkn R dbdmipmiip ©pipph ownwhnp  Gplupnipmitt b (mpp Juwpnn b
wpnuwhwyndus (hik) Yhyndbnpbpny 63714, dnnbubpm] 3960un b wyb), huly arceg2p
hwwnnil] $nrulghw k 2 thnthnpjuwmlwithg, npp Yhpunynid b dpugpuynpuut ke b hwoyh
E wnumd wipgmudkunikph tpwuttpp b vwwhu £ wybih pupdp Logpuumpjudp wpdtp (h
wnwppbpnipmit vnwinupn Uk uwpwdbnp pugniung arceg $niuljghugh):

Uhohli wpwgnipinili (Mean velocity): Uwnnwtwny pnpnp dhowluwypbkpnid swpddwt
wpwgnipnibibpp, httwpuwnp E nuninud hwpdk] nne gnpéplpwugh wpnynitpnid
ouipddwt Uhohtt wpugnipinitip: Uju hunnfuithop Yipwbwlkip AV -ny b hwpduplkip
unnpl pipjué putiwdlih vhongny.

Zuwnljuihowghtt  JEyunph  Yuomgnud.  tjwpwgpuws  hwnlwbhoutph  hhuwt  Jpw
Yunmgynul £ wifpstibphg  jmpwpwibgmph - pumpugphy  qiinnpp - {py, pa, - P}
Upubjtpndbnph nlypnid oqunugnpéynid ku dhuthdwy, dwpuhdw) b Uhohtt mpuqugnidubph
wpdbiputpt punn wdkt Up wpwlgph, ogquugnpdymd b dwdwbwlwhwndusutpp,
otnnulutpp, Ynphjughwt wnwigubtph pnnp qnuyqbph hwdwp: GPS wyhsh hwdwp bu

oquuuugnpdynid ki pnjnp dudwbiwlwyhtt hwinlwuhoubpp, hsybu twb wknuthnnipmniin b
Uhohltt wpwgnipiniup: Uppyniupnid, junnigduws hwnljuthpuyhtt Ejunputpp thnjuwiugynid
bt ubkpybpughtt ywu, npnbn Jihnnph nhuhg Gukny junwpynd E hudwywinwupowt
gnpénnmipinit. Epk JEjunpp ntunmgnnujwib k, www tpw hhuwb Jpu juwnwpybn

nuuwlupgnud, hwlupwl ghypmd JEjnnph Gjundudp hpujuiugimd b {ubwsdub
gnpdplipwgn:
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Uohwuwnwph Eppnpn qiunid tupugpynud £ wbwsdwt hwdwp dkp Ynndhg wewewnlynn
wignphpup hhpphy wignphpup, npp hhutgws b hklpuyht Jkhunplbph dkpagh (Support
vector machines, SVM) . npnunmudubtph Swnbkph (Search trees, ST) hudwnpnipjul Ypu: 3.1
wuwpwqgpunid tjupugpynid L Jhpp toqus 2 wignphpdtpp b k-pnp wdbkbwdnn hwplwth
wignphpdp: Zkupughtt yijunpubph dbpnnp wipjws 2 ntumgnnujub puqunipiniaiph
hwdwp Jupnignud bt upwtg pwdwbng, jpipwpwbymip puqumpiniihg dwpuhdwy obd
nilikgnn puwdwinng hhykphwppnipmnit b vinwinud tpuw hwjwuwpnudp (VY. 7w).

P|

w= Zai YiXi

i=L
Gph puqunipjniiutpp htwpwynp sk hpwphg génpkt pudwl], wmyw Yhpunynwd L wjuytu
Ynsyws dhonihh htwppp, nph tnipmniip juywinud b ohbnljuynud.  niunignnqujub
puquUnipinibtiiphtt hwdwwwnwupwing nupwsnipjut swhnqujuinipniup vkswugynud £
ugipwt  dudwbwly, dhsh pwqunipmibubpp spuntwt  génplkt  pwdwuyny b unp
tnwpwdnipjul Uke unwugynn hhybkphwppnipjut hwjuuwpnudp (VY. 7p), wjunthtnb htn L
pipynud  uljqpiwjutt mwpwbmpjut by hwdwwywwnwupwt pwdwing Jdwlkpuniph
hwjuwuwpdwip.

|P|

W:ZaiYi¢(Xi)- #:S—>H, dim|S|<dim|H |
i=1

32 wuwpwgpupnd  wpfod - £ dkp Ynquhg wowgwplynn - hhpphy - wignphpuh
uupugpnipnitp: Uji hhdtdws £ hwnjuhoughtt Ennpnid wowebuyht b tpypnpnughe
Juplnpmpjuit  wwppbp nbktwnme . hwuljugnnnipniuibph dpu: Unwgbiwghe
Jupbnpmpjut wwppbpp Jhpweynud B npnunidubph Swntpnid wthwyn  pwpdnudp
tjupwugpnn JEjunnph tjundudp twptwut qund juunwpbnt tyunwlyng (LY. 8):
Ownp jupnigws b htnlyw) Yhpw. wthwjn JEYjunnph wpwetuyghtt jupbnpnipjui
mipwpwiginip  wmwpp  hwdbdwndnud B hwdwywunwupwt wypbghuoph  hb,
hwdbdwwndwb wpyniipnid pninp htwpuynp owipdnudubnh gniguljp puy) wn puy) quugnud £
U hwdbdwnmpbibph  wpymbpmd  Jud” sweh  nbplp  hudwygunwupwbmd |
Ybpotwubnpkt nuuwlupgius swpddwbp, Yud b wupmbwymd b2 phliwsm
puqunipiniiikp, npnbg Wquundwdp woluwwnwipt b hpwlwbwugunid SVM wignphpun:
Zkupuyghtt Eynnpubph dkpnnt woiwnmd E kpypnpught, wjuhtip' npnonudiph swnnid
hwoyh swptdwd wmwppbpny wuydwbwynpjus puqumpniitiph hbnn b wwhu L
Jhpetiuljwt yuwnwupwbip:

2nppnpn qilumd wpdnud £ dowlfusd swpdnidubinh fwbwsdwi b nuuwljupglwt Spugpught
hwdwhpp tWuwpwugpnipniip, husybu twb wignphpdh Jepnswjut hwdbdwnnipniup b
unugywd hhdtulwh wpyniupubpn:
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‘Lhup 7: w) hhybkphwppnipjudp gdnpkt pudwin]nn puqunipinibikp; p) theniljh hiwupp;

/' dhght wpugnipymu “\_

(hwnlyuithy 1) ,
< predictorl . >= predictorl
.r'i.[hghll Lnlir[u.u.hn}ump]mi.{\‘ [ Uuqugnij dunfwluly
\ (hwnljuithy 2) / \ (hwwnluithy 3) /
< predictor2.” h ~>= predictor2 < predictor3 >= predictor3
twhqhwb E wtigmud «‘I‘-uhqhm\?sk o e
— ] «Puynid E»
Gnpodpupwgh  hpulwbwgdw  wpnympniod
jmpwpwbymp  wkph  hwinhuwbnd
SVM ungnphpp Yhpunt] de’thghmllmh nuuwlupquub  wpynibp,
bplnt phljiwsntikph uad b SYM-m] fwbiuymd Yunnwpbyne &hown 2
ljunmbunp phluwsniubiph qnuyq wwpnibwlynn piny

Ulwp 8: Zhpphn wignphpuh wpliwinwbiph pintpughpp

4.1 wyuwpugpudnid wnpdnud Eu Spwgpuyhtt hwdwlwpgh gnpdwnnypubpp, Yhpwndnn
wgnphpUtutpp b ogunugnpsjws nbkpuuninghwibpp: 4.2 wwpugpudnd vjupugpynid G
Uninpugpdwt b whwwnwlwh wnjuubph nEjujupdwt pununphsutpp, 43 b 4.4
wyupugpubibpnid puguunpynud k, ph hyuybu wohiwwnt) wpubjbpndbnp b GPS wighsutinhg
unwgwd hwnlwthughtt JEjunpubph htwn, hpwjut dwdwtwlnid hbnbb] dwpgno
nbknuthnjunipiniiubpht (VY. 9 w,p): 4.5 qupugpubnid wpynd £ wnwownyynn wignphpih
wphiwnwbiph hwdbdwwnwlwt JEpnisnmipniip hwpwljhg wopiwwnwupttnh htwn, husuybtu
twl toynud k vnwgdus wignphpdh Yhpunnipjudp unbnddus Spugpuyhtt hwdwlwpgh
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nidhn i1 PO Ynnubpp, wpfuwnwiph wnwbdtwhwnlnipmnibbpp [\
nwhudwbwthwlnidubpp:

Navigation Pane GPS Tracking

My Profile

Accelerometer

o

w) P)

Lhup 9: w) Ppujub dudwbulnid GPS nlhsh §nnpnhtwintikph uinuugnid peouaghtt hbnwipunuhg b
upwg nhund ukpdtpuyghtt dwunwd (ASP .NET MVC {tp huntpdtju); p) Opwgpuyhtt hwdwljupg
(Windows Forms hunkpdbju), wpubjpndtnph hwunljuthpuyght yEjunph JEpnwsdwt wpngniupubph
nhudwt dwu:

Utpytpuyhtt dwunmd wpliwinnn Spugpujht wywhnynipjnitt hpwjuwbwgyl) & Windows
owkpwghntt hwdwljwnpgh tkppn, wjb bwhiwgsyt b Upwliyly k C# spugpuynpuwi 1kqyh b
ASP NET MVC 4 guwugujhtt wnbkjuuninghuyh udhongny, Windows Forms huwnbpdljuh
oqunipjuup, hulj npuytu Spugpuynpdwtt dhgwjuyp oquuwugnnpsdyty k Microsoft Visual Studio
2010 Spwgpuyhlt thwpkpp: Feowghtt hknwhinuh Android owbkpwghnt hwdwlwpgnid
wpjuwwnnn  Spuqpuyhlt wwwhnynipjut Upwjdwtt hwdwp oquuwugnpdyty L Eclipse
Spugpuynpdwitt dhpwjuypp b Java Spugpuynpdwi (kqni:

UTNUSULLP ZPULUYUL UMMSNRULLRLET

*  Ppulubwugyl] Lt owpdnudubph fwbwsdwb b pwuwlupgiut  hwdwlwupgbph
punhwinip  JEpmnisnipini, nph  wpyniipnd hwynbwpbpdlp Bu ubpluynudu
oquiuugnpdyny Uninbgnidubiph nidtin b pnyy Ynndtpn 5, 6]:

= Uopuwljyly b owpdnudutinh dwbwgdwt b nuuwljupgqiult wpuqugnps tnp wygnphpd,
pw hhdwb Jpw unbndyty b owpdnudubph dwbwsdwb ubkpybpughtt Spwgpuyh
hwdwlwupg [1-4]:

=  Uowlyt] E gniquhtn hnuptph hhudwt Jpw wppupwwnng, sdowljdus wqpubpwbiitph
hwjwpwgpdwi, yuwhywidwb b twptwlwt dowldwh gnpépipwg (2, 3]:

= Ugulty k kpnhhojuy  gnpéplpugu  hpuljubwging - pwpdwfwb  Spugpuyht
wywhnynipinit Android owkipwghnt dhewyuypnid [1, 7, 8]:
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PaspatoTtka u peannsanus 3pGeKTUBHBIX METO0B 00pa0OTKH M AHAIN3A JAHHBIX JaTYUKOB
MOOMJILHBIX HHTELIEKTYaIbHBIX YCTPOiCTB

Pacro3HaBaHHE IBMKEHHUI, KOTOPBIC B TEYCHHE BPEMEHH COBEpIIAeT 0OBEKT (B YaCTHOCTH, YEIOBEK),
SIBIISICTCS BOXKHOH 3aaueii, pemaeMoil B 001acTH pacrio3HaBaHUS U aHaIW3a CUTHaI0B. OJHOBPEMEHHO,
MOOUNIBHBIN Tene(OH MpecTaBiIsieT co00i TO yCTPOHCTBO, C MOMOIIBI0 KOTOPOTO YEJIOBEK CTAHOBUTCS
JocsiraeM IT0YTH Bceraa u Besae. CoBpeMeHHbIe MOOWIBHEIE IPOrPaAMMHBIC 00ECIICUCHNS YK€ aKTHBHO
MIPUMEHSIOTCS B (MHAHCOBOH, COIMAIBLHOM, MEIVIMHCKOW M MHOTHX IpYyrux cdepax. B memunnne
HanOOJBIIHI MHTEpEC MPEACTABIIOT KOHIENIINH, B KOTOPEIX MOOMIIBHBIC TEXHOJIOTHH HCIIOIb3YIOTCS
JUIT  BBISIBICHWS. M MOHHTOPDHMHTa XPOHHUYECKMX 3a00JeBaHMi, W peIIeHHe ITOJOOHBIX 3amad
CIocoOCTBYET pa3paboTKe NepCOHATN3UPOBAHHBIX 3APABOOXPAHUTENBHBIX CHCTEM.

3agady pacrno3HaBaHMS JBIXEHHH MOXHO PEHINTh HECKONBKHMH CIIOCOOAMH, MPUMEHEHHE KOTOPBIX
3aBHCHUT KakK OT THIIOB JAaTYMKOB, TaK U OT OKpyaromiel cpempl. CaMu ke TaTYUKH MOXKHO YCIOBHO
pa3enTh Ha TPU KATETOPHHU: TaTIAKU BHEIIHEH cpepl, BUACO U HaTenbHbIe /HocuMble/. HeoOxoanmo
YUYHUTBIBATh BCE T€ OIPAaHUYCHUSI, KOTOPBIE CTABATCS NPH PEIICHNH KOHKPETHOW 3a/1adyl paclio3HaBaHus,
TIOMHHUTB O CJIO’KHOCTSIX, BOSHUKAIOIINX M3-32 IPHCYTCTBYIOMUX LIYMOB IPH cOOpe CUTHAIOB WIIM X
HU3KOI WHTEHCHUBHOCTH HONy4deHus. [Ipy oJHOBpEMEHHOM HCHOJIB30BaHUM HECKOJIBKHX HATEIBHBIX
JTATYMKOB YEITOBEK MOXKET OLIYIIaTh HEKOTOPHIH AUCKOM(OPT WM HE UMETh BO3MOXKHOCTHU ITOJHOTEI
JBIDKEHUH. JlaT4nky oKpy»Karommeil cpenbl U BUAEO AAaTYHKH, B CBOIO OYEpPeb, UMEIOT OrPAHMUYCHHS
pazuyca aedcTBUS W OONBIION O0BEM IepenaBaeMbIX HEOOpaOOTaHHBIX NaHHBIX. [loaToMy, 3amada
pacmo3HaBaHHs [BIDKCHHH IO Cell JeHb HE peIleHa MOJHOCTHI0. BoO3HWMKaeT HEOOXOOMMOCTH B
pa3paboTKe 1 peaan3aliy TaKOH CHCTEMBI PAaCcIIO3HABAHUS IBWKEHHUH, KOTOpast, UCIONb3Ysl U3BECTHHIE
METO/IbI PacIlO3HaBaHMsl CUTHAIOB (00pa3oB), B YACTHOCTH, AJITOPUTMOB MAIIMHHOTO 00ydYeHUs, OyneT
MIPOU3BOUTE 00pabOTKY IOCIIEIOBATEILHOCTEH BXOJHBIX CHIHAJIOB, YMEHBLICHHS IIyMa, a TaKxkKe
KOHEYHOE PACIO3HaBaHHE Ha OCHOBE IPEIBAPHTEIBHO 00paOOTAHHBIX IAaHHBIX, IMPHYEM JeNaTh BCE
MIePEYHCIICHHBIE ONepanuy ObICTPO 1 AP dHeKTHBHO.

Lempto naHHOW IuiccepTandél SBIAETCS pa3padoTka Oomee OBICTpOro M 3PQEKTUBHOTO IMpolecca
pacno3HaBaHuUs IBIKSHUH, OCHOBAHHOT'O PACIIPEIEICHHON MOJIENTH Ha MOJYYeHHUs U MPeIBapUTEIILHOM
00pabOTKe CHTHAJOB JAaTYUKOB MOOWIBHOTO YCTPOHCTBA, €€ TMOCIEAYIOMIeM paclo3HABaHMHHY,
pea3anusi COOTBETCTBYIOLIETr0 IPOrPaMMHOTO KOMILIEKCA.

Haquaﬂ HOBHU3HA

= Pagpaboran mporecc cOopa, XpaHCHHS W TIPEIBAPUTENBHOW OOPaOOTKH WCXOTHBIX JAaHHBIX
CHIHAJIOB JIaTYMKOB, OCHOBAHHBIN HA MPUHIKIIC paGOTHI MTapaIeIbHbIX TIOTOKOB.

= Co3maHo MOOMIIBHOE TIPOrPaMMHOE OOecIieueHre, pealn30BaHHOE Ha 6a3e ONepaliOHHON CHCTEMBI
Android u ocymecTBisONIee BBINICYKa3aHHBIA Mmporecc. Jl[aHHOEe MporpamMMHoOe obecredyeHre
MPEeI0TBPAIAET [TOTEPI0 CUTHAIIOB Ha JTare ux coopa.

= PaspaGoraH HOBBI anroput™ (THOPUIHBIN aJrOPUTM), COBMEIIAIOIIHI B ceOe KOMOMHMPOBAHHOE
UCIIOJIb30BaHKUE METO/Ia OTIOPHBIX BEKTOPOB U JIePEBbEB IMOUCKA.

= Ha ocHOBe rHOpHAHOrO anropurMa W OBLIO CO3MaHO CEPBEPHOE MPOrpaMMHOE ObOecredeHue,
OCYIIECTBIISIONIEE PACclO3HABaHUE ABWKCHHUI, a TaKKe PEaM30BaH ILIEIOCTHBIA MPOrpaMMHBIH
KOMIUIEKC, OCYIIECTBILSIFOLIMI BECh MPOIECC OT cOOpa MOCIEeOBATEILHOCTEN CHIPBIX CHTHAIOB 10
UX KOHEYHOTO aHaJn3a.
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IIpumensemMocTh pe3y1bTaTOB

Pa3paboTaHHasi KOMIUICKCHAs CHCTEMa MOXKET NPUMEHATHCS UL paclo3HABaHMS JIBHKECHUH 4YeloBeKa,
WM, B o0IeM ciydae, 00beKTa, OCHAIIIEHHOTO COOTBETCTBYIOIIMMHY AaTyukamMu. Kpome Toro, nanHas
CHCTEMa MOJKET TPUMEHSATHCS B PELICHWH 3aj1ad, CBSA3aHHBIX C aHAIM30M IIEPEABIKCHHIT 00beKTa B
pEeXHMe pearbHOr0 BpeMeHH. Pa3paboTaHHBIM IMPOrpaMMHBIN KOMIUIEKC KIACCH(HKAIMU BHKEHHI
MOXKET TaKXKe NPUMEHSTHCS IS Pa3IUIHBIX KCIIEPIMEHTAIBHEIX Ieneil. [IporpamMmMmHoe obecnieueHne
MOXET OBITh MPUMEHEHO B CaMbIX pasHbIX cdepax /obmacTsx/: a) MEAMIMHCKas o0macTb — IS
OCYIIECTBJIEHUsT MOHHUTOPHHTA JKU3HEIEATEIbHOCTH NalieHTa, 0) o0lacTh crmopra — TpeXMepHOe
MOJICIIMPOBAHUE JIBH)KCHHH CIIOPTCMEHOB, B) BOCHHAS! OTPAC/b — aHAIM3 ICOJOKAIIMOHHBIX KOOPAHHAT
NepeBIKEHHH 00BbEKTa B PEaJbHOM BPEMEHHM, I') IS HPEIOCTABICHUS COOTBETCTBYIOIIMX YCIyT
BBI30BA IIOMOIIH B CIIy4ae BOZHUKHOBEHHUS YPE3BbIYANHBIX CUTYALIUH.

JIs1 321U THI PeCTABJIEHBI CJIEAYIONIHE MOJI0KEeH S :

= HoBbiii anroputm cOopa, XpaHEHUs M IIPEIBAPUTEIBHOH 00pabOTKH IOCIeN0BaTEIBHOCTEH
CHTHAJOB, TMOJNy4aeMbIX OT [JAaTYMKOB MOOWIBHBIX YCTpPOHCTB. Takke peanu30BaHO
COOTBETCTBYIOIEE MOOUIIBHOE IPOTPaMMHOE 00eCIIeUeHHE.

= 3a cuer pealmu3alMU IIpolecca IPEIBAPUTENBHONH 0OpabOTKM CHIHAJOB Ha MOOHIBHOM
yCTpoifcTBe cTana BO3MOXKHOM Iepeada CyIecTBEHHO MEHBIIET0 KOJIMYECTBa JaHHBIX Yepe3 CeTh
Ha cepBep.

=  HoBblif alrOpuTM paclo3HAaBaHHs, KOTOPbIH OCHOBaH Ha KOMOMHHMPOBAaHHOM HCIOJIb30BaHHH
JICPEBBEB MIOMCKA U METO/1a OTIOPHEIX BEKTOPOB.

= IlenocTHas KOMIUICKCHas CHCTeMa KiacCM(HUKAlMKM JBWKCHHMH M aHaiu3a IepeABIKCHHI
YeJIOBeKa B PEXHME PEaJbHOTO BPEMEHH, B KOTOPYIO BKIIOUEHBI BBIIICYKa3aHHBIC alrOPUTMBI
MIpe/iBapUTENIbHON 00PabOTKH CUTHAJIOB U KOHEYHOTO PaclO3HABAHMSI.

OcHOBHBIE Pe3yJIbTaThl JHCCEPTALMH

=  Peanu3oBaH OOLIMiT aHAIN3 COBPEMEHHBIX CHCTEM PACIIO3HABAHUS M KIACCU(UKAIIMU ABMKCHHIA,
Ha OCHOBaHHH KOTOPOTO OBUTH BBISIBJICHBI CHIIBHBIC U CIIA0BIC CTOPOHBI CYIECTBYIOIIHX MOIXO0I0B
[5, 6].

=  PazpaboTaH HOBBIH OBICTPOAEHCTBYIOUIMI aNrOPUTM paclio3HaBaHWsA, HA 0a3e KOTOPOro OBLIO
pa3paboTaHo COOTBETCTBYIOIIEE CEPBEPHOE IIPOrpaMMHoe obecrieuenue [1-4].

=  Pa3paboTaH MeTOJ CUMTHIBAHHUS, XPAaHCHUS M NPEIBAPUTEIbHOH 0OpabOTKM CHUTHAJIOB JATYHKOB
MOGHJIBHOTO ycTpoiicTsa [2, 3].

= Ha ocHOBe BBIICYKA3aHHOTO METOJa CO3JaHO MOOWIBHOE MpOrpaMMHOe oOecredeHHue,
paboTaroliiee o yIpasieHreM onepannonuoi cucremsr Android [1, 7, 8].

BHenpenue

Pesynbratel paboThl ObUIM BHEIApPEeHbI MOOHIbHOE mporpamMMHoe obecrneueHne «SOS  Systemsy
komnannn «Hukura Mobaiin», Haxoznsmeecs Ha CTaAWH NMWJIOTHOTO TECTHPOBAHHS B KOMHTETE IO
ype3BbruaiiHbpiM cutyarusaM (KUC) 911 MununcreperBa o UpessbrdaitneiM Cutyarnusim Pecriybiukn
Apwmenun (MUC PA).
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Intelligent sensor data processing, communication and implementation using mobile devices

Object, particularly, human activity recognition and classification is an important and urgent task.
Nowadays the Internet and personal computer are most common ways to connect people, allowing them
to exchange information between each other. On the other side, none of these is able to reach each
person anywhere and anytime like the cell phone does. Moreover, what concerns to mobile technologies
in general, now they are becoming ubiquitous all over the world, changing the way we communicate,
conduct commerce, and provide care and services. Certainly some of the most compelling benefits of
mobile technologies are in the areas of disease prevention, chronic disease management and improving
healthcare delivery. For all the advances, that occur in mobile health (mHealth), its full potential for one
very large group of beneficiaries — older adults and the persons who support them — is only starting to
emerge. The ability to monition physical state of a person takes us to the concept of personalized
healthcare systems implementation. Such systems will allow to decrease the number of people,
suffering from different diseases and to save life (in proper cases of emergency).

Modern smartphones are starting to be used as an auxiliary tool in signal and image processing tasks.
Generally, the activity recognition task can be solved in different ways, where the solution depends on
sensor that gives the signal sequences, as well as the environment. The sensors themselves divide into 3
categories, i.e. environmental, video and wearable. In addition, we must consider the limitation during
usage of each type of sensor (time, minimal accuracy and hardware resource limitations). Moreover, it
is necessary to remember about the problems that occur during different stages of signal processing.

Activity recognition is mainly considered as signal processing task. During signal retrieving stage, we
face with different noises that occur and low frequency of signal retrieving can have bad effect on
classification accuracy. Besides, the simultaneous usages of different sensors, attached to different parts
of human body, may limitate the movements and make the movements uncomfortable for human. What
relates to video and external environmental sensors usage, in that aspect we face with problems of big
size of signal transferring and limited range of work difficulties. Therefore, these are the main problems
why the activity classification task is not completely solved until now.

Considering the above mentioned, it is necessary to implement activity recognition system, that will use
modern state-of-art signal (image) processing algorithms (particularly, based on machine learning) and
will do processing of input sensor signal sequences, will do noise reduction and final classification, at
the same time fast and efficiently.

The aim of this thesis is to develop a process of activity recognition, which does asynchronous signal
processing and final classification using signals from sensors of mobile device and new (hybrid)
classification algorithm, based on support vector machines method and search trees combination.

Scientific novelty

= A new process, which does sensor signal collecting, storing and preliminary processing, is
proposed.

= Based on the above mentioned, an Android OS based mobile application is implemented. Current
mobile application prevents signal losses and user interaction interface freezing problems.
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=  Anew algorithm (hybrid algorithm) for activity recognition, based on combined usage of support
vector machines method and search trees, is proposed.

= Based on all mentioned above, an activity recognition system was implemented. That system
includes mobile application and server side application (where the final classification does).

Applicability of the results

The developed fingerprint recognition system can be applied in different sectors for person activity
recognition and classification, real time object tracking. The main branches where such system can be
integrated are: a) medical branch for patient activity monitoring; b) sport sphere for sportsmen motions
3D modeling, c) military branch for real time object movement geolocation coordinates analysis; and d)
for the provision of emergency services in respective cases.

The following statements are presented for defense:

= The new sensor signal asynchronous collecting, storing and preliminary processing algorithm,
based on multithreading mechanism and which takes into account signal format, incoming from
sensor.

= As result implementation of algorithm, mentioned above, it became possible to decrease in times
the amount of data, transferred to the server through the network.

= The new recognition algorithm based on combined usage of support vector machines algorithm
and search trees.

= Complete human activity recognition complex, which includes mobile application for preliminary
signal sequence processing, as well as the server side application for final classification and real
time geolocation coordinate analysis.

The main results of the thesis are:

= Analysis of modern activity classification and recognition systems, which allowed find out strong
and weak sides of modern approaches [5, 6].

= Development of a new activity classification algorithm (hybrid algorithm), implementation of
respective server side web application [1-4].

=  Development of a new signal retrieving, storing and preliminary processing algorithm [2, 3].

=  Development of Android OS based mobile application that implements the algorithm, mentioned
above [1, 7 and 8].

System implementation:

Developed activity recognition and classification algorithm was implemented in “SOS Systems” mobile
application of “Nikita Mobile” company. Currently the 911 Crysis Management Committee (CMC) of
the Ministry of Emergency Situations of the Republic of Armenia (MES RA) exploits application in
probation period.
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