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A Genetic Fuzzy Logic Model for Freeway Speed-limit Control under Abnormal
Traffic Conditions
Student : Po-Cheng Lin Advisor : Dr. Yu-Chiun
Chiou

Institute if Traffic and Transportation

National Chiao Tung University

Abstract

The abrupt capacity reduction caused by incident sites such as tandem work zones
would negatively affect the efficiency of upstream traffics and even induce
accidents. To avoid the shockwaves generated from the conflicts between
approaching high-speed traffics and gridlock traffics, it is reasonable to gradually
lower down the speed-limits of upstream traffics at a certain distance ahead.
However, most existing speed-control strategies implemented in practice aim only
at improving traffic safety at the:expense of efficiency and the strategies to
determine the reduction of speed-limit. proposed by most previous studies are
subjectively set without an optimization mechanism. As such, the performance of
speed-limit control can not be guaranteed. Thus, it is essential to develop a
dynamic optimal speed-limit conttol'model’ which can maximize the throughput

while minimizing the crash likelihood.

Based on this, this study proposes a genetic-fuzzy logic controller (GFLC)-based
model for optimal variable speed-limit control under abnormal traffic conditions.
Two objectives respectively representing throughput and safety maximization are
considered. The first objective is the total number of vehicles passing through the
incident site within 60 minutes before-and-after the time of interest. The second
objective is the crash likelihood, calibrated by Abdey-Aty et al. (Sources:
Accident Analysis & Prevention Vol.38, 2006), a function of five variables: (1) the
log of average occupancy at the station of interest 5-10 min before the time of
interest, (2) the log of average occupancy 1 mile downstream of the station of
interest 10—-15 min before the time of interest, (3) the standard deviation of
volume 1 mile downstream of the station of interest 5—10 min before the time of
interest, (4) the average volume 0.5 mile downstream of the station of interest
5-10 min before the time of interest, and (5) the average volume 0.5 mile

upstream of the station of interest 10—15 min before the time of interest.
The GFLC model with an iterative evolution algorithm, proposed by Chiou and

I



Lan (source: Fuzzy Sets and System Vol.152, 2005), is then employed to
optimally determine the reduction of speed-limit depending on the real-time
upstream traffic condition and estimated severity of the incident at every 1
minutes. Three state variables include average speed, flow rate, and severity
degree of the incident (represented by the number of lanes blocked), each with
five linguistic degrees. The control variable is the incremental reduction of
speed-limit at every variable speed-limit sign upstream (at a distance of 1
kilometer). In order to evaluate the performance of learned logic rules and tuned
membership function, cell transmission model (CTM), a mesoscopic traffic flow
model proposed by Daganzo (Source: Transportation Research Vol.28B, 1994), is
employed to approximate the traffic hydrodynamic behaviors. To account for the
capacity reduction due to the incident occurrence and the effect of speed-limit
change to the traffic behaviors, the fundamental diagrams and the equations
governing traffics moving from one cell to another are revised accordingly. To
ensure the revised CTM model can replicate the freeway traffic behaviors under
normal or abnormal traffic conditions, three field cases on Taiwan Freeway No. 1
are examined. The results show,that the revised CTM model can accurately
predict downstream traffic flow rate with. mean absolute percentage error (MAPE)

less than 13% under free-flow, gridlock; and lane-blocked conditions, respectively.

To perform learning the logic rules-and tuning the membership functions, a total
of six incidents with various’severity degrees-and traffic conditions are randomly
generated. A total of six real accidents of three severity degrees (one, two and
three lane blocked) and two traffic conditions (peak and off-peak) are then
collected to validate the applicability and performance of the proposed model. The
results show that, compared with the strategy without variable speed-limit control,
the proposed GFLC-based variable speed-limit control model can curtail crash
likelihood by 1.02%~14.49% and increase total throughput by-2.24% ~ -0.91%. It
is worth noting that for a three lane freeway, the proposed model can most
effectively curtail crash likelihood for one lane blocked incidents under peak
traffic condition, followed by two lanes blocked incidents under peak traffic
condition. However, for three lanes blocked incidents, the proposed model only
slightly curtails crash likelihood, since eventually all vehicles will be stopped
under such a severe accident. Meanwhile, in most of incidents, the proposed

model will slightly reduce total throughput.

Keywords: Variable speed-limit control, genetic fuzzy logic controller, cell
transmission model
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i=1 “ 1 I
Bl 301 & = EaE B 4 B
FAREE 2 (1)~ 32 ~ B3V BA)
N (t+ 1) =n;(0) (3.1)
nj(t+ 1) = n;(0) +y;(t) — yie(© (3.2)
yi(t) = min {n;_; (1), Q; (1), B[N; () — n; (D]} (3.3)
Lo, (0 < Qi(®)
b= {Y ni_y (O = Q1) 3-4)

He q(5 tFFRfemid 2 2 fplk yi(D5 Cl PRI RE 2]
2B mc A2 Biml o v (DG R HH] FRIE DR
2B mlc THREIZn N A EEo N tFERREIP TR 2658
Wl N (D5 tRFFRRRE -1 P B dElo Q)5 t1 PRIt FE
i 2B B gmlic Nj() —n(D) 5 tREFRREL Y flébs Fik B5 3 BT
FRR(F EEFFER A A)TR T B ow A FRAER v EEIRER o

MR- AR M GREACR 3.2 47 o T A AB & BC ME B T AT -
PR~ fo i i CDAREF i Flfedhn § v w2 el B w16 @ik
Flp g viw BFEZE O RE LT - BRERFIY - BRI
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74 kiR : Daganzo(1994)

3.2 7 FIH0k B iR 4

AT RGBS L T L Bw it GFLC H2 5 A# - i
UL FIHN B o 11T B AR N 3 AR o 5

3.2.1 BIBRPIR 2 %f2rh

F T3 N 24995 Thrift(1991) 73 2 %345 = X k4 7> 13 H 44 &
BREaHE > g sg)r & %ﬁﬁif‘ [ A BT U 1 R kel e
Foo g Flm g * gt S 50 e R R ARG 2B oI RS 1B
FPLEREBT ZZ AR H 43 BE B A 5x5=25 B AT & BT
BE 0548110 Tliz\\cuu—%m%)‘zf v 1 1~5 N A IEHRPIEE G K
FH PR B2 TR e H RS N 4B 3.3 froT

Bk - 544 45 0000020030000000000004005 > Bl £ = 5 4
G BIESRA) ~ E 0 P 4 ERR AN
Rulel : IFx1=NS AND Xx2=NL THEN y=NS
Rule2 : [Fx1=NS AND Xx2=PS THEN y=ZE
Rule3 : [Fx1=PL AND X2=NS THEN y=PS
Rule4 : IFx1=PL AND X2=PL THEN y=PL
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3 —=YEZE
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MAINE

B 3.3 BARLP|E o f2 751 L B
322 B3Ik %irm

HAL > AFFE 2 REpEATE I IE 2 S 2 A A W H Ok
Bk > HAGAaEr 23] - sz SRR ELO 0 BE K %52 45
Sl S A h EERZ L AE B EZ FEEA YL o ol E ol 0 BEE
R kR g RS R Y ST By 15 B SEE
Rl o gt o d WL S ol ST G - TREAAEA MGG
,$£ﬁu%%°#UMW%«£&ﬁ$&a€=@%€CLaﬁ;dw@#1F
EEEHEFRER & o' 20q" o200 1 E ol 20d'

FEARCATIFE A A R MR R R U 2 o R
P Rt TR A F RS RE 2B AR ERL
(2001)2F = — %2 S0 B2 %fida8 > N kR ¥ Wk deT
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CBERERIEN S 15 Sa2 BHa0l s L2 TE 4
425 0 o= Cllzcmin}'L C5=C5=Cmax* £ ¥ > Cmin % Cmax A %] 5 2% ¥
B EERAE LA R F 24 S s B SESL B 5
7w ol=(al+e)2 o k=2,3,4 5 F)p o R B2 S B8 B oo

c. _C _C

Ly . 5 4 3 | | . | .
. ?}ﬁiﬁﬁ ¥ Cmax > C; > o > Cr > Cr > C2 > Cmin > Cs % C3r ~Cp B Czr
3 2 1

% oCgr ol 2 Apgtt ) Ao

LR B E RE o PR AR Tpgh L) fi%;yf» g S
Grs4 B EA TR A2 (AW 34) 0 i R Sl AR ] BB
A HEAES 9999 B 5 00 Fpt o 122 uwﬁ»%ﬁz—eﬁ 11 i ) %
oo S LT SRR EE o A ME R L 3x9x4=108 B AT o
CPE Sl AR REEREE LN (35)~(3.12) MR X
ZREAEM S AR E L ZEE o

d

C,=C_ +1I xsf (3.5)
C, =c, + I, xsf (3.6)
C,=C, + I, xsf (3.7)
c, = max{ c/,c; } +r, x5f (3.8)
c, = max{c],c, p+r x'sf (3.9)
c, = max{c,,c, } + 1, xsf (3.10)
c. =max{c,,c, }+r xsf (3.11)
c, =max{c,,c. }+r, xsf (3.12)
oo = (o =)

e

d
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I_
C1 =Cmin €2

B 3. 42 s le s mfdag s S 3R
323 HidFE AR @
g T KR E G BRI S A S 2 AT 39280, 1 Bl T2

A BH 2 SGAs 2k o Pl A BFHERL AL RE S A
~ $ * max-min-arithmetical 2 fiz > 3% 12 2 non-uniform R % > 3% o & if 4o

1. Max-min-arithmetical 2 fie i f* = ;¢

G,"' =aG, '+ (1-a)G, (3.13)
G, =aG/)' + (1-a)Gy' (3.14)
Gs™ with gz =min{gwd, gu'} (3.15)
G4 with gad  =max{gwi, gu'} (3.16)

2o o GM(i=1~) R 2 24 2 3R Ao gl N AL ML E Kk BA
rﬂ"GWtZ{ thffi‘*z%igi’% 7‘“:‘7)1[\‘5 %g ’gwktz{ gvkt/”\vﬂ'“&%\’vﬁfijll‘g %’iéﬁ kﬂ?‘%
Floa 5 — K T2 f¥cet &4 Fib 2 £ X #ic (number of generations ) °

¥ob S g R SGA 2 kg » o~ FFEE fe? 3¢ (two-point crossover )
GeB 3597 B - BB EIMATFIE Y - BB EIMATF g H
WH AR TS AT 2 P T FYt » BRI MFITPFHRL 2 B2
RAS AL BRI LI L d LIBALIRY PEFEREB L2 >
w2 > Hu 6 BRI J‘l-ﬂ“]“;% o

T
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2. Non-uniform % % = ;¢

Non-uniform R % > ;% > 2 > SGAS 2. A FIRPHFIFO & 1 2.
- o~ {EERI9 L (simulated annealing) BLA 0 B F R4~ H) @ f\%%#” s o
u.;{ TX MR 2B > WAE A RIRFEY o M FIFIC Y N2 4 0 AF IR
BRI REWFHE L M FRE R 2 drare BREF S M0

,_{gkm(t,gt—gk) if b=0
k — .
gk_A(tagk_gL) if b=1

,\

(3.17)

B ogua At +RN%d 2 ¥k @éﬂgkﬁgwﬁa ik Fl2 b o
TRE o b 5 - "E#cE (randof number) 0 H E 5 {0,1} o A(t,y) 5 - 8

Sl AR Sdets o B - oo R0, y] o 8T Sl S
A(t,y) = y(l_r(l—t/T)“) (3.18)
B ori-gciE B Eea[0,1] T Z S ity il h 5 - %
*1%&’3&h&iéaﬁ
250 (3.18) Wav s AL,y ) R M ol FIMAEF e 2w
/ﬁr‘iﬁl Pt S BRI VR
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o THFRET - F BRI RO QR PE N oSk
2 Fef cGFLC F B P E A APLAK - FER B 2RA] 0 1+ K AT
Fefer @2 ST > REs EBERM e 0 T KA LAY K RfEerE
i@ﬁ%mf’ﬁﬁ&%%%&&%&oipf%{iﬁﬁﬁAT’%ﬁ%
AR AR L FLREL DI S AFRCE Y T
Fo I 2 BERP(AFY RURB-1 f2) R R - IWEFRGHES
B S H(A AT Y B UDB-1 fiz )Rz RS o b ERB-1 #DB-1 75 %
SERFEELZ AH &S D R AT LD RFF B2 R EEGR
THPEEZ L FEFRE — ] B do% - T APEIE - Fiep
Hofg 2z s L bg R MO IR B R Rk F T BRI *U]‘J IR J T
SBco dod AP R FELRLEASZGFL ot F REE > EEF R
b2 bR Sk o IR ARAeF3.6 AT e
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¥ B2 TG R R A RBE T2 IO/n\é*.nguql BiF2t 5o d
SRR RN ‘wﬁ)j.*ug MIFTAE FEER o P ETE 2 T 08 B
RER =% Rk e S

AL 2GR A R LA AN A M 5 %% & (Total Crash
Potential ,TCP) % it & (Throughput ,TP) * 12 2% i3 $i-5% 2_ 4 T o
l.ﬁﬁfﬁamm

REG hE A2 R AR PE VY Abdey-Aty etal.[10]974% J1 2
ﬁﬁﬁ%&ﬁﬁi’Tﬁ“ﬁﬁﬁﬁmia+F—ﬁl AR AR TE
BAEREER 0 EE 2 FAoT AR
CP=—-0.93423LogAOF2 + 1.14584LogAOH3 — 0.22878SVH2 — 0.10055AVG2

+0.5932AVE3 (5.1)

LogAOF2:Log ¥ B+ 5-10 A 48 % ek BLenT 3aik 4 5
LogAOH3:Log #: S8p ¥ % 10-15 A 455 e BL7 25 | #08 enT 351k 4
SVH2: B/ pE % 5-10 A E i p BT 5 1 B e R 5

AVG2: B pF Y 5-10 A 48 % &b BT 5 0.5 #98 ehl 1955 §

AVE3: B S8pF 3 10-15 4 4% b @k 75 0.5 300 chT dajn §

TCP 2 3+ ¥ 4 S W N 2 % 2 B BLCP @ o

2. /n (TP)

/ﬁ‘\%if‘%F’%ﬂt%’é‘l‘a‘féﬂ*@ﬂ‘-ﬁ_\&,g lﬁ;ﬁi.m ﬁq‘_ﬁaﬁ'{,;jiﬂb gt
WHERREE 22 EE 0 AR i Bt s 28 r:] o F R
3 BB TP e+ 7 v (Ol st i 4 A D R B
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$TE T 2 .ﬁ#,‘}xgc, ToME A L F h e b H A BeE 2
Bt I fieh o 4 R T 2T 2 B R A GFLC
oy ivH - Gk ng%ﬁ;,u._h,g:r;ia@r o
5.1.13&4’.&*&5'}

ER R BRE AN P i B /D e i R R
j\,};:r e L:Li_ﬁff F‘ 75 ﬁ;{ﬁ;ﬁ%gu |4 o
(DIf0%=3%% s ik * & i B/ 2 i #<25%,then ¥F s f & 12=22% 4 il
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() If25% <37 F ik * & if /38 @ i #c<T5%,then ¥ s & =4 i
(A IF50% <7 F ik * B i B/4 P i #c<100%,then ¥ & P=f &
(B)If75% <35 % ik * B i #/44, P i #<100%,then ¥ s i € =24 &
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