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'LEARNING
OBJECTIVES |

" At the end of this learning experience, | will be bester able o

1

3

#PWX2024

Apply the Dutch approach to multi-faceted mobility including 22 elements such as
Traffic Flow, Transit, Safety, Parking, and Last/First Mile, Congestion, Noise and
GHG emissions

Understand how Artificial Intelligence can be engaged and deployed in your city,
using Amsterdam as model - where their efforts alone may be credited with the

entire nation possibly meeting their “Paris Accord” CO2 (aka, Greenhouse Gas)
targets “singlehandledly”

Make quantifiable improvements in your city related to mitigating traffic
congestion, reducing carbon emissions, noise and accidents. Most importantly,
learn how they are transferable between Europe and the USA/Canada
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1. Download the “PWX Conference” app in the iOS App Store or Google Play.
2. Open the “2024 PWX" app on your device.
3. Click to open - sign in for extra features!

Dowmnload ont

» éoog;le Play

a8 App Stor\e;
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EDUCATION SESSION EVALUATIONS

Please fill out an evaluation for each session you attend using the PWX Conference Mobile App. Each submitted evaluation
counts as an entry to the 2024 PWX Free Gift Card Drawing. This year’s prize will be a $10 gift card to Amazon. Don't miss
your chance to receive a free gift card on us! Winners will be announced Monday and Tuesday moming via the mobile app!

1 Press the "Schedule” option on the app home screen

2 Find your education session on the calendar

3 Scroll down and press the “Session Evaluation™ option

MWAY Y
#PWX2024 ~ ‘..x



Dave Zelenok, PE
» Public Works Director for 20 years in
Centennial and Colorado Springs
« Emerging Technologies
« Founder and CEO ZK Engineers
« dzelenok@zkengineers.com

e 719-491-1547

#PWX2024

Paul Hoekstra

Business Unit Director

Technolution Move
paul.hoekstra@technolution.com

408-537-3416

PPW' X



mailto:dzelenok@zkengineers.com
mailto:paul.hoekstra@technolution.com

How Current Is Your Technology?

Going Dutch: e
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How Fast Are New Technologies Being Adopted?

Telephone: 100 MM users = 75 Years
Pokemon GO: 100 MM users ~ 30 days
2 BILLION < 8 Months

Pokemon‘Go app oa an iPhoae, Tokyo, Japan, July 22,2

July 2023 — Twitter to Threads 150 MM users in 6 DAYS

Daily Mail July 17 2023



Hos Thls Ever Hoppened Before <

Complete Modal Transformatlon 12 Years
Infrastructure — Catching up 100 years
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Steam Power
Electricity
Computers

The 4™ confluence of:

The 4 Industrial Revolutions...
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Artificial intelligence

Internet of Things (1OT)
Nanotechnology

Quantum computing

3D printing

Data transmission / Smart Cities
Technologies that will fundamentally change our world

Courtesy:TU Delft



More Global tfrends...

Say Hello To: | o
* Driverless Cars: Capacity Increases

e Sensors: “V2V” & “V21”
* Gigabit 5G Telecom
e Roads without Traffic Signals

* Fiber: Utility meters & Fiber to th
premises (FTTP)

 Fiber as the Sensor Itself
 Wireless Gigabit Telecom




The END of the LINE... Say GOODBYE to:

Fortress Malls?

« Road Widening Projects? :

* Privately Owned Vehicles? y Ing V‘r

« Car Ownership - £= er Gueeo®

- Parking < ,rtua“y E.\’ Traﬂ:l Jjam o future_‘( )
 Mass Tre VI dictlng es in th g 2040 _k/
« Gasoline . pre y) minut ) e
« Traffic Sigl

« GasTax (Ei ..cauon — Full Adoption: 2040)?
« Three-car garages — who needs to own 3 cars?

« Congestion — Up AND down — profound changes
\J
§PWX2024 I .“ /




More Global trrends..

» Bricks vs “Clicks - Online ONORM

- Digital Twins ion 05 the

upt
t: D15 Greenhouse Gasses
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Autonomous - Self-Driving -
Drlverless _




Autonomous: Teslas & Audis Today
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GHG Primer... What's it all about?

Transportation & Power each amount for ~1/4 CO2 (4BB tons/yr)
« Power will go to zero (solar, wind, renewables)

« Global Goal is net zero in ~20 years

« Car atidle ~ 4 Ibs per hour of CO2, Per year ~ 1 ton of CO2

« Single Intersection — 26% reduction — NO change in controllers

Top Annual CO, Emitting countries

(from fossil fuels) Agriculture
10%

i['
!

ciEer Tials

nion of Concerned
i

u Residential
Scientists, 2023 ey

& <
Commercial -
13%
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Perimeter Contro
¥ Maastricht, NL — ‘City gate’ mechanism

" Loops at traffic signals: counting vehicles in the city center
“Dosing lights” at the entrance routes (gates) of Maastricht

“... Dosing” the number of vehicles that can enter the city center

(Courtesy: TNL)

London?
New York?
(UN)POPULAR?!?!

Images Courtesy: TU Delft
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Bidding for Green Lights:
“Lexus Lanes” on Steroids!

Market-inspired traffic signal control

Market-inspired intersection control to reduce
opportunity loss:

Auctions (first/second-price, VCG), direct payments,
credit schemes

Consideration of users’ value of time (VOT)

Key issues for implementation:

=  Incentive compatibility

=  Computational feasibility

= Simplified physical settings & user behavior

Our approach: Dynamic auction-based control for
signalized intersections

= Traffic signal phases as auction participants

= Vehicle-to-Infrastructure communication setting
= Vehicle agents bid for drivers based on VOT

Courtesy: TU Delft

Conceptual framework

Second-price sealed bid auction under
dynamn: bidding

Minimum green time per phase

Grean axtension allowed

Bids from all lanes combined

Winning drivers split second highest bid
Delay-based bidding behavior & distance
Drivers’ impatience considered




Dynamic Bus Lanes...

Intermittent dynamic bus lanes (IDBL): Activation/deactivation of a dynamic bus
lane segment in front of buses

* Bus lane density control (BSDC): Control of the vehicle density of a dynamic bus
lane segment between the upcoming two bus stops

Courtesy: TU Delft
#PWX2024
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So how does the US Compare?

DUTCH
CYCLING
s EMBASSY
“If the .5 had achieved the same improvements in traffic safety as the Netherlands [since
1970], 22,000 fewer Americans would have died on our roads in 2015.” = Vox

Cyclist fatality rale per 100 million kilometres biked Pedestrian fatality rale per 100 milllon kilometres walked
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' Livable Space

Dutch Priorities...

Pedestrian First in Downtowns —
The Car is “guest”

Speed is slower than pedestrians
Modes are separated

Zones and connections between them
Urban Planning

Standardized infrastructure

Thanks: John Burke, City Engineer, Westminster
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Today's
American
Traffic
Management...

| et’'s do a whole buncha STOP SIGNS!

[ NO |
TRUCKS
| ovee f
oo-JLas
L 5w |
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Seed Hums...
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‘HUMP AHEAD Slgns —
Um...tend to get stolen?!?




American Traffic Calming...

et 1
How about ROUNDABOUTS -

...WITH STOP SIGNS?




Amsterdam’s Traffic Ops Center

. /
-, ‘/
-

#PWX2024



Rotterdam: Network: 5 Modes Concurrently
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Biking... Separated!
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Goodbye Roundabouts... Fully

-

Protected Intersections
4




Dutch Priorities...What Can You Really DO?

-

l v'Advanced Traffic Management

v'Dynamic and Intelligent Access Control
v'Short-Term Prediction

v'Adaptive Flow Management
v'Multi-Modal Traffic Flow Optimization

e

#PWX2024
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Technolution

Going Dutch

Making dramatic improvement on
existing infrastructure

September 10, 2024

SCAN ME Redefining

solutions



Becoming part of standard: Manual on
Uniform Traffic Control Devices
(MUTCD) SR .'r'.E‘J;ﬁ‘.‘,.*?-"'
Portland Near-side Bike Lights with Countdown . .
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¢ Portland BoT installed Dutch Near-side Bike lights with S R
Countdown on intersections along Naito Parkway &l Y
- s / -
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® Oregon State University documented and published that will R s T l
make the case for why a Dutch-style countdown would be a
good thing to incorporate into a future MUTCD
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e The average percentage of users who committed a red-light
violation decreased from 30.8% to 14.8% (52%)

® The average wait time increased by +5.4 seconds with a
median increase of +3.6 seconds.” (Carr, 5. 2024)

T |

e The installations produced significantly positive outcomes
for micromobility users


https://ir.library.oregonstate.edu/concern/graduate_thesis_or_dissertations/1c18dp81d?locale=en

You can’t manage what you can’t Measure
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Fatalities USA relative to Europe,
incl former USSR states

Route ECR SamTrans speed at intersections
Red lines are intersections with TRP

Meaen, Megipn. snd Hedand Desiaton pesr BECH merpeciion

Median
== Standard Deviation, TSP
== Standard Deviation, no TSH

e oy P by e HEed

USA Population: ~¥334 million people
European Union Population: ~448 million people. 33



You need to Control your Destiny

Vendor Perspective

Services Data management and analytics
Smart (new) Services vendors’ perspective
City's Perspective | Data / digital Infrastructure companies’

Smart Infrastructure perspective

management

Infrastructures ) .
Hardware vendors’ perspective

Citizens versus consumers
Demand pull versus technology push

Who leads the transformation

34



It took over 50 years for the Dutch to become world-class T

Why not just start here?




From PoC to Service — Empowering Traffic Engineering

Implementation
Methodology

Transit Waste Assessment

Vebhicles waiting for
left turn: Waste

B wrmra

Vehicles servicing

stop: Not Waste

1,

Liveable City and
Mobility Maturity
Workshop

“Intersectionin a Empowering

Box” Cities

Client Trust

Process

People

)

Operationalize and Technology | Managerial

At em— —
A A S R n A

harden the
algorithms and
technology
TNL Al Edge Cyber Security
Sensor FlowCubes Audit Trail
24/7 Support and Multi-sensor
Maintenance T3 object detection

Use Case Engine

Visit to The Netherlands

Endorsed by Participants

I oy | T

— R N
A '
=
“As we rethink transit and transportation, this
trip provided notonly a great overview of proven
approaches but also real-world examples and
conversations with practitioners. It brought a
valuable perspective to the conversation in

California,” Mark Tollefson, Under Secretary
Transportation California State

36




HpN
Integrated Tooling to Deliver Dynamic Multi-Mode Traffic Flow Optimization I
Enabling Traffic Engineering

*Eliminate the need for studies and *Parking Guidance and Reservation
ad#']ustment of signal timing and !
schedules *School and Hospital Zones
*Prioritize by mode at network, corridor,e *Dynamic Streets
intersectipn, a rgh level - terial t i+
“Transit S i reeway-arteria r:n5| ion .
- - *Dynamic Street Lights, Variable
*Emergency Vehicle Route Clearing and 7
Intersection Prioritization e Message Boards
* ADA Support: Request Boarding ande *Apple CarPlay and Android Auto
Extent Crossing Time App integration
*Para Transit and School Bus <:E -Drones — Operational Management
*Event Support Airspace

*Freight Route and Waste Management *|TS Asset Management



SFMTA Connected Corridor PoC Mission M srmTa
Build a Service to improve the flow, safety, and climate for the people in the streets
and in all vehicles

Design Principles

- : Scale
p From Install to Operation |l Trained and Able People . Multijurisdiction

Continuous optimization
* Leverage existing infrastructure

Process | People RS

Transit
* Significant service level increase
Citizen-centric Value: Schedule *  Cost reduction

MObi"ty Adherence, Shorter Traffic Engineering

Services Trip, Cost Savings *  Micro-management multi-mode and
next generation Adaptive Flow

Technol | Manage . Mamgement

O * Theclient owns all data
‘aYeAY, rial

Configurable B Actionable Insights

Technical Architecture

* All Connected Signal Controllers
* Open architecture

* Military-grade cyber security

\

38



’ Simulation generated with SFMTA srmTA EEE
Let S Ra Ce ! PoC Connected Corridor Data L I

1lam-12pm
Reference Day Test Day TNL Technology

Signal Phases

Same Dwelling

—— D |
Light Rail Vehicle ’
v:alih -_-_,.__1/

Light Rail Vehicle
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Connbcted Cormidar Pel

ﬂ Connactad Corridor PoC

Connected Cormidor PoC Haur Macen

3 u Conmnéched Cormid-= B \/ Small Teams signed off the dashboards to enable
'- = —= ; actions to be identified and prioritized with after-
Connected Corridor PoC Wear Missss project benefit determination.

e Livable Streets, Transit, Curb Usage, Traffic Engineering,

. C O 435 Autonomous Vehicles, Taxis & Accessible Services and
S e - Vision Zero Teams
- . " - . ]
\ . 1 3 .
» % . gt Connected Vision Zero Corridor PoC S utien
Nz, . . e 1a? S

. g . n Conmbebed Cermridar PeC
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* Tanuse.

e —_—
135
[ = g oo
B i £0 55
. . . . . . — .'lh.\- -'\.
The system stores a complete digital twin — rich high-resolution data set *i I r—f v
to analyze mode, signal phase, speed, emission, safety, etc. ] sliinninl oF AR
Counts, averages, durations, filters, comparisons, graphs, data downloads W ARCATE T —— e e




Technology as Enabler

911

Al Edge
Camera

LiDAR

Radar

(Transit)

Snowplow

Operations

AVL + APC

Signal Controller
Traffic Actuator
LRV Platform
FlowCube Sensor
Parking

MobiMaestro
(Real-time, continuously and adaptively traffic flow optimizer)

utonomou
Guidance

Data Ingest H Digital Twin H UiEile (R ’—
Engine

Public

Dashboards;
and Data
Exposure

T

Policies

Delivery Robots

Autonomous
Vehicles

Road
Prioritization

Transit
Vehicle
Load and

Sch
adherence

()

Occupancy

Emergency Vehicle
Pre-emption

Dwell Estimator

©

Parking Guidance
and Reservation

Extend Crossing

Time

School Bus

G o

Green Light

8

Waste and Freight

/e,

Snow Plow

PR

School and
Hospital Zone

= ©

Dynamic Streets

Car Integration -
all brands

=
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Transit Waste Index

Assessing the Service Level Transportation Agencies provide Transit

Automated Cleaning, Identify Service
Vehicle Location Enrichment, Assess level of improvement
and Passenger Mapping, and Waste and OpEx savings

Data Plotting opportunity

Score: TWI for SamTrans is Poor: 43.2% Waste

Route ECR SamTrans speed at intersections
Red lines are intersections with TRP

Percentage Operational State

San Sruno BART ECR Field Measurement

Signal

Signal
Delay,

Delay,
39.6% 33.-7%
Transit
Stop,
35.4%

Transit
Stop,
32.7%

In Transit, In Transit,
27.7% 30.9%

— Standard Deviation, TSP
_— S_tandard D@viation, no TSP

Northbound Southbound

e ey el by e -




How Ample is the Opportunity? I

The benefits are large enough to

M sFmTA

Percentage of LRV Red Light Delay (sec.)

T-Line Current Vehicle speed <15m .

* 12-14 LRVs

* 80 min travel
Projected

* 8-11LRVs

* 60 min travel

Total Service Hours
AVL Data ECR Route, 20 Feb 2024, in hours

AVL Data

Perfect Service Hours

Oh 50h 100h 150h 200h 250h 300h

M In Transit + Signal Delay M Stops

L}
0,101 (10,201 (20,30] (30,40] (40,50] (50,601 (60,701 (70,80] (80,9 (30,100] (100,110] >110

ECR Route Vehicles in Revenue Service
Current vs. Perfect

mmBEFORE 6/28 ammBEFORE 7/ ammBEFORE 7/12 ammFIRSTMONDAY ~— SECOND MONDAY ~—TUESDAY.

Total Service Hours to serve 10 min scheduled headway to Third Street -
(Channel to 20th NB and SB) L)

route: 280-207

route: 280.207

speed 1.1885614500081 148

heading: 226 4440318519925

achieved reduction

potential

Vehicles waiting for Wi
left turn: Waste

0

potential

Number of Vehicles in Revnue Service

12:20 PM

——Current state

——Perfect state

===Potential reduction

-+—Vehicle Reduction (SFMTA Initial Results)

Vehicles servicing ; 3 Vehicles reduction
stop: Not Waste

Reference Days PoC Test Days Zero Waste

Total Service Hours
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DON'T FORGET TO COMPLETE Sy
THE MOBILE APP EVALUATION! | P

Please fill out an evaluation for each session you attend using the PWX Conference Mobile App. Each submitted - . m 9
evaluation counts as an entry to the 2024 PWX Free Gift Card Drawing. This year's prize will be a $10 gift card ‘9@8 P.Q'
to Amazon. Don‘t miss your chance to receive a free gift card on us! Winners will be announced Monday and GIFtr ©
Tuesday morning via the mobile app!

1 Press the “Schedule” option on the app home screen

2 Find your education session on the calendar

3 Scroll down and press the "Session Evaluation” option

PW X
#PWX2024 oA




We’'re Here to Help'

Dave Zelenok, PE
- Public Works Director for 20 years Paul Hoekstra
Centennial and Colorado Springs SCAN ME Business Unit Director

« Emerging Technologies Technolution Move
* Founder and CEO ZK Engineers paul.hoekstra@technolution.com
» dzelenok@zkengineers.com 408-537-3416

e 719-491-1547

#PWX2024 I '“' X
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SFMTA Proof of Concept

By the Numbers

5 Metric Before After Avg. Results

Coanecled Corrider Pl

e —— Red Light Delay 60.3 sec 16.2 sec 73% reduced

- . Travel Time 4242 sec  358.2 sec 16% reduced

Approach on Green 62.1% 85.8% 24% increased

Average Speed 8.2 mph 9.9 mph 21% increased

Approach on Red 27.3% 26.3% 1% reduced

CO, Emissions
(Channel + WW)

Pedestrians  Approach on Walk Symbol 76.4% 75.5% 0.9% reduced

Vehicles

2.79 tons 2.06 tons 26.1% reduced

Connacted Comider PoC GHG Emiaions

oWt e W @

- - -
4

Avg. 2.79 tons =

3

II lIIIII IIII I II Avg. 2.06 tons :

B ARCADE. THL = = T TFE On during coordination hours 7A-7P on 7/19, 8/2-3 and 8/4




Schedule and Headway adherence are key drivers of
customer satisfaction

Transit Agencies are highly dependent on
Transportation Agencies

Transportation Agency

>
Technology | Managerial

Dutch Traffic Engineers have
significantly better tooling

50



People and Process - Capacity Building
Invest in people

: : . Translate to
Bring various Build shared Mobility

departments definition of .
. . Maturity and
together your Livable City Roadmap

"Exploring each of the mobility maturity factors provided
valuable insights, revealing where we currently stand and
the possibilities ahead. This process also facilitated a
unique and productive conversation among group
members about our opportunities.”

Jamie Gaskill, Associate Director of Active Transportation,

Colorado State University
51




Self-Funding Programs

Re-invest Operational Expenditure (OpEx) savings

Effective

Optimize Main Route

People

*  Capacity Building with Transit and
Transportation Agencies

Processes

* Daily Operations

* Incident handling

*  Problem identification

*  Optimization route (Quarterly Infra
Review)

Technology

* Deploy Technology enabler

e Dashboards

*  Multi-modal platform

Managerial

*  Fund initial deployment

* Establish governance model

Efficient Scale

Positively Impact riders
e Adjust schedule / go to headway

* Shorter trips N

* Higher schedule adherence
Climate impact Transit Agencies

e ~1400 kg CO, per service day

» Reduce vehicles at $728k/y _. e HII Framework

More riders?

Retire older fleet sooner?

Reduce operator shortage? 1% "

52
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TWI Scores by Route by C

20 February 2024
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Count of buses travel with speeds <15mph

while not at a Transit Stop. Thur Feb22 2024 .

mlrans ..

Continue till there is no Red left

Quarterly Infrastructure Review

LN

Average travel time (off-peak)  Average travel time (peak)

CINY N\

Average emissions weekday

(9

Average modal split weekday

Incident

N

013

route: 280-207 Vehicles waiting for
route: 280-207

sooed 1.1885614500081 148 left turn: Waste
heading: 226 444031 B519925

— . ¥ /'——r v

ry
J; it anth

(fQ Vehicles servicing

gé) stop: Not Waste

~



Rely on benefit to fund the next project, not external I
M sFmTA

Percentage of LRV Red Light Delay (sec.)

Operational Expenditure

47.4% of buses travel with speeds <15mph
while not at a Transit Stop. Thursday, Feb 22, 2024

T-Line Current
* 12-14 LRVs
* 80 min travel
Projected
* 8-11LRVs
* 60 min travel

0,101 (10,20 (20,30] (30,40] (40, 50] (70,80] (80,90] (90, 100] (100, 110] >110

@mmBEFORE 6/28 wwwBEFORE 7/5 wwwBEFORE 7/12 emmsFIRSTMONDAY ——SECOND MONDAY ——TUESDAY

Total Service Hours to serve 10 min scheduled headway to Third Street
(Channel to 20th NB and SB)

34.8%
reduction
potential

19h

potential

Reference Days PoC Test Days Zero Waste

Total Service Hours 55




Governance

~

\--
- Benefit Realization

Implementation

56



Bridging the Financials
One of the options besides Grants, etc. - PPP

SMART CITY .
( : | F INFRASTRUCTURE TRIZIA
FUND -

Phgei o Lawer of Dngig b aebons hame

» Institutional investment vehicle that enables cities to unlock
financial and societal benefits and a rapid transition towards

e e e e T I P
B i e Y

low-carbon, resource-efficient, and inclusive communities.

. e 0 G O g
pension fund to invest in the scale-up of integrated Smart City 2

infrastructure projects. Glotel Scaw Uy Serimegy

A —— G— G s ® A —— —— > @ — N O —y G——
o — 1 14 8 L — a2 $0T o c—
Investment size >$10million

Cnmpreare lombog (v ond Upode e vy

s et B & s e 4 oS ¢ Bo et e B Sy = S
ottt @ hive e sy SIOGBEL VDN

Investmentterm  10-year minimum

ang Term lyety weviimeedy
Smart City Infrastructure Fund is backed by a leading European tt EEESSS S SIOGEED (SNSRI SR PTER ST S

Structure Public private partnerships (PPP/P3), concessions sale & lease back

Common equity in individual assets, preferred equity, and acquisition US Investment Portfolio*

of receivables
" Population Invested
City Investment Date R e

Contact Information Fullerton, CA April 2019 135k US $72m
ERIN AUSTIN | COO
erin.austin@smartcityinfrafund.com
T:+1207 400 5662 Placentia, CA April 2021 51k US $39m
www.smartcityinfrafund.com

Eligible Funding

Salem, MA October 2020 41k US $31m

Simi Valley, CA October 2021 131k US $85m

Katie Collins | Operations Manager

katie.collins@smartcityinfrafund.com Rancho Cordova, CA January 2022 75k US $64m
T:+1970294 5170

www.smartcityinfrafund.com Kenosha, WI October 2023 99k US $98m

*Investments are for open access fiber network build-outs
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Citizen-centric
Mobility
Services

Citizen-centric

Mobility
Services

Technology | Managerial Technology | Managerial

Transportation Agency

Citizen-centric
Mobility
Services

Citizen-centric
Mobility
Services

Technology | Managerial Technology | Managerial

)

/ Citizen-centric
Mobility
Services

Technology | Managerial

Citizen-centric
Mobility
Services

Technology | Managerial

Traffic Engineering empowered Technology | Managerial
to deliver world-class services

Citizen-centric Citizen-centric
Mobility Mobility
Services Services

Technology | Managerial Technology | Managerial




