SMART

TECHNION SUSTAINABLE MOBILITY AND
ROBUST TRANSPORATION LABORATORY

I Adaptive Perimeter Control for I
Large-scale Urban Networks

PRESENTED BY Zhengfeli

Supervisor: Jack Haddad

»  Technion Sustainable Mobility and Robust Transportation (T-SMART) Laboratory,
Faculty of Civil and Environmental Engineering,

Technion - Israel Institute of Technology.
Email: Zhengfei-zheng@technion.ac.il



§ Contents

Background

o Concept of MFD

O  Model description
o  State of the art

o  Contribution

TECHNION SUSTAINABLE MOBILITY AND
ROBUST TRANSPORATION LABORATORY



3 Concept of MFD
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3 Concept of MFD

Verification : A field experiment in Yokohama (Japan)
a MFD linking space-mean flow, density and speed exists on a large urban area.
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Macroscopic Fundamental Diagrams of
* Yokohama (measured, Geroliminis & Daganzo, 2008),
* San Francisco (simulated, Geroliminis & Daganzo, 2007)
* Nairobi (simulated, Gonzales et al., 2009).
* Tel Aviv(simulated, Jack Haddad, 2017)

Macroscopic Fundamental Diagram
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¥ MFD model

For two regions Region 1
Region i
P s 0) ) "2 ) - " 40| Perimetef f/‘””tro'
dt H R O I n(t)
dnji(t) — q(t) — ?I’il‘z{(f‘) Gy (ny(8)) - upa(t) [+
M (e (8). i (2)) = ni(t) n (1
fl'f”( v-t(t)a *-(t)) - n«;(t) Gn( v-(t))-. ( J)

Mij(nij(t),ni(t)) = %Ge‘(m(f)) )

ngi(t) = — M (ng (t),ni(t)) + Z Miji(nji(t (t))uji(t) + qii(t)
JES;

?:llzg'j(t) = —A'“l{fij (T.’,«;j(t), ni(t))ut—j (t) + qq(fJ‘} € Sé
i;(t) (veh/s) traffic demand generated from region i to j

Extend to n regions

R

Macroscopic Fundamental Diagram
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d Model Linearization

equiltgium point
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= Perimeter control ; State of the art

Traffic model

*  For single-region network(1-3)
*  Multi-region network (4-9)

References:
1. Daganzo(2007), 2. Geroliminis and Daganzo (2008), 3. Keyvan-Ekbatani et al. (2012), 4. Haddad and Shraiber (2014),

5. Haddad and Geroliminis (2012), 6. Geroliminis et al. (2013), 7. Aboudolas and Geroliminis (2013), 8. Mahmassani et al.
(2013), 9. Ramezani et al. (2015).
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Perimeter control ; State of the art Control

approaches for
01. Classical feedback control (3.7) different model

«  Feed information without the need to predict the near future dynamics or demand
» Do not consider the constraints directly, impose them after the design

02. Model Predictive Control (6)

«  Performed well for different levels of demand and errors in the MFD shape
*  Nonlinear

03. Classical robust feedback (4)

» Handles uncertainty in the MFD
« Deal with the control constraints within the design level.
e Linear

References:

1. Daganzo(2007), 2. Geroliminis and Daganzo (2008), 3. Keyvan-Ekbatani et al. (2012), 4. Haddad and Shraiber (2014),
5. Haddad and Geroliminis (2012), 6. Geroliminis et al. (2013), 7. Aboudolas and Geroliminis (2013), 8. Mahmassani et al.
(2013), 9. Ramezani et al. (2015).
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g Delay in the model

Time delay

Travel time needed
for vehicles to
travel from the
urban region to its
border

I
Vi Gi(ni)

0'010n N """JE

Ve Ti(n:)

L; (km) The average trip length
Vi = Gi(n;) - L;/n; (km/hr) The average spee
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Background

d Delay in the model

Interconnection delay

Collecting, processing,

Large-seale Traffic Management Center and upload | ng trafﬂc
) I I ............. 1_‘ data in a large-scale
v _ _ urban road networks
Regional Irathic Hegional ‘Iratfic Regional Traffic | Regional Iratffic I 5
Control Center Control Center Control Center Control Center Impose time delayS
[ | 1 [
f/ u _\--\-\“‘ \ F. By
/ 3
{ Degion 1 }
\ /
i ]
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/ A
ﬂ Region 3
A\ /
\“Hﬂ____,d/
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1 Contribution

Advanced Model:

. Introduce state delay based on MFD model
\ No such research has been done before

Improved perimeter control

1 Model Reference Adaptive Control (MRAC)

Deal with uncertainties in MFD
Coordinated control for multi-regions

SMART
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q Adaptive control

Problem definition:
How to maintain the number of vehicles in a region

| Large-scale Traffic Management Center | ‘ Coal coordinator ‘

h = [yrl

Yri

| —

Regional Traffic
Control Center

Regional Traffic
Control Center

Regional Traffic
Control Center

Regional Traffic
Control Center

Reference Model for i

Reference Model for j‘

v (RI\IJJ
— - Yrj n l Yrj
Adaptive Control for ¢ Adaptive Control for j
L L [reptive gon ptive ool for
= = U Ui P uj Yj
Region : . . ! . .
Region 4 Region j
8 An MFD-based multi-region system

A large-scale traffic management center Model reference adaptive control

Coordination by providing the reference signals

Picture: Haddad, Jack, and Boris Mirkin. "Coordinated distributed adaptive perimeter control for large-scale
urban road networks." Transportation Research Part C: Emerging Technologies 77 (2017): 495-515.
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Controller design

Case 1: The new MFD model with state delay
Tineedehaysiatel atsedsitaerdbininodel for two regions

PR B

Tl(t:l ZAlTl(f) + A]Il(f — T]) + 51’151(5] + Alga‘g( ) + filgﬂjg(f — Tg) \
yi(t) =ciay(t), e = [1,1]7,
Tg(t) Ang(f) + Agl?g(f — Tg) + bgﬂg(tj + Ag].’l‘]( ) + Ag]I] (f — T[) . T?_))
ya(t) =cyma(t), co = [1,1]7,
- = 0T — > G (N — Ti)) - Ui \T)
1 (t) = -Anll(t)- - -?’1-11(?‘-)—7?-11,cq- ERQ)
e | Anya(t)) B | n12(t) = Nigeq ] ur(t) = Aup(t) = wia(t) — tgeq € R
] [ (0) = ma ua(t) = Augy(t) = un(t) — useq € R
Tg(t) = = o ERZ
ATLQQ(f) i '.’.’,Qg(t) — Tlgglcq_

yi(t) - ﬂﬂi_(f) cR
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Controller design

Case 1: The new MFD model with state delay

Give reference models

:;E:-rraz' (tj :fl'rIA'ir'rra'i(t) + b'rm'{'r:t'(t) 3

ymi(ﬂ =C?Tm?:(t)-. C; = [1, 1]T, 1=1,2

ni(t) = niift — oo fori = 1,2.
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d Controller design

Case 1: The new MFD model with state delay

wi(t) =upi(t) +ug(t), i=12,

ES}*Q - 1@%%@%%91”&1%3 signals

Uf;.'_(f) _ Emu( ) Fd?znng (tj + Gdi L j (T)

sz (f) 4.mTU (f) FE{L'ZTF’ITLJ (t) + ﬂdiﬂ.’?rrljg — Tij) . r
(l") _ Winij (t) = |: mj (t)lfmJ ( T:L;,f)} ..
T T
1 h‘jw”(f) — |: m?}( )zr{?‘ru(t)} ’
( ) N Jt M

(Fi.g;) sta  ugi(t) = — Z K i (E)wmij (1) — K235 (8)w-i;(t)] reference model

Fgu = dldg{ﬂ} Gdi = dlag{gz}

B. M. Mirkin and P.O. Gutman. "Decentralized output-feedback MRAC of linear state delay systems."
IEEE Transactions on Automatic Control 48.9 (2003): 1613-1619.
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d Controller design

Case 1: The new MFD model with state delay

Adaptation algorithms

dKi . k i
Fr = —mgn(ﬁ)rnﬂewﬁ:
deij . k]m'
- = sign( — ) ni€iwmis
{“ 8 ( k-rm' ) r_ !
(,1szj . ‘i‘:pi
— —slen [ieiw.i
dt . (-"rfm?'.) ‘ ’

[i, I'yniy 2y are from the Lyapunov function
kpi 18 a known gain of the plant £k, is a constant gain from the reference model
Detailed Lyapunov Stability analysis, please refer to

B. M. Mirkin and P.O. Gutman. "Decentralized output-feedback MRAC of linear state delay systems."
IEEE Transactions on Automatic Control 48.9 (2003): 1613-1619.
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Controller design

Case 2: The new MFD model with interconnection delay

ﬁif(t) = Qz';-'.(t) -+ v nﬁ(t — T'I) (Tt — 7Y s () — ﬂn‘(t) . Gé(ﬂ;’(t)) ,
Ii(f) = Aii —|— B, uz ‘|‘ Z AJIIE

ng(t) = qi(t) -, ) g

zi(t) = [Ang(t), ..., Ang(t),..|T € RdmE)F)x1

Ft=7) = [ .., Anji(t—7;), ...]T € RAm(S)-([dim(S,)+1)x1
() = [, Aug(t), ... Auyi(t),.. T € R2dim(S)x1
Anij(t) = nij(t) — Nijeq,J € Si

Au;(t) = u () — u?'}-Pq j €S,

‘Aﬂjz( )—ﬂf_:.-t( T_:.-) njz?eq:i:-j:l:uz:"' ~R~E:}£?
S; the set of regions that are directly reachable from region i
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Controller design

Case 2: The new MFD model with interconnection delay

wi(t) = up(t) + uei(t)

CopiaepeianoRdcantRrRrmeRnent:)
wy;(t) = Uei(t) = Z 9:;%;-.
j=1j#i

| Zrij(t) = Agij Zvij(t) + Beijyr(t — 75) . -
wr(t)= | 0 P(s) 0 ) /i (s) TF of reference model
0 0 ) | Zng(t) = CoiiZey(t) V,(s) TF of the plant

T
[m.r; ] T‘-( LL-:'U = [ Zz_j(g) y;l;(f - TJ) ] 1 [Irnf'qv#‘_lf" :-I?H‘a.'qﬂrﬂt.é:IT
s)

#* =1 &1 * #
L 0 0 nstant 0y, 075 605, 07, 07,

0= [1-1&_1-(- - ils) = A ()

(.‘4{33{.:3' , Bgij, C c_m-j) Is a minimal state space realization for the stable transfer matrix

Mirkin, B. M., & Gutman, P. O. (2005). Output-feedback co-ordinated decentralized adaptive tracking: The case of MIMO
subsystems with delayed interconnections. International Journal of Adaptive Control and Signal Processing, 19(8), 639.

¢ )
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d Controller design

Case 2: The new MFD model with interconnection delay

Adaptation algorithms

Oi(t) = —mi(t) — i (t) — it — hs)
My (1) = YiSpiei (t)wi (¢),

0:5(t) = —n;(2)

?}_;l;(t) = Yij Opi€; (‘f)iﬂ‘};(ﬂ

ei(t) = x(t) — rri(t)
hi, i, 7i; are some constant traditional gains

Spi IS constant matrix, meet the condition

Mirkin, B. M., & Gutman, P. O. (2005). Output-feedback co-ordinated decentralized adaptive tracking: The case of MIMO
subsystems with delayed interconnections. International Journal of Adaptive Control and Signal Processing, 19(8), 639.

¢ )
TECHNION SUSTAINABLE MOBILITY AND
ROBUST TRANSPORATION LABORATORY 21



§ Contents

TECHNION SUSTAINABLE MOBILITY AND
ROBUST TRANSPORATION LABORATORY

O Example 1

o Example 2

22



1 Numerical examples

0.015 - 0.015

_ymi
I
AN ol al ol ol e L RAN \FD 1=-MFD 2=MFD_Yok
& 0.005 & 0.005
. ' . —0.6636
5 5 by = by = [ 123;;‘ 1071,
- 0 I~ 0 b .
c c 54025 40
S S | _ { 74:.1}:(:)4 z.qu.?u J 104, i - |: 72.‘4357 2.4937 104,
o -0.005 " -0.005 .'l' 1.2692  —0.7615 —1.2691 —1.2691
a a ' [2.2927 ~0.9968 ] _ - [0.9968 0.9968 »
M f u A]-z - . 10 ) A]2 - - 1U 5
-0.01 | gl — ¥ -0.01 0 0 0 0
| | T2 0oes ] 1 | 0998 00968 ]
'0-0150 200 400 '0-0150 200 400 * | 4635 —2015 C T —a63as —a63as |
t(s) t(s) Am—[ 0 0 }-104. Am_{ 0 0 ]_104!
~0.1269 0.0762 1.2691 1.2691
(nl],cq-J T12eq: M21,eq: T022,eq> U12,eq; u‘21,cq) - (12001 2000, 1000, 2300, 0.31, [}49)
MFDvox -0.03 0
- A1 = Az = NE b1 = bia = [1 ]-]T:' T =Ty =0, ') = 0.4144.
ne = 3400 (veh) 0  —0.03
- 10021 (veh), Tog = 0.60404, Tyng = 4- 107505, Do = 2.5 - 10% g0, oy = 5 - 10% L5,
G(ner) = 6-3_' (veh/s) [.o=35-10%ss, gn = gaz = diag{ 1 1 }, Fux = Fip = diag{ —1 —1 }
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Numerical examples

us)
50
- r '\.lh ) P il il .I,*""“' ;—‘.\ o Fa
o O N N VAR, / S NS N\
> i - N\ g ~ X1
1 |
-50 | an,,

t(s)
50
o Hirn o - L
g O‘x'.__./’ "‘x\_l‘_r/' ‘\\H/" \\_\_'.f" L. .-""—'\\‘_H..t . \-..ﬂ\,_,-' v ri2
50 ANy,
0 10 20 30 40 50
t(s)

=K

=41 =0,

=m =Ly =y2=1Lh=h=1,
K; =005 Kp=4,Kp=0.005.

:| - 10 3./121 = [

[ 119 -0.72 0.37 —0.28

A linearized MFD-based model of the two regions is obtained at the equilibrium

—0.50  0.37

point for region 1: 1y o = 2000, 113.0q = 1300, ¢11.6q = 1.5, 12,6q = 2.5, U171 0q = 0.33,

U12.eq = 0.65, and for region 2: ngj oq = 1500, nggeq = 1700, G21eq = 1.3, G22,eq = 1.5,

U21,0q = 0.44 U eq = 0.48.
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¥ Conclusion

the reference model
adaptive control
(MRAC) approach
has been

implemented to
allow us designing
distributed adaptive
perimeter (DAP)
control laws

TECHNION SUSTAINABLE MOBILITY AND
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This contribution
does not only
enhance the MFD
modeling, but it also

Improves the
perimeter control
algorithms.

the paper focused
only on two urban
regions, the current
control scheme is
general and can be
applied for multiple
regions
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