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Abstract

In this paper, a new procedure that calculate the
change and clearance intervals of a traffic signal
from a rule-based fuzzy logic system was developed.
This procedure is based on the theory thai driver
decision making at signalized intersections is based
on imprecise or fuzzy information. The sysiem’s
input variables consist of three primary variables and
two secondary variables which reflect driver behavior
as well as intersection traffic conditions and
geomeiric layout. The primary variables contribuie to
the system’s flexibility in that they are easily
collected by sensors or deteciors. Thus, the procedure
provides dymamic change and clearance intervals,
which improve the intersection throughput. Several
scenarios were tested, and the resulting system
indicates a simple but efficient way of determining
the change and clearance intervals.

1. Introduction

One of the most important criteria in traffic flow
is safety. Each motorist is expecied to make an
appropriate decision based on a set of fuzzy driving
rules. During the change interval at a signalized
intersection, approaching drivers are faced with the
decision of either proceeding to cross or preparing to
stop. An unexpected stopping decision may result in
rear-end collision when the following driver follows
too closely for the prevailing speed and environmental
conditions. The decision to stop or go has fuzziness
associated with it. Most of the faciors affecting the

driver's decision can not be precisely determined, but

the driver is expected to make a decision based on the
fuzzy information presented.

The main goal of this study is to improve driver
safety through the new decision-making a signalized
intersections for the change interval. Aside from the
benefits of reduced accidents (rear-end and righi-
angle collisions), increased efficiency and reduced
environmental cosis are also the immediate benefits
as a direct result of increased safety. Fuzzy seis theory
and logic represent a methodology for dealing with
phenomena that are too complex or too ill-defined o
be snsceptible o analysis by conventional means.
Most sindies have focused on developing formula for
the calculation of the change interval to reduce

accidents [1,2,5,6,7,8.9,10], but they have failed to
examine the fuzzy information presented to drivers.
However, this study will recognize the fuzziness of the
information and will apply fuzzy sets and logic to
analyze this information. Most of the selected fuzzy
variables in this study could be sensed concretely by
deteciors to provide a computerized signal system.
Such a computer system using fuzzy rule based logic
could analyze sensed fuzzy variables to select the
appropriate change interval timings.

2. Dilemma Zone

Imagine a driver passing through a signalized
intersection as the traffic signal changes from green to
yellow. The driver must make a decision about
whether to stop or to run through the yellow
light. There are many circumsiances when such a
simple driving decision becomes complex. For
example, approach speed and the time remaining in
the signal change interval are known to him only
approximately, based on his experience and feelings.
Then the imaginary line becomes "fuzzy" or it
becomes so thick that it degenerates inio a "zone,"
commonly referred to as a dilemma zone. Given the
characteristics of the intersection as following:
w = the width of the intersection , v = the prevailing
speed , ¥ = the signal change interval (vellow plus
all-red), ¢ = the driver's reaction time, and a = the
deceleration rate, where a= jg, (fis coefficient of
fricition and g is the gravita-tional constant).

We could calculate the "stop zone," which is a
distance far enough from the intersection for a driver
to siop when the yellow indication on. The formula
[1] for the stop zone is '

2
v
PR
Thus, ifthe yellow light turns on when the driver is ai
a distance longer than the siop zone from the
intersection, he should be able io brake his vehicle io
a safe hali. In a similar way, the "clear zone" is
defined as a distance from the intersection thai, if the
light turns yellow when the driver iz within this
distance, he should be able io run through the cross
siveet and clear it safely. According o current design
practice, the expression [1] for the clear zone is
D =v(¥~(w+L)/v)

+ v
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The concept of the dilemma zone is illusirated in

Figure 1. Mathematically, the expression for the

dilemma zone (D;) is

D,=D,-D,=v'/(2/g)+! xv—v(Y—(w+L)/v)
A change interval should ideally be set in such a

way that it would eliminate the dilemma zome.
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Figure 1: Iustration of Dilemma Zone

2.1. Fuzzy Model of Go/Stop

When a driver approaches an intersection, there
exists a point on the approach roadway before which it
is impossible for him to enter the intersection during
the signal change interval. Similarly there exists a
point beyond which it is not possible for the driver 10
stop. In reality, the driver's undersianding of his
situation is not clear. He can only approximate the
quantities of the parameters that affect the his
decision based on his experience. Among the lists of
fuzzy parameters are fuzzy speed, V; fuzzy stopping
distances, D, fuzzy clearing distances, D, fuzzy
driver location, x; fuzzy brake performance, B, and
fuzzy reaction times, R. Any distance greater than the
fuzzy set of stopping distances (D) is called a safe-
stopping distance (SSD). Similarly, any distance less
than the fuzzy set of clearing distances (D) is calleda
safe-clearing distance (SCD).Determining SCD and
SSD involves comparing crisp distances on the street
with the fuzzy sets of D;and D,. This task will involve
possibility and necessity measures, because that crisp
value compared with a fuzzy set can only be
determined to a degree. The possibility and necessity
distributions of SCD and SSD, with respect to the
distance from the iniersection, are specified as the
location of a driver where a clearing maneuver is
possible and the location of a driver where a stopping

maneuver is possible, respectively.

2.2, The Reasonable Result
1f the location of the driver (x)is greater than the
fuzzy stopping distance from the stop line, the vehicle
can -stop safely. We can define the membership
function of the safe stop to the location of the driver by
possibility (x> D, )Thus, if the membership function
of safe stop is denoted by U, then

U =0 ifx<E U, = Ftx) if x2E;;
where E, is a constant, ¢ belongs to (R,V, B).
Similarly, if the location of the driver is smaller
than the fuzzy clearing distance, the vehicle can clear
safely. We can then define the membership function
of the safe clear to the location of driver by possibility
(x<D). Thus, if the membership function of safe

clear is denoted by Uc, then
U.=0 ifx>E; U, =FVx)
where E, is a constani, V" is speed.

The driver's judgment that the condition requires a
stop or go action is based on two measures, the
stopping distance D, and the clearing distance D,

which are perceived as fuzzy. The driver compares his
location to the fuzzy values of D and D, in a

possibilistic-based or necessity-based manner and
takes an action. The reasonable schematic diagram of
the membership function of the safe stop and safe
clear are shown in Figure 2. Let x=location of driver;
U, (x) = The membership function of the driver’s
location in safe stop; U. (x) = The membership
function of the driver’s location in safe clear

ifo Ez,‘

1 Ue(@) Uy(x)
0 4
Stop line E, E,

Driver’s Location (Distance from stop line)
Figure 2. The Reasonable Schematic Diagram
of the Membership Function of the

3. System and Its Membership Furiction

The first step in designing the fuzzy logic control
system is determining the systems inputs. The inputs
are: speed of vehicles, traffic density, capacity, grade,
width of intersection, and location of driver. To
accurately represent the system or problemn, one must
include all the variables that drive the process.
However, the complexity of the fuzzy logic system
increases with the number of input variables. As such,
one must strike a balance or a trade off between
accuracy and simplicity. There are a number of
techniques available to reduce the complexity of a
fuzzy logic system.
(1) Using variables which are a combination of two or
more input variables e.g., the use of the variable C.F
(congestion factor) instead of two separate variables,
volume of traffic and capacity of intersection or
approach. (2)Prioritizing the input variables into
primary variables and secondary variables, whers the
secondary variables are used to modify the systeni. In
this research, there is a discussion about specific
application of knowledge-based expert system io the
traffic signal sysiems.
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The concepts of the system process are the following:
(1) The information of iniersection {reated as
secondary inputs (width and grade) is used to trigger
the different designed cases. (2) The combination of
primary input (average speed, congestion factor (CF),
and location of last vehicle) are detected in each cycle
of change interval and used to trigger the different
rules of each fired case. (3) The defuzzification of
trigger rules provide the appropriate change interval
(green extension, yellow, and all red). The illustration
of the systems process is shown in Figure 3. The basic
structure of a fuzzy rule-based system is shown in
Figured.
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Figure 3. Graphic Representation of System
Process
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3.1 Designing the Input Membership
Function
1. The Primary Inputs Membership
a.Membership function of speed and CF.

Vehicle speed is an important consideration in
highway transportation because it has significant
implication for the safety, comfort, and convenience
of highway iravel for motorist. To the fuzzy variable
SPEED we will assign three fuzzy values. SLOW -
vehicle moving relatively slow; MEDIUM - neither
slow nor fast moving vehicle; HIGH - vehicle moving
at or above speed limit. The degree-of-membership
function for SPEED are in Table 1. To the fuzzy
variable CFRATIO, we will assign three fuzzy values.
HIGH - congested or high density intersection, long
queues, MEDIUM - average, approaching
congestion, medium density, short intermitient
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queues; LOW - Low density, no queues, low delay.
The membership function for the CFRATIO for the,
various fuzzy values are shown in Table 2. The
membership functions for SPEED and CF are shown
in Figures 5 and 6,
b. Membership function of driver location

One critical variable is the driver location at the
onset of the yellow interval. In determining the signal

change, the distance from the intersection at the onset

of the yellow interval is used as a surrogate variable
for the true measurement of time from the
intersection. Therefore, driver behavior is analyzed in
two ways: (1) the time for the last vehicle to pass
through the intersection at the onset of the yellow
interval and (2) the time for the first vehicle to stop
[13].

To the fuzzy variable DRIVER-LOCATION we
will assign three fuzzy values. CLOSE - relatively
close to the intersection, MEDIUM - neither close nor
far from the intersection, FAR - far from the
intersection but within zone of detection. The degree-
of-membership function for DRIVER-LOCATION is
expressed mathematically in Table 3. Figure 7 shows
its membership function.

Table 1: Fuzzy Subsets and Membership
Function for SPEED (=SP)

FUZZY SUBSETS _|MEMBERSHIP FUNCTION

SLOW SPEED 1 - P $30
£(sp)={(30-5p) x(1/10)+1, 30<sp< 40
0 40 <sp
MEDIUM SPEED 0 p $25
£(sp) = (sp-25)x(1/15), 25<sp s 40
P)ZV(40-5p)x (1/15)+1, 40<sp< 55
0 55<sp

HIGH SPEED 0 sp S40

f(sp)={(sp-40) = (1/10), 40<sp<50

1 50<sp

Table 2: Fuzzy Subsets and Membership
Function for CFRATIQ (=CF)

FUZZY SUBSETS _ |MEMBERSHIP FUNCTION
LOW CFRATIO 1 CF 02
f(CF)=41.67-3.33VC, 0.2<CF<0.5
0 0.5<CF
CFRATIO MEDIUM 0 CF <02
i'(CF) - ) 333CF-067, 02<CF<05
2.67-333CF, 05<CF<038
0 03<CF
HIGH CFRATIO 0 CF 0.6
f(CF)={2.25CF-15, 0.6<CF<lL0
1 10<CF
i s —
g' 144 e —
g8 e
== = =
g °u 20 38 i 43 80 59
speed
l—d——l..ew ~Z~M edlom ~—w—High I

Figure S. The Membership Function of Speed
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Figure 6. The Membership Function of
CF Ratio

Table 3: Fuzzy Subsets and Membership
Function for DRIVER-LOCATION (=DL)

FUZZY SUBSETS MEMBERSHIP FUNCTION
CLOSE LOCATION 1 DL <75
f(DL)={133-(DL/22§), 75<DL<300
0 300<DL

_J-1/2+(1/150)DL, 75<DL<223
2.5-(1/150)DL, 225<DL <375

MEDIUM LOCATION 0 DL <75
f(DL)
0 375<DL

FAR LOCATION 0 DL <300
' f(DL)={(1/150)DL -2, 300<DL <450
1 450<DL
e o LN
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Figure 7: The Membership Function of
Driver Location

2. The Secondary Input Membership

We characterize the intersection by the grade and
the width of membership as secondary input to
modify the whole system.

a. The membership function for width

The ranges of intersection width for this study are
designed based on a number of factors including the
following: (1) lane width (between 10 to 12 feet), (2)
the presence (or absence) of a median (ranges from 2
io over 10 feet), (3) intersection curd radius, (4)
location of the stop line. A two-lane intersection
width with no median can be 24 feet or shorter while
an eight-lane intersection width including median
setback stop lines may be as wide as 120 feet or
greater.

To the fuzzy variable WIDTH we will assign two
fuzzy values. SMALL - three or less lanes across,
WIDE - more than four lanes across. The degree-of-
membership function for WIDTH are shown in Table
4. The membership function for WIDTH is shown in
Figure 8.
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Table 4: Fuzzy Subsets and Membership

Function for WIDTH (WD)
FUZZY SUBSETS IMEMBERSHIP FUNCTION
SMALL WIDTH

WD <20
f(WD)= (95/75) -(WD/75), vo<wo<95

95< WD
WIDE WIDTH WD <4
f(WD)=. (\VD/’,"*) (45/175), 45<WD <120
120<WD
'
0o
| P —
E 04§ el
02
'3 o _./ \._
20 70 9 120
Widis

Figure 8: The Membership Function of Width

b. The membership function for approach grade

- The grade of the roadway affects acceleration and
deceleration of all vehicles. In this study, we assume
the acceleration is not permitted for the downhill
situation. So we do not consider the down grade fuzzy
set. The positive grade can be as high as 7 % or 8 % or
more in certain locations. To the fuzzy variable
GRADE we will assign two fuzzy values. NORMAL -
not likely to decrease speed of vehicle, STEEP - likely
to decrease speed of vehicle. The degree-of-
membership function for GRADE are shown in Table
5. The membership function for GRADE is shown in
Figure 9.

Table 5: Fuzzy Subsets and Membership
Function for GRADE (=GD)

FUZZY SUBSETS MEMBERSHIP FUNCTION
NORMAL GRADE GD <2
f(GD)= (95/7*) -(GD/15), 2<GD<9.5
9.5<GD -
STEEP GRADE GD <45
f(GD)= (GD/'I'S) (4.511715), 45<GD<12
12<GD
)
§ o = T
0s
3 e \>.(
s A~
§ : / \ i
2 .8 : 28 12
Grade
[—o—torm et —m—steep |

Figure 9: The Membership Funétion of Grade

3.2, Designing the Ouiput Membership Function

The sysiem has three outputs, YELLOW-TIME,
ALL-RED, and GREEN-EXTENSION. Like the.
input variables, the output variables are expressed in
terms of fuzzy values. Three fuzzy values are defined
for each output variable.

For YELLOW-TIME, we have the following
fuzzy values, SHORT for shori chamge interval,



MEDIUM for an average change interval, and
LONG for long change intervals. These fuzzy values
are rtepresented by fuzzy sets which define the
degree-of-membership function are shown in Table
6.

For ALL-RED. we have created the following
fuzzy values. SHORT for provision of no all-red or
short all-red time duration, MEDIUM-LONG for an
average clearance interval, and LONG for long
clearance intervals. The degree-of-membership
functions for these fuzzy values are shown in Table 7.

Similarly, for GREEN-EXTENSION we have
created the following fuzzy values, SHORT for
provision of no green-extension or short green-
extension time duration, MEDIUM-LONG for an
average green-extension interval , and LONG for
long green-extension  intervals. The degree-of-
membership functions for these fuzzy values are
shown in Table 8.

The membership functions for these three outputs
are shown in Figure 10, Figure 11, and Figure 12.

Table 6: Fuzzy Subsets and Membership

Function for YELLOW TIME (=YL)
FUZZY SUBSETS ___|MEMBERSHIP FUNCTION
SHORT YELLOW ) YL <3

f(YL)= 4~YL, 3<YL<4
4<YL
MEDIUM YELLOW YL $3.5
«m. 14, 35<YL<3.75
f(YLy={1 3.75<YL$4.25
18-4YL, 425<YLs45
0 45<YL
LONG YELLOW L <4
f(YL)= YL 4, 4<YL<S
5<YL

Table 7;: Fuzzy Subsets and Membership
Function for ALL-RED (=RD).

FUZZY SUBSETS MEMBERSHIP FUNCTION
SHORT ALL-RED T(RD)=0
MEDIUM ALL-RED RD RD <1
f(RD)={2-RD, 1<RDs2
0 2<RD
LONG ALL-RED RD <0.5
f(RD)= (2/3)RD (1/3), 0.5<RD<2
2<RD

Table 8: Fuzzy Subsets and Membership
Function for GREEN-EXTENSION (GE)

FUZZY SUBSETS MEMBERSHIP FUNCTION
SHORT GREEN.EXT fG.E)=0
MEDIUM GREEN.EXT 1 GE <1
f(G.E)= ~7GE+3 1<GE<15
1.5<GE
LONG GREEN-EXT 0 GE 0.5
f(G.E)={2GE -1, 0.5<GExl
1 1<GE
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3.3. The Combination of Four Scenarios

By combining the WIDTH and the GRADE, we
have four scenarios which modify the system. They
are illustrated in Figure 13 below. The output
examples for two of the 4 scenarios are shown is
Tables 9 through 10.

Tt fuezzy vahe of vidhadgrade
Tarellvedh Famllvedh | Fwekwdh | Fwikwidh
aefriger aetiger aetigaT aeingeEr
Sommmine 1 Sogwming2 Sommmind Sozeainsd

Figure 13. Miustration of System Modification
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Table 9: Combination of Primary Inputs and
Output for Scenario 1(Small Intersection
Width with Normal Grade)

CASE | crram2 SCATION SPEED OREEN.ET YELLOW RED
i High Far High Long Lonz Long
2 High Far Medsum Long Long Long
3 High Far Slows Long Medium Long
4 High edism High Long Long Lonz
k] High edium e Long Lona Long
& Hich edium Slow Long fedium Long
7 High Cloee High Lona Long | Loma
8 High Close. Medium Long Aediumi Long
9 High Close Slow Long Short Long
10 edium Far High Medium Longy ledrum
1 edium Fa Medium edism Long. edium
1 edsum Far Stoar edium Medium editm
1 edium edium High edium Lorz ledium
4 edium edium fedsum ledrum Long edsum
3 tedium edium Slo= Medium tedivm lednum
[ Medium Closs High edium Lonz Medrum
7 Medium Close Medium ediym edium Medium
18 Medium Close Slow Medium Short Medium
19 Low Far High Short Long Shost
20 Low Fa Medium Short Long Short
21 Low Far Slow Short fedium Short
2 Low Medium High Short Long Short
23 Low Medium Medium Shot Medium Shont
4 Low Medium Slowr Shost Short Short
23 Low Close High Short Long Shent
26 Low Close Medium Short Medium Short
27 Low Close Slow Short Short Shont

Table 10: Combination of Primary Inputs and
Output for Scenario 2 (Small Intersection

primary variables. The general irend is that the
yellow inierval timing increases directly with the
speed of approaching vehicles and driver location.
Descriptive statistics of the all-red time for
Scenario 2 is shown in Table 16 for the secondary
variable (medium and wide intersection width). The
general trend is that the all-red interval timing
increases directly with the width of intersection.
Descriptive statistics of the green extension for
Scenario 2 is shown in Tables 17,18 and 19 for the
primary variable congestion factor (CF). The result
for speed of approaching vehicle (SP) and driver
location (DL), indicaies little or no variation across
these two primary variables. The descriptive statistics
support the traffic engineering practice of providing
green extension intervals based on the
degree of congestion.

Table 11: Simulation Run for Scenario 1 -
Medinm Intersection (90 ft)
and Flat Grade (1%)

o N Congestion Driver Green
Width with Steep Grade) Run Speed Factor Locatlem Yellow  All-Red  Extension
E‘LSE EFRATIO LOCATION Sm GREEN.EXT YELLOW RED
o s e . Long — 1150 0.9 100 4G38RRBY _ |1.43833333 | 1.545556
H 3 r P 2 40 0.9 400 4.6666067 1.5 1.6666667
High E Show edium
; ﬁi':_;i. e High _ 7o _‘_@"’ g 3 [ 08 400 41044445 114583333 |1.5555556
High Medism Nediom | _Long Long Long 4150 09 250 4.346634 11370353 1503838
High | Medium Stow Long edinem ong | s |40 0.9 250 4.532182 1,486255 1.63001
o et 6|30 03 250 4076106 1430689 |1.503838
High Close Long Cong 7 |50 0.9 00 4.491421 1.439338 514706
Medium | Far Mediurm I8l 09 09 4098485 |1.491477 643939
Medfmn :s' i o 130 0.9 160 3.732843 1.443015 514706
S e 10_{50 06 200 4638885 |1.229167 ___[0.555556
MeTam T 11_ {40 0.6 400 4.666667 __ 11.25 0.6666667
Medivm Medi
Medium Medix 12 130 0.6 400 4.194445 1.220167 0.5355556
Mcdfmn Close 13 |50 0.6 250 4.528817 1 0.4330668
: “;:“’“ ‘_{:”* 14|40 0.6 250 4501894 |1 0.5560154
> ST 15130 0.6 250 4.080515 |1 0.4530668
20 Low Far 16 |50 0.6 100 4,468759 1 0.458355
2. Low Fa 17 40 0.6 100 4.108329 1 0.5666972
= Low M'df"'" 18 |30 0.6 100 3.776028 1 0.4583551
2 lew ) Medum 19|50 03 400 4516566 [0.775 0.1333333
T e 70| 03 200 To3€EE0 1072016 fo.Llinill
2 Low Close 21 30 0.3 400 4.233333 0.775 0.1333333
3 Low Close 22 {50 0.3 250 4.423322 0.7172203 0.125109
23 |40 0.3 250 4,135239 0.6920402 0.1106037
24 |30 0.3 250 381617 0.7172203 0.1251059
4. Expertment Desion 25|50 0.3 100 4389881 |0.7142857 01190476
. p . g . 26 |40 0.3 100 4.067708 0.6875 0.1041667
Two scenarios were tested in the experiment. For 7 10 03 100 S 7as0l 107192857 101190476
each scenario all the outputs from the 27 different
combinations formed from the crossing of the Table 12: Simulation Run for Scenario 1-
primary variables (speed (SP), congestion facior Medium Intersection (90 fi)
(CP), .and driver location (DI:,)) were included in the and Flat Grade (1%)
experiment. The two scenarios are, namely: Congestion Driver Green
(1) Scenario 1 - Medinm intersection width and flat Run Speed Facter Locatle Yellow  AllRed  Extension
grade, %nd L . . E) 09 400 4038888 |1.4593333 1.555556
(2) Scenario 2 - Wide iniersection width and flat 7 [® 0.9 100 4666566 |15 16666667
mde 3 30 Q.9 400 4.194444 1.4583333 1.5555556
g : . . 4|50 0.9 250 4545634 |1.439685 1505838
The resulis of the two scenarios are shown in Table 5 |% 09 250 1532182 | 1.486255 1.630013
11 and Table 12. Detailed analysis of Scenario 2 is s 20 ool o e
presenied. Descripiive statistics are also used to g |4 09 100 Ja09ma8s 150477 1,643939
3 : s ]30 0.9 100 3.732843 1.443015 1.514706
describe the resulis of the rule-based fuzzy logic T T S VY TR 555535
stem. 11 |40 0.6 400 4.666667 1.3 0.6665667
Sy . e P . 12 {30 0.6 400 4.104443 1.438333 0.5555556
Descriptive statisiics of the yellow time for TRE] 5% 50 T 353050
Scenario 2 is shown in Table 13, 14, and 15 for the 13 {20 05 230 4301894 |1 0.5560154
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Table 12 - Continue

15|30 0.6 250 4080515 1 0.4530068
16|50 0.6 100 3.468759 1 0.458355
17 {40 0.6 100 4.108329 I 0.5666972
[l ED 0.6 100 3.776028 0.4583551
19|50 0.3 400 4.616668 115 0.1333333
20 140 0.3 400 1.638889 1.125 0.1111111
FTIE) 0.3 300 4233333 1.15 0.1333333
FHE) 0.3 250 4423322 1 0.125109
23 40 0.3 250 4.135239 1 0.1106037
24 |30 0.3 250 3816617 1 0.1251059
25 |50 0.3 100 1.389881 ] 0.1190476
2|0 0.3 100 4.067708 [ 0.1041667
27 |30 0.3 100 3,788691 1 0.1190476

Table 13: Descriptive Statistics of Yellow
Interval Timing by Speed

Speed 36 mpl 40 mph 50 mph
Mean 4.00 4.38 4.53
Standard Deviation 0.20 0.27 0.09
Minimum 3.73 . 4.07 4.39
Mazi 4.23 4.67 4.64
Range 0.50 0.60 0.25

Table 14; Descriptive Statistics of Yellow
Interval Timing by Driver Location

Driver Location 100 ft 250 ft 400 ft
Mean 4.10 4.30 4,50
Standard Deviation 0.30 0.26 0.22
Mini 373 3.86 4.19
Mazimum 4.49 4.54 4.66
Range 0.76 0.69 047

Table 15: Descriptive Statistics of Yellow
Interval Timing by Congestion Factor

Congestion Factor 0.3 0.6 0.9
Mean 4.24 4.33 4.33
Standard Deviation 0.31 0.30 0.32
Mini 3.79 3.78 3.73
Maxi 4.64 4,67 4.67
Range 0.85 0.89 0.93

Table 16; Descriptive Statistics of All-Red
Interval Timing by Width

Wide Width Small Width
Mean 1.22 1.08
Standard Deviation 0.23 0.31
Minimum 1.0 0.7
Mazimum 1.5 1.5
Range 0.5 0.8

Table 17: Descriptive Statistics of Green

Extension Timing by Speed
Speed 30 mph 40 mph 56 mph
Mean 0.71 0.78 0.71
Standard Deviation 0.63 0.68 0.63
Minimum 0.12 0.10 0.12
Sazimum 1.56 1.67 1.56
Range 1.44 1.56 1.44

Table 18: Descriptive Statistics of Green
Extension Timing by Congestion Factor

Congestion Factor 0.3 0.6 0.9
Mesn 0.12 0.52 1.57
Standard Deviation 0.01 0.07 0.06
Minimum 0.10 0.45 1.50
Razimum 0.13 0.67 1.67
Hange 0.03 0.22 017
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Table 19: Descriptive Statistics of Green
Extension Timing by Driver Location

Driver Location 100 & 250 ft 400 1t
Mean 0.72 0.72 0.77
Standard Deviation 0.65 0.64 0.65
Mini 0.10 0.11 0.11
Razimum 1.64 1.63 1.67
Range 1.54 1.52 - 1.56

5. Conclusion

This paper has shown that the use of a rule-based
fuzzy logic system for estimation of the change and
clearance intervals of traffic lights is feasible. The
fuzzy logic approach has many advantages over the
traditional model in estimating the yellow interval,
The fuzzy logic approach is not based on a
mathematical model and requires no analytical or
theoretical knowledge. Aside from this, the fuzzy
logic approach is flexible and lends itself easily to
modification. While the traditional approach yields
fixed values for the change and clearance intervals,
the fuzzy logic approach gives dynamic values
depending on the intersection and geomeiric
conditions.
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