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levads

e L mums dati

e Dati
— tieS veid leg ti operat vie dati
— netieS veid ieg tiv sturiskie dati

e Optimiz cija
— operat vo datu apkoposana un s kotn ja apstr de
— v sturisko datu apkopoSana un uzkr Sana



Darbat ma

e Transporta | dzek a vad Sanas process

— liels cilv kam vienpersoniski pie emamo | mumu
apjoms

— nevienvad m transportl dzeka unt pasaieru, bet
ar citu apk rt esoso transportl dzek u un cilv ku
dros ba

e RisIn jumi
— transporta pl smu vad bas uzlabosana

— noder ga papildus inform cija katra atsevis
transportal dzek avad t jam




Augsta | me a pras bas

Da duapk rt jo vidi, vad mo transportl dzekli unt
vad t ju raksturojosSo parametru fiks Sana kust bas laik

Fiks to parametru anal ze re laj lailk , arm r isniegt
noder gu inform cijuvadt jam

Atlas tu fiks to parametrup rs tsSanare laj laik , ar
m r i veikt So datu koplietoSanu

Fiks to parametru uzkr Sana, ariesp ju veiktv | ku
padzi in tu datu anal zi, ieskaitot notikus
datorsimul ciju



Tehnisk risin juma ierobe ojumi

e Parametru nolas Sana, izmantojot viedos sensorus
(smart sensors), kuri veic ieg to datu priekSapstr di un
nododt | kjau apstr d turezult tu

« P ciesp jas minim laintegr cija ar transporta | dzek a
Infrastrukt ru (viegla mont a/demont a,p ciesp jas
maz ka atkar ba no konkr t transporta | dzek a mode a)

* Plasa pielietojuma mobil s datortehnikas izmantoSana
datu uzkr Sanaiunre | laika anal zei (portat vais PC
tipa dators)



Aktivit tes 1. studiju gad |

Papildin tas zin Sanas CE (computer engineering) jom
Apg tas potenci li izmantojam s tehnolo ijas

Realiz ts maz ka apjoma apaksSprojekts, kur bija iesp jams praktiski
p rbaudtizv | to tehnolo iju piem rot bu

Sadarb b ar Latvijas Universit tes iegulto sist mu un sensoru laboratoriju,
k ar sabiedrisko organiz ciju Autoliste, izstr d ta un pas kuma
Autochase: eVocation (24.05.2008) norises kontrol izmantota

piedz vojumu sac kSu kontroles sist ma uz bezvadu sensoru t kla
mezgluTmote Sky b zes




Aktivit tes 1. studiju gad I

* Publiskas atskaites par sist mu

— zi ojums Daugavpils Universit tes 50. starptautiskaj zin tniskaj
konferenc 16.05.2008

— Bezvadu sensoru t klu |zmantosana piedz vojumu sac kSu norises
kontrol - S
konferences materi li/ Proceedlngs of the 50th International Scientific
Conference of Daugavpils University. Nature. Daugavpils: Daugavpils
Universit tes Akad miskais apg ds ,Saule”, 2009. [ISBN 978-9984-14-
422-2]

« Bezvadu sensoru tklus ir iesp jams izmantot, lai risin tu sekojosa
veida uzdevumus:

— datu apkoposSana par t kla darb bas zon fiks tiem notikumiem

— | muma pie emsSana un izpilde, balstoties tikai uz t kI pieejamiem
datiem

— datu nos tSana uz centraliz tu serverit | kai apstr dei, ar iesp ju
sa emtizpildei taj pie emtul mumu

— datu p rs tSanastarp da diemt kliem, izmantojot mobilus bezvadu
sensoru t klu mezglus, kas p rvietojas vair ku t klu darb bas zon s



Aktivit tes 2. studiju gad

Monitor jamo raksturlielumu izp te
— auto dati

— autovadt ja dati

— apk rt j svides dati

Pedago iskais darbs
— kurss levads digit laj projekt San

Konference

— Inform cijas ieguve no att lin tiem bezvadu sensoru t kliem - "
Universit tes 67. konference (06.02.2009)

Pl ni

— zi ojuma un publik cijas sagatavoSana Computer Days — 2009 |
Kompiuterinink# dienos — 2009 (25/26.09.2009)



Aktivit tes studiju p rtraukuma laik

Darbs EDI
— p tnieka v.i. Diskr t s sign lu apstr des laboratorij

 Dal ba projekt VieSenTIS
— 2009/0219/1DP/1.1.1.2.0/09/APIA/VIAA/020

« Dal ba CarMote grup

— vied s transporta sist mas, auto k mobila sensoru t kla mezgli, V2V,
V2|

 Refer ts zin tniskaj vasaras nometn Smithy of Ideas 2010
Lietuv

 Publik cija/ konference
— NDT 2010, Pr ga, $ehija, 07.-09.07.2010



 Prezent cija konferencel NDT 2010...



R LATVIJAS 1
& UNIVERSITATE

ELEKTRONIKAS UN DATORZINATNU INSTITUTS
— INSTITUTE OF ELECTRONICS AND COMPUTER SCIENCE

ANNO 1919

RoadMic: Road Surface Monitoring using
Vehicular Sensor Networks with Microphones

Artis Mednis 12, Girts Strazdins'?, Martins Liepins!, Andris
Gordjusins?, and Leo Selavo??

L Institute of Electronics and Computer Science,
14 Dzerbenes Str, Riga, LV 1006, Latvia
2 Faculty of Computing, University of Latvia,
19 Raina Blvd., Riga, LV 1586, Latvia
{artis.mednis,girts.strazdins,martinsl,andris.g,selavo}@edi.lv

. ESF ESF grants:
2009/0219/1DP/1.1.1.2.0/APIA/VIAA/020
]

) R&D Center for Smart Sensors and Networked Embedded
EIROPAS SOCIALAIS Systems

FONDS 2009/0138/1DP/1.1.2.1.2/09/IPIA/NVIAA/004
Support for Doctoral Studies at the University of Latvia

NDT 2010, Charles University, Prague, Czech Republic, 08.07.2010



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
guality 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

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

5=
-

% Microphone

Vehicle on-board
sensing system
architecture



Algorithm

Mandatory
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

Online






Evaluation |

 Hypothesis

— recorded sound has a correlation with
road surface irregularities

e 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 ||

e Ground truth

Fjekurtaina 2003

e

« Five rough classes T
— large potholes (3) = " e
— small potholes (18) ) S
— pothole clusters (30) 2% &( %«»
— drain pits (29) \ ?*
— Gaps (25) i é;

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

with manually marked road roughs

 Thresholding by amplitude
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Evaluation Il

e Accuracy limitations

— GPS precision
— car speed

] Ground truth
B True positive
Il False positive

15m

| S0 péda |
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%)

1600

1400 1 Total

1200 ® True positives

1000

800

600 T

400

200 T

Number of pothole positions

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Used threshold, %

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



Evaluation IV

» distances between detected « acknowledgement criterion:
and ground truth positions — ground truth position is
R considered as acknowledged
o o A by our algorithm if it has at
. A least 4 true positives in the
i e total 10-drive test data set

=>¢=45% threshold
== 60% threshold
=®=75% threshold
—+=90% threshold 90

~#~=Large pothole
=#=Small pothole

Cluster

——Gap

% of positions having distance < x
2

~>*Drain pit

Distance between detected and ground truth positions, m

Potholes acknowledged, %

Distribution function of distances between detected ol
positions and ground truth, using thresholds 15- S S s - -

90%. Thresholds above 30% give < 20m accuracy Used threshold. %
with > 80% credibility ’

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



 Thank you for your attention!

e 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...



o Atgrie amies pie aktu lajiem darbiem...



LynxNet

Probl ma
— datu ieguve no mobiliem objektiem (I Siem)

Risin jums
— aparat ras un programmat ras komplekts
— datu nolas Sana, uzglab Sana, p rs tSana

Aktivit tes

— sist mas arhitekt ra (Reinholds)
— aparat ra (Artis, Leo)

— programmat ra (Atis, %arts)

Mri
— kop ar LVMI Silava p rst vjiem izveidot ori in lu praktisku risin jumu
— sagatavot zin tnisko publik ciju konferencei REALWSN 2010



LynxNet klienta iek rta

TMote Mini Sensori —
bezvadu mitrums,
sensoru temperat ra,
mezgls gaisma

Akselerometrs Bar.osanas

un iroskops Sprieguma

komut cija
un
stabiliz cija

Seri | saskarne
programm sanai

433,92 MHz QStarz GPS
radio uztv r js




Grand Cooperative Driving Challenge - Lielais Kooperatv s
Autovad Sanas lzaicin jums

— starptautiskas sacens bas 2011. gada pavasar N derland

— komandas no Zviedrijas, N derlandes, Turcijas, Lielbrit nijas, k ar
Latvijas

Uzdevums

— p ciesp jas efektv kun prec z k vad t automobilida dos
satiksmes scen rijos

Lomu sadal jums
— dators nov ro apk rt jo vidi, kontrol pa trin jumu un trumu
— cilv ks st r , ja nepiecieSams, iejaucas ar truma kontrol

M ris
— p ciesp jas droSa un ekonomiska satiksme uz publiskiem ce iem



GCDC aparat ras risin jums

802.11p V2V un V2l komunik cija GPS ar precizit ti <1lm

=~/

Datu apstr de, | mumu Pa trin jumaun truma
pie emsana un izpilde elektroniska kontrole



o Paldies par uzman bu!
e Laiks jaut jumiem un diskusijali...

e Jaut jumus, protams, dr kst uzdotar v | k
— artis.mednis@edi.lv



