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Model Free Adaptive Control Based Freeway Ramp Metering with
Feedforward Iterative Learning Controller
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Abstract

YAN Jing-Wen?

In this work, a novel model-free adaptive control based freeway ramp metering strategy with feedforward

iterative learning is proposed. The modularized controller design with feedforward iterative learning controller added on

to the feedback model free adaptive control (MFAC) controller makes use of the periodicity of the traffic flow effectively

and improves the controller performance greatly. With rigorous analysis, the proposed control scheme guarantees the

asymptotic convergences along the iteration axis. Intensive simulations show the effectiveness of the proposed strategy.

Key words
analysis, simulation studies

PR AT b T 28 A > AR T A ) 32 2 1)
Az, EREUT HATIE R, AT PRI S R A B AN
RETT 2y SR A, FRAR TS i 22 2k, 39 n 1
BB R, IR T 328 s 3. FrbA, 4 1 2 el
B AT B, AR K PR R0 B g, R PR B AT
PLREATH 70 b B

PRI R AT S AR ] — AT 2 g N I B SR
203 TR 7 ol R0 T 3 s oI T A A o AR A A
A R4 7R 2 4 S i e N
bV B AT AT, PRI NI R (0 A, AT
PR K b (A8 S IR FE AR — N EE K
NI AT ARE G R Y875 A48 3B P 6 B AP B AR 0 £
RNVEAEE . I TE £ R RN 4524, W] DA R AR
AP I v DR s 1 ) e

AN BHIEERIK AR C AR 2, i Hes iRl
FAUTTIEE | et AL 4% (Linear quadratic
regulator, LQR)M . PT #2806 L1t ko
2y R ACEET L A R AR LR 25 H

Wk H 391 2008-03-24  Iefe B H Y 2008-11-06

Received March 24, 2008; in revised form November 6, 2008

B 2K 1 SRR G LTI H (60834001 ), [ 5 H AR E4 M LIH
(60774022) %)

Supported by State Key Program of National Natural Science
Foundation of China (60834001) and General Program of Na-
tional Natural Science Foundation of China (60774022)

1. dEnAZ R 2 T B LR B S b R R Ui Jbat 100044

1. Advanced Control Systems Laboratory of School of Elec-
tronics and Information Engineering, Beijing Jiaotong Univer-

sity, Beijing 100044
DOI: 10.3724/SP.J.1004.2008.00588

Iterative learning control (ILC), model free adaptive control (MFAC), freeway ramp metering, convergence

SCHR [1], IR T7vEaT LUE R =28 s RS | R
IS B 25 45 1 SR I 2R G s ) SR . o IS 47 £ SR s i
15T B PR 7 2 A T YR TR AN g s K R s A
) S AT AN N I [T T 408U 4% B3 11 5 A T 41
7SI B AN I T T8 PR 38 f 2R 44 o 5 s AR
AT RGN ASEAR DKL I RGN 2 A
VT T8 PR o . o I s ) SR s TR R R IR 25 1. R
TR BN A HIAEBEVH AN St b0 b 2R G s ) B S 45
%, JFH, SEEIEWIER ZAE DU, AR shA il
BRI L 2R G drs il i sk S 2 91,

AR W 7k, Hoar N ) 2
ALINEA A HIEEEITE, ek — RS
EihIseng, JB T PL Ry, 2 IO dsdl ik, |
AT BN RS W R G @A, A R U Bl R S
(1 1/O $di, ScBLfE . SR, PT Al gext T 2
SRARLENE L AR G5 R S S AN T R GE R AL
AU, AT B o0 AT 25 AR E AR e P, 1K vk
H, YIRS EOR A, ALINEA
AR ME AR S 51 5 5, ASH RA XA E I R A,
FEARZ AN TR R, WAL, 2544 )
SHo R AR

SCHER [11] G B A Bl N A5 ] (Model free
adaptive control, MFAC) 752 M. F £\ I [ 18 45
Wl IR RO 5 ALINEA #E47 T HUE, %
E T I JEAE Y 5 3 I 8 ) 24 o N 11 I () 2 R
tt ALINEA H4f.



5 10 {753 S i HE SRV S A B IR M St s 5 R Y = PN N B R ot 589

TOREAY (38 N A 1 o o s AR B o 12 DLk
A JEARE R — AN B oI N D BB ) i (20th Ja-
cobi FHFE) FOh I M, R GLITE
M —FR BRI Bh AL I AR (Bt kg o, 4
W RER PR ) AR — BB BN T AR el R 4,
A Z RGN 1) O B kALt RGO AR
JE ), AT SEL AR S tE R G ) MFACH2191 %5
EEHISS RO Z R RGN 1/0 Bds, AMUFEE
22 RGBS R, Be SR RGNS
EPEINE AT IMEY NS PRANA AL Nl = I[N sy - EIER S
TN T A AR LT T R
JE S U8 101 me@ skl R A R RE 0
BOb OB A4S B R N . SRR L 1 B
FUM PR BT C R W MFAC BoRAe% 3 B A
SR AR AT NI I A 2R 8 ) 4 o) L

EAFE A, ATl AR o BT
(7, BE TR AR AR AT A AR A0 A [ B0 I T) A () )
e AFREASE T RA AR R EE 0, 2025
JARI R R, WA~ B —. AR, BT g B
P T3 12 AN 5 A8 70 ) AT SR AR I A S Yk AR
PRI 1T AN BE X b i 52 v 45 1) 8 30 MMt 75 428 71 7 22 1Y)
RCRAT R S, RO L B SR AT —H.

IEAA 2 ¥ (Tterative learning control, ILC)
fe] 1 Arimoto 1 1984 4R H, K% [ XA IR
IS 1B N BA R R G — Rl k. B
Pl 42 A A o e i JLOGRAR ] I 2 o 42 Al e A\
T U OIEARAN 7] I 220 FR) i 4 35 22 F T o 280K
T AR 2] H I A WSO A A AR R SO Y
WS, o Ik TR bR 15 S IR 2 S0 A ERER TR e 75 22
Y R 58 A ER A OSSR Al IR AT Tl 12 1 R e )
PERE A2 AR B I8 1, A% G0 109 I T 2l F o e e ek
e L PR AR A 78 73 K BLJS A WS, 30 A2 3l
5 B RGOR VR A TG, 1 58 4 R B SO
LSRN — T4 gl 5 AL W SIOE ) 2SR, T IXIE 2 AL
TAF T 1B RGP Wb A AL Y. T kAR 2 2] 44
(PR N T I3 42 1) 3R 46 1 58 th Hou #2422 )5
SRS LT IRAR A S 4 it 4 iy %129 4%

FiAb, WU A R G, i S st T R
¢ AT VRIBRAT 25 1 J5 PR g 2k 2 sl B 24, Rt
I FH A5 22 A B T L 3 B ) 300 v 398 2 S e 1 428 7]
ARG — NG LS, i, 2T ILC M MFAC
oA A Jot, AR SC v vk TR T kAR A 20 A
MFAC RBHIBEATT %, %07 il MFAC 4
ILC DA b b T AR, RIS T- O 223 oA [ id Y
PE s N I HIE, A 20 CA I E M R S
AT, RfECAH R RBERG T A — SR
IEAZE ) HIZR I T, MFAC J s il s Z 2 T
LI RGBUE AT S5, ILC H 5 4% 7 7 4 i 42 1l

ZRGEI i TSI 58 A ER R AT 55

ARLPIEERWT: 258 1 4, 40 T AR
YR ) i s 5 2 PR TR A AR S S S
PRI N L HIE MFAC 77 % S etk o3 #r; 28
3 AT EMIS, EJE R R,
1 RIBRAEE K (o] @ik
1.1 R@ERRE

A S B ) A2l i Y & Papageorgiou T
1989 4 H HI R0, % N 2 3 R BB B A 1)
AR B T N 2B, MBI A
FIHE A —ANH D TE, Wl 1 prs. AT s A an
T

T

1) = puR) a2 ()47 () =54
0 (k) = pu (ko (k) &
e+ 1) = (k) + V(i (R) = v (R +
LoDl (k) = v (k)
Tv (o (k) — pi() 5

Lt [pi(k) + K]

V(pi(h)) = Vgree (1 - [”"(’“)]l)m @)

pjam

AP TR (M), k={0,1,--- , K} IR
Wk AL, i={1,2,- -, N} 55 0 Mk
PRERBL, N Rosik B S BORAR & )& X F:

pilk) Fom BB i AL kI BT %
(veh/lane/km); v;(k) F BB 0 7E55 k BB
PEEE (km/h); qi(k) RossE k B ¢ i+ 1
B BUER (veh/h); (k) RoREE b I BN HIT
SEHENBREL i %R (veh/h); s, (k) ForRa k INE
N T R H B B i 5 (veh/h); L, 7R
BE i MRS (km); Vpree B pjam 239102 1 UMY
FRANZEIE N B KT REE B 70, Kk, L, m 2 S,
SRR 5 A I 2R G 3 B JUATRY R AR L
AT N5

L L, L :
i—' P vl——gl ql—V PV, _i qﬂ—> Py> vN——C&V
s W/ BRY2& R\

1 PR B S
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