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Approximate dynamic programming identification method for traffic flow
model
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Abstract: For the characteristic of strong nonlinearity and uncertainty of traffic system, an approximate dynamic
programming(ADP) identification method is developed to estimate the parameters of the general discrete-time nonlinear
traffic flow system. With rigorous analysis, it is shown that the proposed identification scheme, which is independent of

the precise traffic flow model, can guarantee the convergence. Simulation results show the effectiveness of the proposed

approach.
Key words:

.

1 51 7

98T A T PR e R M A 75 5K AN T 18 I, A
Pl v R B b PR i 0 T 2™ B, P OB 1
T S 8 128 451 R TR, PRk B 47 1l SRS PRI 5T
HIok B, H PRI s AL T P 7 ik 32 SRR i
EPEHIN S TP M IE R, Frp N A
T W YRR R0 7 V. A R UE PR T B A T A T A,
FE53 M HTE B PR YR, £ 57— BEVHEAA S Il bRt i A0
TS A RSN 25 BT, 0 39 T PR i A2 38 28 1) 3=
LB AP AL G 2L

KT PRIE AR S B A, CAH
W AR 2 2 T R A B/ — BTk 45 2R 124,
ANBEREA 2% > RN AE S H0h T 1 45 R A5 2 20,
AN 46 2% 2] Th g 0 8 A A NPVB X AZ i i s S 1
(R A, RIS AR 2 T N+ R A AR A S 4
HER, MM T RS E LN, BEE REE R KK

Yis BER:
HEEWA:
TEZ BN

2010-04-26; f&[E] HH#A: 2010-07-22.
K 5 ARR 245 42 T 5 T H (60834001).

il SV HI R G SEIIT.

traffic flow model; approximate dynamic programming; parameter identification

IEpITTREE S e R MipyE SEEI B e

AN 2 LRI (ADP) MR 45 4055 S A5 R PPAN 4
BRI A 1) o U2 i SHE s, AN T 432 0 B (1 g A
B, 3G T PRIN AR 1R R 2% R G B 22 A (1 R %A
5161 H R, A5 AT W ST 0% T Bl B A A
LEN I I8 53 (1 LA W 5T D26 BTt {H g
R T A AL 1K 2 B0 R 5 T PR A AR AE.
ASTE PRI N AL VEREIY, A5 48 (1 U5k R AT e il
AL, BRI RETT O 2 34080, BRI, g 25 Ik A
BRI 2 AT Bl T BB R IR 20100, Oy I B A%
GEAR LR PRI 2 HOs R o i T 2 P A 51 R R R
72, ASCHEH — Fh T D Sh A I S IR AR e AR
SRSV . AR RN RSO0 it
Apie, DS BT AR S A O 1 4R 22 eR KO H AR e T
iy ST T ST, LR AR e Pk A B A A 0k
TS HR. A, B SUA T SRR 2 5 2 PR

Fro(1982—), T, WA, IR 4% B REACIE R MIWTIT; ERK(1980—), T3, 1, Ik AUaE 2]



1092 1= # 5 * * 5% 26 %
7, AT T 2 AT SRS 7 P (k) = plk], u(k) = r[k],

SR o b 4 A3 R 5 B R L AR O(k) = [virees ttiam] " = [Vtrees 1/ piam] T
TES¥r i, BSL D LSRR AR RS 9((k),0(k)) = —viree (1 = plE 3ol
FOPE B F. T A MR AT b B D g At
o ph T 2 PR ) 2 A3 AL 1 £ % a = b(k) = alqulk] — s[k]). “)
RIS PR BT, W T TR i R W) ATy
H e, 5525 7 Matlab & 1 BET T 07 ECHIESL, 1 2k +1) =

FLE RN T Prdd th (U R 80R LA

2 AR
2.1 @EEER

2 Fg — B A& — N 1 I3 F— A HY 10 [ 3 ) R
T, a1 R,

2 RGN BN ARFE AT DL a0 N LWRMAZ 10 455 7Y
Hiik:

plk+1] =

IR+ S qulk) — alk] +rlk] — slK), D
_ plk]

oK) = viee (1= £ )l @

o plk] hy k B 20 ZE 55 % B (veh /km); g, [k) AL
TR NI AT it (veh /h); q[k] 9 AU H 1R 42 000
(veh/h); r[k] 4 N I8 35, BN 1 I 3 R
T B (A8 T8 R (veh/h); s[k] g I %, B MBR
TR 2 G I B S RO (1 A8 18 £ (veh/ h);
AR RAE AWK (h); Ax o B B (km); vgeo A H
AT B BE(km / h); pjam 4 91 26 22 49585 5% (veh / km).
FEN M 2 561 i) B, plk] KR4S &, (k] Ryl
A, g, (k] R s[k] AT LA & RGP s it

22 HEETHAMEEEG

F 22 AN (), P32 7

plk+1] =

g % (qulk] = v (1 - /fji]l)p[kH
rlk] = s[k]) + plk] =

ol + Rorlk] + 2 (aulk] — k) +

At

o % (= vinee (1 - 3)

[’;Zj)pm).
X

w(k) + a-u(k) + ag(z(k),0(k)) + b(k), (5

E1 AT ) B AT R AR )
ZHUE Viree M pjam! Y, X IE A IR FRIX 2 NS HUE
HAFHER S SR L
23 EUESEMRHFHIRAZHAKSRE

Step 1: 45 & #Hll i {uqg(k)}, MEAFZPREEN
{za(k)}.

Step 2: 45 EVIHS T 0(0).

Step 3: THE T kI ZIPPRE R ZE e(k) = zq(k) —
2(k), é(k)=(e(k) — e(k — 1))/ At, & XYEREFR bR

I = YUk =

nyk_i%(a -e(k)® + 0(k)"RO(k)). ©)
k=i

Horb: UR) AR, 0<y <1T AP ERSL, o HiE
MIEREL, R 0 I 2 R

Step4: LB AMRNHHRE LN

0(k) = 0(k — 1) + B - NNa(e(k),é(k), W)  (7)

o W, 4 Action #ft & I 28 BUEE; NN, (e(k), é(k),
W,) 4 Action i Hi; 8 425K J (k) #1228 M 4% Critic
Bk I 20, S H AR AT R RESRAR J (k).
PEO HE R AR, 505 A2 Pk RE R AR SR, A5 1k 75 T,
TR (5) SKfif 2k + 1), ¥ Step 3 Gk,

AR S HORRAE B W ] 2 s,

J(k)

Critic

x, (k)
e

2 RBEREESHAIEIASN SR FHREE

3 ZHHHRERS U
A B L, 30 2 2 2(k), 2p 2 (k1) up 2 u(k),
0r Z0(k), WRG v idE
{ Tp1 = Tp +a - ug + ag(wy, 0r) + b(k),

J(wx) =Y AU (wx, 04). ®

k=i



57 30 F B 5 SGE AR A

Forr: AU i
U(l‘k,ek) =

5 (alk) — 2 Qra(k) — m1) + 6T RO),  ©)
AP QA RN IEERERE. X T HUR S, vIR MR
HIB Jy REEAT R M

J(zg) = rr;ikn{U(xk,Hk) + J(xp41)}- (10)

3.1 0J(xy) /0, BIEEAS Y St
XFE(10) PRIL ST SRS T 2, 2L, WIS
8J($k) - 8U(Z‘k,9k> + 6J(xk+1) -
8:ck o axk al‘k a
aU(Ik, Gk) 89k T aU(l‘k, Gk)
(3xk+1 3Ik+1 %)T&](xkﬂ) o
(9!,13}c 86k al‘k o

90,
Quy, — Qa + (a k) R

ou(zxy) 9g(xy, 0k) | Oxpi1 00y
(1+a oo T O 96, Dy

O (xy11) /011 = f (), WA A5

041
0J(Tg+1) %

). an
) L

Fla) = (1+ 25 DHEO) )
Quy — Quq. (12)
A f(xr) = fulan), f*(2x) = farr(zp), WAT
DR E: | Nk Wi eS AWASW
frar(zr) =
(o) S
Qx — Qxq. (13)

Horpr: n I ZE 4% Action, Critic %% H 7E 55 I Zxid
T R R AR IE, AR PE REFR A o2& A T 2 225K, YOE
SRR [ () AR kDR PERESR bR IE
AR IIA.

EE1

Hl—&—a

FEA fo () IWCERZRAT A
8u(a:k ag T, Ok) H
5 Tl 8.’Ek

UERH haX (12), ATRAf 3

fn(zk) =

ou(xy) 0g(xy, Or)
<1+a B +a R >fn71(xk+1)+

Qry — Qua. (15)
X (13) 5 (15) 1122, WA 3
fr1(zr) = falzk) =

Ou(wy) 0g(xr, )\ T
<1+a 8xk ta 6:ck ) %

(14)

(fr(@rt1) = fa—1(@Tr41))- (16)

A AN SR PFIR T R 1093
Sn=n—1,n— .1, 858 (16) B IF, v LA 3
fn-i-l(xk) - fn(mk) =
ou(zr)  Og(xp,Ok)\T
<1 ta oz, ta oy, ) %
( 3u (Tp11) aag($k+179k+1))T .
8xk+1 8$k+1
(1 + aau Tht4n— 1 + aag(xk-‘rn—lvek-i-n—l))Tx
akarn 1 8xk+n71
(f1(@rgn—1) = fo(Thn—1))- (17
A ou(x;) 09(;,05) o s =
S1+a 5. T o, MR KA M, Sorh
J
j=kk+1,-- k+n— 1. M8 (17) AT LLAS 2
| froti(zr) — falzr)] <

M| f1(@ktn-1) = fo(@rtn—1)]- (13)
WMERAM < 1, H fi(@kin-1), fol@rin_) A5 W
fn(fk) Wﬁi 100 f1($k+n71), fO(xk%»nfl) ﬁﬁrﬂf PLid
I VEHGE M G 45 AFORUED2. DR, Gn S92

du(w) dg(xy, Or) H <1,

1 +
H ta 8xk @

W T () /Oy WSk, O
32 6, IEKEI S

Wk (10) A IE, S 808 R v 340k R )
L AT SRE —A 0, 6758 W RGPE e FR AR /D,
XA (10) KK T 6 i, mT LAAS 2]

0 :8J(xk) _ 8U($k;9k) n aJ(JCk_H) _
80k 60k aek

0 0:)1T
R+ o[ 2B ), (19)

iy
0g(xy, Op)1 T

0 = —aR'| 5 | f@en. @0
$43 (3) A (4) FEA S (20), 7T BAF 51
Ve
[ufam] )
—(1 = pjam(B)zr) 2k

*Ufreexk(ka)

—aR7!

] f(@rg1) =

_,U_jam(k)xi + Tk

aR™ f(@r41) =

2
—Vfreely,

—aR™a} lo 1] [ e ] f(@p41)+

10 Mjam

1
aR™ 'y, lol J(@py1). (21)

1
R taxy, [0] f(zrir)- (22)



1094 F il 3 % W26 %
2 gnt1 (@) =05, gn(xk) =0k, 7T LAFFE] PR TT IR, B 2V R ECh JEXT R S 2L bR

gn—O—l(xk) =

—Rtax} [(1) (1]] gn(@n) f(Tps1)+

R~ 'axy, l;] f(@rt1),

(23)
9n (xk) =

—R'ax; “ (1)] In—1(z) [ (Tr41)+

R taxy [é] f(@p41).

P ORI, W] AT 2

In+1(Tk) — gn(Tk) =

— R~ axj “ (1)] (9n (k) = gn-1(zk)) f(@h41)-

(24)

1 3.1 795 RN f () WS, Hoay A7 51, BT LAIE

IUE M) R W2
H—Rflaxi “ ;] f(xk+1)H <1

N, AT LALERIE 65 W8k,
4 PiEHR

h 6 AT A B A BRI T A PR % A A e
SRR 1A 8, IR EUE 1 TR LWR B 2
Ban FB: At =1/180h, Az =0.3km, vgee =60km/h,
Piam = 120 /km, p.,. = 55, q,(k) = 1800 ¥ /h, s(k)
=200 /h. 4 ¥l {uq(k)}, WERBRE RN
{xq(k)}, Wl 3 Frows.

t/10°s
(a) ¥l u,

N
W

x,/(B% /km)
»
&

~
(V)

1/10%s
(b) R x,

B3 1558 ug RSB oy BUE
AL B) 25 R VR 7 v % vk i R 2% B Action

ZER A Nos.o, S TT IR, BaS )25 H 23
Jiih B B2 g AR FR S L bR B Critic 45 /)4 Nyco.1, 5

H, IR BB ST R 5 E TR PR
= 2*TUK), Uk) = (ae
k=i

0.0003 0
R =
l 0 10000

, e(k) = wa(k) — a(k),

é(k) = (e(k) — e(k — 1)) /AL
LB AN AR

0(k) = 60(k — 1) + B - NN(e(k), é(k), Wa).
e VIR S EU
0(0) = [Vtree(0), pjam (0)]* = [40, 100]™.

ARG 2(0) = p(0) = 40 5 /km. BEAN, v KA
T (y RALNERESR B3RS 2 I 2024 H] bR BB KN, b
SNl 7SO 5 7/ B 2 2 5 N DT (1P IR (PO
(1 20 5 PR 1 A B AT R 2 s 190 5 AT ST B, R e 1
AR A5 S s T 36 6 B T 1) oy, A SCE L @ = 0.02,
= 0.5), KB = 3. Vtee M pjam ZE IR KN
[59.7964,120.489 0], &l 4 F1 & 5 7.

_ 65
S
é:“, 55}
£ a5t | | |
0 0.8 1.6 24
t/10°s
(a) ZHv, IFFREER
—~ 20
=
é 10F
£ ot
© 1

038 1.6 24
t/10%s
(b) ZH v, WHHRRE

El4 vie ISEPHRAGERRIRE

(e

—~ 130

g

= 120}

&

= 110}

< 100 ' . .
0 0.8 1.6 2.4

t/10’s

(a) ZH p,,, FIHFRGR

—_
=

e, /(5% /km)
— N
S < =

03 1.6 2.4
t/10%s
(b) ¥ p,,, MR

5 pam MSEHHRERRIRE

(=]



BT

F B 5 SUBAARR RE G IE AU SR PR T ik

1095

N T BRI A A IR R 2 TR e, AR SCR
g/ SRl vF 7 VRO O, KB B s AT
FIHEREEF (60 : 9804; 117 : 75907, {7 EL&5 R K W,
U AL A BRI R 7 V2 FORS FE v, O T/ Tt
W
5 4

AR SCBE X PR T i A8 3 1 5 AR e M L AN AR
RE AR, PRI T AN SN AR g VA PR B A AR AR
SRR N . I AR 1B R E, TER T
P INERSIME. 5, 78 Matlab - & _E#EAT T 1)
FURFST, 45 RIAIE T BT tH R A 2.

£ % ik (References)

[1] Parageorgiou M, Kotsiaios A. Freeway ramp metering:
An overview[J]. IEEE Trans on Intelligent Transportation
Systems, 2002, 3(4): 271-281.

[2] Cremer M, Papageorgiou M. Parameter identification for a
traffic flow model[J]. Automatica, 1981, 17(6): 837-843.

[3] Grewail M S, Payne H J. Identification of parameters in a
freeway traffic model[J]. IEEE Trans on Systems, Man, and
Cybernetics, 1976, 6(3): 176-286.

[4] Lighthill M J, Whitham G B. On the kinematic waves II:
A theory of traffic flow on long crowded roads[C]. Proc of
the Royal Society A: Mathematical and Physicai Sciences.
London, 1955: 317-345.

[5] GBAE, G rae, B, AT AR R S A kAR A% )
HERTHED). ABhtaEd), 2008, 34(1): 65-70.

(Hou Z S, Jin S T, Zhao M. Iterative learning identification
method for the macroscopic traffic flow model[J]. Acta
Automatica Sinica, 2008, 34(1): 65-70.)

(E4EF 1086 )

[2] Cheng-Jian Lin, Cheng-Hung Chen, Chin-Teng Lin, et
al. A hybrid of cooperative particle swarm optimization
and cultural algorithm for neural fuzzy networks and its
prediction applications[J]. IEEE Trans on Systems, Man
and Cybernetics-part C: Applications and Reviews, 2009,
39(1): 55-62.

(3] Rtk OO, B, S TR REIU A I R AR
IHRBEFEI]. =3 5 ki, 2008, 27(10): 144-147.
(Pan H X, Huang J Y, Mao H W. Fault characteristic

extracting technology based on particle swarm
optiomization[J]. J of Vibration and Shock, 2008, 27(10):
144-147.)

[4] Eberhart R C, Shi Y. Comparing inertia weights and
constriction factors in particle swarm optization[C]. Proc of

the IEEE Congress on Evolutionary Computation. La Jolla:

(6]

(7]

(8]

(9]

(10]

[11]

[12]

(3]

(6]

(7]

VEf. e T 02 9 2% S5 A0 4 1 28 3 45 1 B R [D). b3t
hE R B A S BT R, 2007: 55-56.

(Xu J. Traffic control based on neural optimization[D].
Beijing: Institute of Automation, Chinese Academy of
Sciences, 2007: 55-56.)

Bai X R, Zhao D B, YiJ Q, et al. Ramp metering based on
on-line ADHDP () controller[C]. Proc of 2008 Int Joint
Conf on Neural Networks (IJCNN 2008). Hongkong, 2008:
1847-1852.

XulJ, Yu W S, Wang F Y. Ramp metering based on adaptive
critic designs[C]. Proc 9th Int IEEE Conf on Intelligent
Transportation Systems. Toronto, 2006: 1531-1536.
FH. ARL AR S F v ER S N M. 50 i
PURE AL, 2004: 52-73.

(Wang X Z, Estimate of non-linear modeling parameters
and application[M]. Wuhan:
2002: 52-73.)

DALY, BERER, A0 FE T 3h A vk AR AR A Bk
AR AR SRS T[], AR AL RS2 40 BAREBRA AR,
2004, 25(2): 106-109.

(Yao J S, Hou X L, Xu X H. Estimate of non-linear

Wuhan University Press,

modeling parameters based on optimization algorithm of
dynamic design variables[J]. J of Northeastern University:
Natural Science, 2004, 25(2): 106-109.)

Papageorgiou M, Blosseville ] M, Hadj S H. Modeling
and real time control on traffic flow on the southern
part of boulevard peripherique in Paris (Part I, Part IT)[J].
Transportation Research Part A, 1990, 24(5): 345-370.
Liu X, Balakrishnan S N. Convergence analysis of adaptive
critic based optimal control[C]. Proc of American Control
Conf. Chicago, 2000: 1929-1933.

IEEE, 2001, 1: 84-88.

JES, Sk, BT, A5 ShAEEE R 0 A 3 A& SR T
RELALSELI]. RGEAT B2, 2009, 21(17): 5430-5435.
(Tang J, Shi H S, Yang Q, et al. Distribted adaptive particle
swarm optimizer in dynamic environments[J]. J of System
Simulation, 2009, 21(17): 5430-5435.)

AR, A R T R SE AR L EmE (1], VU
AT R 254, 2009, 44(3): 437-441.

(Lin C, Feng Q Y. Information sharing strategies for
particle swarm optimization algorithm[J]. J of Southwest
Jiaotong University, 2009, 44(3): 437-441.)

Clerc M, Kennedy J. The particle swarm: Explosion,
stability, and convergence in a multidimensional complex
space[J]. IEEE Trans on Evolutionary Computation, 2002,
6(1): 58-73.



