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levads

 Lémums € informacija € dati

« Dati
— tiesa veida ieguti operativie dati
— netiesa veida iegati veésturiskie dati

» Optimizacija
— operativo datu apkoposSana un sakotnéja apstrade
— veésturisko datu apkoposana un uzkrasana



Darba téma

» Transporta lidzekla vadisanas process

— liels cilvékam vienpersoniski pienemamo [émumu
apjoms

— ne vien vadama transportlidzekla un ta pasazieru, bet
ar1 citu apkart esoso transportlidzeklu un cilvéku
drosiba

* Risingjumi
— transporta plismu vadibas uzlabosana

— noderiga papildus informacija katra atseviska
transporta lidzekla vaditajam




Augsta [Tmena prasibas

Dazadu apkartéjo vidi, vadamo transportlidzekli un ta
vaditaju raksturojoso parametru fiksésana kustibas laika

Fikséto parametru analize realaja laika, ar mérki sniegt
noderigu informaciju vaditajam

Atlasitu fikséto parametru parsatisana realaja laika, ar
merKki veikt so datu koplietosanu

Fikséto parametru uzkrasana, ar iespé€ju veikt vélaku
padzilinatu datu analizi, ieskaitot notikusa
datorsimulaciju



Tehniska risinajuma ierobezojumi

« Parametru nolasisana, izmantojot viedos sensorus
(smart sensors), kuri veic ieguto datu prieksapstradi un
nodod talak jau apstradatu rezultatu

« Pé&c iespégjas minimala integracija ar transporta lidzekla
infrastruktdru (viegla montaza/demontaza, péc iespégjas
mazaka atkariba no konkréta transporta lidzekla modela)

« Plasa pielietojuma mobilas datortehnikas izmantosana
datu uzkrasanai un reala laika analizei (portativais PC
tipa dators)



Aktivitates 1. studiju gada |

Papildinatas zinasanas CE (computer engineering) joma

Apgatas potenciali izmantojamas tehnologijas

Realizéts mazaka apjoma apaksprojekts, kur bija iespéjams praktiski
parbaudtt izvéléto tehnologiju piemérotibu

Sadarbiba ar Latvijas Universitates iegulto sistému un sensoru laboratoriju,
ka art sabiedrisko organizaciju Autoliste, izstradata un pasakuma
Autochase: eVocation (24.05.2008) norises kontrolé izmantota
piedzivojumu saciksu kontroles sistéma uz bezvadu sensoru tikla
mezgluTmote Sky bazes




Aktivitates 1. studiju gada Il

» Publiskas atskaites par sistému

zinojums Daugavpils Universitates 50. starptautiskaja zinatniskaja
konferencé 16.05.2008

Bezvadu sensoru tiklu izmantoSana piedzivojumu sacikSu norises
kontrolé - Daugavpils Universitates 50. starptautiskas zinatniskas
konferences materiali / Proceedings of the 50th International Scientific
Conference of Daugavpils University. Nature. Daugavpils: Daugavpils

ggévg]rsitétes Akademiskais apgads ,Saule”, 2009. [ISBN 978-9984-14-

- Bezvadu sensoru tiklus ir iespéjams izmantot, lai risinatu sekojosa
veida uzdevumus:

datu apkoposana par tikla darbibas zona fiksétiem notikumiem

ljémuma pienemsana un izpilde, balstoties tikai uz tikla pieejamiem
atiem

datu nosutiSana uz centralizétu serveri talakai apstradei, ar iespé&ju

sanemt izpildei taja pienemtu [Emumu

datu parsatisana starp dazadiem tikliem, izmantojot mobilus bezvadu
sensoru tiklu mezglus, kas parvietojas vairaku tiklu darbibas zonas



Aktivitates 2. studiju gada

Monitoréjamo raksturlielumu izpéte
— auto dati
— auto vaditaja dati
— apkartéjas vides dati

Pedagogiskais darbs
— kurss levads digitalaja projektéesana

Konference

— Informacijas ieguve no attalinatiem bezvadu sensoru tikliem - Latvijas
Universitates 67. konference (06.02.2009)

Plani
— zinojuma un publikacijas sagatavoSsana Computer Days — 2009 |
Kompiuterininky dienos — 2009 (25/26.09.2009)



Aktivitates studiju partraukuma laika

« Darbs EDI
— pétnieka v.i. Diskrétas signalu apstrades laboratorija

« Daliba projekta VieSenTIS
— 2009/0219/1DP/1.1.1.2.0/09/APIA/VIAA/020

« Daliba CarMote grupa

— viedas transporta sistémas, auto ka mobila sensoru tikla mezgli, V2V,
V2l

« Referats zinatniskaja vasaras nometné Smithy of Ideas 2010
Lietuva

« Publikacija / konference
— NDT 2010, Praga, Cehija, 07.-09.07.2010



» Prezentacija konferencei NDT 2010...
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Research area and motivation

« Five levels of car driving
— manual driving
— assisted driving (our primary research area)
— semi automatic driving (our secondary research area)
— highly automatic driving
— fully autonomus driving

« Parties interested in road surface monitoring
— car users
» personal cars
» public transportation
— road maintainers



State of the art

 Scientific projects (data acquisition)
— BikeNet (Dartmouth College) specific hardware
— Pothole Patrol (MIT) components
— SoundSense (Dartmouth College) (accelerometers)
— Nericell (Microsoft Research India)

« WEB resources (data presentation) manual data

— http:/potholes.co.uk h reporting
— http://bedrukarte.lv (WEB forms)




Research problem

« What data quality in terms of road surface
quality could be achieved by recording and
processing sound in a moving vehicle using
regular off the shelf audio microphones?

* |s this approach generic and usable for diverse
event detection using different sensors?



System requirements

=
o
% Microphone

Low setup and maintenance costs

Availability of used hardware components

General-purpose computer for data logging

Wide range of supported sensors in addition to
the microphone

Localization service for data geo-tagging

Software platform independence

b
0.

Vehicle

Vehicle on-board
sensing system
architecture




Algorithm

Record GPS trace and sound simultaneously

Interpolate position between two GPS fixes, which
typically have a granularity of one second

Discretize the sound signal with lower frequency to
reduce sample count, high frequencies usually
contain no information and can be discarded as
noise

Assign geographical coordinates for sound
fragments, which also represent a small
geographical region

Perform event detection function for each region,
using digital signal processing (DSP) which is specic
for each class of events

Create map with points of interest representing
detected events

Mandatory

X

Online



Setup




Evaluation |

« Hypothesis

— recorded sound has a correlation with
road surface irregularities

« First impression
— particular road segment with pothole
— sound recorded while driving along it

— footprint of high amplitude of low
frequency oscillations

First examined road segment with pothole
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Evaluation |l

 Ground truth

e

Fjekurtaina 2003

« Five rough classes @
— large potholes (3) - #" S
— small potholes (18) i _@ § B
— pothole clusters (30) & o &( %
— drain pits (29) ) k.
— Gaps (25) 3 5

gpnreh

*

 Ten test drives S
Experimental test track, 4.4km long,

with manually marked road roughs

» Thresholding by amplitude
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Evaluation lll

« Accuracy limitations

— GPS precision

— car speed
] Ground truth e
Il True positive as®
Il False positive

15m ) !__DQ
'Y ?
Q—ﬂq#\é |SIZI pEda |

I20m |

Pothole positions detected using sound analysis
around position marked as ground truth. Positions
not further than 15m are considered true positives

Different threshold levels
— Noise (<=35%)

— Sensitive (35-60%)

— Conservative (>=60%)
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Number of pothole positions
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Used threshold, %

Total detected positions and true positive count by
each threshold, counted over all 10 test drives



Evaluation |V

- distances between detected - acknowledgement criterion:
and ground truth positions — ground truth position is
e considered as acknowledged
0 1 A e by our algorithm if it has at
N 77 =] least 4 true positives in the
i e total 10-drive test data set

=>¢=45% threshold
== 60% threshold
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~#~=Large pothole

% of positions having distance < x
2

/i B e 80
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Distance between detected and ground truth positions, m

Potholes acknowledged, %

Distribution function of distances between detected N o\
positions and ground truth, using thresholds 15- o e
90%. Thresholds above 30% give < 20m accuracy U edteiad e T

with > 80% credibility

Fraction of ground truth potholes acknowledged
by our algorithm, using different thresholds for
sound signal analysis



« Thank you for your attention!

« Some pictures from our field experiments:

Example of pothole cluster Configuration before test drive This is NOT a pothole ©

* Now it is time for questions and discussion...



 Atgriezamies pie aktualajiem darbiem...



LynxNet

Problema
— datu ieguve no mobiliem objektiem (lGSiem)

Risinajums
— aparatdras un programmattras komplekts
— datu nolasisana, uzglabasana, parsutisana

Aktivitates
— sistémas arhitektara (Reinholds)
— aparatura (Artis, Leo)
— programmatara (Atis, Girts)

MerKki
— kopa ar LVMI Silava parstavjiem izveidot originalu praktisku risinajumu
— sagatavot zinatnisko publikaciju konferencei REALWSN 2010



LynxNet klienta iekarta

TMote Mini Sensori —
bezvadu mitrums,
sensoru temperatiira,

mezgls gaisma
* Ul 1 Barosanas

Akselerometrs

un ziroskops sprieguma

: | komutacija
AF MODULE ¢ 5 | un

TRM-433-LT

1korioon 4 |l stabilizacija

Seriala saskarne
programmeésanai

433,92 MHz QStarz GPS
radio uztverejs




Grand
Coocperative
Driving
Challenge

Grand Cooperative Driving Challenge - Lielais Kooperativas
Autovadisanas lzaicinajums

— starptautiskas sacensibas 2011. gada pavasari Niderlandé

— komandas no Zviedrijas, Niderlandes, Turcijas, Lielbritanijas, ka ari
Latvijas

Uzdevums

— péc iespéjas efektivak un precizak vadit automobili dazados
satiksmes scenarijos

Lomu sadalijums
— dators novéro apkartéjo vidi, kontrolé paatrinadjumu un atrumu
— cilvéks stare, ja nepiecieSams, iejaucas art atruma kontrolé

Merkis
— péc iespé€jas drosa un ekonomiska satiksme uz publiskiem celiem



GCDC aparattras risinajums

802.11p V2V un V2| komunikacija GPS ar precizitati <1m

!
i.

f

Datu apstrade, lémumu Paatrinajuma un atruma
pienemsana un izpilde elektroniska kontrole



« Paldies par uzmanibu!
 Laiks jautajumiem un diskusijai...

« Jautajumus, protams, drikst uzdot art vélak
— artis.mednis@edi.lv




