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Hypothese J

StralBenwesen

# Smart Parking kann das Management und die Planung des
ruhenden Verkehrs erganzen

# Konkret: Smart-Parking-Daten sind eine vielversprechende
Datenquelle, um ...

# Malknahmen des Parkraummanagements
# Verkehrsmodelle

& ... zu unterstiitzen
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Basis: Parking APl Daten sazaiazc:;:':fﬂr"

Granulare und strukturierte Daten zu Parkangebot und Parkplatznachfrage!
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Basis: Parking APl Daten

Potenzieller neuer
Anwendungsfall:

Verkehrsmodelle
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Ein konventionelles Verkehrsmodell

Netzwerk: Strecken, Knoten und Anbindungen
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Parkplatze und Parksuchverkehr in VISUM: S
Modellanpassungen
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Ist das realistisch?
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Modellanpassungen: Netz

Zwei neue Bezirksarten

# Portalbezirke: Ubergabepunkte zwischen Normalverkehr und
Parksuchverkehr

# Parkbezirke: granulare Abbildung physischer Parkplatze

# Ex-Ante Parkbezirke: "Favoriten-Parkplatz” am Aktivitatenort

# Ex-Post Parkbezirke : realisierter Parkplatz nach Suchprozess
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Modellanpassungen: Netz
L] StralBenwesen
Angebotsdaten aus INRIX Parking API
PP_Total
PP_Anwohne
||PP_Nonstopl
| |PP_zeitweise
/ |PP_mitParkh
¢ AL | Justinia
4 W&
PP_Total 30 [
PP_Anwohner 30 Deut2 | 3,
PP_NonstopFrei 0 sl E |
PP_zeitweiseGebtihren 30| - -
3 PP_mitParkhochstdauer 30| * 1 E. |
[ Graf-GeRler-Straie | 1 B S |
= ' m@
S Indian e 113 o = | \ 1
A Masala c &a ﬁ B
Barber s — pa 3] | |
. e - = - . |PP_Anwohner 2 /
Shop-Gardi ﬁ.,q . Hair Cologn:e PP NonstopFrei S
praxis PP_zeitweiseGebihren 3 i
A e angener. PP_mitParkhbchstdauer 3 o i

Gotenring,Deutzer Freiheit,Deutzer Freiheit]

e T

PP_NonstopFrei
PP_zeilweiseGeblhren 3
PP_mitParkh&chstdauer 3

PP_Total 0
PP_Anwohnar 0
0

o~
= |PP_Total 13
.. |PP_Anwohner o
" “YlPP_NonstopFrei i

* |PP_zeitweiseGebthren 13
PP_mitParkhéchstdauer 13

Deutzer Freiheit

B UyanSussiblug-olitairznds

| Peter Lubrich

103

10

PP_Anwohner o]
PP_NonstopFrei o]
PP_zeitweiseGebuhren 13
PP_mitParkhachstdauer 13

104

qP P_zeitweiseGebdhren 8

|PP_zeitweiseGebihren 0

PP_mitParkhéchstdauer 0

PP_Total 6
PP_Anwohner 8
PP_MonstopFrei 4]

PP_mitParkhtchstdauver &

Rieker

B8 ColFlor
_Pqula Grunberqg

1

PP_Total
PP_Anwohner
PP_NaonstopFrei
PP_zeitweiseGeblhren &
PP_mitParkhichstdauver 6

o O O

1

)
Hutten

-
Goten-
Apotheke

|PP_Anwohner
PP_NonstopFre
PP_zeitweiseGe

O%
PP_mitParkhoct
(_‘ l __mitParkhoc

S | Gotenring,De_utzer F

| &= |

a

Deutzer @
Zigaretten- BBBank

Stubchen

14.06.2024



bast
Modellanpassungen: Netz zazaiazc:;:':fﬂr"

Parkplatz Wahrschemllchkelten aus INRIX Parklng API
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Modellanpassungen: Nachfrage St

Theoretische Parkplatznachfrage
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Modellanpassungen: Nachfrage zazaiazc:;:':fﬂr"

Theoretische Parkplatznachfrage
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Modellanpassungen: Umlegung J

StralBenwesen

Parksuchverkehr
# Algorithmus zur ldentifizierung und Bewertung von Parksuchrouten

# Parkregeln kbnnen codiert werden:

— Anwohner konnen bestimmte Parkplatze mit
einem Anwoherparkausweis kostenlos nutzen

— Besucher und Beschaftigte miissen Gebihren
zahlen

— Beschaftigte suchen nur Langzeitparkplatze

— Einige Verkehrsteilnehmer haben einen
privaten Parkplatz, sie missen nicht suchen

— Etc.

| Peter Lubrich: BASt |
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Modellanpassungen: Umlegung J

StralBenwesen

Parksuchverkehr

# Kostenfunktion fur Parksuchrouten (PSR)

¢(PSR) = Ai t(e,) (ﬁ (1 - p(ej))>

J=1
l i—-1
+u ) plenrated | [ [(1-n(e)
i=1 j=1
l i—1
c(e;)
+ Zp(ei) ko (1__[(1 - p(e;)))
i=1 j=1
with:
t(e;) = Driving time on link i
p(e;) = Parking probability on link i
d(e;) = Walking time from parking on link i to activity location
c(e;) = Parking fee for parking on link i
VoT = Value of time

18 | Peter Lubrich: BASt | 14.06.2024
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Parksuchverkehr

# “Parking probability mass”

[
P(PSR) = 1— l_[(l —p(e))

with:
p(e;) = Parking probability on link i
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Parksuchverkehr

# Algorithmus zur ldentifizierung und Bewertung von
Parksuchrouten

1 initial route < route from Shortest Path Search ;

2 current route & initial route ;

3 while probability mass (current route) < probability mass threshold do
4 best route ¢ empty route

S best ratio ¢ 0 ;

S foreach outgoing /ink from current route do

6 if ratio > best ratio then

7 best ratio €& ratio ;

8 best route &< current route expanded with link ;

9 if c(current route expanded with link) < c(initial route) then
10 initial route ¢ current route expanded with link ;

11 current route < best route;

12 return current route ;

20 | Peter Lubrich: BASt | 14.06.2024
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Modellanpassungen: Umlegung E;f;aiazc:;:':fﬂr"

Parksuchverkehr

# Algorithmus zur ldentifizierung und Bewertung von
Parksuchrouten
with:
P(current route expanded with link) — P(initial route)

ratio = , —
c(current route expanded with link) — c(initial route)

pA | Peter Lubrich: BASt | 14.06.2024




bast 7

StralBenwesen

Modellanpassungen: Umlegung

Parksuchverkehr

# Beispiel fur PSR Algorithmus: Initiale Route
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Modellanpassungen: Umlegung

Parksuchverkehr

# Beispiel fur PSR Algorithmus: gefunden
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R T

Gebaude Ort, Art und Intensitat der Stadt. Open Data-Portal
Aktivitatsorte
Parkplatz-Angebot Ort, Anzahl, Gebdihr, INRIX Parking API

Offnungszeiten,
Nutzungsbeschrankungen
Parkplatz-Nachfrage Parkplatz-Wahrscheinlichkeiten  INRIX Parking API

Parkplatz- Z.B.: Parkdauer, akzeptable Mobilitatserhebungen

Wahlparameter Gehweglangen, VOT

24 | Peter Lubrich: BASt | 14.06.2024
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Modellanpassungen: Outputdaten

e e

Parksuchverkehr:
Charakteristik

Parksuchverkehr:
Effekte

UbermiRige
Parkplatznachfrage

| Peter Lubrich: BASt |

Anteil des Parksuchverkehrs am gesamten Verkehr, VISUM
Verteilung tGber das Netzwerk

FuBwege zwischen Ex-ante-Parkbezirken und Ex-Post- VISUM
Parkbezirken,

Zusatzlicher Verkehrsaufwand im Vergleich zum

direkten Weg zu Ex-Post-Parkbezirken

Fille ohne erfolgreiche PSR-Algorithmen VISUM

StralBenwesen
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Normaler Verkehr vs. Parksuchgverkehr [veh/h]
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Anteil des Parksuchverkehrs am Gesamtverkehr [%]
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Fallbeispiel KoIn: Ergebnisse E;f;aiazc:;:':fﬂr"
FuBwegelangen

# FulBwegelange zwischen Ex-ante-Parkbezirken und Ex-Post-
Parkbezirken = avg 139 m

Frequency of walking distances from Ex-Ante
Parking Zones to Ex-Post Parking Zones
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Fallbeispiel KéIn: Ergebnisse

Verkehrsmehrsaufwande aufgrund Parksuchverkehr

# zusatzliche Fahrtweite = avg 290 m

(Streckenlange PSR minus direkte Route zu Ex-Post Parking)

# zusatzlicher Verkehrsaufwand =+ 42 %

Frequency of additional driving distances
(Distance PSR minus Distance Direct Route to Ex-Post Parking)
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Fallbeispiel Koln: Ergebnisse

Szenarioanalyse mit Variation der Parkwahrscheinlichkeiten

Bundesanstalt flir
StralBenwesen

Parameters Scenario 1 Scenario 2 Scenario 3
Parking Parking Parking
Probabilities Probabilities Probabilities
Status Quo -20% +20%
Traffic Efforts in Study Area Regular Traffic total [km*veh] 6946,8 6874,8 6891,2
PSR Traffic total [km*veh] 756,7 876,0 681,6
Share PSR Traffic share [%] 9,8% 11,3% 9,0%
Additional traffic efforts by Park-Search Routes Additional driving distance [avg[m] 223 391 110
(PSR.) in comparison to direct route to Ex-Ante Additional traffic efforts total [km*veh] 184,4 323,0 91,6
Parking Zones total [%] 29% 51% 15%
Additional traffic efforts by Park-Search Routes Additional driving distance |avg [m] 290 451 191
(PSR.) in comparison to direct route to Ex-Post Additional traffic efforts total [km*veh] 239,4 372,7 158,4
Parking Zones total [%] 42% 64% 28%
Walking distances from Ex-Ante Parking Zones and Ex-Post Parking Zones avg [m] 139 163 125
Non-successful PSR searches in algorithm share [%] 4,7% 10,2% 2,6%

| Peter Lubrich: BASt |
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StralBenwesen

Pro

y Der Ansatz fugt sich nahtlos in den traditionellen Modellaufbau ein
y Neue Datenquellen konnen einfach integriert werden

- Hohere Ausdruckskraft des Modells:

- ... detaillierte Parkinformationen vom API-Anbieter

y ... Parksuchprozess kann explizit modelliert warden

y Modellergebnisse sehen plausibel aus

31 | Peter Lubrich: BASt | 14.06.2024
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Kontra

# Disaggregierte Verkehrsmengen sind meist klein und schwer zu
kalibrieren

# Parkwahrscheinlichkeiten sind exogen und nicht Teil von
Modellrechnungen (schwierig fur Szenarieanalysen!)

# Parksuchrouten-Umlegungen konnen nicht mit VISUM-
Hausmitteln gerechnet werden (COM-Scripting notwendig)

32 | Peter Lubrich: BASt | 14.06.2024




Scientific Paper

“Analysis of parking traffic in
Cologne, Germany, based on an
extended Macroscopic transport
model and parking APl data”

https://doi.org/10.1016/j.cstp.2022.100940
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Conrents lists available ar Scicncelireet
Case Studies on Transpert Policy

R journal homepage: www.elsevier.com/locate/cstp

Analysis of parking traffic in Cologne, Germany, based on an extended

Macroscopic transport model and parking API data

Petor Tubrich

Fecderal! Miwheny Reseorch Tastinge (MAS), Triidurserofs 59, 51497 Tengiseh Glodiach, Germony

ARLLICLLE LNL G Al TRACT

Keywords: While rnactoseapic rransporr odels are recognized as valnahle rols for smaregic transpors planning, parking is
Trnsport sl
Farking model

Ling chyive
Farking daua

ST parsing systems

rarely explicitly considered insuch madels. On rha orher hand, park-search fraffic represents a significant partinn
ot rraftic in urhan areas, seenrding to many smdies. Bvan it rhare are already snme attemprs to integrate parking

o ransport madels, they have not found their way inmn rhe practice of modellers.

The presented work enhances and combines previons approsches for modelling parking, and proposes s tonl
for practitionsrs tnana
braced transport moedels, using the conventional faur-srep modeling rechniqne. The approsch also explotes snme

Fug COMMOm transpart problems invebving parking. To builds upen existing, even cali-

rmerging, intrrnet-hased data sources for rransporr models. Parking data is acressed from an Application Pro-
gramming Tnrerface [APT) and embedded within the model procedure. Such nevs data resnurees Treolve snme
prohlems fromn previous madel approaches, which see the svailaliling on parking data as problemaric. Wich rha
combination of a mactascopic tanspor model and parking data from an APT, aspects of parking supply and
demand are represanted wirhin the madel serting, whereas parking choics is calenlared via an aprimisation nf a
park-search route.

The coneepruzl approach is demanstrated in the enntext of an existing macroscopic transpatt madel for Co-

lgme, Germany. Thiz model is extended and refined to represent parking patterns within the smdy area. Az a
result, the spatial distribition and the effecs of park-search mattic are explicicly shown, indicating some realisde

| Peter Lubrich: BASt |

results. Tr s alsn shown that the Iewel of decail and the expressiveness of the existing model i inereased.

1. Introducton

The parking space situation and associated problems, especially in
cities, have been a topic lor trailie planning and trailic management lor
decades (Hupfor, 2077 Shoup, 207 #), The main reason for this problem
is the high degree of motorisation. which has increased significantly in
the past. The existing parking space supply could nat keep up with the
awsorialed growing demand for parking space, Olhoer roasons are in-
efficiencies due to long parking durations and low tumnover races, as well
aga parallel, non-integrated supply of parking capacitics in an-street and
all-streel segments (Cily2 e 20, 2007,

‘Lhis results in, among others, excessive Parl-Search lraffic (P81,
which is caused by remporal capacity overloads ar parking laciliries
andsor the Iravellers lack ol knowledge shoul availalle parking spaces
CAnke and Schelle, 2016; Weinberger e al., 20200,

PST is the subject of many research works on parking behaviour
(Eaplan and Bekhor, 200 1), as well as on ellects of parking management
measures (Bilinke, 20035), These topics are often explored via empirdcal

F-mnil address: lubrichi@hasrde,

st 2022100940
vod 14 Oetolor 2022; Reee
nline 23 December 2022

stucics as well as meklols and simulations (Hormio ol al, 20030, As
revealed in the literature review, intemration of purking elements into
wider transpore models seems a promising appreach. However, such
integrated models have not found way inta every day's practice of
transporl models, due o, amonyg olhers, lacking dala sources aboul
parking (Gu et al., 2021; Schiller, 20047,

The presented worl intraduces a practical approach o integeating
parking pallurns in a macroscopic Tansporl model 11 shows four in-
novations: (1} it ensures consistency with a conventional model setting,
by building upon eommaon modelling 1echniques; [2) 00 allows Tor a
cerlain level-ol-delail, By considering (the spalial disirilalion of parking
demand and different tvpes of parking facilities; (4] it explicitly reveals
PST elfeers, such as park-search-hased delavs, eruising reallic et (4) i
weilhin the merlel erovivonmenl, Thae

capaloils sorme emerging data s
muin daty input is based on Smart Parking Systems (SPS), in particular,
parking data from an Application Programming Interface (API).

The expected  benelil of such model enbancement is a highor
expressive power of the model, namely the explicit consideration of P51

sod in revised form 4 Dexember 2022; Aceepred 18 Deeember 2022

2022 world Conlrence onlransport Rescarch Soviely, Pullished by Clsevier L. Al zighis resaoved.



https://doi.org/10.1016/j.cstp.2022.100940

bast ,-

StralRenwesen

Vielen Dank!

lhre Fragen?
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