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Témas aktualitate |

 Lémums « informacija < dati:

— operativie dati — apstrade lauj samazinat cilvékam
interpretéjamo datu apjomu

— vésturiskie dati — apstrade lauj veidot bazi situacijas
vélakai analizel
* Mobili sensoru tikli:
— Jjau eksistéjosi mobili objekti (t.sk. auto)
— specifiskas aparatiras platformas
— areji sensori
— datu parsiatiSana bez sakotnéjas prieksapstrades
— pielietojums zinatniskos eksperimentos



Témas aktualitate I

» Kolektivie merijumi (participatory sensing).
— plasa pielietojuma aparatira
— iebaveéti ieksejie sensori
— datu sakotnéja prieksapstrade
— pielietojums praktisku uzdevumu veiksanai

» Hipotéze:

— transporta lidzekli, apkartéjo vidi un cela infrastrukttru
raksturojoso datu ieguvei, sakotnéjai apstradei,
apkoposanai un uzkrasanai ir iesp&jams izmantot
mobilus, uz transporta lidzekliem bazétus sensoru tiklus,
kas veidoti, implementéjot kolektivo meérjjumu pieeju



Darba meérkis un uzdevumi

* Mérkis:
— izstradat un eksperimentali parbaudit atseviskas datu ieguves un
apstrades metodikas, kas balstitas uz kolektivo mérijjumu

pieejas implementaciju mobilos, uz transporta lidzekliem bazétos
sensoru tiklos

o Uzdevumi:

— iegut teorétisko zinasanu kopumu

— Izstradat datu ieguves un apstrades metodikas

— veikt praktiskus eksperimentus ar prototipiem

— velkt eksperimentu laika iegtto datu apstradi un analizi

— apstiprinat vai noliegt hipotézi par kolektivo mérijumu pieejas
Implementacijas iesp&jamibu mobilos, uz transporta lidzekliem
bazéetos sensoru tiklos



Iss teorétiskais pamatojums

Dalitas sistémas

Statiski un mobili sensoru tikli:
— mobils paradibas pétnieks

— mobili sensori

— mobila pétama paradiba

Mikrofoni
Akselerometri
Datu geomarkésana



Petijuma izmantotas metodes

- Hipotézu parbaude, | =
izmantojot plasa pielietojuma = s,
datortehniku

 Viedtalrunu adaptacija
specifisku kolektivo
merijumu vajadzibam

» Speciala pielietojuma iegultu
lekartu izstrade




Piedzivojumu saciksu norises kontrole,
izmantojot bezvadu sensoru tiklus

* Mérkis:
— parbaudit bezvadu sensoru tiklu piemérotibu
mobilu sensoru tiklu izveidé

 Rezultats:

— heterogéns piedzivojumu saciksu norises
kontroles sistémas prototips

« Secinajums:
— bezvadu sensoru tikli pieméroti turpmakiem
pétijumiem mobilu sensoru tiklu izveidé



Cela seguma monitorings, izmantojot
mobilus sensoru tiklus ar mikrofoniem |

* Mérkis:
— parbaudit mikrofonu un plasa pielietojuma

datortehnikas piemérotibu cela seguma
monitoringam

 Darbibas princips:

— skanas datu slieksnosana ar slieksna [imeni
15-90% (RoadMic)
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Cela seguma monitorings, izmantojot
mobilus sensoru tiklus ar mikrofoniem |I

 Rezultats:

— atsevisku cela g - =
seguma bojajumu SN
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— vienkarsu sensoru un vienkarsas datu
apstrades metodikas izmantosana lauj iegut
datus ar praktisku nozimi, kas atbilst
kolektivo mérijumu pieejas implementacijai



Cela seguma monitorings, izmantojot
viedtalrunus ar akselerometriem |

* Mérkis:

— parbaudit akselerometru un viedtalrunu
piemérotibu cela seguma monitoringam

 Darbibas princips:

— 4 akselerometra datu apstrades algoritmi

(Potroid)
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Cela seguma monitorings, izmantojot
viedtalrunus ar akselerometriem ||

¢ Rez u Itats : Klase Z-THRESH Z-DIFF STDEV(Z) G-ZERO

— atseV| S KU Lielas bedres 3 (100%) 3 (100%) 3 (100%) 3 (100%)
Ce-'l’a Seg u m a Mazas bedres 15 (83%) 16 (89%) 16 (89%) 14 (78%)
bojajumu T , , ,

o Bedru klasteri 25 (83%) 27 (90%) 27(90%) 27 (90% )
klasu
. v Plaisas 31 (78%) 36 (90%) 30 (75%) 27 (68% )
fiksésana ar |———
ey ey o 10 (59%) 17 (100%) 11 (65%) 8 (47%)
precizitati aki va
- (o) Kopa 84 (78%) 09 (92%) 87 (81%) 79 (73%)
l1dz 90%

« Secinajums:
— viedtalruni ka plasa pielietojuma iekartas ar ieksgjiem
sensoriem optimali atbilst kolektivo mérijumu pieejas
implementacijai



Transporta lidzekla stavokla monitorings,
izmantojot iegultas iekartas ar akselerometriem |

* Mérkis:
— parbaudit, vai transporta lidzekla pamatstavoklu

(brauksana un stavésana) noteikSana iesp&jama,
izmantojot tikai datus no 3-asu akselerometra

 Darbibas princips:
— adaptiva akselerometra datu slieksnosana
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Transporta lidzekla stavokla monitorings,
Izmantojot iegultas iekartas ar akselerometriem Il

» Rezultats:
— automatiska detektésana lidz 97% transporta lidzekla
stavésanas situaciju
— adaptiva funkcionalitate lauj lietot gan vieglajos
pasazieru auto, gan satiksmes autobusos

true positive false positive true negative false negative accuracy precision
S B0 % 0 75% HE L% 2 20% H5,7/8% 58 2V%

« Secinajums:
— ar1 sadu vienkarsu sensoru un vienkarsas datu
apstrades metodikas izmantosana tomér |auj iegut
datus ar praktisku nozimi



Transporta lidzekla pozicijas noteiksana,
izmantojot vairakus SBAS uztvérgjus un
datus no lokalam bazes stacijam |
* Mérkis:
— parbaudit vienlaicigu vairaku SBAS uztvéréju

izmantosanas un papildus datu ietekmi uz transporta
lildzekla pozicijas noteiksanas precizitati

 Darbibas princips:
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Transporta lidzekla pozicijas noteiksana,
izmantojot vairakus SBAS uztvérgjus un
datus no lokalam bazes stacijam Il

 Rezultats:

T uztvérgjs | 2 uztvérgji [ 1 uztvérgjs + korekcijas dati

1.48m 0.55m

pozicijas nobide Z-D virziena

1.48m 1.30m
pozicijas nobide R-A virziena Lerst T Lol
1.51m 1.31m

« Secinajumi:
— metodika ir potenciali piemérota GCDC sacensibu
auto tehniskajam risingjumam

— metodika piemérota izmantosanai uz transporta
lidzekliem bazéetos sensoru tiklos ka pozicijas
metadatu avots



Komercialas RFID sistémas drosibas parbaude,
izmantojot reversas inzenierijas pieeju un plasa
pielietojuma aparattru un programmataru |

* Mérkis:
— izvértét konkrétu komercialu RFID komponentu
piemérotibu izmantosanai uz transporta lidzekliem

bazétos sensoru tiklos, analizéjot to aizsardzibu pret
reverso inzenieriju

 Darbibas princips:
— RFID protokola fiziska un logiska limena analize

— RFID komponentu simulacija, t.sk. neeksistéjosas
RFID birkas ar patvaligi izvéléetu ID numuru simulacija



Komercialas RFID sistémas drosibas parbaude,
izmantojot reversas inzenierijas pieeju un plasa
pielietojuma aparattru un programmataru |l

* Rezultats:
— metodika, kas lauj simulét neeksistéjosu RFID birku ar
patvaligi izvélétu ID numuru
— vienam ID numuram atbilstosa atbildes zinojuma
generéSana (ieskaitot kontrolsummu) aiznem ~1h

« Secinajums:
— metodikas izveides iesp&jamiba norada uz to, ka konkrétie

komercialie RFID komponenti nav piemeroti
izmantosanai uz transporta lidzekliem bazétos sensoru

tiklos tados gadijumos, kad nepiecieSama augsta drosiba



Galvenie pétijuma rezultati |

Parbaudita bezvadu sensoru tiklu piemérotiba mobilu
sensoru tiklu izveidé

Parbaudits, kadu informaciju par cela segumu un ta
bojajumiem iespé&jams ieglt, izmantojot plasa
pielietojuma mobilu datortehniku un akustiskos sensorus

Parbaudits, kadu informaciju par cela segumu un ta
bojajumiem iespé€jams iegut, izmantojot viedtalrunus ar
leblvéetiem akselerometriem

Parbaudits, vai transporta lidzekla pamatstavok|u
(brauksanas un stavésanas) noteikSana iespéjama,
izmantojot tikai datus no 3-asu akselerometra



Galvenie pétijuma rezultati I

Parbaudita vienlaicigas vairaku SBAS uztvéréju un
papildus datu izmantosanas ietekme uz transporta
lildzekla pozicijas noteiksanas precizitati

|lzvertéta konkrétu komercialu RFID komponentu
piemeérotiba izmantosanai uz transporta lidzekliem
bazétos sensoru tiklos, analiz€jot to aizsardzibu pret
reverso inzenieriju

Veikta metodiku implementacija prototipu veida

Velikti praktiski eksperimenti datu ieguvé un apstradé

Veikts izstradato metodiku novertéjums



Galvenie secinajumi |

« Sakotnéja hipotéze uzskatama par
apstiprinatu:

— Izstradatas metodikas (RoadMic un Potroid) balstitas uz
plasa pielietojuma aparatiras platformam (PC,
viedtalruni, iegultas iekartas)

— tiek izmantoti vienkarsi iekséji sensori

— tiek veikti praktiski, ar transporta lidzekl|u infrastruktdru
saistiti uzdevumi — pieméeram, cela seguma
monitorings

— lokali veikta ieguto datu priekSapstrade lauj samazinat
parsttamas informacijas daudzumu



Galvenie secinajumi |l

Metodika Aparatiiras piatforma Fmantotais SENSard Datu apstrides Fielistajumes cela
(publicéd Sanas gads) 7 P SEHEOPE REVIgiojums veikianas viakd Segume monitoringd
Bikce Met sensary mezgls (Tmote nvent) : . L
(Fiserman et.al. 2007) + vigdtdlrunis (Nokia N5O) mikrofons areJs alidlinas
Sttndsense . . . e PR
(L et.al, 2009) viedtalrunis (Apple iPhone) mikrafons ieksejs lokdli
(D Zoyf;;iféi 1 2007) senson mﬂirzl'%i;@mssbaw akseleramptrs argis atidlindti -|—
(Eﬁizéifz ;iaf;é[] 9 fegults dators (Snekriz 4801) wkseleromatrs arajs lokdali +
Nericell Viedidlrunis . —
(Mahan e, al. 20082) (ar Windows Mobile OF) akselerometrs s lokiili +
Traffichense Viedtdlrunis . e
(Mohan ¢, al. 2008b) (ar Windows Mobile OS) akslarometrs s lokli +
NTU I . P . s
(Tai et. al. 2010) Viedtalrunis {HTC Diamond) akselerametrs iekséjs lokdl + attalindti -|—
Mo d;fjjfﬂjc 2010) PC/ specials sensory mezgls miikrofons ieksejs lokdali +
Fotraid viedidlrums (ar Android O3/ aksalaramatrs ieksdjs Jokili +

(Medniz ai, al 200 1a)

specidls sensory mezgls




Darba rezultatu aprobacija |

2 zinatniskie projekti:
— Viedo sensoru un tiklotu iegulto sistému pétijumu un
attistibas centrs (ESF)

— Inovativas signalapstrades tehnologijas viedu un
efektivu elektronisko sistému radisanai (VPP)

. 8 publikacijas (t.sk. 5 SCOPUS / 4 ISI)

13 zinatniskie seminari un konferences
(t.sk. 7 starptautiskas)



Darba rezultatu aprobacija ||

« Konvergence ar kolégu pétijumiem:
— 7 publikacijas (t.sk. 2 SCOPUS / 1 ISI)
— 5 zinatniskas konferences

» Darba rezultatus aprakstoso publikaciju
citéjamiba:
— 10 citg¢jamibas lidz 30.11.2012
— 4 citéjamibas kops 30.11.2012



Paldies!

 Organizacijam:
— LU DF Datoru inzenierijas, iegulto sistému un sensoru
laboratorijal
— EDI diskrétas signalu apstrades laboratorijai
— EDI kiber-fizikalo sistému laboratorijai

— SO Autoliste

« Kolégiem:
— A.Elstam — M.Liepinam — R.Zviedrim
— A.Gordjusinam  — L.Selavo

— G.Kanoniram — G.Strazdinam



... hav skaidri pateikts cik daudz un ko tiesi autors pats ir izstradajis un projektéjis no
nepieciesama speciala aparatiras nodrosinajuma un cik daudz un ko tiesi autors ir
programmejis ...

2., 3., 7. un 8. nodala aprakstitas aparattras un programmatdras izstrades
aktivitates autors ir veicis vienpersoniski. 4. un 5. nodala aprakstitas
programmatuiras izstrades aktivitatés buatisku ieguldijumu devis Girts
Strazdins, bet 6.nodala aprakstitajas aktivitateés — Georgijs Kanonirs.

... hetiek precizi nodefinéts, kas tad isti tiek mérits. Otraja pielikuma ,Cela seguma
bojajumu klases” gan ir redzamas dazas fotografijas, bet nav doti nekadi formali
kritériji tam, ko tad isti nozimé liela bedre, maza bedre un citi méramie objekti. Drosi
vien, ka pilnigi precizi Saja gadijuma to ari nevar izdarit, bet kaut kadus kvantitativus
un kvalitativus parametrus jau varéja aprakstit ...

Liela bedre ir cela bojajums, kura izmérs ir lielaks vai vienads ar tipiska
viegla auto ritena platumu. Maza bedre ir cela seguma bojajums, kura
izmérs ir mazaks par tipiska viegla auto ritena platumu. Bedru klasteris ir
vairaki cela seguma bojajumi, kuru attalums ir mazaks par tipiska viegla
auto gabaritiem. Plaisa ir cela seguma bojajums, ko veido atstarpe starp
blakus esoSiem asfalta segmentiem. Kanalizacijas akas vaks ir cela
seguma bojajums, kas izpauzas ka nosaukuma minetais objekts ar atskirigu
augstumu no paréja cela seguma limena.



... hav isti izprotama Sis nodalas pievienosana darbam. Lasot darbu, radas iespaids,
ka nodala aprakstitais pétijums ir veikts kdda no projektiem, kuros autors ir piedalijies
un péc tam pétijuma rezultati ir vienkarsi pievienoti disertacijai. Domaju, ka disertacija
neko nebltu zaudéjusi no savas vértibas, ja sdda nodala darba ari nebdtu ...
8.nodala aprakstitie pétijumi ir motivéti ar nepiecieSamibu kritiski izveléties
plasa pielietojuma komponentus, no kuriem veidot kolektivo mérijumu
sistémas. Nekritiska izveéle un palausanas tikai uz specifikaciju var novest
pie batiskiem trakumiem, t.s.k. nepietiekami augstas droSibas.

... dala no darba rezultatiem nav viennozimigi traktéjami k& atbilstosi kolektivo
mérijumu ideologijai par kur pats autors raksta, ka ,kolektivo mérijumu (participatory
sensing) pieeju raksturo ikdiena lietojamu mobilu iekartu izmantoSana interaktivu
sensoru tiklu veidoSana’. Visticamak, ka kolektivie mérijumi attisties jomas, kuras
varés izmantot tiesi ikdiena lietojamas iekartas. Savukart autors virkné risinajumu
piedava izmantot speciala pielietojuma iegultas iekartas ...

Promocijas darba izstrades laika ikdiena lietojamo mobilo iekartu fokuss ir
parvietojies no portativajiem datoriem uz viedtalruniem. Nav izslégts, ka
tuvakajos gados var notikt nakosSas batiskas izmainas Saja joma. Kas
attiecas uz speciala pielietojuma iegultam iekartam, tad autors tas pozicioné
ka alternativu platformu — respektivi, metodikas var tikt izmantotas art uz
iekartam ar loti ierobezotiem resursiem.



... nav ari isti parliecibas par autora izstradato metodiku pielietojamibu plasos
praktiskos kolektivo mérijumu projektos ...

Sadu parliecibu var dot tikai aprobacija realos plaga méroga pielietojumos.
Metodikas tika izstradatas zinatnisko projekitu ietvaros, kuru nosacijumi
zinama mera ierobezo Sada veida aktivitates.

... ka saistoso tému visam darbam varéja pasniegt nevis kolektivo mérijumu pieeju,
bet gan uz transporta lidzekliem bazétu sensoru tiklu (vehicular sensor networks)
tematiku ...

Uz transporta lidzekliem bazétu sensoru tiklu tematika tika attistita jau pirms
§a promocijas darba izstrades. Bltiskas atskiribas darbam dod tieSi kolektivo
merijumu pieeja, jo padara So kombinéto riku principiali pieejamu plasam
lietotaju lokam.

... batisks pienesums noteikti bitu bijusi tada k& retrospektiva parskata nodala par to,
kas ir mainijies un ka autors kadas lietas batu darijis varbdt savadak sodien ...
Autors piekrtt Sim apgalvojumam. Taja pat laika zinamu ieskatu minétaja
jautajuma sniedz darba sadalas 4.2 un 5.2, kuras tapusas attiecigi 2010. un
2011. gada, un Iidz ar to atspogulo izmainas attiecigaja doména 1 gada
laika.



... pietrakst art autora redzéjums un parskats par to, kadi ir ierobezojumi vina
izstradatajam metodikam, kuros apgabalos tas nevarétu vai varbat pat nevajadzétu
lietot ...

Ta ka cela seguma bojajumu detektéSana notiek auto kustibas laika, batiski
mazaka iespéja atrast S§adu defektu ir tad, kad auto veic savu kustibu Iéni,
pieméram, veicot pagriezienu krustojuma (62.lpp.) Metodiku precizitati
ietekmé armt GPS metadatu precizitate un auto parvietosanas atrums (45.lpp.)

... darbs vietam atspogulo pretendenta zinatniskos piedzivojumus promocijas darba
izstrades laika, jo darba 3. un 8. nodalas ir visai attali saistitas ar darba nosaukuma un
merkr ieklauto tematiku ...

Darba 3. nodala minétas aktivitates kaut nedaudz, bet ir saistitas ar kopégjo
darba tematiku, jo minétas sistémas prototipa implementacija tika veidota un
parbaudtta ar auto orientéSanos saistita pasakuma.

... darbam ir [oti isa literatliras apskata nodala ar tikai 26 literatiras avotiem, jo lielaka
dala literatiiras apskata novirzita uz citam, diezgan autonomam un savstarpéji vaji
saistitam nodalam ...

Autors piekrit Sim apgalvojumam. Taja pat laikd sada darba strukturésana lau;
lasitajam tiesa veida salidzinat citu pétnieku aktivitates un autora pétijumu.



... Doctoral thesis seems to be quite fragmented, i.e. several main topics are visible
over all work, namely, sensors and sensor networks, mobility and logistics, however
separate parts are not well connected. Especially different is the last part, RFID
components analysis. Thesis would be more monolithic and sufficient without this part
as well ...
Yes, the thesis is not dedicated to one narrow topic but includes at least
four associated directions - creation of new data collection and processing
methodologies, development of corresponding technical solutions, solving
of related problems (e.g. determination of the position) and critical
evaluation of potentially usable resources (e.g. RFID). The main idea is
creation of new "buildings" using already existing general purpose "bricks".
Not always the specification of the "brick" can give the warranty about all its
core features. In this particular case the "brick" did not pass the evaluation
and results were quite interesting. The inclusion of this part in my thesis was
motivated by two aspects:

o the need to emphasize careful selection of "bricks" without relying only
on official specification;

0 some tendencies to research security problems of already existing
solutions as this research <htip://math.ut.ee/%7Earnis/bankauth/>




...From the summary of doctoral thesis and provided papers it seems, that quality of
the systems (road surface damage, vehicle mode) was estimated just analyzing
detected problems. In the dissertation it is mentioned, that, both true positive (TP)
and false positive were taken into account, but any formal definition of error
calculation is not provided. Moreover, probably it would be more informative to use F-
score or similar measure, which is more informative, than just percentage of TPs ...
In both topics related to road condition monitoring some of the used
statistics methods were adopted from already published papers from other
researchers as Pothole Patrol - 5 pothole classes, acknowledgement as 4
positives from 10 tests etc. The reason is rather non-binary true/false
situations due different pothole classes with different impact factor as well
as the aspect that position measurements during ground truth session and
each test drive gives areas and not points. As You already found,
TP/TN/FP/FN is used in the topic related to vehicle mode monitoring as
there are binary true/false situations - the vehicle is in motion or not.



... In vehicle location tracking experiments 2DRMS were chosen as determining
factor. But it would be nice to see some practical explanation of the choice, and
eva/L#zt/on of the results from the practical stand-point, i.e. when and what precision
is sufficient ...

Determining factor 2DRMS was selected due two reasons:

o it was set in the rules for GCDC competition where we participated as
Team Latvia;

o it is one from two common used metrics for GPS evaluation.
Theoretically it means that 95-98% of all measured positions will be within
this range. In the case of vehicular applications we needed to distinguish
between two adjacent road lanes (participatory sensing) or to provide our
own position to other vehicles driving in platoon on highway.

... In some cases, e.g. road surface monitoring, vehicle location tracking, experiments
were performed only on one road. Does it suffice? Can it cover all interesting
conditions?

This road fragment was selected for evaluation experiments and therefore
documented to acquire the ground truth. Other proof of concept
experiments were carried out on different road fragments including city
streets and intercity highways. Our ground truth fragment includes main
streets with several lanes in each direction as well as small streets with
rather bad surface condition. Therefore it represents a wide scope of
possible road surface conditions.



... Future plans for improving results and, if they are sufficient for practical
applications, using them in practice, would better show status ...

There are some activities with the aim to use acquired results for practical
purpose from members of our research group as well as some interest
about cooperation from third parties. As almost all activities were carried out
during projects supported by ESF, there were certain limitations for direct
commercialization of results during project time.

... Choice of devices seem to be mostly based on the set of available devices, not
analysis of devices functionality ...

As already in some of my previous works, the main emphasis is set on
usage of general purpose components. The main research work is
dedicated to get some principally new functionality by combination of
already existing things and not careful optimization of each separate
component.

What would happen if during experiment somebody would call smart phone? It would
fall?

If the question is related to Picture 2.4 (p. 19 in thesis) then | would say "No"
because we used a holder for smatphone #3 and specific mat for
smartphones #1 and #2. If the question means "Can | use the smartphone
for voice communication if | participate in sensing activity?" - it should be
configurable in two modes:

#1 - in the case of call sensing app will be suspended for the time;

#2 - if road monitoring has highest priority, for the time of sensing activity
smartphone will be set in mode of simple tablet



