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Abstract: Using the repeatability of controlled systems, a learrénganced PID control method is presented for a
general discrete-time nonlinear system and a rigorousezgance is proved. The effectiveness and advantage of the
proposed learning-enhanced PID method is demonstratedghrsimulations of freeway traffic system. Since this métho
is of modularize design, in its implementation we need onlg a complementary iterative-learning-controller(ILG)}he
existing PID feedback control loop, without the need of aystem reconfiguration or system redesign.
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T
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P R PN [ S R (28)
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V(o) = et~ (22 29
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XA T pi(k)R 7N B BdE BB R B P 38 %
(veh/(lanekm™1)); v; (k)3 7~ % BrifE BB LR B 1) °F
Bk FE(km/h); q; (k)RR Sk Be i Eli + 138 B i)
T E (veh/h); r; (k)R 725 BB kI Be N 1 [ 38 5 N 3%
BLift i & (veh/h); s, (k)R 7R AR B 0 [ 8
T H i B ) U B (veh/h), R0 B P B9 M
LR B B K BE(RM); pe i pjam 7399072 H B
WM BB R B KW B, 7, v, 5, [, mIE W
SR, ROWURE B AT R G TE B JLATRE A AR
U RAT AR
BRI AR
po(k) = qo(k)/vi(k), vo(k) = vi(k),
pr+1(k) = pn(k), vnia(k) = on(k), VE.



766 = k5 M A W21
& X &1 ZGERARAR XA 46 1E
y(k) = [pr(k), po(k), -, pa(B)]T, Table 1 Initial values associated with the traffic model
2(k) = [ou(k), 02k, on ()] MR L 2 3 405 6
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w(k) = [Sl(k)7 32(k)7 Tty SN(k)]T'
AW PAR AL (26)~(29)FT LA B e T (1R 2 2% (| JE
=
z,(k+1) = f(zn(k),y, (k) (30)
Y,(k+1) = g(@,(k), un(k),y,(k),w(k)).
(31)

HAf(, Mg, -, -, ) RAAHNK R RERL. Tian
FoRIERIREL, 263X Bo] LR AR, 88 AN
MIF—R, WA F A8 —.

B (BO)BLR A A RS2 7ERQ)
()R ) — B BEAE L RGN K, BRI L~
3. X F & %(30)(31),

9u(@n(k), uy (), yq(k),w(k)) = B =
diag{T'/Ly,--- ,T/Ln},

Fir LAE B AR R S A 1
11 = Bgu(@n (k) uy, (k) ya (k) w(k))| <1

BMAT LA R — BB| < 1, B FTHIL# £ CE
&, Fril B2 Bani &, v LEESK 1 ArITa .

FE Ll RSl R T AR B AT i
iy, HARRHRA S0, BT DA R R L, B s 22 K i
G5 RETIKI, NG B IR B, AT IR KR A Gl B2 A E)
— R S, WO R RS,
4.2 #4# H #5(Control objective

PR B N I T 425 o 1) H A 2 3450 AR 48
A BN DL B, A3 N 1 L3 T 76 2% B 2%
FEWS T I L.
4.3 fiE4#r(Simulation analysjs

FZ 8 — B ETERIE B, K A6 km, 43 k12
W B, M BK E 805 km, 1 % E Hyy =
30 veh/(lane-km™") (5 5% BB IR H 4 36.75 veh/

(lane-km ™). I BeE A\ 58 LI B 2 4 1500 veh/h.

B IR R FE AN T AR L. SR S
T
Piam = 80 veh/(lane - km™"), v = 80 km/h,
=18, m=1.7, k=13 veh/km,
7=0.01h, T =0.00417 h, v = 35 km® /h *2],

v;(0) 50 50 50 50 50 50

BB 7 8 9 10 11 12

pi(0) 30 30 30 30 30 30
v;(0) 50 50 50 50 50 50

D7 F B BUNAE B3 BB R B L&A — DA
HI S, 55875 B Bra — AN D&, 208 75 KA
F B I 2. N I I A PR A2 3 75 K S B _box
R AR T ARAEN, B ST B DT
BTN RA AT R 2 fT N B AL B & SR EAM
FAERIHEBN A B A0, B

ri(k) < di(k) + li;’f), i

Hor (k)RR BRI BAE S BN H I 4k A7
EMIHE N B2, d; (k)RR BRI BLLE SR BEN
I [ 38 4 22 38 75 Sk (veh/h), I, = {3,9}R "7
EANOMIERBBEES HFNEBHHELEF
RKEANOMERENZEZERRBE, LK+ 1) =
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BRI DA K&, M2k BB H I iEFH
SR, HZR34 I BLSH H M M E i & .
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Fig. 2 Traffic demands of on-ramps 3 and 9, and exiting flow

of off-ramp 8
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