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Wasted Fuel and Wasted Time

* 1In 2016, Los Angeles tops the global ranking with 104 hour/commuter spent
in traffic congestion

* 1In 2014, 3.1 billion gallons of energy were wasted worldwide due to traffic
congestion

* In 2013, fuel waste and time lost in traffic congestion cost $124 billion in the

(Source: La La Land)
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Automated Vehicle Technology

e Definition of automated vehicles

At least some aspects of a safety-critical control function
(e.g., steering, acceleration, or braking) occur without
direct driver input

e Sensing techniques

Radar, Lidar, GPS, odometry, computer vision, etc.

e Level of automation by SAE
- Level 0: No Automation

- Level 1: Driver Assistance

- Level 2: Partial Automation

- Level 3: Conditional Automation

- Level 4: High Automation

e ————

(source: google) - Level 5: Full Automation
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Connected Vehicle Technology

e Definition of connected vehicles

Vehicles that are equipped with Internet access, and
usually also with a wireless local area network

e Communication flow

- Based primarily on dedicated short-range
communications (DSRC)

- Between vehicles (V2V)
- Between vehicles and infrastructure (V2I/12V)

\ ¢
(source: SDOT)
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Merging of Connectivity and Automation

‘@™
Autonomous Vehicle ; \
\,\Q} ,))/_:’

Operates in isolation from other

vehicles using internal sensors
=

(s

Connected Automated Vehicle

Leverages autonomous and connected
vehicle capabilities

Connected Vehicle

Communicates with nearby

vehicles and infrastructure /“ U.S. Department of Transportation
t ITS Joint Program Office
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Eco-Approach and Departure
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Eco-Approach and Departure

e Utilizes traffic signal phase and timing (SPaT)
data to provide driver recommendations that
encourage “green” approaches to signalized . s 3
] . £ Case 2: With preceding vehicle,
Intersections Target speed not displayed.

Roadside DSRC signal - GPS signal

Speedometer Rl e Tachometer
. . i ) strength indicator strength indicator 5
Equipment Unit ||| < Traffic Signal S =
—_— = = r— . -
Controller with 52
val - - SPaT Interface > o T BNy
{ ks

Communications: N
SPaTandGiC 7 \

f N Messages /‘ ~
V2V
®

Commumcaﬂons
Basic Safety

% = _/V \Messages
f e

¥ v
Radar detection ( 0 ) Vehicle location
indicator Indicator

Distance to Distance to
preceding vehicle intersection bar

Vehicle Equipped with the
Eco-Approach and
Departure at Signalized
Intersections Application
(CACC capabilities
optional)

More benefits for
fixed time control

Traffic Signal
Head

Source: Noblis, November 2013
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AERIS Connected Vehicle Research

° Developed, mOdeled' and field Speedometer SPaT tachometer
tested Connected Vehicle
applications targeting at
reducing energy and emlssmnsVISOry

speed

UCRIVERSIDE
e 1] x1000 /
= : rpm
Driver ==
display = - i 80MPG
advising =~ \
driver 142.6m

Vehicle location
Indicator

1‘ Real-time MPG

Vehicle .
computer Distance to Intersection

erforms . . :
S selocity intersection location

~ \ h planning Indicator
5-20% fuel savings
on-board from field experiments

DSRC

Traffic Signal Controller

Vehicle OBD-Il data

SPaT Road-side
processor DSRC
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GlidePath I: Partially Automated EAD

Back Office:
A local TMC processes
data from roads and
vehicles

Backhaul:
Communications
back to TMC

Onboard Computer with s 1 N S / : . <
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The roadside unit transmits
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City of Riverside Innovation Corridor

- Six mile section of University
Avenue between UC
Riverside and downtown
Riverside

- All traffic signal controllers

=3 g “ahland .
QRlverside Municipal 3 St 3 e are being updated to be
A dit = o (% = =
R o s g compatible with SAE
~5'x-,0 .g Nt S WLini 1%71
", s B A e Sl connectivity standards
ot i UNIVERSITY
_ Pl Slmd o g s = g versity of - UCRiverside is providing the
& =y 5 alifornia, Dedicated Short Range
S z s /? s vetside Communication modems in
University Gateway each traffic signal

Electric Bus ___ CARB A = Transit Center

Naw Jfimie

- Corridor will be used for
connected and automated
vehicle experiments (ARPA-
E hybrid bus, light-duty

vehicles, etc.)
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Connected Eco-Bus
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Cooperative Ramp Merging
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Cooperative Ramp Merging

Benefits of distributed consensus-based cooperative on-ramp merging system
® Increase merging safety by applying V2X communications
® Increase traffic mobility by assigning vehicles into cooperative adaptive cruise control
string before merging
® Reduce energy consumption by avoiding unnecessary speed changes

Vhs avgr Vhs i

"
ad

V2I Merging Point
Communication
Starting Point VUm

—  Actual control
----- + Safe warranty control

RSU-Equipped Infrastructure
Vrs_avg: Vrs_j

* RSU: Road Side Unit
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System Workflow

Process data.
Assign
.\S._,'Q‘qu"e,_"‘rj‘ce.

~ Follow the
reference
vehicle
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Simulation Setups

e Mountain View simulation network in game engine Unity3D
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Simulation Results
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Simulation Results

Vehicle Speed Profiles
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Simulation Results

Travel Energy HC (of0) CO2 NOx
Time
Human-in-the-Loop 233.58 s (9930.56 KJ (0.0200g 2.8192 g (706.5392g (0.0759¢g

(baseline)

Cooperative Merging 218.14 s (9153.97 KJ |0.0094 g 1.1737 g |651.287 g 0.0440 g
(proposed)

Reduction Percentage 7.08 % 8.48 % 112.77 % |140.20 % |8.48 % 72.5 %

* hydrocarbons (HC), carbon monoxide (CO), nitrogen oxides (NOx)

[ Savings in travel time, energy and emission }
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Thank you! Questions and comments?

Email: zwang050@ucr.edu
Website: www.me.ucr.edu/~zwang




