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Background
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Highway congestion A

Optlmal Inter_Vehlcul ar Dlstanc e Il;lighway congestioq is imposing an intolerable
urden on urban residents

Control With Constralnts Congestion occurs when vehicle’s velocity

variation propagates to following vehicles

in Vehicle Networks It is difficult for human drivers to recognize

tiny changing of the precede vehicle’s velocity

W Approaches
There are various approaches to improve congestion
. They can be classified as
Takuto Takagi

macro perspective and micro perspective

FL11-11-1 Macro perspective: On-ramp control, Transportation Network
Mi tive: Vehicle Plat trol
15th’ July, 201 1 icro perspective: Vehicle Platoon Contro

P. Varaiya, “Smart Cars on Smart R(\ads Problems of Control”,
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Review New Approach
Tokyo Instituteof Technology Tokyo Instituteof Technology
Situation Situation
Considering n vehicles in an one lane highway Considering n vehicles in an one lane highway
o e - - - o e - - -
Optimization Problem Optimization Problem
N-1 N-1
max {4, =<"a, + Zcal, s} max {7, =<"a, + Zcal, s}
n . _ T
LSu=M  G=A g+ B S, 4 =[x ] St.og,, = g +B) S, 4, =[x v, ]
Dx>0 D= 1l
" ) Collision avoidance constraints
Proposition 4-1
Consider the finite horizon optimization problem(*) under the dynamics(**)’. Obiective
The Nth stage Optimal value of the DP iteration is (***)’. ) ¢
The optimal control at time k, for k=0,1,...,N-I is Sy_, =(S{ y_ss**> S x_1) To analyze

~the active set of the constraints
*string stability
* (the difference of the optimal solution with constraints)

where | {M i =argmax(f,)
PNk

0 otherwise
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Active Set Parameter Settings
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°(12)

‘Tokyo Institute of Technology

Example
min /&) ==+, -2)°
constraints ¢, (x) = x* +x2 ~2<0 Strictly convex
(x)=-x,+x,<0
cy(x)=-x,<0

E> N+xi-2=0 x =2
—-x,+x,=0 xzzx/i

Vehicle Dynamics
T
Q=47 ¢, +B; S, 9 =[x5v,] L' =-L

g
1 t 0 : Communication graph
O n = P k i, et ~k, ’ Se 1 Sampling time
e

ek step, mth vehicle
Communication graph
Considering the simplest graph

0
Meaning 00 00
i |t -t oo . . . P
Active set: L,= 0 1 -1 o e i iy i —

It determines which constraints influence the final result of optimization
In solving the linear programming problem,

the active set gives the hyperplanes that intersect at the solution point Input(Inter-vehicular distance)
. . Time-invariant constant inter-vehicular distance
If we know active set in advance,

Feedback the precede vehicle information

= = cee T Q1 o aQ 1
we can make the constraints low-dimensional S;=M M=[0.M.M,-] Considering the case of one input
huplos: w x — w
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iy Constraints analysis iy Constraints analysis
— Tokyo Institute of Technology, — Tokyo Institute of Technology,
Deformation the collision avoidance constraints Analysis ‘3 01 g g
Dx>0 Do 1 -1 Dx,(M)=Dx, +2tDvy +*D(k,L', X, +k,L', vy —k,M) %o 1 i o
T E
< Dx,20,Dx, >0,---,Dx, >0 DM=[M 0 -] M=[0,M,M, ]
S0 ] ] Bty =¥ [une] [mena] [ew] M
v kL kAL v | L KtL'y Xy + kL' vy =k M =] Toa =5 [+ 20| vor = vos [+00k,| XoyFXgs | +Ok| vy +ves |=K,| O
: : : : 0

e, s
v | kL, kAL v ] T [> Constraints
{ X+ 200, + 22 (k, L' x, + K, L', vy~ k,M) } between 1,2 vehiclesi(1 -1k, )(x,, = %,,) + (21 =1k, ) (v, = Vo)) + 12k, M >0

FeptL'y (xo +1v) +h L'y (kL' xo + Rt vy =k M) =k i others: tzk,,xn‘m,, +x, + (k,,t2 =DX 0 + tzkvvoymil + Vo, (kt* - Dvy e 20

Only constraint between 1,2 vehicles bound input M
Other collision conditions depend on the initial condition, not input M

<& Dx, >0,Dx, > 0,Dx,(M)>0,---,Dx,, (M) >0
Assumption Constraints
9 9 4o M

_mmma diutsor Technology R _mm”
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Constraints analysis

Constraints analysis
Tokyoastaeor Techoloy
vy =k, 1L (% +1v) + kL' (kAL X, + kgL' vy =k, /M) =k, (M ‘1’ jl g g Gen=Al g, +BI M y { 1 f ]
Lng -0 Ee=lo .’1 ‘u :Agzqm +AHB;' M+BZ M k,,tLg kitLg+1

M doesn’t remain the later step, just influence 1 ste; o tl "
P P M =0, M- =A;2qk,l—kp{JM+B§ M<+— L' M=0 Bt:=-kp{,]

E> Dx>0
@ [xz,l =Xy, (M)20,-+,xy , —xy,(M)20 ]

k K+l 1
=4;"q,+ jB M+ B M<—Bi>ht‘[0]
=0 =0

Independent from A4

Proposition
( In precede following communication, ]

we can’t control the collision avoidance constraints from M max {crq‘,\, + Nzl(cqu —r’M)} mwin '™
M k=0 —

The optimal solution of the linear programming is

Active set
the hardest constraints of X, =X, , (M) 2 0,--+,xy,; —x,(M) 20

N-1 N-1
Ty =g+ Ecal, ~IRS) =g, + ST, M)

max{c’qw +jz:i(cqu —rTM)} The hardest constraints is active set
M -
|:> be able to draw an initial condition-active set map

St G =4; ¢ +B M

Xy =Xy, (M) 20,0,y =Xy, (M) 20 e

Summary
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Active Set Map
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System is stable, there is no disturbance, assume Dx, > 0,Dx, =0 L . . . .
*Optimization problem with collision avoidance constraints
Xo1 X2 M
i * Active set analysis
M =0,

*Problem of precede following

Future works
* Analyzing the relationship between graph laplacian and constraints

Vou Vo,

_/\M + Analyzing the relationship between gain and string stability

@, :Solution of x,, —x,,(M)=0
' ’ t

o -~ . —
e e et  a—ie
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Appendix
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R | Consideration about Graph Laplacian
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Constant inter-vehicular distance can be expressed as
S, =ML,J J=[1,2,,n]

Dx>0
X =X v = X+ 20+ (kL x kL v, —k ML, J)

|:> Dx, = Dx, , +2tDv, , +D(k, L', x,_, + kL', v, , —k,ML', J)

If we’d like to make the constraints including M, DL', J # 0
€

;&01 -1 1 1
of i e ]

E> Each vehicle have a deferent communication graph
from the one of precede vehicle

Consideration about Graph Laplacian
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Relative communication structure

(RN RNy

It would be better for vehicles to
feedback the absolute information(reference) such as a leader
1 -1

Modeling

Vehicle model
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Yi
Assumption

(A4)Don’t consider vehicle dynamics
S P(s)=1,a,=u,

%] Jo 1Tx] [o G, = Aq, +Bu, 4 =[x.v]"
P oLk

Platoon model

x] [o I]x] [0 G=A'q+B'u g=[xv]"
T I

T
x=[x,x,]" u :[ul,...,u”]f
V:[Vla""vn]r

Modeling

Control input

u, =K, (s)e,,—S)+K,(s)e,;, e.= gfi«w f[gb; ]x, € ng‘m f[gb; ]V.
Assumption

(AS) K,,K, areconstantgain which satisfy (A1)

There exists some L, such that
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10 1
= - ex) e, =(-
u=K,(e,=S)+Ke, )2“1:§xf'fxf§) m{l o o}
e=Lyx e =Ly =yt (n-x) L1 1 -2
Assumption "

(A6) L, is time invariant
Platoon model

Gg=Aq+B'u
0 I 0 = A" —B'S
. q q
= -K S
<:>q |:KAJLQ K\'L2—|q p|:l} <:> qZO
Platoon model

L G=Ag+B'S g=[x" V20 5<0 w

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) e, deR" HM(S):RNA)R'V (*)
The system (*) is L, string stable if given any ¢ > 0 there exista § > 0 such that

laOll, <6 = JeC, <&
Assumption
LTI SISO plant/controller
=Each loop has relative degree
*Homogeneous loop

d,

Deformation

W .
ldO), <= Je0)], <« I—I—I

HG H _ ‘e(t) I x; : ith vehicle’s position
(s)], =sup 4, la@, [2] 1:;:irfpul
HHM (S)H% <y - ‘-; " i: disturbance

€ :error
Technology
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String Stability

From [3],
e, (s)
If e, ,(s)

HHe,d (s)

1
m< , then

L <7.,VN

ei(s)
ei—1(s)

<1

[ sufficient condition:

0o

Jy>0
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such that

J

A

[to following vehicles

The perturbation doesn’t propagate\

J
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