=
—_
=

/nnovation Fund Denmark

i

WP3 - Production and Validation
LIRA IT-infrastructure:

Concepts, components and architecture
Ekkart Kindler et al.

Software and Process Engineering Section
DTU Compute

Department of Applied Mathematics and Computer Science

A J Oe"=
swr =5 By | © _{2 7182818284

\

g
12
r.
A
>



Ove rVi eW DTU Compute

Department of Applied Mathematics and Computer Science
Ekkart Kindler

=
=

i

GPS Satellite
j Consteliation

Hybrid model 1

Car-sensor ]

database

Production and
Validation

()

Road-cond.
database

Device Management Data Warehouse
(Gateways)

APis &

Geo-spatial
Interfaces

& Contextual
Databases

Physical models

LiRA IT-infrastructure: Concepts, components and architecture



Overview

GPS Satellite
[_;_f:;-:' | Constellation

Hybrid model 1

Car-sensor
database

Device Management

Data Warehouse
(Gateways) ;

Road-cond.
database

Physical models

LiRA IT-infrastructure: Concepts, components and architecture

=
—_
=

DTU Compute
Department of Applied Mathematics and Computer Science

Ekkart Kindler

i

Production and
Validation

APIs & Geo-spatial
Interfaces & Contextual
Databases



LIRA Map

LiIRAMap
Bispetorvet < - : \ .
4 (OpenStreetMap ID: 131196793) | = A .
Latest Condition: Mon, 11 May 2020 19:32:12 | + : \
i
GMT . Sankt Petr
: | 5 o ":::r;""" Hirke \
View on Map | han
f 2
e g St Petn 3
/ Conditions i . o
23 vilheirs
[l Valkendarts homser
Type Value E_-"__ “_,Lw et - ]
Bispegird
Depressions and 95cm Select | R
, R
settlement | 17 Kovennins
£ z€ R T fion Universiter
Pot hole 53cm | select| RN I
| N Lo Pl
| L
| & o 218 v L o : Im\-‘,._‘.u,
T
o17¢ Da
= 30
D
up | F A -
e » o
b x\ ! B
& \"! x ol 5 ]

L)
=
5

DTU Compute DTU

Department of Applied Mathematics and Computer Science

Ekkart Kindler

L]
[c}
] :

"
it |
IEal .

: g
e Frue
Kirke
Melligandshuset

Hellighn

Source: Jonathan Drud Bendsen: LiRA Map: A Cloud-based Geo-information System

for Road Maintenance. BSc project 2020.

LiRA IT-infrastructure: Concepts, components and architecture



—
—
=

Data Validation

ey
o
o
#% LiRAMap - Mozilla Firefox J t a q u i Ck
LiRAMap ol - u S
¢ Q © & httpsy/flocalhost:5001 LD < Search mOCku p‘. =
T = 207 8 T e :
\ 5 4 3 B z e
Frue Plads < . - , '/ W splay~
(OpenStreetMap 1D: 143856734) belsrmed SR PR fuke Fluk p
. No conditions recorded on this way... 2 CrAB =t 2elale
2 View on Map At it i 4 Bl
i _4»’” o » jid < Grabredre
' = 26 l\J? ¢ W
Conditions ' '
1325 i34
: L4 .H:\\ & Ost
“ Type Value : w \ g ¥ ST
| 1- allar . SORIVE[er S
Kebenhavns )\ Dayid Vor Frue i k : 32 Pb L] S5 Y ll" e
Universitet it B By - £ ‘H Francis AN {64 ;?__-,\ o5 30
. B, Y g s i
- g B e/’ & i 13 NE|
a .\'1.:r'< B ot i it et 3 » . . : lHI o) Helligandshus
R B ot Niven iy
- S o 2N
= ke N\ N
N - Koch o Al 388 Kj =
= 404 9 L!’_f' L & 496 \
& g ’e = \ A

LiRA IT-infrastructure: Concepts, components and architecture 3)



Overview

=
—_
=

DTU Compute
Department of Applied Mathematics and Computer Science

Ekkart Kindler

i

Two system

—_—
-

s — one user interface

E GPS Satellite

f; Consteliation

> = dybrid model 1

e ana |
. “

Car-sensor
database

Device Managemeant
(Gateways)

Road-cond.
database

ce 0 & reossias on no®>» W=

Frue Plads

LiRA IT-infrastructure: Concepts, components and architecture

Production and
Validation

APIs & Geo-spatial
Interfaces & Contextual
Databases

No selection




O u tI i n e DTU Compute

Department of Applied Mathematics and Computer Science
Ekkart Kindler

=
—_
=

i

= |ntroduction and overview

= Concepts (data model)

» Features and priorities (discussion)

LiRA IT-infrastructure: Concepts, components and architecture



=
—_
=

DTU Compute
Department of Applied Mathematics and Computer Science

i

I Ekkart Kindler
| |
= O X
e # hitps;//www.openstreetmap.org/#map=17/55.77660/12.52232 v ﬂ O S@g...
» OpenStreetMap [T
),__.3' OpensStreetMap GPS-spor  Brugerblogs Ophavsret Hjslp Om Log pa Opret konto
Seg H
e " 4
56 484 oi i 3TN ; e
ERET
i ; EilE) pe 21 WP
e a1 & e a2 P E
4504y g o g0 iped JE
64 £ S =1
: ST - : . 3¢
S6-sg OROL, 293133 35 37 39 41 ; 3
: ; 29
i G P .
- 29 Bauneporten i ;5
d=dg VR 27 £ =
|
% ; ! = 5
3. - 23 &g
5o ; 21 |3
= B i [t
il : P - F
8 : Traningscenter 17 | &
o Fortunen ; ‘,E f
10 g o gt 1/ 15 &
5 L 3 e & i 8
o 12 ] 2 |
T o g 10 10
3 e I5 |
: ) B e = i d
Parkhajvej - 3
.‘" J f 37 J ¥ }II
: 5 H
¢ g a1 .
i 21 b
: llFE ) P 3 /
ol 135708, 7 o a5 25 ;
S = 5 W i {
" Melagervej 139 =] 5 g_; 49 2yl i
13 119 125 § ) - a | £ e jj 4
. 17 123 = %.-r 3 22 :
oo 121 1 135 141 145 2 Ze L
108 5 LR e ) oz ; ,
] b ) +Lyngbygardsvej 8 e = Trangardsparken 3
| = T Z :
- - = . i Lyn e - 75 i
— yngbygardsvel ___Lyngbygardsvej = MObygdrdsve) . — == § s J
_L\J_ = 28R 1287 130 134 i 1384 $1 48 50 oo i
) 108 114 L il i =l | !
3 X 127 t d 212 '
102! 10 15 1 Lngbygardsvel sl : g i
i 7 | ; = L
104 12 118 les 13241321 H 138 || |- . i -—ﬂmampe
- “I3 - ry o A B e — b
106 ek A S - « Klampenborgue B [ I — g,=..£===-: - = Klampenborgyej E 4
« Klampenborgve) S i - B Klampenborgvej > T —— Heid
B — Klampenborgve] S - = -] 7 \ _"J A d A
Y ) — = - - dtoftenardsye ! i
g o« - ) - T Lundtoftegardsye)
gﬁ s fﬁ r 57 i "' ] o ik i
. ; s Sorgenfrigardsye) a7 6 73 83 93
ol s | iy -
&= ! 5
pa
50m
TR Yy "
200 ft 2729 31 33 o
en(:ed images (PIXe S):
geo-refer

Basically, just

—_

LiRA IT-infrastructure: Cor



DTU Compute
Department of Applied Mathematics and Computer Science

OSM: Map Data

=
=

i

= O X
o A .
e‘.\' _,,-'|)“' https://www.openstreetmap.org/#map=17/55.77660/12.52232&layers=D v ﬂ O|| S@g... p - ‘ ﬂ-h ST n f:,:,/‘
» OpenStreetMap x | [
&;. OpenStreetMap [ Rediger ~ | Historik ‘ Eksportér | GPS-spor  Brugerblogs Ophavsret Hjslp Om Log pa Opret konto
Hvor e dette?
== )
3!
&
¢l fi E47
.-'f
- J
{
b /
|
|
|
|
|
|
T
s
E
7
A e
3 =*
\dtom;'ams J]
. B0 i ¥ Lav en donation. Hj ide og API-vilkar

LiRA IT-infrastructure: Concepts, components and architecture



OSM: Way (section) With Tags |

DTU Compute

Department of Applied Mathematics and Computer Science

Ekkart Kindler

=
—_
=

i

f: "|).» https://www.openstreetmap.org/way/48931467#map=17/55.77660/12.52151&layers=D

rz, OpenStreetMap

Vej: 16 (48931467)

survey an
vejal

Egenskaber
highway
lanes
oneway

operator

ref

surface

Punkter

6779
2024
202450695
1350412928
29924910 (del af vejen

(143771038))

29924912
29924914
202390667
3798428228
202390668
202390669
3798428227

NINNETA

}g OpenStreetMap | Rediger | ~

\id
o9 — - | ~ o g
! ;

Historik ‘ Eksportér |

adding details in Lyngby-Taarbaek based on

nde-

digeret 11 maneder siden siden af Henrik P!
Version #9 - Endringsseet #65592825

motorway_link
1
yes

The Danish Road
Directorate

16

asphalt

202458304 (del af vejen == 48942316)
1584802303 (del af vejen 1450119

Helsinggrmotorvejen

®
AL
[~}
M =)
nﬂ
5
cs) -
D
Ch
@ (O
7, —r_| ok

Al 7ES 1 i P
=

w7 Hesuin e

5T En

&l EEl B8 8

e

GPS-spor Brugerblogs Ophavsret Hjzlp Om

5y
T

o
=l e

+ Tegna

& OpenStreetMap-bidragsyders

Log pa Opret konto

2n donation. Hiemmesi

Sy

Plvilkar

LiRA IT-infrastructure: Concepts, components and architecture

10



Car data (after pre-processing)

DTU Compute
Department of Applied Mathematics and Computer Science
Ekkart Kindler

e‘- )| @ https;//www.openstreetmap.org/way/48931467#map=17/55.77660/12.52151&layers=D

= O X

- @O se. o~

M s S5y @
ﬁU 1

# OpenStreetMap X | ¢/ openstreetmap.org ¢ oOpenstreetmap.org # openstreetmap.org

}q OpenStreetMap | Rediger | ~

Historik ‘ Eksportér |

4 *
: ‘I\” --

Seg

Vej: 16 (48931467) n=,=

adding details in Lyngby-Taarbaek based on
survey and http:/iwww ltk.dk/kommende-

+ openstreetmap.org

vejarbejde
Redigeret 11 maneder siden siden af Henrik P5S
Version #9 - Endringsseet #65592825
Egenskaber
highway motorway_link
lanes 1
oneway yes
operator The Danish Road
Directorate .
[
ref 16 i I‘
surface asphait ,I
Punkter

s Tagnatural=scrub-O.. , DaKeylit - OpenStree..

GPS-spor Brugerblogs Ophavsret Hjzlp Om

Log pa Opret konto

Add positions & align positions with map data:

> |nterpolation / Map matching

T0EI00667

73 h —

3798428228
202390668
202390669
3798428227

NINNETA

dtoftegirdsge) l

- n -
@& OpenStreetMap-bidragsydere ¥ Lav en donation. Hiemmeside og API-vilkar

LiRA IT-infrastructure: Concepts, components and architecture

11



DTU Compute

Road State d ata Eéi[:(;aar:trnzin;dc;:pplied Mathematics and Computer Science

e‘- I) https://www.openstreetmap.org/way/48931467#map=17/55.77660/12.52151&layers=D v ﬂ O|| S@g...

. OpenSmeetMap X, OENSeetmaporg . OPETSNEEIMAPOTG . OPENSEENAPOTg . Opemsteetmaporg o Tagnaural-scub-O.. , DaKeylit-OpenStree..

}4 OpenStreetMap | Redigér ~ | Historik ‘ Eksportér | GPS-spor Brugerblogs Ophavsret Hjslp Om Log pa Opret konto

"

Seg Fvorerca:(a?m A s\;\ ik Pm, - - .‘ _
A N\N=" | |1 bocsaaced

Vej: 16 (48931467) \ 7 o
£
adding details in Lyngby-Taarbaek based on . &
survey and http:/iwww ltk.dk/kommende- 5
vejarbejde 3 7
Redigeret 11 maneder siden siden af Henrik P5S
Version #9 - Endringsseet #65592825
Egenskaber [
highway motorway_link [
lanes 1
oneway yes ,"I
operator The Danish Road [
Directorate .
|
ref 16 I‘
|

rAttributes (“dynamic sections’): :
. gpan parts of sections | HC

can span more than one section = Y

kw

I =
wdlum.i rdsfla)

3798428228

202390668

202390669

3798428227 .

e, @& OpenStreetMap-bidragsydere v Lav en donation. Hiemmeside og API-vilkar

LiRA IT-infrastructure: Concepts, components and architecture



=
—_
=

M

Ekkart Kindler

u L ok DTU Compute
I m p I I I e d D ata M Od e I Department of Applied Mathematics and Computer Science

Car Data Static road data Dynamic road data
(from GM, ...) ( , SWecCo, ...)

Trip Road
name: String
1 road | *
data | * sections | *
Measurement RoadMeasurement 1 Section * . {ordered} RoadState 1 RoadAttribute
. I s o :
type: MType | [ ] offset Y we startDistance — attribute type: AType
value: Value measurement | lane endDistance velles Vel
time: Time direction .
pos: GPS {ordered} direction
points | *
Point
pos: GPS

LiRA IT-infrastructure: Concepts, components and architecture 13



I T - - DTU Compute
M " ra I n I n g Department of Applied Mathematics and Computer Science
| |

Ekkart Kindler

=
=

i

Trip Road
name: String

1 road | *

data | * sections | *

Measurement RoadMeasurement 1 Section *  {ordered} RoadState L RoadAttribute
type: MType 1_,_ offset section way startDistance I type: AType
value: Value measurement | lane endDistance value: Value
time: Time direction Eme
pos: GPS tordered} direction

points | *
Point
pos: GPS

Training

LiRA IT-infrastructure: Concepts, components and architecture



DTU Compute
M L " I n e re n Ce Department of Applied Mathematics and Computer Science
| |

Ekkart Kindler

=
=

i

Trip Road
name: String

1 road | *

data | * sections | *

Measurement RoadMeasurement 1 Section *  {ordered} RoadState L RoadAttribute
type: MType 1_,_ offset section way startDistance I type: AType
value: Value measurement | lane endDistance value: Value
time: Time direction Eme
pos: GPS tordered} direction

points | *
Point
pos: GPS

Inference

LiRA IT-infrastructure: Concepts, components and architecture



O u tI i n e DTU Compute

Department of Applied Mathematics and Computer Science

Ekkart Kindler

=
—_
=

i

= Introduction and overview
= Concepts (data model)

* Features and priorities (discussion)

LiRA IT-infrastructure: Concepts, components and architecture

16



Features

LIRA Data Warehouse

No selection

Conditions

LiRA IT-infrastructure: Concepts, components and architecture

DTU Comp ute

Department o

Ekkart Kindler

LiRaMap

\pplied Mathematit

hE

LiRA PMS?

LiRA Map_

17



Features

‘ DTU Compute

M

LIRA Data Warehouse LIRA Map
= Collection, (. talk by N\ - Road Status/Conditions

. S.M. Pour
processing, | Larier this
storage | moming!

= Access, validation,

= Map and other views
= History
= Decision support

export, manipulation = Road maintenance
(meta data) (PMS)

= Support for manual = Planning
reporting = Execution

= visual inspection
= crowd sourcing

LiRA IT-infrastructure: Concepts, components and architecture

18



‘ DTU Compute

Features

M

LIRA Data Warehouse LIRA Map

= Collection, (" specific - Road Status/Conditions
processing,| pipeline: ‘g;‘;‘i_““g = Map and other views
storage G produc —/ = History

= Access, validation, = Decision support
export, manipulation = Road maintenance
(meta data) (PMS)

= Support for manual = Planning
reporting = Execution

= visual inspection
= crowd sourcing

LiRA IT-infrastructure: Concepts, components and architecture 19



Features

M

‘ DTU Compute

LIRA Data Warehouse LIRA Map

= Collection, » Road Status/Conditions
processing, = Map and other views
storage = History
= Access, validation, = Decision support
export, manipulation = Road maintenance
(meta data) (PMS)
= Support for manual = Planning
reporting = Execution 2
. . . tan
= visual inspection  How could the rg\\(‘){; chuéﬁg an
. ilabl
= crowd sourcing ffeg“:h”;pa; ?Ae orocess of 102
?rr\\a'\ntenance planning and
. . . Kexecuf\on? _/
LiRA IT-infrastructure: Concepts, components and architecture 20




=
—
=

Directions needed | e

M

= Which of these ideas is most important?

= Which features are most relevant / most urgently
needed?

= How could/should the new process for road
maintenance planning and execution look like?

. )

’ ' nd
Input from today S webinar a
penal discussion.

\
Feel free to contact us:
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