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Collaborators — multidisciplinary research team

1. Challange

i

Objectives, research management: Rozalia Varga

2. Modeling and Simulation tools

1.

2.
3.
4.

5.

Measurements (traffic, NOx): Eva Racz Pestiné, Ingrid
Sandor, Anett Bedo, Peter Lautner, Istvan Harmati

Traffic flow simulation: Bertalan Gaal
NOx emission simulation: Alfréd Csikés (BME)

Geometry modeling: Bence Liszkai, Gabor Diosi, Péter
Zsebdbk

NOx dispersion simulation: Péter Zsebdk, Bence Liszkai

Partners:

Gyér City, Jel-Kéz Kft, FOMTERV Zrt, OMSZ, IBM
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1. Challange

 WHO Air quality guidelines (2005)
e 2008/50/EC on ambient air quality and cleaner air for

Europe - Emissions of harmful air pollutants should be avoided,
prevented or reduced — Monitoring & Critical levels

 Clean Air Policy (IP/13/1274 18/12/2013)
e http://ec.europa.eu/environment/air/clean air policy.htm

Sector share of nitrogen oxides emissions

Agriculture

[l Commercial, institutional and
households

M Energy production and
distribution

M Energy use in industry
W Industrial processes
M Non-road transport

M Road transport

Road transport
40.5 (40.5%)


http://ec.europa.eu/environment/air/clean_air_policy.htm
http://ec.europa.eu/environment/air/clean_air_policy.htm
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1. Objectives (cont.): Projects, partnerships in EU

* Niches+ Action: Using Environmental Pollution Data
in Traffic Management Centres (FP7) Smart Cities
and Communities

e "Strategic Implementation Plan" of the Smart Cities and
Communities Partnership (2013)

* H2020 — Societal Challanges

* (e.g. Smart Cities and Communities ) — already several
calls in H2020!

* In our TAMOP 422C project: ”Research of computer
simulation and optimization which supports the
SmartCity-SmartTransport concept” subproject
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2. Modeling and Simulation Tools

e Aims: model, simulate and then optimize and control
traffic emitted NOx in cities, in particular in Gy6r

* Need of simulation of
1. Traffic flow
2. NOx emission
3. NOx dispersion in real 3D geometry

* Preprocessing:
1. Geometry modeling
2. Measurements (for validation)
3. Data compatibility
4. Data from diverse sources (e.g. meteorology, etc.)

* Automated simulation, optimization and control
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2.1 Modeling and Simulation Tools (cont.)- Measurements

* Measurements in Gyor at 2 different districts
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2.1 Modeling and Simulation Tools (cont.)- Measurements
e Street Canyon” — Szent Istvan ut — Jokai ut, Gyor
e 2*8 sampling site (1.5 m & 3m)
* 6 air samples during the day

e 18 hours manual traffic counting

e 3 |ecturers and 40+ students involved
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2.1 Modeling and Simulation Tools (cont.): Measurements

NO, concentration Results
1. Models for NOx, conspicuous

differences in daily rhythm
w Fehérvar 1 2. canyon effect detected
sentistinat 3. No significant difference at heights

B Szigethy Attila ut

4. turbulence at corners

Daily average NO, concentratlon at the sampling sites
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2.2 Traffic flow simulation: Preprocessing

PTV Visum 12.52-09 - Metwork: 2014-01-30_114425 net* - [Network editor] = U

WI - OpenSty

i File Edit View Lists Filters Calculate Graphics Metwork Demand Extras Scripts Window Help

6 (% v.openstreetma . | E]
\ S  ——
/- OpenStreetM: : e B
Scale |Units | Calendar | Direction of traffic | Attributes | Metwork objects | Surfaces | PG A%
= Metwork
Kereses - 1
Metwork scale 1 | [ Shift network ]
EXpOl‘té'éS Spatial reference system
O visum (no projection)
47 € () From file [ WGS_1984_UTM_Zone_34MN [ GCS_WGS_1984 ]
17 6266 Transform coordinates in case of changes
47 ¢ Lengths
Recalculate
Licenc Recalculate the lengths of links and connectors
Az OpenStreetiap adatokr Recalculate line route length data from link lengths
Open Database licencvon [CJregard only active links, connectors, line routes
Calculation method
m (O Length = direct length x network scale
(®) Length = polygon length x network scale
Ha afenti exportal4s sikerl (intermediate points are regarded for links with edited shape)
az alabbi listdbdl valamelyi
Overpass API [ OK ] [ Cancel ]
Download this bounding
OpenStreetiap databasl
MNo
Planet OSM Code
Ateljes OpenStreetMap 4 Name
frissitett masolatai ControlType
CapPrT
Geofabrik Downloads HOPIT

Regularly-updated extra

Sum[VolPrT)

o

countries, and selected

2 Quick view X

Metro Extracts

Node: Select by mouse-click.

11

17.6186

47,7074
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2.2 Traffic flow simulation: microscopic simulation in VISSIM

File Edit View Signal Control  Evaluation Simulation  Presentation Scripts  Help
RAERE. AR 90 p-pE.
74

& MK
@) . .
< Link No.: 5
2 . .
S Link No.: 8
b
>
4

e \\

Link No.: 9

" REPEH BS R=@: AP OB [=%

Link No.: 1
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2.2 Traffic flow simulation with PTV VISSIM 5.40

e Cross-section counting with vehicle categories
* Car
e HGV (Heavy Goods Vehicle)
* Bus
* Motorbike

Link Link < Input | Show 0 3600 7200 10800 14400 18000 21600 771 Time
Number Name Mame Label - 3600 - 7200 - 10800 - 14400 - 18000 - 21600 -25200 = S &
173 375 670 511 537 528 498 3
v andt | w v — | 3600
/ 8 st 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:52gk. (S| 7 =
74 152 354 263 270 287 308 | | &
wl| I6kai v v 7 | 10800
g tatLcca R 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. S
360 482 909 529 456 383 541
v dndt | w v 13000
. SRS 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. TR
4 13 46 35 38 43 41
Jokaiutca | W 25200
2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk. 2:5zgk.
1 28300
0 0 1 1 0 0 1
skai v 29700
Jokaivkea |8 THGY 3HGY THGY THGY THGY THGY THGY
30600
0 1 2 3 1 4 2
skai v 31500
S M| dkeivkea THGY 3HGY THGY HGY HGY THGY THGY
32400
15 7 7 21 16 15 23
in G v 33300
8 || SeentIstvanuk g8 3HGY 3HGY 3HGY THGY THGY THGY THGY
34200
2 8 13 15 10 14 12
v an 0 v 35100
i seent Istven &t |3 3HGY 3HGY 3HGY 3HGY 3HGY 3HGY IHGY [y
‘ 36000
<] ! > =

Yolumes are shown in vehth. Yellow cells indicate exact {non-stochastic) volumes,

OK ] [ Cancel
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2.2 Traffic flow simulation: signal program

E Fixed time - ST 1: gyor301.s1g waggl | 21 [__(!
File  Edit
B HI9Q S e |[FE J
Mame:  Signal program 1
= [ My signal contral 1 Intergreens:. | None }Z] Cydelime: 130 {83 b C & R o =)
% |8 Signal groups Signal Signal |
Mo | group sequence o 10 20 30 40 50 60 70 80 oo 100 110 1oo NN N O A O
&3] nIntergreen matric : : : AR p S My |
» 1 Signal group 1 | 98 W 91 62127110 2 3
=% Signal programs | : !
5= 1: Signal prog 2 Signal group 2 92 [64126110| 2| 3
- 5 |
z Lo (T { |
3 signal aroup 3 | 36 68 86J14123 2|3
i | ||
4 signal aroup 4 | 96 14122 2|3
Bl L
5 signal aroup S | [ M » Z?JUS
6 signal aroup & | [ 69 183
7 signal aroup 7 | e A 91 161128108
| i | i |3J
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2.3 Traffic flow simulation: Post processing and NOx
emission computation

Ble Edt View BaseData Traffic

AL v Lavout of columns Parameter selection
BRAERE. IR AC (s Densiy i

2: Lane Nunber Lane Number from: ol s
= 3: Link Number Link Number x
» Dy, &) : 70000
4: Density; (all veh, types) Lost time & unti: s
= : Speed; (ol veh. types) Segment end coordnate ,
o . » Volume; (al veh, types) sonent endx it M |
] Segment end y
INK evaluation e =
A = : ; Segment start coordnate
o 10: Densky; (HGV) Segment start x
> 11: Speed; (HGY) Segment start y
Tane
s Speed
Vokume
O f I . I :
m n m tion
Pl utput Tor emission computa 5
[T
(2]
5 A
v
SCri opert moae g e
K ° Al Vehicle Types ~
8
oz
o Configuration file: 9yor30_sajat.sak i
1 [¥] Per Lane
= [] VISUM Export (network + lnk attributes)
® [ Database Table name
A =)
P
L | =)
g COPERT 4 vassion 7.1 - CiProgram Files|COPERT Alblank mdb (Cranged) , - Sl ] '
File Country Fleet Configutetion Activity Date Calculstion Fectors  Emissions  Advenced  Help
de Run Details
Hungany
2010
f& Hot Emission Factors Parameters Cakutad i i i
b t: Simulation Time [s]
Specd R Ne Lane: Lane Humber
Poli NOX = o ~ - Link: Link Number
2 2 | | Density: Uehicle density [veh/km] (Vehicle Class 8)
- Mieage Degrad. |\ ooicitarad u: Average speed [km/h] (Uehicle Class 8)
Umanlﬂmehnmedamgwa/vndd e Uolume: Uolume [veh/h] (Uehicle Class 8)
SR e o Fuel Effect Vear: | 1958 | Density: Uehicle density [veh/km] (Vehicle Class 18)
LS St auce . IFuel Efect i v: Average speed [kn/h] (Vehicle Class 16)
(k] Speed Limi ot Cakcutatad " :
Subseckr Logiststion Samdird - Low — Top~ - Agha — Beta — Gains —Delis— Epadon — Zis — s — Thta — RE — - Low - Top|iiacems i Uolune: Uolume [veh/h] (Uehicle Class 10)
= Not Calculated | Density: Uehicle density [veh/km] (Vehicle Class 28)
Urbar Buses Stendard 1 HD Euro I~ 311542IFEC 6 6537232 12837 074316 0.45236 D071 ] ) 0 (A v: Average speed [kn/h] (Uehicle Class 26)
" Urban Buses Stendard 1 HD Euro Il - 2000 Stend 6 3972044 34011 16637 113974 D015 0 ) 0 0 ¥ IV |feme ot Uolume: Uolume [veh/h] (Uehicle Class 20)
_ Urban Buses Stendard 1 HD Euro V- 2005 Siand € 2421603 00271 -222459 (0.1143¢ 0 0 0 g oV ¥ '::"" Net Calculsted Density: Uehicle density [veh/km] (Uehicle Class 30)
_ Urban Buses Stordard 1 HD Eurs /- 2008 Stond 3 2421603 -0.0271 -222459 (0.11434 ] 0 0 g 043 ¥ v v: Average speed [km/h] (Vehicle Class 36)
| Urban Buses Stndard 1 HD Eurc ] 2421603 220459 011434 0 0 0 0 088 W [V [HotEmesanst | NotCaloulated Uolume: Uolume [veh/h] (Uehicle Class 30)
=] 3z§u«,«mmaz ign:m»i - : ;:‘g ésagg 2 ; E g ; g g ﬁ | Cold Ermmons: | Not Caloulsted nen:xty: Uehicl: \E:nj:;:y(5u:r_|n{m|c§llenlz=§ Class 60)
Buges Arboulat D Eurc | - 917 B4ES .21 0 v: Average spee m, ehicle ass
Urban Buses Arbculated HD Euro I - 317642 3 3765247 0 0 0 0 o o [v|EmeEen Huocatitsed Uolume: Uolume [veh/h] (Uehicle Class 60)
b Urban Buses Amculsted HD Euro Il - 2000 Stand. 3 75 5870365 727 ] o 2 T 2 e SegLen: Segment length [m]
Urban Euses Arbculsted HD Euro IV - 2005 Stand 5 75 2591733 -0.038 -207113 0,10423 0 0 0 0 0 [ | e Segnent start (cartesian coordinate x)
Urhan Buses Articulzted  HD Euro /- 2008 Stand 6 T Vv L’s"”‘ sSegment start (cartesian coordinate y)
Urban Buses Articuizted HD Euro V1 3 | CA SegEndX: Segment end {cartesian coordinate x)
Coache: ndard Conventional 3 12 v SegEndY: Segment end (cartesian coordinate y)
Cooches Soadurd <18 D Lo | NSMPEEC g The Formuia used for the Hot Emission Factors' Calculations: g .13 t: Lane: Link: Density(®): 8): Uolume(0): Density(18): 10); Uolume(10); Densitu(20): 20): Uolune(20);
Coaches Stendard HD Euro I - 31/542/FEC 6 ¥ = i((Alpha + (Beta ~ Speed)) - [((Gamm - Beta)* (L - Exp((-1) * Delkal * | C ; Lane; Link; Density(®); v{0); Volume(0); Density(18); v(10); Volume(10); Density(28); v(20); Volume(20);
Conches Sizndard <13 HD Euro Il - 2000 Sierd 6 Lt Pf“’m)< Beta ol F 1; 10001; 73;  31.79;  23.25; 0.73;  91.70;  23.25; 0.00; 0.00; 0.00; NTH
" Conches Stendard HD Euro V- 2006 Siand 6 ? F # 3 100013 44.85; 26.25; 08.59; 14853 26.25; 0.08; 0.08; 0.08;
Coaches Standard <12 HD Eurs V- 2008 Stand € Vo 2; 10001; 34.56; 24.19; 0.70; 34.56; 248.19; 0.00; 0.908; 8.00;
" Conches Sisndard <12 HD Eura ¢ i 2; 10001; u6.79;  27.38; 9.59;  u6.79;  27.38; 0.00; 9.00; 0.00;
Cooshes Adiculaiod 518 ‘Coortional 6 OK 1; 108013; 0.08; 6.08; 8.00; 0.08; 6.00; 0.08; 0.900; 0.08;
| 1; 10013; 0.00; .00; 0.00; 0.00; 0.00; 0.00; 0.00;
/ 1; 18014; 0.08; 8.00; 8.00; 0.00; 0.00; 9.00; 8.08;
1; 1; 0.00; 0.00; 0.08; 0.008; 0.00; 0.00; 0.00;
1; 1; 0.00; .00; 0.00; 0.00; 0.08; 0.00; 0.00;
1; 1; 0.00; 8.00; 8.00; 0.00; 0.00; 9.00; 8.08;
1; 1; 0.08; 8.60; 08.80; 0.00; 0.00; 0.00; 0.08;
B 13 9.80; 0.00; 0.00; B.08; 8.08; 0.08; 0.00;

emisszi6 egylitthatok kinyerése a Copert programboél
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2.4-5 Geometry modeling and NOx dispersion simulation

Software

* Fluent: CFD

* Ansa: Mesher

* Blender: Geometry from shp

* VisSim: traffic

* VViSum: traffic

* Matlab: NOx from traffic simulation
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Traffic
Dataflow and programs Data

.osm .anm ‘ Str
OpenStreetMap . / ) :
Database % ‘\

Visum Vissim Matlab

NOx
source
shp stl mesh

R
@ <

= B
| = AL) — % ol l'°

Blender Ansa Fluent
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2.4 Geometry modeling: City geometry

Converted from SHP file with Blender python script
* Buildings

* Ground

* Noise barrier walls

* Bridges
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2.4 Geometry modeling: Full 3D model of Gyér



3D_model_of_gyor.avi
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2.4 Geometry modeling workflow

* Improved geometry

e Create ground surface from points

* Add the elements with mesh boolden operators
* Convert to STL format
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STL mesh in Blender
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2.5 NOx dispersion simulation: Mesh specification

* Quad shell mesh (mostly)

* Three reginions of resolution
e Detailed: buildings’s geometry+ high res. mesh
e Coarse: buildings’s geometry + medium res. mesh
* Rough: buildings as roughness + low res. Mesh

* Tetra volume mesh
* Prism layer mesh on the roads

* Two global resolution
* Low res. mesh: 1.7 million volume elements
* High res. mesh: 3,6 million volume elements
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2.5 NOx dispersion simulation: After remesh in ANSA

Shell
quads
trias
total




PIEAES nno

AN (T mobilitas
2.5 NOx dispersion simulation: Volume meshing

Model: Rough, Coarse and Detailed regions

Gyor_test_volume_mesh_2.ansa, Current Part: Untitled

pyramids
total : 1984029
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2.5 NOx dispersion simulation: Simulation setup

* Boundary conditions:
 NOx source: road prism layer
 Solar radiation
e Constant 3 m/s N-W wind

e Species transport for the pollutant air

* In that early case the pollutant load is a constant
hourly average pollution of a normal day

* Rough region
e Divided into four segment

* Roughness setup depends on the average building
height
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2.5 NOx dispersion simulation: Simulation setup

* Double precision transient solver
* k-€¢ model in the beginning while the flow unstable
* LES model for the stable flow

* Coupled second order implicit transient
formulation

* Running time on 16 core was around 8 hour
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2.5 NOx dispersion simulation results: effect of the wind
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2.5 NOx dispersion simulation: Surface dispersion of NOx

1 ANSYS
No.Mass Fraction R14.5
NO mass fraction Academic

- 4.444e-004
4.166e-004
- 3.888e-004
- 3.611e-004
- 3.333e-004
- 3.055e-004
2.777e-004
2.500e-004
- 2.222e-004
- 1.944e-004
- 1.666e-004
1.389e-004
- 1.111e-004
- 8.332e-005
- 5.555e-005
2.777e-005
0.000e+000
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2.5 NOx dispersion simulation results: NOx mass
concentration at measure points

easurement points with 5 min sampling sequence
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DDDDDD

ation [kg/m3-s]

DDDDDD
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2.5 NOx dispersion simulation results: NOx propagation

No.Mass Fraction
Volume disperion of NOx

1.1226-004
8:4176-005
5.6116-005

2.806e-005
0.000e+000

i .
0.000e+000
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3. Future tasks

* New NOx measurements and traffic counting

* Traffic flow and emission simulation

e VISSIM scripting for handling design and control variables
* traffic volume
* signal control program

* Further simulation tool: Pannon Traffic

e Simulation of NOx dispersion on supercomputers with
other software tools (Parmod, OpenFOAM

* Automatization of data processing, optimization and
control

 Embedding into IBM IOC (Intelligent Operations Center)
* Challange: Simulation of full Gyor

* Implementing new projects — H2020 and more
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THANK YOU
FOR YOUR ATTENTION!

Zoltan Horvath, PhD
Széchenyi Istvan University

Contact

Email: horvathz@sze.hu
Tel.: +36 96 503 464
Web: http://jkk.sze.hu; http://math.sze.hu
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COOPERATION BETWEEN HIGHER EDUCATION, RESEARCH INSTITUTES AND

AUTOMOTIVE INDUSTRY
TAMOP-4.1.1.C-12/1/KONV-2012-0002

BASIC RESEARCH FOR THE DEVELOPMENT OF HYBRID AND ELECTRIC VEHICLES
TAMOP-4.2.2.A-11/1/KONV-2012-0012

"SMARTER TRANSPORT" - IT FOR CO-OPERATIVE TRANSPORT SYSTEM
TAMOP-4.2.2.C-11/1/KONV-2012-0012

Nemzeti Fejlesztési Ugynokség ]
www.ujszechenyiterv.gov.hu HUNGARYIS RENEWAL
06 40 638 638 I

Rl The projects are supported by the European Union
* and co-financed by the European Social Fund.
[ )
Hungarian Academy of Science
Budapest, 31 January 2014 nnO
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