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Highway congestion
Highway congestion is imposing an intolerable
burden on urban residents

Congestion occurs when vehicle’s velocity
variation propagates to following vehicles

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

Approaches
There are various approaches to improve congestion
They can be classified as
macro perspective and micro perspective
Macro perspective: On-ramp control, Transportation Network
Micro perspective: Vehicle Platoon Control
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Intelligent Vehicle
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Intelligent vehicle(IV)
A vehicle equipped with control systems that can sense the environment
around the vehicles and that result in a more efficient vehicle operation by
assisting the driver or by taking complete control of the vehicle
IV technologies
Intelligent Speed Adaptation(ISA):
A speed limiter that adjust the maximum driving speed
to the speed limit specified by the roadside infrastructure
Adaptive Cruise Control(ACC):
An automation system that adjust speed to the preceding
vehicle and maintain a safe intervehicle distance
Dynamic Route Planning and Guidance:
A route guidance system advises a driver about the best
route he can take to reach his requested destination

IV-based traffic management
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[V-based traffic management
A traffic control that support and improve the platooning concept by
allowing vehicle-vehicle and vehicle-roadside coordination
Hierarchical Controller for IV-based traffic management
OHigher-level controllers:
Providing network-wide coordination of the lower-level
ORoadside controllers:
Controlling a part of a highway, an entire highway collection of highways
OPlatoon controllers:
Receiving commands from roadside controller and controlling each IV
inside the platoon
OVehicle controllers:
Translating command into control signals
for the vehicle actuators
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Model Predictive Control

Model Predictive Control(MPC)

T.,; : Control sampling interval
k :Control step

N, :Control horizon

N, :Prediction horizon
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Advantage of MPC

*Easily handle MIMO process, process with time-delay, unstable process etc..
*Can consider constraints on the inputs and the outputs of the process
+can handle changes in system parameters or system structure

Performance criteria and constraints
N -1
T (k) =T oy (k) + @ Y Julh+ j) —ulk + j=1),
=0

— . Input constraint
Performance criteria
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Vehicle model 1 Simulation Setting
5D =xO+v,(OT,, +5 a,(DT;,

P [ :Simulation step | ainstream TSm0kl G
v+ =v,(D+a,(DT,, T,,,: Simulation time step ; 1 destination
Input

offamp  congestion

Using a basic set-up consisting of a 13km single lane highway stretch
X with one mainstream origin, one on-ramp and one destination
K :Gain There is a congestion 10~11km

Input
Platoon leader model

4 (1) =K (vis,(D=v, (D)) Visa: Reference ISA speed

Follower vehicle model I¥' n;l(_wdc_l inlsi_mu]alion
n this simulation,
@) = Koy /()= (D) = 5, D) + K (v (D —v,D) *Vehicle prediction model in MPC and vehicle simulation model is same
Position error Velocity error » A platoon vehicles can be considered as a single entity

by i (D=8, +vi(Dh+ L L, :Length of vehicle *Length of platoon is given by

— > S, :Minimum safe distance o &

EE i " Time headway Lyeny =1, =Sy, D)+ 2L,

oo -2 2 1 n,:number of vehicles in a platoon

B—0 wlo -o—&

= |, — e

Control Problem

Discussion
Tokyo Instituteof Technology Tokyo Instituteof Technology
Controller Result
ORoadside controllers: Case TTS (vehi) | Relative improvement
MPC is applied for speed control and on-ramp control as roadside controller e vy | 2o oo
State: position and velocity of the platoon leaders, platoons’ lengths controlled (platoons) 2939 2616%
trol input: ISA, on-| . .
5 Control input: ISA, on-ramp Discussion ‘ 0 )
Platoon controllers: . . s . . . X X;
. ) . . = +| . la, (!
Do nothing(Time headway, vehicle number of platoon is fixed) This thesis d‘oesn tconmfier vehicle dynamics |:V,:| [O O}{v} L} @
—If there is no regulation,
Control problem

objective function simply increase *making v, larger
(k+N,)K

n,, (1) :vehicles in the network *makingf,,, shorter
Sy ®) = 20,5, + 4,0, D+, (DT, et

It sounds too simple!
I2kK+1 main(y : vehicles in the queue -

at the mainstream In reality, oo

ony = vehicles in the queue exceeded traffic density makes TTS worse[3]
in the on-ramp

r —need to reflect in the model
ctrl
T

The objective is minimization of the
Total Time Spent(TTS) that show all
vehicles’ time spent in the highway

£ 2000

K=

Technology 0

Trial Trial
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Controller u g =Aq +Bu u=K,(x_,—x)+K (v, -v)-K,S,
=Aq+BTK,L,KL00T"q-BTDK,S
=A4"q+B"S
T
g, = Aq, + Bu, q/:[xi’v[p[]
- =Cq,+ Du, . 0 ' ,
Y =Cq, . P;:State of P(s) . D, =[D;,0.007 D, =[01, 1]
Controller L=l o , ,
A A A . o] §=08,5,,8,1 ¢=T[x,v,a,p]
ee w_o we -w—e Predecessorfollowing
u, =K, (%, —x)=S)+K, (v, =) Block diagram
4 A4 a9 B U
S E I L M R b
q, 4114, B|lu,
g =A'q +B'u
TR — w
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Result
3D plot of Gain— K matrix

n=10,kp =0.1,kv = 0.1

Linear quadratic regulation
g=A"q+B"S
J= j‘”(qTQq+S’RS)dz s
0 —

Spectrum of gain
LQR find a controller law u = —Kq oK
that minimize the cost function "
—velocity converge to 0! K. K
o ii=1
Considering Reference signal ° ° K
Gg=A"q+B"S - = o
~ . oo O 0o 00 —
qg=q+q, 4q.:Reference K e i+l i i1 i

S TG A 1B = AT
o 0=4"q,+B"S K= “The largest gain is self feedback gai
E>q =A"G+B"(S-5,) fe "1 D¢ e largest gain is self feedback gain
— q,=-A""B"S, *The second largest gains are predecessor and successor
Additional term come in input

—If we can get all vehicles’ information,
A,B matrix are static
utcal Teshuology mmmﬂ lutcal Teshuology

P
P
* % % %

only 3 vehicles” information are important

Other Communication Graph New Approach
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L2 norm controller

G=A"q+B"S
0
0
E> S=Kq x-|o
0

New approach

G=A"q+B"S Only need to input one vehicle

[>S=Kq b A/E

Need to input all follower vehicles

* ox % o
*ox ox o

* ox o o
&

I Rt o
‘e—» @—o @b oo

Neglect tiny gain
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Orientation Similarity between Study and [5]
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[4]A. Rantzer, “Dynamic Dual Decomposition for Distributed Control,” ACC ‘09, 2009 Dynan’]ics
0. 1 . i
o _ x,: Proclivity of n consumers
Anders Rantzer P K g = A + Buy 2 A Network(chain)
. . LR | x, =20 u, 20 Zui,kg . :
Lund University ] k w, =[u o u,.: Input(advertisement)
. x, =[x, x (3 S N RN
Department of Automatic Control e =
Want to derive optimal advertising strategies
Object function

[5]G. C. Chasparis and J. S. Shamma, "Control of Preferences in Social Networks," Proc. . N-1 Vix,)=v'x,: .

of the 49th IEEE Conference on Decision and Control ,pp. 6651-6656, 2010 max {J(x) =lim Zﬂkg(xk S (3, ))} () . +:Reward fuTlCtlon
. u Now k=0 C(u,) =c'u,: Cost function
. - g(xu) =V (x)=Cluy) v,ceR!

Jeff S. Shamma K=t L LN
N Jy(x)=v Arvx"'ZﬂM
Georgia Institute of Technology ’ W= A B ko ~— y M i=argmax” (h,)
TQl ke~ K2 i = -
Decision and Control Laboratory o E: ) 0 otherwise
4 =24 DP - max'(h,) = max(0, .-+, ,,.)
=0
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Similarity between Study and [5]
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g(ru)) =V (x) = Cluy)
V(x)=v'x, Clu)=c'u,

max{£4 07 -« i =,

L (= , diag(v") X, u; € R!
mum{goﬂk(fxﬁc’uk)}‘ St )) edg |
o}

Optimization problem[5]

(gt

min{ /'
Optimal control

Qi = 479, + BiSy
min{Z00a, I8}

X, = Ax, + Bu,
min{ £ (s, R}

Optimization problem is almost same

—Derive only need to input one vehicle control? ‘/E

. e A e 4 :
o—» b—» VD DB ml
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h

~Ga

"%

N

=
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min {$ 04, +1#s.1)}
=min{é[ 04) qo*ZA B}S;. -1

P 20 =0

g A4,8>0?

020 g,

DP

2
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s ]}
R>0

. N . k-1 . .
= mm{kZﬂ[qT[quo +2Adk/B(1Sk*j*1]+rTSk]}
s = =
Q diag(q)=Q

s diag(r)=R

b (L~ -x) (L, ~(q-x,)20)
ZS - {0 (L, ~(x, ~x,)<0)

i=|
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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, <&

String Stability
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Assumption

* LTI SISO plant/controller
=Each loop has relative degree
*Homogeneous loop Ti

&, &

Technology

4,
Deformation X9 ”' P(s) =
kol <= ol <c [ =]
_ e(1)], x; : ith vehicle’s position
HG(S)Hva =SUp 4 Hd(t)Hz [2] 1:11 s input
HH“{ (S)H,J <y y :‘% » i disturbance

€ :error a

String Stability

Technology
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From [3],
e (s)
e (9],

7.,

If |e , then >0 such that

. <V,YN

sufficient condition:
als) || <y
ei-1(5) ||l

T

The perturbation doesn’t propagate )
to following vehicles

/|
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7| F Al L) | F 2 8 o
sasEa:  u(k)=K(k)x(k)
x(k+1)= Ax(k)+ Bu(k =
(k+1) ‘A( ) (k) o) KO0 [
EET - BfE-- - BRIy e - Uve = : - : | L
ﬁﬁﬁiﬂiﬁéﬂ) TR ERED FRERED
A %;RME» wgE  TUE FAE uf(N-1) K(N-Dx(N-1) 0 N ©
5 1A D3
)\f AN3 i #t-i A N3 TR 38 (optimal)
| ‘ F A5
0 N-IN N-1N I 0 N-1N ! REZEEIZTFSLT
Bl RSV TRAILE 260 A
- KA = ANDH
F R gﬁgmum@sﬁﬂfé’, x(k) 72
D& ISHTRALIREE ELTARBNX, TORNOATITEAD To N =
BRI < -
2) BEANFIORDDRT v7T DHOEERISRT A u(k) = K(0)x(k) (l#7L) T 2% 8]
IZARTS RORFIFT -
3) ROBRI=IE) SR> TRMOBFERYES gozmsgcs Xy =x(k+D) (k) = K(0)x(k)
- u(k+1)=K(0)x(k +1§ﬁ%§2.ﬂ%$§.4t%?4—|¢/w’7)

0| sqzamesmBEnmEE
x(k +1) = Ax(k)+ Bu(k)
HIHS M (BRI HIED) Uy
u(kyeU ,x(k)e X Vk v V |
Bl NRTREUSF F-5N~5N h l/,(//i X
{iIi& —1m~1m

/mwﬁgx(()) =X, NEADNI-EE, FHEH x(k) e X u(k)eU, h
Vk €{0,---,N -1} ##HR LI L TR 2R/NMET
ANFIUY = u(0),--,u(N —1) &R &

N-1
. T r T
ot S D) o (D Ru(h)) + N)E (N)
wwss: x(k+1) = Ax(k)+ Bu(k), x(0)=x,
u(k)eU, x(k)e X Vke{0,---,N -1}
X(N) e X, #imklH(REORELHS)




