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Highway congestion
Highway congestion is imposing an intolerable

MPC-based Traffic Control with burden on rban residents

Congestion occurs when vehicle’s velocity

Vehlcle Networks variation propagates to following vehicles

It is difficult for human drivers to recognize
tiny changing of the precede vehicle’s velocity

m Approaches

There are various approaches to improve congestion
. They can be classified as
Takuto Takagl macro perspective and micro perspective

FL11-1-1 Macro perspective: On-ramp control, Transportation Network
h . Micro perspective: Vehicle Platoon Control
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Orientation of study Macro Perspective[1],[2],[3]
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Situation setting Traffic modeling 1 segmentl /
There are two main situation among congestion avoiding researches | === . P o
Highway road model Urban city road model I 200 E> /
-a few merge Xl 1 segment Directed graph model

Link: highway

*1n0 ramp
=straight Dynamics Node: connection, city
—Simple situation Consider link i
B/ M= EZ4 ALRNN N 2,k +1D= p.(K)+ £.(4r 0 0r) p;traffic density 9, :inflow

Two pcrspcctlvc§ q; traffic flow 4 ., :outflow
Macro perspective [1],[2],[3]
Considering hole highway or highway network

Controlled objects are highway equipments such as on-ramp,

- -1 2 This approach deals with vehicle density, flow
Gim linki P;»q;  %iow  —Neglecting each vehicle dynamics

or internal vehicle state

. . Solution
Micro perspective[4],[5] Ry R i e . . .
Considering one lane vehicle platoon ggﬁfggﬁfﬁﬁ&iilfr;zgl}; rl:]/[PC

Controlled objects is each vehicle H

Micro Perspective[4],[5] Purpose of Study
— ‘Tokyo Institute of Technology, — ‘Tokyo Institute of Technology,
Traffic modeling Improvement tips
@D P P @ - @p Considera n—yehlcles platgon Macro perspective: neglecting a vehicle dynamics
A L, in one lane highway Micro perspective: don’t consider external information

E> Combine two perspective

Dynamics . 5
. 3 i3> @i ith vehicle’s position —Compensating each other’s problem

X0 ”‘ X , ! - U; : input . Rk
o = > 4 dl P Medium perspective

- & i disturbance . .

€ : error Platoon i+1 Platoon i
. Mo o o o |
Each vehicle has a same LTI SISO plant/controller . B R R = "<&\‘ Computer
Reference is precede vehicle’s position, output is own vehicle position 1 segment A
—Each vehicle doesn’t consider external information Consider several n-vehicles platoons in one lane highway
Solufi but account disturbance 1 platoon can be interpreted as 1 segment
Solution . .
Find the condition in which Every vehicles can cpntact to computer and get external Information
Computer controls signs or on-ramp to regulate each segment

we can find a controller that achieves String Stability
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Control of Preferences in Social Networks[8]
xb, = Ax\ + Bo(ul,u") x; : Proclivity of consumers
A : Network(chain)

@(ui,u;') : Input(advertisement) from / company
Formulating advertisement-diffusion model

and deriving optimal advertising strategies

Optimal strategy is concentrate to the most effective consumer

Application
X, = Ax, + Bu x, : Position qfv;hicles
A : Communication structure

Formulating vehicle communication model
and deriving optimal input strategies?

Advertizing
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iy Schedules

Preceding period(MPC-based Traffic Control)
*Survey [2][6][7][8]
*Modeling Medium perspective
*Deciding evaluation function
* Applying PMC to the model
*Simulation

Latter period(Determination of the optimal vehicle control strategy
Deciding state equation
+ Searching optimal control algorithm
*Simulation

*Combining two study
*Simulation, comparing
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Appendix

String Stability
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Definition[1]
Consider a string of N dynamic systems .the error signals e(t) depends on the
disturbances d (t) in the following manner:
e(ty=H,,(s)d(t) edeR" H,(s):R">R" (*)
The system (*) is L, string stable if given any ¢ > 0 there exista § > 0 such that
ldO), <& = leC, <&
Assumption
* LTI SISO plant/controller

=Each loop has relative degree
*Homogeneous loop £

d,
Deformation X ”' -
laO), <& = leC, < 2 (= =
G _ He(t)H2 2 x; : ith vehicle’s position
6l = s o 12 o
HHe.d (S)H,J <y _& b it disturbance

B € :error
Technology
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String Stability

2
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From [3],

If e,(s)

s Lhnfn %‘5’Ch>thal
e (s)

.. )|, <7, 9N

sufficient condition:
€i(s)
<1
[ i1 (S) ]

0o

A

[The perturbation doesn’t propagate

to following vehicles




