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WHY CANOT WE | MPROVE TRAFF

é EVEN IF WE KNOW THE ACHIEVABLE OPTIN
IN A TRAFFIC NETWORK 77?7

Because:

A Not enough controlgraffic lights, tolls, speed fines)
O No chance to unleash the power of feedback!

(>3
A Notknowing othed r i Wehavieléads to poodecisions

(a simple gamtheoretic fact) %

O Driversseek iIndividuakglfish optimum, PRICE OF ANARCHY
notsystemwide(socia) optimum (POA)
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GAME-CHANGING OPPORTUNITY:
CONNECTED AUTONOMOUS VEHICLES (CAVSs)

FROM ( SELFI SH) ©
A%  TO (SOCIAL) 0SYS
A = TRAFFIC CONTROL

THE ol NOFEARS &

NO TRAFFI C LI GHT:
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A DECENTRALIZED
OPTIMAL CONTROL
FRAMEWORK
FOR CAVs

< NO TRAFFIC LI GHT




CONFLICT AREAS
- COOPERATIVE CONTROL OPPORTUNITIES

Mcity: A 32-Acre Outdoor Lab ‘c'ty
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ENTRANCE
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CONTROL ZONES

Mcity: A 32-Acre Outdoor Lab

Mcity is the world's first full-scale simulated urban environment designed expressly
for testing the performance and safety of nected, automated. and autonomous
vehicles under controlled and realistic road conditions. It is a 32-acre outdoor
laboratory for advanced mobility systems that includes

« Urban and suburban str
alks. pedestrian cro:

including various lane configurations and
ings. bike lanes. ADA ram eet lights,

parallel and diagonal parking. and a bus turnoff/stop.

Instrumentation throughout. inciuding a control network to collect data
about traffic activity using wireless, fiber optics, Ethernet. and a highly
accurate real-time kinematic positioning system.

Other features includ

Straight gravel
roadway with a
railroad crossing.

Traffic circle, a
smaller version of a
roundabout that is
common in Eurcpe
and some older cities
inthe U.S.

g Signalized inter-
sections in different

arms, wood and
tal poles, and
pedestrian crossin,

Trunk line road, a
rural roadway with a
fully equipped railroad
crossing, guard rail,
and temporary and
permanent pavement
markings.

Brick paver road
simulated with
stamped concrete.

Underpass, simulated
by a tunnel that blocks

Roundabout, an
increasingly common
approach to intersec-
tion design intended
to improve safety.

ENTRANCE
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gl CONTROL ZONE (CZ2)
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roadway
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freeway wi
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signage. gu|

g ViaXimize-ssengekomior
and a concl

jersey-style

Calibration mound
to calibrate inertial
measurement sensors
onvehicles.

Open test

i Guarante&afety
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DECENTRALIZED OPTIMAL CONTROL PROBLEM

. 1
min w(y" )+ rﬁ [wou? (t) +weJ(1)]dl

subject ta

1. CAV dynamics
. Speed/Acceleration constraints

2
3. Safetyconstraints
4

- Given t’, x (), w(t?), %™
3
: é.WFL w i [0]]

=1

efor ANY CZ def il ne
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THE INTERSECTION MODEL

CAV dynamics JOEAA(Y)

tio: Enters Control Zone (
tif: Exits Merging Zone (

Speed, Acceleration constre

Enters C Exits M2
- umin ¢ ui (t) ¢ umax

O ¢ Vmin ¢ V| (t) ¢ Vmax

Enters MZ at tirhé
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CAV I MINIMIZATION PROBLEM

tm 1
min gt™- t°) + A =u?
0 (D g(t; i) [['IJ o

subjectta 1. CAV dynamics
2. Speed/Acceleration constraints

3. Orderconstraints: t™2 t™
. Rearendsafetyconstraint
5. Lateralcollision avoidanceonstraint

p(”)=0, p@E™M =L, given: t°, v(t’)

Each CAV minimizes TRAVEL TIME + ENERGY COST FqNCT
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SOLUTION T NO ACTIVE CONSTRAINTS

u (1) =at+b [l (1 =%aqt2+ht+q P (t) =%at3+%ht2+qt+di

Coefflc!ents 48 l,u,- (1) + %b,- (02 + et +d; = 0
andoptimal merging time . 2
obtained from:

| .
a; - (92 + bt + ¢; = 0P

)
1 T | .
anww‘_;~u?f+qwﬂmL:L

(l,‘[:-” T I.),' = “

- .
7 R Sbf —+ a;C; = U

THEOREM:

The optimabntrol isui* (t) 2 0 and monotonically fimmereasing
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SOLUTION T MULTIPLE CONSTRAINTS ACTIVE

When constraints are active:

Solution is of the same form and still analytically tractabl

- Malikopoulo€assandras, adtlangAutomatic2018

- Zhang and Cassandragomatic2019 gubm)
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WHO NEEDS TRAFFIC LIGHTS?

Withtraffic lights Withdecentralized control of CAV:

= e -
R | e U B i
Y @ TeFTLy
| . Bost Ve }
[ A S
. ¥y LT -
- t 3
-
TR ] :

I "» I f !,..(" ™ L . e

i,

.
o ; eorgelShermaniUniongl
.| y ) | sy ]

One oftheworste si gned doubl e I nterse
(BU Bridg® Commonwealth Ave, Boston, MA)
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EXAMPLE
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WHAT HAPPENS IN MIXED TRAFFIC ?

A CAVs
A NonCAVs

Merging
Zone
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MIXED TRAFFIC - CAV BEHAVIOR

/ Control Zone  s;(t) <& Merging Zone

Adaptively onstant Speed

Free Driving ,
Following Conflict Areas

min i n 020+ o5 0) - B2l

subjectta 1. CAV dynamics
2. Speed/Acceleration constraints

t", ™ =L, given: t°, pt0), vi(t?)
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MIXED TRAFFIC 1T NON-CAV BEAVIOR

A Carfollowing behavioitheWiedemanivodel [Wiedemanm 974]

A Collision avoidance model in MZ through Conflict Areas.

Control Zone

Approaching Merging Zone

Conflict Areas

Following
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ENERGY IMPACT OF CAV PENETRATION

Traffic Flow Rate = A€ (hourlane
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