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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, K ar pasam

transportal dzeklim




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, viedt Irunis, atsevis os gad jumos -
lek rta)
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Statiski un mobili sensori

e Sensors - ier ce, kuras uzdevums ir noteikt k da objekta fizik lo
st voklivait fizik lo kvalit ti un p rveidot to datora ieejas
Parasti sensors ener analogsign lu, kas pirmst ievad Sanas
dator ar analogdiskr to p rveidot jutiek p rv rts par ciparsign lu.
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Transportl dzeklis:

e trums
eatraSan s vieta

Vadt js:
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Da das pieejas sist mas izveidel

 Visp r ja pielietojuma mobila o« Speci liizstr d taiegultaiek rta un
datortehnika un r ji sensoru integr ti sensoru modu i
modu | — auj veidot sist mu konkr tiem
— nodergas kotn jiem uzdevumiem, balstoties uz s kotn jos
eksperimentiem un testiem eksperimentos izstr d taj m metodik m

SD karte

un iroskops
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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 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./asistents 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|

RoadMic

 Refer ts zin tniskaj vasaras nometn Smithy of Ideas 2010
Lietuv

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



Aktivit tes 3. studiju gad |

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

o Aktivit tes o
— sist mas arhitekt ra (Reinholds) ' 5:%;,;1397 - ‘
— aparat ra (Artis, Leo) 3 SRR \

— programmat ra (Atis, irts)

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




Aktivit tes 3. studiju gad |l

Potroid

e Ce a seguma monitorings - RoadMic t mas turpin jums

« HW/SW platforma —
akselerometriem

e Da diauto,da diviedt Iru I, da disensori...
e Detalizt k— 1"  #%$%% & '

 Mans iequld jums
— praktisko eksperimentu tehniskais nodroSin jums
— algoritmi bedru detekt Sanaire laj laik




Aktivit tes 3. studiju gad |l
gode BR

« Grand Cooperative Driving Challenge - Lielais Kooperat v s Autovad Sanas
lzaicin jums
— starptautiskas sacens bas 2011. gada pavasar N derland

— komandas no V cijas, Zviedrijas, N derlandes, Turcijas, Sp nijas, Kan das, ASV, k ar
Latvijas

 Uzdevums
— p ciesp jas efektv kun precz k vad t automobilida dos satiksmes scen rijos

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

e Mris
— p ciesp jas droSa un ekonomiska satiksme uz publiskiem ce iem

« Mansiequld jums
— sist manal ze
— GPS pozicion Sanas un prec z laika risin jums
— legult iek rta auto vad bas sasaistei ar datoru




* Prezent cija konferencel MobiSensor 2011...
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Research domain

» Road infrastructure as blood vessels

o Participatory sensing for data collection
 Manual versus automatic reporting
» General purpose versus customized embedded devices



Existing solutions

Motes with accelerometers but only for data collection (BusNet)

Embedded computers with external accelerometers for real time data
processing (Pothole Patrol)

Smartphones with external accelerometers for real time data processing but
using very simple algorithms (Nericell, TrafficSense)

Smartphones with built-in accelerometers in client-server solution with

partial server side data processing (system developed at National Taiwan
University)

Offline data mining using complicated data processing algorithms (approach
developed at University of Jwaskyléi)



Technical requirements

Detection of the potholes in real time during
driving in different four-wheel vehicle types

Different Android OS based smart-phones with
accelerometer sensors as hardware/software -
platform

Enough resources for native communication
tasks at an adequate quality level

Calibration or self-calibration functionality for
adaptation to different vehicles




Our approach

Marking of ground truth using Walking GPS approach
Test drive session (10 laps) with 4 different smart-phones
Processing of collected data using selected algorithms

Statistical analysis in context of marked ground truth and previous
developed RoadMic methodology

Used terminology
— true positives - >=4 events during 10 laps within <= 15 radius
— true hits — event detected within <=15m to nearest ground truth item

.............

Class 24.03.2011 19.03.2010

Large potholes 3 3

i % 18 18

5 8- o Small potholes
& ® ; Pothole clusters 30 30

% Zighurkaina 2013
Mg ol
& L2 _
£ — 0
% &
L $ . ..
: ’ Drain pits 17 %

Total 108 105

4.4km long test track with marked and classified ground truth



Algorithms |

e Z-THRESH « Z-DIFF
— thresholding the acceleration — fast changes in vertical
amplitude at Z-axis acceleration data
— events represented by values — events represented by two
exceeding specific thresholds consecutive measurements
— information about Z-axis with difference between the
position of accelerometer is values above specific threshold

known level




Algorithms Il

« STDEV(Z)

— standard deviation of vertical
axis acceleration

— previously used for data post
processing

— the window sizes and specific
threshold levels had to be
determined

G-ZERO

L5

0.5

events characterized by specific
measurement tuple

vehicle in a temporary free fall

data could be analyzed without
information about exact Z-axis
position of the accelerometer



Evaluation |

Class Z-THRESH Z-DIFF

Z'TH RESH o Z'DI FF Large potholes 3 (100%) 3 (100%)

. . Small potholes 15 (83%) 16 (89%)

o Optlmal value 049 — Optlmal value 029 Pothole clusters 25 (83%) 27 (90%)

— 78% true positives — 92% true positives Gaps 31(78%) || 36 (90%)

. ) Drain pits 10 (39%) 17 (100%)

— 76% true hits — 77% true hits Total 84 (78%) || 99 (92%)
100 100

80 80

60 60
=== true positives e=$==true positives

==gr==true hits ==gr=true hits

40 40
20 20
% O threshold, g % 0 threshold, g

0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9



« STDEV(Z)

100

80

60

40

20

optimal value 0.2g

Evaluation ||

optimal window size 20

81% true positives
76% true hits

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4
0,45

0,5
0,55

0,6
0,65

G-ZERO

— optimal value 0.8¢g
— 73% true positives

— 76% true hits

e=b==true positives

==gr=true hits

threshold, g

100

80

60

40

20

o 0

0,1

0,2

0,3

0,4
0,5

Class STDEV(Z) || G-ZERO
Large potholes 3 (100%) 3 (100%)
Small potholes 16 (89%) 14 (78%)
Pothole clusters 27 (90%) 27 (90%)

Gaps 30 (75%) 27 (68%)

Drain pits 11 (65%) 8 (47%)
Total 87 (817%) 79 (73%)
=== true positives
==d=true hits
threshold, g
O o~ KO - o~
o o o o —




e Thank you for your attention!

e Some pictures from our field experiments:

o
e

Marking of ground truth Android smart-phones RoadMic equipment

 Now it Is time for questions and discussion...



o Atpaka pie aktu | s situ cijas...

* M ris-1dz 30.09.2011

— sagatavot un iesniegt promocijas darba
melnrakstu

— nok rtot promocijas eks menu datorzin tn s
un svesvalod



Sausais atlikums |

16.05.2008 Daugavpils Universit tes 50. starptautisk zin tnisk konference (Latvija)
Bezvadu sensoru t klu izmantoSana piedz vojumu sac kSu norises kontrol

06.02.2009 Latvijas Universit tes 67. konference (Latvija)
Inform cijas ieguve no att lin tiem bezvadu sensoru t kliem

18.06.2010 Scientific summer camp “Smithy of Ideas 2011" (Lietuva)
Road Roughs Detection Using Microphones

08.07.2010 NDT 2010: The 2nd International Conferen ce on 'Networked Digital
Technologies' ( ehijas Republika)
RoadMic: Road Surface Monitoring using Vehicular Se  nsor Networks with Microphones

20.10.2010 Viedo sensoru un biofotonikas semin rs (Latvija)
Automobilis k mobils bezvadu sensoru t kla mezgls datu ieguvei

27.05.2011 Viedo sensoru un kvantu skait oSanas semin rs (Latvija)
Latvijas komandas pieredze viedo auto izaicin jum GCDC

29.06.2011 MOBISENSOR 2011: The 2nd International W orkshop on Mobility in Wireless
Sensor Networks (Sp  nija)
Real Time Pothole Detection using Android Smartphon es with Accelerometers
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o Paldies par uzman bu!
e Laiks jaut jumiem un diskusijali...

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



