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Introduction

How to integrate freight transport in public transit?

o+d
How can we effi-

ciently schedule pas-
sengers and freight?

Shared
\nfrastructure
(5t}

» Circular bi-directionsl single route
» Given passenger demand as traffic flow (arhval and alighting rate)

» Given freight demand, | e, freight containers with
= individual release time
- soft (and hard) deadline
~ arrival and destinstion stop
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Tunnels for transport are gaining attention in Percentage of demand cov
industry and academia N ered by tunnels
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* Boysen et al. 2023 [1] s A s
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* Dbjective: minimize the maximum door open time ( Tmaz)
= Time function derived from experiment:

Tmazy = mux {4.92 4 0.21 - X+ 0250 Njy +0.01 - X+ Xp} ke K (1)
Periods 1 Ny . - - e ‘m
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Modeling Assumptions

= SAEV Fares = S0.50/mi +
$0.25/min, with 25% VOTT
savings.

= TNC’s negative ASC (relative

to SOV) halved to increase ::g:
attractiveness. - HOV
= Menon et al.’s (2018) vehicle = Other
= Bike/Wal

ownership model adapted.

| Transit
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Power distribution network

* Last mile of power distribution

* Most commaon structure: radial network, i.e., tree topology with no loops

« Radial network is the simplest and cheapest, but also vulnerabl

* Red nodes: power source

» Black lines: operational radial tree connections
* Dashed lines: open switches

* + same color nodes: connected demand nodes
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| Optimisation model
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+ Inaccurate bystander availability can mislead EMS network design when drone is

+ Neighborhood level by i ilability is good enough for the accuracy

+ The value of coordi i Ambulance-Drone-B der allocation increases when the

« We are currently working on a robust solution for unknown bystander availability

« The framework of our model can be applied and expanded to any studies that use

implemented to deliver medical equipment.

bystander availability is high in the neighborhood

drones as supplementary resource and a recipient/an operator is required

Figure: Drone dolvary has beon doployed In rural Arkans

{C‘Uﬂ‘ﬂ'"il. 2022, Speakman 2021} as nnd Virginia

m Rural last-mile dolivery is largoly manual vorsus automated

= Rural environmaent is safor for drone doploymant

m Integration with USPS systems?
m Best use cases for customer value?

Figure: Resulls from a 20186 survey about the public perception of drone
delivery uses(ol Inspector Genaral, 20186}
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The truck-and-robot concept is an innovative approach for last-mile
delivery in urban areas

Expected Revenue Probability that the curbside at the = ‘
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Key features robots Robots are tmmm with specialized

]
i 8
i

i 5 » Automated guided vehicles (AGV) )
5 = Equipped with cameras, GPS, and sansors Truck acts as .mothership’

z | s trucks:
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» Cornbination snables fast delfveries

] r — : | * Pedestrian speed (8-8 kmh) * Carries parcels for dalivery
IK“-A_ e | J_II_ == ‘ * Range: 616 77 km * Picks up robots 2t depols
e 3 Y i = Conlactiess delvory » Releases fobots o1 dedicated locations
L] L3 L1 L1 & " L] & L0 o
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| Potential reduction of traffic + emissions
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Related Work

ODT Quotation [Duenyss & Hepp ‘35], [Ho & Zheng '04]. [Feng & Zhang “17}, |Cui et al., ‘20|
+ Focus on manufacturing process

* Fulfiliment logistics not considered

Service Network Design

Flat Networks Time-Space Networks
[Powell & Sheffi '83] TR Harrah et al., ‘08] v v v v
[Crainic et al, ‘B4] \ N [Anderson et al.. ‘08 '11] W M v v
i 6l W0 |/ [Erera et ol "13] % v v
b ot al., 03] [Zhu et al., "14] 2 AN
13 . N [Lindsey et al, "16] B

a1 [Hewitt 22| 0 >

[Wang et al., ‘1] — [Taherkhani et 5,22 @
v -
Pros: Pros:
+ Smaller models for larger instances * Service feasible routes with waiting
Limitations: Limitations:
* Not accounting for waiting delays * Model size rapidly explodes

Flat Service Network Design with Profit Maximization Relay-Based Network Design
Data:

K : Set of commodities
Ri: Sat of commedity routes
Lo My : Set of lanes

Ti < Set of ODT times L [ Select one route for each 0-D pair
Demand, costs, ODT selection data o | o
- [

i - =

& Relay-based Transportation: Truck drivers can actively advance loads for half of driving limit
tra [ Revenve — (handling & transportation costs) J every day and can return back home daily while the loads travel toward their destinations

Decisions:

% € (0,1} ; Route salection
} : Lane selection
of dispatches on lane ‘

Resulting route and lane volume from ODT selection

o Aim:
‘ w Design a relay-based transportation network to facilitate single-day driver trips

cadway on leg

» Support commedity delivery for. given ongin-destination (0-D) pairs
{6,1}: ODT selection Y 4 Ly {

Lane selection and capacity

o Fulfill pertinent service levels for all the destinations under demand variability

# Exploit network capabilities achieved through hyperconnectivity

— » Contributions:

| ODT selection decision and » Two-stage stochastic optimization formulation with back-hauling considerations
constraints

o Appravimate sal ique based on Benders decomposition and sam

average approximation

® Design of a large-scale relay petwork for a major car manufacturer in South-East US
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En-route Recharging Allows Integrated Operations @

The truck departs from the depot with /without charged e-scooters, visits all designated locations in
N, picks up e-scooters to charge them on board, transports and drops off e-scooters at other
locations, and returns to the depot in the end.

* Routing = All the nodes will be visited in sequence.

* Walting — The truck s allowed to wait at nodes to charge the e-scooters

* Pick-up and drop-off ~ Workers will pick up low SoC e-scooters and drop off high SoC ones

esnﬂl’lﬂﬂ Hllll uemn“ llnsign fnrmmmnn he scope of our work is a tactical view on combined CR&CS

systems, with a focus on pricing and revenue management

- Z Z Z =B What are benefits and drawbacks of combining car rental and car sharing?* I
N jell kg x b Maximize total "
] L number of Passengers ; Stope: Tactical-devel view on combined CRACS system
; Z‘Z.r.,l 2 e Strategic
ey At most ane shared connection per trip
Z Wy<q T b—s
e %; ‘otal numbser of shared connections |

e T : \
Tur S by Trips can only be routed on activated shared connections

Tijh < min{d,

Durii Ok« .
{4 91} Shared connection should be walking distance
s € {0,1) iJeHkeK i e — -

iy €101} N Operational
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Heavy-duty truck clectrification with charging infrastructure decisions
A mixed integer progmmming model
- Ly -~ %= - =
min 3° 5" Clfrpa+ 30 3 Clana 40 30 303 o frpacnaw)
RSN F
fai hane
B i 1
N S O E A R " B
ot e
xy {0, 1) ¥rf Fl.h M
" {0, 1} Yk e K 3 Tden:
Solve the problem using Bender's
=h.e (1) € L (W), decomposition!

- P e R A By
xz - et
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e * 542 71
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Y 45 10 28 18
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How to manage the demand for parcel lockers

@ evamesning

Challenges in the logistics sector

Developing matching
graph — Finding
common paths

and time
compatibility check

Rizsing customer expectations Sustainability targets

ﬂ m SRR Wb

Same-Day Dellvery Services Clobal Market To
o Ar Bate Of 20% Thiough 2026

Fragmented industry Supply shortages

The trucking Industry is one of the most In pir]
fragmontod ones in the U.S. — here's why Tl Ly Brspiat drm T V. T e

Facing a Shoctage of Tiuck Drivers,
Filat Program Tirns to Teenagers

Time compatibility

rheck —

7h) USDOTS| wE+T 2|Xst I S8 2MXE 2044 T3(FFTO) &3 MD|Lt
© WEQIHALE 512 0|ST STY HUTAN| S ST QAQIH HAHHE! MM SO STY BT A
kl A||-—|'E|9 7|H|'O| %I'A = %gifa'ﬂ $—|3HA‘|E f?_l% 0|%ﬂ|- Efgx—lm OI_|EE|. EX I_ |_ Xl——'T&iQE %R@' Jg‘%
e M2t USDOTE ARZAI| Yut™o=z ol . =
A ETE NS0 SHY IS AR 2% QT2ief 312 7t 2

0o
=
H
=[]
_O'ﬂ
k=

(@)
N
I
iila
=
ne
mjo
4>
o

- 25 28 YEAT0N STY 312 0SS HHEIs 2 U AR 24 HMa S7e BN 0 g
x7i2 Astop| st B2l DRMEC st IS UET t52 M5 £X 4222 Wil o £20|
g

B2y U T 27 £ 222 Y
* BUOIME O 11002120 RIS £YU510] B3 BRRIADES +F0/H, 107 FLUH 5 U HHSO|
NAT S PIEt 2 201 B35 L AS I SO1 USDOTS| HUBSHERSA UEt OEAAGED

FI5H0] HIX(ORIE TQ

o=2 =21

FTOT is an

open-source —
et - | tool available
o™ | on GitHub. e
9 10 20 » L] -
Desruption Step

_‘|2_



2023 INFORMS Transportation and Logistics 1A T2 758 A

INFORMS Transportation and Logistics 1o A 124X}

TRANSPORTATION SCIENCE & LOGISTICS

LOYOLA
GD.EQHIIS §
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INFORMS TSL CONFERENCE | JULY 23-26, 2023

AGENDA - MONDAY, JULY 24,2023

8:30-10:00am. Session 1A Session 1B Session 1C Session 1D Session 1E
Railways Applications Freight Transportation1  Public Transportation Stochastic Vehicle Models for Air
Schreiber 405 Schreiber 525 Modeling 1 Routing Transportation
Schreiber 725 Schreiber 201 Schreiber 406
10:15-1:45a.m. Session 2A Session 2B Session 2C Session 2D Session 2E
Routing of Electric Public Transportation Learning Methods for Service Network Design  Urban Transportation1
Vehicles Modeling 2 Traffic Management Schreiber 525 Schreiber 406
Schreiber 201 Schreiber 725 Schreiber 405

N:45am.-1:00 p.m. | Lunch

Regent's Hall
1:00-1:45p.m. Session 3: Keynote with Dr. Kara Kockelman
Optimization Opportunities and Results for Shared Autonomous (and Electric) Vehicle Fleets Across the U.S Settings
Regent’s Hall
2:00-330 p.m. Session 4A Session 4B Session 4C Session 4D Session 4E
Multi-Depot Vehicle Transportation Models1  Multi-Modal Traffic Assignment Crowdsourced Delivery
Routing Schreiber 405 Transportation Schreiber 725 Schreiber 406
Schreiber 201 Schreiber 525

_13_




2023 INFORMS Transportation and Logistics ZA2{A =g 728 £4]

INFORMS Transportation and Logistics ZA1H3A A 1UX}

08:30-10:00  Session 1C: Public transportation modeling 1
Track: Urban transportation

CHAIR: Emanuele Manni
LOCATION: SCHR 725

08:30 Annarita De Maio, Gianpaolo Ghiani, Demetrio Lagand and Emanuele Manni
Coordinating destroy-and-repair operators in large-scale ground-drone routing problems
with public transportation (abstract)

09:00 Lena Horsting and Catherine Cleophas
Integrating Multi-Depot Freight Transport in Public Transport (abstrac)

09:30 Yishay Shapira and Mor Kaspi

A Column Generation Approach for Public Transit Enhanced Robotic Delivery Services
(abstract)

10:15-11:45  Session 2E: Urban transportation 1
Track: Urban Transportation

CHAIR: Ann Campbell

LOCATION: SCHR 406

10:15 Sarah Powell and Ann Campbell
Underground Freight Transportation for Last Mile Delivery in Urban Environments
(abstract)

10:45 Laura Knappik, Lorena S. Reyes-Rubiano and Sven Muller
Optimal on- and off-boarding operations in urban mass transit (abstrac)

11:15 Amir Shafiee, Jane Lin and Sudheer Ballare

Using a combination of Microhubs and Crowdshipping as an alternative for Urban Delivery
systems (abstract)

13:00-13:45  Session 3: Keynote: Dr. Kara Kockelman - "OPTIMIZATION OPPORTUNITIES AND
RESULTS FOR SHARED AUTONOMOUS (AND ALL-ELECTRIC) VEHICLE FLEETS ACROSS U.S.
SETTINGS."

Location: Regent's Hall on 16" floor of Lewis Towers with overflow into Beane Hall on 13t floor

OPTIMIZATION OPPORTUNITIES AND RESULTS FOR SHARED AUTONOMOUS (AND ALL-ELECTRIC)
VEHICLE FLEETS ACROSS U.S. SETTINGS.

Shared autonomous vehicles (SAVs or “driverless taxis™) can complement public transit systems by offering
first-mile last-mile connections to line-haul transit. Smart fleets will rely on rapid optimization techniques to
improve routing, battery charging, and repositioning decisions in order to deliver more reliable, safe, and
cost-effective transportation options.

This presentation will describe how SAV trip requests across the 20-county Chicago region were matched to
SAVs, to one another (shared rides), and to time-saving transit stations (for intermodal trips) using routing
optimization modules. Joint routing increased transit ridership from 5.4% to 6.3% and SAV utilization levels
by 12%, with only a 4% increase in SAV fleet VMT (as compared to routing all SAV trips door-to-doar)

When using all-electric SAEVs, battery-charging decisions become very important for optimal service. A
simulation of SAVs serving the 6-county Austin region suggests that optimal SAEV-dispatch decisions lower
traveler wait times by 39%, increase fleet use (non-idle periods) by 28%, and lower empty VMT by 1.6%
points. If objectives include lowering electricity costs and emissions, optimal charging and dispatch of Austin
SAEVSs saves $0.79 per SAEV per day on energy costs while avoiding $0.43 in emissions damages.
Scheduling charging to lower energy and emissions costs allows each vehicle to serve another trip and net
another $8 per day in revenues.

14:00-15:30  Session 4C: Multi-modal transportation
Track: Freight Transportation and Logistics

CHAIR: Bahar Cadvar
LOCATION: SCHR 525

14:00 Bahar Cavdar, Qie He and Feng Qiu
Repair Crew Routing for Infrastructure Network Restoration (abstract)

14:30 Djamila Ouelhad], Somayeh Allahyari, Xiang Song, Tom Cherretf, Andy Oakey and Martinez
Sykora
Multi-modal multi-echelon logistics optimisation planning for medical interchanges in the
Solent region of the UK using drones, cargo bikes, and vans (abstract)

15:00 Sean Qian and Jiachao Liu
Modeling Multi-modal Curbside Usage in Dynamic Networks (abstract)
PRESENTER: Jiachao Liu
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T QUINLAN
SCHOOL of BUSINESS
TRANSPORTATION SCIENCE & LOGISTICS
INFORMS TSL CONFERENCE | JULY 23-26, 2023
AGENDA - TUESDAY, JULY 25, 2023
8:30-10:00 am. Session 7A Session 7B Session 7C Session 7D Session 7E
Dynamic Service Drone Delivery Modeling of Transit Data Driven Methods in VRP Models 2
Network Design Schreiber 605 Systems Transportation Schreiber 725
Schreiber 201 Schreiber 525 Schreiber 406
10:15-11:45a.m. Session BA Session 8B Session BC Session 8D Session BE
Models for Last Mile Dynamic Vehicle Inventory Models Models for Intelligent Models for Traffic
Delivery Routing Schreiber 406 Transportation 2 Assignment & Traffic
Schrelber 605 Schreiber 201 Schreiber 725 Management
Schreiber 525
M:45a.m.-1:00 p.m. Lunch
Regent's Hall
1:00 - 2:30 p.m. Sessloh OA Session 9B Sesslon 9C Session 9D Session 9E
Models for Intelligent Network Design Models Models for Ridesharing 1 Production Routing Collaborative
Transportation Systems 3 Schreiber 201 Schreiber 725 Models Transportation Models
Schreiber 525 Schreiber 406 Schreiber 605
2:45 - 415 p.m. Session 10A Session 10B Session 10C Session 10D Session 10E
Facility Location Models Resource Allocation Models for Ridesharing2  Stochastic VRP Models 3
Schreiber 406 Models Schreiber 525 Transportation Models Schreiber 605
Schreiber 725 Schreiber 201
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08:30-10:00  Session 78: Drone delivery
Track: Freight Transportation and Logistics

CHAIR: Jungeun Shin
LOCATION: SCHR 605

08:30 Jungeun Shin, Lavanya Marla and Justin Boutilier
Optimizing the Coordination of Ambulances and Drone-delivered Equipment Operated by
Bystanders (abstract)

09:00 Demetrio Lagana, Patrizia Beraldi, Guilherme 0. Chagas and Leandro C. Coelho
Planning drone delivery operations under uncertainty in service demand and energy
consumption (abstract)

09:30 Amro EJ-Adle, Ahmed Ghoniem and Mohamed Haouari
Rural Parcel Delivery by Drone (abstract)

10:45-11:45  Session 8A: Models for [ast mile delivery
Track: Freight Transportation and Logistics

CHAIR: Sara Reed

LOCATION: SCHR 605

10:15 Sara Reed, Ann Campbell and Barrett Thomas
Optimal Parking Strategies for Last-Mile Delivery (abstract)

10:45 Stefan Voigt, Markus Frank and Prof. Dr. Heinrich Kuhn
Last mile deliveries with some-day option for more sustainability in e-commerce (absiract)

11:15 Manuel Ostermeier, Anareas Heimfarth and Alexander Hiibner
Last-mile delivery with robots: a multi-vehicle routing approach (abstract)

13:00-14:30  Session 9B: Network design models
Track: Freight Transportation and Logistics

CHAIR: Onkar Kulkamni
LOCATION: SCHR 201

13:00 Lacy Greening, Jisoo Park, Mathieu Dahan, Alan Erera and Benoit Montreuil
Middle-Mile Consolidation Network Design: Maximizing Profit through Flexible Lead Times
(abstract)

13:30 Onkar Kulkarni, Mathieu Dahan and Benoit Montreuil
Hyperconnected Relay-Hub Network Design for Consolidation Planning Under Demand
Variability (abstract)

14:00 Mike Hewitt and Fabien Lehugdé
New Formulations for the Scheduled Service Network Design Problem (abstract)

14:43-16:45  Session 10C; Models for ridesharing 2
Track: Urban Transportation

CHAIR: Sibel Alumur Aley
LOCATION: SCHR 525

1445 Yuteng Cao, Xiangyu Jinand Yu Yang
Rebalancing an E-scooter Sharing System with En Route Charging Capability (abstrac)

15:15 Gita Taherkhani, Sibel Alumur Alev and Bissan Ghaddar
Data-driven hub network design for ridesharing (abstract)

15:45 Matthias Soppert, Claudius Steinhard, Ralph Angeles and Beatriz Brito Ollveira
On the Benefit of Combining Car Rental and Car Sharing (abstrac!)
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INFORMS TSL CONFERENCE | JULY 23-26, 2023

AGENDA - WEDNESDAY, JULY 26, 2023

B8:30 -10:00 a.m. Session 12A Session 12B Session 12C Session 12D Session 12E
Dynamic Vehicle Models for Intelligent Transportation Models 1 Urban Transportation 3 Freight Transportation 3
Routing 2 Transportation Systems 5 Schreiber 525 Schreiber 605 Schrelber 201
Schreiber 725 Schreiber 406

10:15-1:45 a.m. Session 13A Session 13B Session 13C Session 13D Session 13E
Models for Vehicle VRP with Time Windows  Models for Intelligent Urban Transportation 4 Transportation Models 2
Scheduling and Routing Schreiber 725 Transportation Systems 6 Schreiber 605 Schreiber 525

Schreiber 201 Schreiber 406

1M:45am. -1:00 p.m. Lunch
Regent’s Hall

1:00 - 1:45 p.m. Session 14: Keynote with Kevin Zhang, PhD
Enabling Transportation Optimization and Resilience Analyses
Regent’s Hall
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08:30-10:00  Session 12C: Transportation models 1 10:45-11:45  Session 13E: Transportation models 2

Track: Freight Transportation and Logistics Track: Freight Transportation and Logistics

CHAIR: Lingxiao Wu CHAIR: Kai Wang

LOCATION: SQHR 525 | ) . LOCATION: SCHR 525
08:30 Lingxiao Wu, Asma Mdimagh, Yossiri Adulyasak, Jorge E. Mendoza and Jean-Francois Cordeau 10:45 Daniela Sailer, Robert Klein and Claudius Steinhard

Heavy-duty Truck Electrlflcatlon with Charg.mg Infrastructure Decisions (abstract) Demand Management for Parcel Lockers (abstracl)
09:00 Guneshwar Anand, Sachin Jayaswal and B Srirangacharyulu : : ;
10:45 Pooria Choobchian and Bo Zou

A Cutting-Plane Based Approach for Fixed Charge Transportation Problem (abstract
? i g € ( ) Almost Stable Matchings for a Truck Platooning System with Role Specification (abstract)

09:30 Xi Cheng and Jane Lin ) ; . : :
Long-haul Electric Truck Routing and Driver Scheduling with Coordinated Charging 1110 Alexandre Jacquillat, Alexandria Schmid and Kai Wang

Scheduling (abstrac!) Relay logistics: a column-set-generation approach (abstract)

13:00-13:45 Session 14: Keynote: Kevin Zhang, PhD - "ENABLING TRANSPORTATION
OPTIMIZATION AND RESILIENCE ANALYSES"

Location: Regent's Hall on 16 floor of Lewis Towers with overflow into Beane Hall on 13™ floor
ENABLING TRANSPORTATION OPTIMIZATION AND RESILIENCE ANALYSES

Transportation infrastructure is critical to freight movements and supply chain performance. Enabling
scenario exploration, particularly under potential disruption conditions, is critical to making good decisions
about freight movements and resilient infrastructure Iinvestments. Yet there are limited open-source tools
awvailable to help supply chain participants and transportation planners evaluate the intersection between
transportation infrastructure and freight. Open-source tools using Inputs that users typically already possess
or can easily acqquire are particularly rare for resilience analyses. The U.S. Department of Transportation
has developed two distinct tools to support these kinds of analyses, the Freight and Fuel Transportation
Optimization Tool, which optimizes supply chain freight movements across a multimodal transportation
network, and the Resilience and Disaster Recovery Tool Suite, which helps estimate transportation network
exposure to hazards and evaluate the return on investment for resilience projects aimed at mitigating
uncertain future hazard conditions. Dr. Lewis will discuss the approaches these two tools take to enable
transportation optimization and resilience analyses.

Kevin Zhang, PhD, joined the U.S. DOT WVolpe Center in 2020 as a data scientist in the Energy Analysis
and Sustainability Division. He provides technical support on projects related to resilience of transportation
networks, supply chain optimization, and alternative fuels. Zhang also provides support on project work
related to the deployment of connected and automated vehicles. Prior to joining the U.S. DOT WVolpe Center,
Zhang received a doctorate in operations research at MIT. His research focused on developing analytical
models for the real-time calibration of traffic simulators. He also worked previously as an operations
research analyst at an analytics consulting firm in Boston.
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