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Challenges - Urbanization %{ , | PSL*

Pari<Tech

O Following the UN report in 2018:

By 2030, 43 megacities, each has more than 10 million inhabitants
< Logistics demand quantity & density surges

City center: Congestion & Parking problems

https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html /
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Challenges - Crusing for parking {j/]ff , | PSL*

Tech

O An example of Seattle downtown (2020):

2,900 trips of commercial vehicles
Parking cruising time!ll:

2.3 minutes per trip

28% of the trip time

1.1h per tour

Goods movement in the city!2

20 ~ 30% of total vehicle kilometers

16% ~ 50% of air-polluted emissions

Land use — Parking, environment, unnecessary congestion

[1] Dalla Chiara, G. & Goodchild, A. Do commercial vehicles cruise for parking? Empirical evidence from Seattle. Transport Policy 97, 26—36 (2020).

[2] Dablanc, L. Goods transport in large European cities: Difficult to organize, difficult to modernize. Transportation Research Part A (2007).
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Challenges - Street clogged by delivery {Z/]ff . PSLx

Tech

In New York city, more than 1.5 million packages are delivered daily (N.Y. times, 2019).

' r—-l | { T "_* = ”””’j"{n | o] JA ‘T ‘ : ] N
. _ k- Do i Truck travel speed:
30 m.p.h (2014)

23 m.p.h (2019)

(m.p.h = miles per hour)

Parking — Congestion, land use

In Paris, other problems like illegal parking for cargo handling and delivery...

~CLIRME T Gk
m N e -G > ‘—" “; ;

https://www.nytimes.com/2019/10/28/nyregion/amazon-delivery-nyc.html
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Research problem & Research questions %{ . PSL¥

Parislech

O Problem

« Improving the last-mile delivery efficiency and urban sustainability with

mitigating the problems of freight parking.

O Questions
 How to know the parking places availability around the delivery destinations?
 How to select the best parking place for delivering servral orders at one time?

 How to optimize the route from the parking place to these destinations?

OResearch view
 Internet of Things (IoT) as the technical support
» Digital Twin for physical objects visibility and real-time status

e Urban distribution environment awareness
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Conceptualization % , | PSL*
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...............................................................................................................................................................................................

S3

/1\\

AL

Estimated Time PPs selection Route
of Arrival (ETA) S ! optimization

Data / Object connectivity — Ontology /
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Modeling (data connection) - Ontology S

O Classes, subclasses, relationships in the scenario:

Cargo |: Pallet
Vehicle | : DeliveryTruck

AvailableAt |
TimeWindow |
- ‘ I T
” - Road — R o~
I B ==
Path -
AccessVia = —— lhf"”’_'____
LoadedWith
HighWay
) i r
i, ParkingPlace }< | - I CarPark
= \

\_| UndergroundParkingLot /
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Modeling (data connection) - Ontology AT psLx

Parislech

O Specific instances describe the data needed:

I
AvailableAt <~~~ -~ - - )
) <<instanceOf=> i
< - e e - i - Shop1AvailableAtParkingPlace2:
<<instanceOf>>
€ ———————— = - == .| |dstance=500-0
| Shop | Leginstanceor>- | |
—_— | N R Shop1AvailableAtParkingPlaces:
TimeWindow e _ _ ~=<instanceCf=> . : distance=100.0
I |
: \ to| to to
Cargo I [ _
<} -, | ] Shop1:
| deliveryrrequency="3"~*nt
! ' deliveryEntrance="23 Boulevard des Batig...
Vehicle < |
M I
I estination  [estination
o Cargo1TimeWindow:
hasEndTime="2023-12-12T17:00:00"*dateTI...
LoadedWith hasStartTime="2023-12-12T15-00:00"**date...
Pallet
alle =<instanceOf>> hasTimeWindow
___________ hY
I
DeliveryTruck -r:,‘_'l z<instanceOr=> Venhicle1:
T maxCapacity=10.0
|
| rom
'k Cargo1:
— 7 7 7| goodsVolume="2"**int
<instanceOf==
[0 |'
Vehicle1LoadedWithCargo1:
------------- loading Time="2023-12-12T14:25:33"*"dateT._. /
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Modeling (objects connection) - Digital Twin %ﬁf , PSLx

Parislech

O Conserve the dynamic and real-time states:

3
A
y

Avaiable at Parking Access via
Distance: 100m Place3 Congestion! 7 %
Delivery frequency: x / month Ty.pei off-s.treet parking places
Delivery entrance: 23 Boulevard Wltl:l loading bay* Yes
des Batignolles, 75008 Paris Available space' y /5

10
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Implementation - Digital twin platform AT psLx

ParisTech

O Sync the real-time physical world in the platform named 7hing’in:

@ Object properties
Objects: 21, links: 21 %

UndergroundParkingGarage (1)

visibility ®

_classes http-//schema_org/Store

_depth 0

_domain http://mww.m..ics/usecase1/ 2]

ir hitp:/imww.m.__secase1/Shop1 (2]
last_updated 2021-03-09 10:48

owner e1b9c758-d715-4...ef-053c8b3fbdfc
static false

uuid 19f278a3-3c9.__-ec2a6e627628 )
visibility 255

Car_park (1)
O AccessVia (5)
@ AvailableAt (3)
@ Controlled-accessHighway (1)

O OffStreetParkingPlace (1) -

@ TimeWindow (1)
@ Road (3)
@ Street (1)

= show all links = hide all links

i from

< hasTimeWindow
to

https://www.thinginthefuture.com/
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Data - Paris Open Data

I PARIS | Data

# - Home

The data API

29,105 record

No active

’Search Ql

Wording
September 4 46,300
8 may 1945 12 488
A_Rivoire-D_ Weill 1,076
A13_W 5,330
A13_Y 5,330
AW 2,152

» More

Count date and time
or
at

2021
2020

Traffic status
Blocked
Fluid
Unknown
Pre-saturated
Saturated

https://opendata.paris.fr/explore/dataset/comptages-routiers-

10 280 951
18 824 362

128 346
14 895 528
12 752 187

965,013

364,239

License

@ Information

Arc ID
4198
4206
5143
4209
5516
4236
4213
4207
4227
4225
421
4220
4224
5928
5415
4408
5408
6018
4229
4243
4234
4245
4248

Approach Mapping

EE Board Q@ Menu
¢ Weording
Bd_Berthier
Bd_Berthier

Bd_Malesherbes
Av_Pte_Asnierss
Quiai_Francois_Mauriac
Ed_Berthier
Av_Pte_Asnieres
Av_Pte_Asnierss
Sl_Asnierss
SE_Asnieres
Av_Pte_Asnieres
Av_Friediand
Av_Friedland
Al_Asnieres
PI_Asnieres
Av_de_Friediand
PE_Revolte
Bd_Haussmann
Bd_Haussmann
Av_Paul_Adam
Bd_Berthier
Courcelles

Courcelles

<>

Ll Analysis

& Dynamic dat

Count date and time

June 2,
June 2
June 2,
June 2,
June 2,
June 2
June 2,
June 2,
June 2,
June 2
June 2,
June 2,
June 2,
June 2
June 2,
June 2,
June 2,
June 2
June 2,
June 2,
June 2,
June 2

June 2,

2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021

12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM
12:00 AM

Road counting - Traffic data from permanent sensors

& Export

Hourly flow < Occupancy rate

152.00

354.00

222.00 0.707
354.00 9.202
223.00

223.00 27
35.00 015
223.00 0813
1,881.00 38
367.00 2 603

L AP

Traffic st...

Unknown
Unknown
Unknown
Unknown
Fluid
Unknown
Fluid
Unknown
Unknown
Unknown
Unknown
Unknown
Fluid
Unknown
Fluid
Fluid
Fluid
Fluid
Unknown
Unknown
Unknown
Unknown

Unknown

<>

Arc statel
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Closed off
Open
Invalid
Invalid
Invalid
Closed off
Closed off
Invalid
Open
Invalid
Invalid
Invalid
Invalid
Invalid

Invalid

Upstream node identifier &
2023
3658
2299
2257
2704
2276
2260
2250
2270
2268
2257
2264
2266

permanents/table/?disjunctive.libelle&disjunctive.etat_trafic&disjunctive.libelle_nd_amont&disjunctive.libelle_nd_aval&sort=t_1h
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<>

Upstream node label
EBridge_SNCF

Berthier-Sisley

Place_\Wagram
Av_Pte_Asnierss-Av_Brunstiers
Francois_Mauriac-Emile_Durkheim
PI_Paul_L eautaud
Pte_Asnieres-Peripnerique
Bd_Berthier-Av_Pte_d'Asnieres
Sl_Asnierss

SE_Asnieres
Av_Pte_Asnieres-Av_Brunetiers
Place_Guillaumin
Av_Friedland-Arsene-Houssaye
Al_Asnieres-1

SI_Asnieres

Friedland-Tilsitt

PE_Douaument
Haussmann_Teheran
Bd_Haussmann-Courcelles
Tunnel_Stuart_Merrill
Bd_Berthier-Roll
Courcelles_Bd_Somme

Courcelles-Av_Brunstiere

=+l Log in

Downstream node
2250
2250
2250
2250
2253
2254
2257
2257
2260
2260
2260
2261
2264
2265
2265
2266
2268
2271
2271
2276
2278
2282
2283
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Data - Paris Open Data £ , | PSL*

Tech

O Traffic data - visualization, traffic status

A0V CLIGWLNCUUR pe——
v 9 4| v a_ QR e PORTE DE L o8 ... Bd_Pasteur
i de’Arche & B CH E A LE.RET
Trafﬂﬂ Défense Levallois-Perret V ?9 La V<Hel Pantin =
4 iEWs {n13] 016 18TH ARR. @LeCemQuaue/‘“‘o Arc 1D ———
4 view 5 A ‘ 210
: <7 %\ ZR T G Sacré Cmuro ; Q 020 DASTE _ )
QUARTIER SATIONOS ), : Date and time of counti... 2020-11-01 20:00:00+01:C0

o BELLNU o illy-sur-Seine (G QITI—\ ARR. v (Q § 9 Saint-Gervais
- P . 9 r,./é 991 (?wo 9 o 9 97‘ : Parc des /Q ‘9 LestLilae Hourly flow rate
3 4 é—\ Jirc Mom.e 9 9 9TH \9\_‘ ol Buttes-Chaumont 99) []ccupam:y rate 62 45444
v traffic.xlsx ' i e 9 ) a\500mm @ S :
9 9 r'r Palai Q\ )a QQQUB pQ 9 o \ R |Traf'f||: status Blocked
: ) A

v " Styled by Traffic status g5 mm a ¢ 1onT@T | 820 Identifier upstream node 3017
+ Lv H)d 9\ Q‘ ’lace dg Concorde vv \/ A

All changes saved in Dnive

Parc de

LiE M A9 Name upstreamnode  Bd_Pasteur-Catzlogne

Bertoromnon 9508 ~GIK00
© Fiuid e SR, Bt L o "9”:( Lt

L’Inkn own s vf: o \9' Champ eHme‘ desr d ). Duuu?lhev aro\)){go \( ; 1-“4

de Mars

Q° ;\;\ 7TH ARR. ’935 Q¢ ( 9 QOUQ

oO
0

e Lachaise

5 Identifier downstream ... 2016

Q
\OA ) ‘ Name downstream node BEcd_Fastsur-Armorigue
9\ Arc status Invalide

Pre-saturated

Do QL <. 0 ¢ SO VNe | = Start date data availabi... 1/1/2005
Saturated ACF. ~ WA S End date data availability 5/1/20719
0 Blocked geo_point_2d 488382142, 2.3175211
geo_shape {"type" "LineString
coordinates”™ [[2.3184667687
48.8374912295]

¥ 48.83821,2.31752

Traffic status — Congestion degree — ETA
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Data - Paris Open Data
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O Parking data - visulization, parking for delivery
09T e [ORVZ] 3 = 3 =
9 4| vfmig Q- AVACUIN: 2 6 y "~ 750594961
. . . - 2‘\{\\3 / WGNARCOU 27 . Bd Macdonaid
Parking in Paris o2 B "¥='aY 2 A QLS A € 2
Il ¢ g (LA N A NS W o8 Panti
4 views e o Levallois-Per&y — AP @ N ‘._I!’.‘_)L - D ol {?(Z-Hene )’ S |Prinrity regime DELIVERY
o1 = H i 7 r=1 =t
All changes saved in Drive 7 57 COYNWIE PR Speciairegime = permenens
N N euilly-sur-Seine & \ ,:.pré.Sa,m.Ge,vais Type of parking Longitudina

HAUTs FMarcans s Les| District
S-DE-Sgjy, € X

[ ESPARIS fator, A A ) J . ) ;w ° . QF“ j ), 0 2 0
7~ . ‘ ) | R 4 /e b ‘i

_, = '-"' Jdurt ‘; )) JQ\ ﬂ%\ i ‘Qg“ )) ‘ A 3

Actual number of spaces

Residential zones

PAYING MIXED (552 Pricing
2 WHEELS (360 Parking type
o Lane number
() DELIVERY (224 Lane type
GIG/GIC (115 Lane name

- Complementary lane n...
OTHER REGIME

Location number

PAYIMNG ROTARY (58 Parity
LOCATION (57 Length

_ Width
FREE Calculated surface area
ELECTRIQUE (11 Horizontal signage
AUTOCAR (3 ¥ 43.85323,2.40935

Calculated number of 5... 3

20

2
=

20H
2.40£/h
Linceln
138
RUED

AVRON

Droit
Bair
1497521249

-

299512280

Abime

-
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Future work - DT platform and simulator %{ , PSLx

Parislech

A P1® “Q s1
= s
ER

PQ@@ )

anylogic’ >3 [

. Estim_ated Time of PPs selection Route optimization
DT platform Simulator Arrival (ETA)

l l

PPs performance calculation

Orders boudling (Criteria)

KPI: 1 :
Surrounded PPs pool for each bundle environment, economic

Routing (O-P, P-D)

‘ ' ' ‘ Order 1 Order 2 } ‘ Order 3 ‘ Order 4
— B |
Synchonize to simulate DT and physical objects. —t —
Bu=lls 2 doice 2 Zice 3 Syl ,,

PP1 PP2 PP..

(DT + physical world) * Logistics = ?

1 | ) )

PI scheme application: parking places as micro-hubs for transshipment

15
Physical Internet in City Logistics: Digital-Twin-driven Modeling and Implementation



;j PSL*

Conclusion L

Parislech

O First results

Conceptualization: freight parking management
Modeling: Ontology model & Digital Twin model
Implementation: DT platform for DT of objects

Open data: parking information & real-time traffic data

O Contribution

Explore the value of the connectivity between data from physical objects in logistics
Real-time states of vehicle, parkings, roads... — Delivery environment awareness
For logistics players: improve the decision-making processes

For other stakeholders (municipality, policy makers...): delivery ineffectiveness,

behavior patterns — urban planning

_
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Thank you!

yu.lilu@mines-paristech.fr
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