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Fuzzy Logic Ramp Metering Control Models-A Simulation Analysis of
Cellular Automaton

Student : Jen-Chieh Chung Advisor: Dr. Yu-Chiun Chiou

Institute of Traffic and Transportation
National Chiao Tung University

Abstract

Ramp metering is one of the most popular and effective strategy for
freeway traffic control. It aims to control on-ramp traffic so as to enhance
mainline level of service, reduce on-ramp queue and prevent accidents.
Numerous related researches have been conducted and even been field tested
for over thirty years. The ramp metering algorithms can be divided into three
main categories: pre-timed ramp metering, traffic responsive metering (isolated
and integrated), and gap-acceptance merge control. Since traffic responsive
metering can adaptively respond toreal fime traffic conditions, it has received
intensive attentions from researchers:-=Many traffic responsive metering
algorithms have been developed, such as ALINEA, SWARM, METALINE,
linked-ramp algorithm, linear programming. Most of them employ mathematic
models to determine the optimal metering rates by considering real-time traffic
information.

However, due to the rapid and remarkable fluctuation of traffic conditions,
it might be rather risky to control the on-ramp traffic based upon a clear-cut
(crisp) judgment and control. Fuzzy logic controller (FLC), an expert system
based on if-then fuzzy rules, has the advantages of treating ambiguous or vague
aspects of human perception and judgment, with which a non-fuzzy expert
system normally cannot deal. Thus, this study first develops a traffic phase
determination model to indicate the traffic condition from four phases:
free-flow, light synchronized, heavy synchronized, and wide moving jam.
Fuzzy logic ramp metering models by considering mainline traffic phase and
on-ramp queue length are then developed under two metering strategies:
isolated and integrated. The former strategy is to determine the metering rate
based the local traffic information alone, while the latter strategy further
considers the upstream metering rate as an extra state variable. In order to
further investigate and compare the performances and traffic phase transitions
of various ramp metering strategies, a microscopic traffic simulation model,
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cellular automata (CA), is then developed.

To demonstrate the performances of the proposed ramp metering models:
isolated and integrated, case studies on an exemplified example and a field
example of are conducted, respectively. Comparisons with non-metering,
pre-time metering and ANCONA metering models under various geometric
networks and traffic scenarios are also made. The results on both exemplified
example and field example consistently show that the integrated fuzzy logic
ramp metering model performs best, which can curtail 2.16~6.66% and 7.96%
of total travel time of non-metering model under exemplified and field
examples, respectively, followed by the isolated fuzzy logic ramp metering
model. In addition, from the in-depth investigation of the temporal and spatial
variations of vehicular speed, it indicates that the average speed can be largely
increased while speed variations can be reduced under the proposed metering
models. Thus, the applicability and performance of the proposed models have
been validated.

Key Words: fuzzy logic control;tamp metering, cellular automata
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3.1.1 Nagel and Schreckengerg #-3z% (N-S)

#2584 Nagel = Schreckenberg *+ 1992 £ #% 41 » 12 Wolfrom(1983)
el e 184 BLALPIHCA] A A W oo AT 5 184 CA B e A e N-S 5
R AT R R BB BC » AN f Bt > B Bl
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B 4w { AT T st <8, <#41)
(1) #eig t v, (n)=minfy, (6)+ T )
(2) #FiE : v, () =miny, (1 ).4,(0)}
(3) Mg R E i P=Py. » v, (¢ +1)=max{v,(z,)-1,0}
otherwise > v, (t+1)=v,(t,)
4) # : x (t+1)=x,(c)+v,(+1)

3.1.2 Velocity-Dependent-Randomization -3 (VDR)

éBmwmawﬁqwsﬁﬁ4’UNSw*%é@:B%&V”Q
WA A MG o & N-S H58 % — i L AT 40~ ST S35y
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B AR AT T AT (<t <ty <t+1)

po forv=0
p forv>0

(0) Tt 54 p,.(v,)= {

(1) #eig ¢ v, () =min{y, (0)+Lv,, |

(2) i#iE ¢ v, (6,)=miny, (1, ).d,())

(3) “EH i ¢ if P=Py > v,(t+1)= max{y, (,)-10}
otherwise > v, (t+1)=v,(t,)

4) # : x (t+1)=x,(c)+v,(+1)

3.1.3 The time-oriented CA #-3* (TOCA)

d Brilon et al.** 1998 #£4% 4 mN=S fio3t 5 A A5 1 8 R ehfp 3
PEER - 7 b B =d))3 2 T AT p, TR

Fhed (7L % 2 BRI [ RE 2T A p, TRAREF S
B 4w ATRP T A1on (t<t <t,<t+1):

(1) 4cei# v (¢,)=min{v, (t)+1,v, .} with probability P, ;5 if t;>t,

(2) # & ¢ v, (1,)=miny, () d, ()}

(3) Mg ¢ v, (t+1)=max{v,(f,)-1,0} with probability Py 5 if ty<t,

(4) ## 0 ox (t+1)=x,()+v,(E+1)

3.1.4 Brake Light ##3% (BL)

d Knospe ef al.*+ 2000 & 3% 41> 12 VDR #5% 5 A A & 8 dmip 7 B
FRIPNSE P T B pRED PRITE 0 Ft MOV RL S AR BHG -
0 A RS BRI AN 2Ry - B e o T
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PR AP AR D R N Ed, = x,, —x, —[([ 5 B E)ob LA B ki b, =1(0)

LA £ E (K

ﬁiﬁag\ FrHLP 4eT Ao (t<t <t, <t+1)

pb l:fbn-%—l =1 and th <ts
(0) K—"?fﬁﬁ 2;/&& : pdec(vn (t)’bnﬂ(t)’th’ts): pO if‘vn = 0

p, in all other cases
(1) 4ez# v (¢,)=min{y, (£)+1,v, .} if (b, =0&b, =0) or 1, >1,
() it ¢ v, () =minld? v, ()]

where d =d, +max(v,, —gap,0) ;v,, =min(v,.,(t,)d,.,(z,))

if v, (t,)<v,(t,) then bzsl)=1
(3) 'E# iR ¢ if rand()<Pyg > v, {t+1)= max{v,(r,)- 1,0}

if Py=Py and. - (t=1)=v (&;)-1 then b, (r+1)=1

4) # 1 x (t+1)=x,(c)+v,(t+1)
3.1.5 Jiang and Wu #3538 (J-W)

d Jiang 4= Wu 3+ 2003 & 74 #1 > 2 BLHSS 5 Ad TR AR A &
B RO R s 7 5 R LATAR] e g 2 BL R RS A e
fn LA RR P TR AR LR B R 2 g A o

L PERY g SEERE R R 0 Bl B fmentoid 4 R 2L 4 o
Bfm {ATRR 4T AT (f<t, <ty <t+1)
p,ifb,, =1andt, <t,
(0) K’{iﬁ& 2;/{:@3: . pdec(vn (t)’bnﬂ(t)’th’ts): pO if‘v O and tvt Zt

p, in all other cases

25



(1) *cig if ((6,,()=0 ort, >t,) and (v,(t)>0))
then v, (z,)=min{v, (t)+2,v, }
else if (v,(t)=0) then v, (z,)=min(v,()+1,v,,)
else v,(t,)=v,(t)
(2) w3t v, (o) =minld? v, (1))
where d =d, +max(v,,, - gap.0) ;v,,, =min(v,, (t,).d,.(,))
if v (t,)<v,(¢) then b, (r+1)=1
(3) Mgt E ¢ ifrand()<Pg. > v,(t+1)=max{v,(t,)-1,0}
(4) £ B %7 i (v,(,,) < v, (¢))sthen b, (#)=1
if (v,(z,)>v;(#)) then b:(z)=0
if (v,(z,)=v,1{#) then b,(t, )=b, ()
(5) Bk pERF L)% Dif v (¢,)=0 then 7, =1, +1
if v (z,)>0 then ¢, =0
(6) B&  x (t+1)=x,(t)+v,(t+1)
3.1.6 Kerner-Klenov-Wolf #i-3% (KKW)

¢ Kerner ~ Klenov fv Wolf = = 5 - *% 2002 # #7341 » & #i5¢ B
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B AR AT T AT (r< <t +1)

(1) A 2R ¢ v, () = max|0,minly, v, () v, ()]

where v, (t)=d,(¢)

O T
Wy () +Ae) ford, <D(v (1)-1

D(V):DO +kV or D(V):D0+v+ﬂv2

~b if v,(t)>v,.,(t)
At)=10 if v,(t)=v,, ()
a iva(t)<Vn+1(t)

(2) TR v (t + 1) = max{O,min{vn (tl )+ n,,v, (t1 )+ @,V ees Vinax }}

=1 if n<ep;
where n=21if p, <r<p,+p,

0 otherwise

| Po ifv=0
pb(v)_ pifv>0

Pu ifv<vy,
p)=9""
paZ lf‘v—vp

3.1.7 Emmerich and Rank #i;% (ER)

d Emmerich = Rank = ii?}ﬁ’?? 1997 & #4415 12 N-S 5% 5 A
SR RE - EERE 5 R m&ﬁ&%*ﬁ%rmﬁ it N-S fic5t @ en
FERR 0 M@ RAREE 2R G Y E o AHGEUP it N-S 50
RN @RI kR - }i%?"i BAR LR IEN AR -
B AR T AL LATRR] ) LATRAE L E A ) 7
f’?’—f]}EEFPbF\ﬁ"I":Li‘"ﬁ BT - AL AT R TR LATRA TV 0@
- AL Glded FPPRFEET G X D) P R BB o ;4’}33
TR AR B d R IESR S ~ (ATRE S e d T2 0
E o

27



3.1.8 Helbing and Schreckeberg #-3% (HS)
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« length (site)
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01 ¢ - time (timestep)
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T

F3.3 = 2 MW L PRI 25 2 i

7L % k:Lan and Hsu(2005)

B 3R Skt B AR B2 P BB E R - g gk n
Boribg 5 5 Bl @ e ame i b4 50 40(3.10)5 2 (3.11)

VEXVW if 7(¢)>ms and H,(t—1) < ms
Wxv(t)
H)—ms VW if H.(f)>msand T (t) < ms
vi(t) w
and H,(t—1) <ms
14/4 .
0= 0 =1+~ = if H (f)>msand T, () < ms
and H,(t—1)2msand T;(t —1) <ms
(ms=TW+D Wit 7 (6) > ms)
vi(t) w
and H,(t—1)2msand T,(t —1) < ms
0 otherwise (3.10)
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VLxVW if T,(¢) > msand H,(t —1) < ms
(H,(t)—ms)xVW if H,(t) 2 msandT,(¢) < ms

and H,(t —1) <ms
v.()xVW if H,(t)2msand T, (t) < ms

and H,(t —1)2msand T, (t —1) < ms
(ms-T@W)+1)xVWw  if (T,(t) > ms)

and H,(t—1)2msand T,(t —1) < ms
0 otherwise

qt)=q -1+

(3.11)

He O(t)p PR renihd Foq) s Rt E oms BRI BEHFR L
¥ VL 58 &(cells)» VW 2 & F(cells) > vi(t) = & 48§ wPeF ¢ PR i 1§
RIBeE R > Hi() 5 B dpi bR A sEeni=® > Ti) 5 24w i PR ¢

PFB k% o W i B E (sites) °

Flot o FLURBAAEG A FARE 0 LR B R 40(3.12)50 AT
W(t) = q(1)
oo (3.12)

BY oy) s PR P g oo
3.1.10.3 #N 4p

2 BOE S §m { AT 0 7134 Lan and Hsu(2005 ~ 2006):&
Jf#\%&-;\ » 12 Jiang and Wu(2003)#7d& 15 J-W #5382 KA B 1 A k> 4
I
@ A

<

ﬁ?%“ﬁﬁﬁﬁ>%“ﬁﬁﬁ%%ﬂ Bl SRR RN B
BBz B RO 0 AT B AT AT

5-5,51? 1~z ﬁﬁi#ﬁjﬁéﬁuﬁﬁﬁfﬁ

P, & m 2 AR 0B dRACE Py N & W RRT AR D IR0
w5 Py A H RN

p,: ifS . =-1 and ¢, <t
pv, (0),t,,t.,S, (&)=yp,: 1fv =0 and ¢ 21,

st —

p, . 1nallother cases

2o g,=d,/v,(0), t,=min(v,(#),h,) >1, &% B §R% L pE TS FALE
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if (§,,,(1)=0and S,(¢) 20)or (¢, 2 t,) thenv, (z+1) =min(v,(?) + a;,V; )
elsev (t+1)=v (?)

HeY b kB2 febe @ Bt 3 0 Ve » BV TR T Ak D BB L @ R o
HA3 R

hod SpEp A 2§ snanpER(d?, Knospe.et al.(2000)) > -] 3t & B r2 p

*«m

DM E 2 FEYEEF o ML AR T - IR R o
v ((+1) = min(d? ,v{¢ £1))
n - n °>'n
d¥ =d +max(v, —ga 0)
n — Yn anti — 8 psqfety’
B vy 5 BT - PP TR B R gapsey » K 2R

54 T

RAIRUBEDAE BERG - RehF o AR J BT8P
- BH#EciE o 2 ﬁg?lm“:ibﬁm“ﬁ*’ AR AT AR REL R

if (rand() < p)thenv, (¢ +1) = max(v, ( +1)—1,0)
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KIS HTT - BRI ERAR S i PSR

1 if v (t+1)>v (¢)

S (t+1)=40 if v (t+1)=v (¢)
—1 if v (t+])<v (¢)

HHE S PE D R IRD L b A

st

t,=t,+1 1f v (t+1)=0
t,=0 if v ¢+1)>0

KT LATE R E

kI 1 4T R hid B frin - PR BT E s [ ATE il o
TAE W M T - PERE

x (+D)=x )+, (&) +v(t+1))12

2 g3 D LR

ARELE B R IR T AT iR HHDFH T PR o
(1) %=
B3 a R34 2B RE AT Y 75 = L“‘ i mézéfﬁ B3

(2) % #: 8 15
AR B R AW S B ARhE o P R 2 ia’ Mﬁam
HRANAD A GRS DR R P AD B D b o

Bt > 7 I e §E

ABD R DPHRIET - BT A E R A A
A BE T - PR T E L PR FAPRIERER G R
—’trﬂ F'&H'J1E’ig¢/;fﬁ:%%ﬁ'§l§
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74 % % :Lan and Hsu(2005ﬂ)‘ . -
Bir0 i HE DT 4 gl e
H I~ AL B |
If v, >v, (6 and v,()2v,,(1)
HE2 AT 2R E

g/, (t)>min(d T v (t+1)) and

n %"n

g4.,(t) > min(d;’, v, (¢ +1))

HY g i FHE, THD RA PRI E P FRITOD 4R [ N A T FARLT
d g PR A PR o

N R RNER T

SR ERRF T EH N BN RD R RA AT
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T’ﬂﬁ»%W%T%ﬁoﬂﬁlﬁﬁ?'%ﬁlﬁﬁﬁﬁm@iﬂ?
ﬁ»%*i@&’&ﬁﬁﬁgfﬂﬁﬁﬁ%ﬁam»iﬁ’ﬂ%i%%

B
,ﬁt/

o

ffmr

m\a

B RALLRE F X >R

WAL R P D 3 P PFHRIThD §RE T PEARIT 0D R EE_E <
VEX R FIE-

%nﬁ).%n0)>gmm)

(min) __ eﬁ”
g on T f
B fABE > THEmAEAE D dm

KIS LFD R

ek A RDE T AT A RBEERL B R Bl AT - ERFRE
BgmRE o~ RS E T AFARAT B R F e

x, (¢ +1) = min((x", @+ 1) + x4 +1))/2, x,)

Y = 4 ==
HY x, 58 » RengE: e o
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B SR R )

W3 TR R R AR 2| S BB A BT BB R R

B R U PR EILE A E RS RSB AE-LE M RR A
5@ R AL g g o R g @

ﬁﬁPPmﬁmﬁN 41 e B 2 %7 o Neubert ef al.(1999)11 % = 4p B
Sl H A B AR 0 p o "Lfra‘%ﬁhmﬂ%'«‘” SERIAE 2 A S R
P\—:"J'Bm—r" 3{01 PR g L ‘\”mﬂgﬁmﬁiﬁfrﬂorﬂﬁﬂ\lﬂ“
BRI BRG] B P e D O AR 0 T A A T R D
AP FER 0 E 5] TSk

ﬁ‘“&*ﬁ#ﬂ# (FLC) Griiams s P o ’f']q* B 5 P & Ejan e =
B 0 E s If-then B{EARP| A7 2 2 Sob B o @n&%xﬁﬁﬁ\;ﬁ,;{%ﬁ
HOHBZ ARG NG E R R B TR o IRy
Fl2opeed 3 FLC 7 A 2Bt » PV EFHA 0 2 F RS
P8 2 R RFE D o FIpt > BRI St m i U H BfeE U A E
FV 4e 1 j\ﬁgpm;?}g;;*gﬁ A7 o H E!}j‘ #&rgg] 3.5 5o o u—r)]}ﬁ #}*1‘*’»49:
e ol

pal A
Knowledge.Base (KB)

B AR
Data Base (DB) Rule Base (RB)

AR TR SRR fRERL R

Bl 3.5 FLC A * 7 #- Bl
2% & i (Membership function)

%%%&@ﬂiﬁﬁ%ﬂﬂ%&zkaﬁﬁi’ié1#@%3
TR o R R R IR R 2 AP B ORI R R 2
-$%a@mgﬁ%ompwpﬁ%&ﬁJﬂ—zjrhﬂ%%wﬁﬁ PR
B ¥ R erdg s ez 275 5 575 - 8 0 PR PR S E R R B
o 2 P @&bﬁiﬂaiafﬁ&’—%ﬁ&iaﬂuwﬁ
BeEAL s plde-xw o Tixd (T X (T (T vT i ) &7
BEHELALTRIAR -
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2. B4ERP (Logic rule)

BIEAR P % FLC thp;c 2 & > £ If-then r’v’ﬂ:}étf‘ﬂ/ o — TE AR
AF e 4ETRE G A 0 W I W o then Bk o m;n»mg@ﬁw
oA =384 o Blde o If w3k 0 then B3 10 else 2#H 2% B FLC
= 3 xfw{ﬂf If-then *FLE!'H#%V C ERPzZfahE s B E TR H G
W] o e F BIERA] I X=x] andY=y2thenZ—z3 TRLFFELE
gtxggﬁsif;— TRz oA YHAHY - ZlEep ShphIZL8=
TrEm2 A Fms B9 X B YR ARESE ZR R A28 %8k

3. # it (Fuzzification)

ﬁf’g‘ﬁ”%ﬁi{ﬂg FEBcE o B G fRd
SAER > FI L Y B TR
fo i g AR o

4. -k de# (Fuzzy inference)

ﬁfﬁ#&;ﬁa r"wL%;é ﬁéﬁ*ﬁaﬂls@ﬁr > v B IR - 4 AND & OR
#AND 2 3E 8 3 Vi § U BB B

ETIRS
\_.

i > OR EIHB’“&"\ I_E":
5. f&fip it (Defuzzification)

d 3 - fl?asﬁ?] MR AL o F oA e PR R BCERD 0 & %E'Jz‘v’ﬂ@?]:".,éé
5305 - R EA 0 mIE TR RIS Ryg o FI o Rk gD
I K B R R m%sr#f“%lkﬁ.p% JU* FE DA UEF TR
E /Féi‘ﬁ%l B BT AR iR o W R 2 A FBA
(maximum-membership method) ~ “4c $# T 32;% (weighted average method) -
¥ & ;% (gravity method, center method) ~ & ## /2 (area method) % » #& o

AFE Gt B Rl R 28 2% Kerner ef al.(2004)F] % Kok BBy
ﬂ;'l’u—'.f-‘ﬂﬁfﬁ SR CHBRSMNEI VARSI ARSI ESR
SRR B TR E B TAND, v ARG
ot - TR SRR YR RN S R =TI R

PR ABHRZ (max1mum membership method) » 1E *’,j* B oA g )
Tﬁ?ﬁéﬁ#ﬁ,ﬂ b m&ij"}#u Rk i 2 b Ao T

1. BiERp
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z;jc—t Kerner er al.(2004)% 2P > 24 BiRNER ~nE ~ER®
CEFNREREFCEROERZ2 - F?PEFE' P P - - R
M‘nmg; Hd-hAZApD IR H Y A R R A B A
5¢ Z) I 9% i o ik g5 Jiang and Wu(2003)#73% 11 i & 90-60 = 2 /|
Fbhim o 60-24 2 2 /] pEL A e \«Ewﬁlln B3 P

S R R~ 3 7 Pa%b s K e R e B R R Jszr%] 3.6
R EA R E RN R T TR L sk (R
LB > Ao AT

S
T
I

"

\_.
[S—
(9}

(DIf TaismémE A =% then " 283 i, =pd in e
() If Tasd i & =i then T3N3 0, =2 & Fdapn -
Q)If "Taméng A =M and "2RFE =™ then "2 mAlk | =

< 4 PR o
AHIf Taméd g A =M and "T28FE = then 2R3 | =%
7l e s o
G)If "Tismdiégm =" and "2 4B RE =% »then "3 X% | =i
M ke 3 o e
(6) If + — @prry T2 538  #8 FF#HHaand "4 88 jiid & =K and
Fazmad o gJ—I'ﬂ and rtﬁ)ﬁ%l“’j—ﬁ and rmﬂi‘&“'“'J_é\ and
Ti R g SR g S0y =K o then T A B =4 FlEERT
(N If 2+ - mﬂff’t & eality =pdiiand & fiﬂ\f’ ri#E AR =Y and T4
MBRE =% and "EARRLES  =f and TFEHMF = and "
BRLFIMERMEF =K then (TEATRA & | ==k Hin o
®)If - — B pery (25 ) 2 f BT and (2250 R =7 and
Ma fsfﬂ\é‘i,” £ =% and "# AR F  =f sthen "2 RAE , =ik
O)If - pEps D& a8 | # #'?Iﬁ:ﬁm and "Tismd iR =7 and
ra 4;,1\37,,, ¥ =% and "RBHF  £f othen "B R =ik
(10) If + — @pFpse T2 Jn Al #% P and T2 583 5@ R =K and
Tamd g = and "THARF £ othen 2R3, =%TAF
(A If F— pFpe T2 7R Al #% P and T2 583 5@ & =K and
Fad o =1 and rﬁ“;‘é_%“ ] #f - then = Rl fi | =% 7k
(12) If - @pFpe T2 0530 == S F4dT and T2 028 i & ) =™ and
Mismd g | =% and '__%EE:%‘TL F ;=1 and "iRE L F = and
=1 >

lg. l
‘°+ @

l“b

TERBCFIERN then T & JRAl i | =% 7]k ik o

(13) If + - @pFpe T2 5n4) ,@;;J P and T2 i R =K and
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(14) If - ppERE TR RAIE =S SRR and TAMRE RE R =K and
ﬁﬁ/”LJ:fﬁ_ and r}i)’i%ﬂ‘.}"J #é 7then rjj-/“i;n]

b

AR =% %%]

Pedm o
(15) If +- Il%E‘i‘r”br A fE =% FE R and Tisd R =M and
AME R =i and TiRE RS £F othen TEIRAIL = #F

#?E:ﬁ'f“;rl'h °

i
A
]
] max = T i
A A
]

e R

L~ o RARHE

- BAE
p

Bl 3.6 & /i3~ 7 B
7Lk Jh:Jiang and Wu(2003)
/ZH% }E—, Y Zg{

%+ Kemner et al.(2004)42~7 Bk L S8 E - B RHE > » 9 5
BE M B CBAESLI MBS R RESLIMERLEFE B

‘jt‘ﬁg,l;ﬂé‘r/?rgxﬁf\ﬁx /”*i‘ri’ifij/ﬁ%’é’\wjﬁ;p,g,i@kﬂf‘_:_
LR R ERC SRR RER N

F%,g,fﬁ“é», e BRI S RS R 2 e —FT;{

FHE L RHL B TR R 5 PR e s B2
BEE 0 2254 B 3.7 3 302 4 e
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Mt g 1% & %

010 3040 7080 100 110:1%?5323*{
(NE/ /B

B 3.7 LA E 2 RSB E

Mt 15 %

0 250 750 12502400 :ié‘?«iﬁ%
(peu/ %/ #38)

B 3.8 1A 2 4558 L
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0 0 25 35 mASLE/

REZILR

B 3.11 i B %1 Fhind S0 F 2 48 5087 i

010 2535 6070 90100 £ 7% 2! 4

FRSLF N ERCFAERPOF/NERF ARG S
(3.13) ~ (3.14) ~ (3.15)3+ & #78 » 2 84T #i7
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a(t) = max(q(1))

If g(r) < q(¢ 1) then d, (t) =

max(g()) "
q(t) —min(g(1))
If (1) > g(r —1) thend (1) = r
q(t) (3.13)
v(t) —max(v(?))
< — — At
If v(¢) <v(t —1) thend () mAa}x(v(t)) ind
v(t) —min(v(¢))
If V(f) > V(t — 1) then dv (f) — At
Vo) (3.14)
d, ()
0= d, () (3.15)

Hoe a1 5 -2p J—ai«‘,h dyft) 5in B R F o dt)sd R%
'“"—;"c(t)psiﬁifﬁz*'“ Fling it 5

3. fRfas

E IR W= Y R i’%])\ & 2 BB R 7 R R 180 1T 1
u’{@?l»hpa FL 2. | g R o uw,—},ﬁgfn%gjﬁ ,ﬁgﬁvﬁigﬁx,‘jjm%ﬂj
ﬁ%Jﬂ.ﬁf]Lﬁg R SES SN 'F?%]»np% 4oB) 3.13 #77 o LLﬁéﬁq: ok iU
PREFELIABT O HBAILZREAGUEG B AT A EaRBES T
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wmREE Bk

B 3.13 S A AR 2 o &R
33 ™ if iz

331 #E#HALE p # % i KR K % (Automatic On-ramp Control of
Congested patterns, ANCONA)

A p B W p RI K E 5 Kerner(2005)# 4% 410 B A AL 5
FAMMFBREA Ao LA TR R d e P EBE 1AM
LI D @ RS o b A AU REATRIE D & 3N edn D @ R
b3 3 B UFE ~ B dR L RARLE TR B MO PR R
B LSRR ] o F1P 0 ANCONA £ 4407 11(3.16)5¢

EA o L

QOVLI lf V(det) (ts) S v

cong

(cont) _
qu (ts) - .
qonZ 1f v(det) (ts) >V

cong

(3.16)
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3.3.2 Hk BIRD § RITHCH (FLRC)
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2 i SR o A BLR TR R Sl q RO L2 2 R
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