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ABSTRACT
Analysis of Driver's Lane Change and Turning Behavior on Urban

&‘

~ Highways and Street Intersectlons y

LY

SHIV KUMAR VERMA - . N

, This study includes i) an-analysis of driver's lane change and signaling behav}dr on
urban highwayg and, i,i) an analysis of driver's'signaling behavior while turning at signagzcd
intersections. . ' . B '

., Analysis of lane cﬁangc and signaling behavior on urban highways iﬁcludcs
development of a mathematical model to dcpfct e safe lane changc‘ (SLC) distance be;tvgeén

the turning vehicle and following vehicles (in"same and in adjacent ldnes) on urban

highways. The model includes twp equations for computing SLC distanccs at different .

" speeds for different pcrccptmn-reacnon times. Dnvcr s lane change behavior is divided into
three zones: safe zonc acceptable zone, and rlsk zone. ThlS study also explores the
importance of signaling as well as the appropriate sxgnalmg time before a driver starts
turning to make a lane change. Field -data were collected to énalyzé the actual driver
performance on a given urban expressway with the help of the proposed model. v

Aﬁalysis of driver's behavior while turning at signalized~iﬁ'tcrsections includes the
stitistical and theoretical analysis of driver's §ignaling behavior, Statistical analysis c;(amines
- factors such as sex, age, light rphase, queu¢ position, type of car, nilmb?r of passengers,
presence of pcdes&ians, the ‘lam': turned to, and hour oi’dthe day usin§ one way ana‘lysis of
variance at 90 % confidence level. Theoretical analysis of signaling bel;avior was catried out
taking the speed of the vchicl’c as a major factor. Field data were collected and corflpared with
thc.thcor/ctical results. The results obtained give recomm tions to improve the law

regarding signaling distance given in the driver's handbook of\the province of New

Brunswick and other provinces of Canada. 2
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ABBREVIATIONS

L]

D= Distance travelled by vehicle B while vehicle A &avels from position 1 to position 2.

D, = Distance between vehicles A and B when A enters the adjacent lane(During moment

2). .o
; :
D, = Distance travelled by vehicle C while vehicle A travels from position 1 to'position 2.

¢

D, = Distance between vehicles A and C when A enters the adjacent lane (During moment

2).

»

Dy = Distance travelled by vehicle C while vehicle A travels from ‘position 2 to position 3,

. Dyc = Distance between vehicles A and C when A completes the maneuver.
: . <,
\ D, = Distance between vehicles A and C when A completes the maneuver.

Dy = Distance between vehicles A and C when A completes the maneuver. @

.n D = Minimum required signaling distance.

- A]

\ D51= Minimum required signaling dis,ténce for left turns during the green the light phase.
Dg,= Minimum required signaling distance for right turns during the green light phése.
Dg4= Minimum required signaling distance for left as well as rig%r:s during red light
phase. w . .
@ . F =F- Testratio. , i '
f = Coefficient of friction.
g - Acceleration of gravity.

L = Horizontal distance travelled by vehicle A between positions 1 and 2 or between



. N . i ,
T - ' '
~ 3
~ positions 2 and3. - | : o »
P =Probability.
R =Radius of curve. .
. -t = Time taken by vehicles to travel distance X‘(éiven belov‘v)'. |
o Tg = Signaling Time.'
V = Speed of the vehicle on urban highwéys. Also this isnspeed of the 'vqhiclc while
-~ c;rossing the stop line at an intersectioln.
k Vo = Initial speed of the vehicle at the n}émeng it starts dcccleréting. '
Vmax =Maximum speed a vehicle caﬁ/have while turning into an interstction.
W = Wcightidf the cars. . - 4
X =Distance travelled by the vehicle from the mément itAstarts dccclcratin:t)o the moment
" it starts turning into an intersection. - C
\:* Xg = SLC distancc? between vehicles A and B when A starts the maneuver.

N

Xc = SLC distanceé between _v.éhicles A and C when A starts the maneuver,

L]
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INTRODUCTION

. Since the beginning of the 20th century about three million peczplc have lost their lives
on roadways in the U.S. alone, and many millions more have suffcre:& injufies. As
_ population increases, traffic activities and accidents increase as well. Accident records
generated so far cleariy indicate the magnitude of the probiem on highways, roads, and
intersections. Most of the traffic accidents are caused due to driver's improper behavior. On
a TV serial known as "At the Wheel" ‘was shown by CBC (July, 1987) regarding the causes
of traffic accxdcnts It was found that 90 % of the accidents occur due to human errors.

There are about 160-180 million licenced drivers ih North America, but because of
the markedly different licence standards among the Provinces or Staics, thcrc‘ is a little
" homogeneity in the driving ability of these drivers. Most drivers received no formal trajning,
and those who did, received very little. By far.the bu}k of driving skill has been learned ona
_ trial and c;'ror basis. This means that thc;strcet facilities must accomodate all levels of

competence, ranging from beginﬁers to the most experienced skillful drivers. Therefore, it is

clear that adequate communication is required among the drivers on the roads, so that drivers,

: v/ith less than average skills and strength can successfully accomplish the maneuvers they.

wish to perform. t _

'Recently, the controversial issue‘o'f: changing the speed limit from 55 mph :o 65 mph’
has been approved in the U.S. fgdcral.legislaturc. This new speed limit is siightly higher than
the Canadian speed limit which is 100 km/hr or 62.5 mph, However, many states in the

U.S. still maintain the same speed limit of 55 mph because of safety reasons. With; larger




'

speed limit, the tigprovidcd for drivers to react toa potentially hazardous situation will be

reduced. Consequently, the risk of accidents for road users could be significantly
ix;crcascd , Y

Lane change movements, pamcularly on urban highways,and turning movements at
intersections mlght be the most frequcnt maneuvers with the risk of collision, In order to
complete the maneuvers safely, the drivers must clearly show their intentions to the °
surrounding drivers. Similarly not only signaiing prior to make turn or while changing lane
ah important safctﬁmactice, but also it is required by law in all prc)!vipces in Canada. | ,
However, communication among drivers is difficult because they are isolated inside the bl)d)’(
of the vehicle. Cbnceming the communication amoﬁ'g the drivers, vehicle signals are the, only

source of information available to other drivers about the driver's intentions, Therefore, '

proper lane change movements on urban highways and proper signaling while turning at /

street intersections can be considered important behavior of drivers. /
Li Revi ) /
vior

The overview of the previous research on driver's lane change and signaling bep

on urban highways and driver\s signaling behavior while turning at intersections indicates
that relatively little research has been done on this topic. A computer gsearch was °
performed by using the Transportation _Rc):search In}ormation Service (TRIS)/systcm. Also.a
manual search was coqductcd using the Psychological Abstracts contg.iﬁing all material \
published in the last ten years. " y /

Jamieson (1977) found tﬁat in écncral women yielded the rigbt'of way more often than
men and there was a gender- related intcracﬁon between the twd drivers facing each otiler.

That is women generally‘yiclded the right of .way more often to male drivers -

than to female drivers. Barach, Trumbo, and Nangle (1957) examined driver's signaling



El

behavxor mcludmg signaling or not, the direction of turn, presence of another car and sex of
dnver They found that the drivers sxgnaled more often when the preceding car mgnaled

They also found no sex related differences among drivers. Since this study was conducted in

1957, many of the tesults obtained may not hold up today, due to present day changed traffic

conditions.

Bristow, Kirwan and, Taylor (1982) classified drivers into two categories; safe and °

unsafe. They further classified unsafe drivers into "dissociative active” and "dissociative
passive" based on their overtaking behavior and whether they made use of mirrors. In
. \

. addition, Papacostas (1984) examined the signaling behavior of drivers and its effect oy the

following dn'i'cr's lane lane choicc This study showed that a considerable number of left

turners fmled to indicate thelr turns, this had a significant effect on the followmg through

vehxcles Also, lane change choice was affected by both the mergmg lane on thc far right side '

~and the traffic signal phase.

| The Fesults of the literature review indicate that no previously publis@cd paper has
studied the topic of drivcr’s; lane change behavior and signaling behavior on urban
highways.Those who conducted a study on signaling behavior concentrated only on the use

1

NA
or non-use of signals and itseffects on drivers.

-

Need for Study

The fatal accident reports from the, National Highway Traffic Safety Administration
{Transportation and Traffic Engineering Handbook, 2nd Ed., 1982] indicate that improper
d;iviné is one of the dominating factors cauéing accidents, Inadequate and improper lane
cha;lge and signaling behavior are major parts of improper driving. A study on driver's lane
change behavior on urban ‘highways and driver's signaling bchavio.r at iotcrscctions was

needed because there are two major problems. These are listed below:

-
.
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i) Vague information in the Driver's Handbook: -

The traffic manuals of 9 provinces in Canada state that drive(s fust anticipate the
_ potentially dangerous 1;10VCS of other motorist; and adjust their own speeds to maintain a
suljficieﬁ: distance to be able to perform the necessary safety maneuvers. They also state t;lat
, “the driver should signal for a sufficient distanice fo show his (or her) intentions before
making any movc[Dri\_ze'rs Har!di)ook, 1983]). However,a sufficient distance is a
considerably vague term for it ca;n mean different distances for different drivers. In the
Province of New Brunswick the law regarding signaling states that "the drivers must signal
coﬁtinously for at least the last hundred feet travelled” ("Motor Vehicle Act”, 1973). This is
an irpprovcment over the regu;ation's in the other Provinces as this is less Vagu‘e. But this
statement may be true only forwvehiclcs tra\;elling at low speeds. A high speeds, 100 feet -,
will be covered in a short time not giving other drivers enough time to perceive the situation.
ii) No published articles provide information about safe lane change and signaling distancés:
As discusgded previously, a study carried out on the published articles on driver's safg
lane change and signaling distances shows that they have not been given adequate attention
as yet. Also results of litcramr\f;eview indicate that the correct signaling distance before
making a turn is still unknown. ' , .
Obiecti IS
‘Duc to hig‘h traffic volume urban highways an'd street-intersections are important h
places conccmi;g the movements of the drivers. This study has been divided into two major
parts to understand the drivers' behavior and to provide recommendations to in{prove safety
for all road users. First part deals vyitli the driver's lane change and signaling behavior c;n

urban highways, and the second part deals with the driver's signaling behavior while

4



f .
turning at signalized intersections. Because -of the high speeds of the vehicles and the .

continous flow of the trafiic, lane chaﬁgcs are the most critical movements on urban
highways. Proper signaling is also important, but only required while changing the lanes. On
the other hand on urban streets the lane change maneuvers are not as critical as on urban
highways begause of the lower speeds of the véhicles and because of the small sections
between the street intersections. But turning into an intersection is a critical maneuver on
streets due to the interrupted traffic flow, opposing traffic, and pedestrians crossing the
streets. Therefore, proper signaling time or signaling 'distans prior to making a turn is
important to s'how intentions to other road users. Since, the traffic situation on urban
highways is different from, the traffic situ’gtion on the street intersections,
these two major parts of the study were analyzed using different methodologies.
. i

The major objective of this study is to understand driver's behavior so that safety

measures can be applied to reduce the risk of agcidents on urban highways and street ~

s

intersections. : \
: The spemfxc objectives | of the analysis of dnv::r 's behavior on urban hlghways are:
i) to identify problems.and needs associated with driver's lane change #@nd s:gnalmg
behavior; ' ;. \
ii) to déterminc the safe lane change distance between tuming and following vehicles

at different speed levels with variation in perception-reaction time, and

iii) to calculate the appropriate time to signal while changing lanes. -

: . ) ! ' . ’ 3 * 13
The specifiq objectives of the analysis of driver's behavior on street lﬁwmpctlons are:
"i) to identify the effect of - factors such as sex, age, number of passengers in the
vehicle, light phase, queue position, etc. on driver's signaling behavior while iliminf;

at signalized intersections, and
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\ .
ii) to find appropriate signaling distémce before tu;'rﬁng into an intersection while making a
right or left turn cons1dc9ng all the factors mcrm‘gned above. ' . ‘ \
This study concentrates only on urban highways and signalized intersections.

Urban highways in this study are highways across the urban area used mainly by Ty
commuters. These highwaiis usually have high variation in vehicle -speeds and traffic ,
volu&hbuiurin g diff/crcnt hours. The intersections which are coritfolled by stop or yield signs
are not included in”this study. Slgnahzed intersections probably represent the most important
locétion of accidents in urban /sti:cets due to improper signaling. This is because two ot more / N
streets share the same spaéé/of an intersection, and there are a several conflicts generate\d by

different traffic movements. . E .
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~ ANALYSIS OF LANE CHAI?I GE AND SIGNALING BEHAVIOR ON URBAN HIGHWAYS

L 4

! . l D! ﬁ .. i ) : .
In order to develop a realistic and s?ablc’ model of the driver's lane change

mptions are listed bclow:' T

behavior, three assumptions are made. The ass
~

1 Vehicles are travellmg about the centrc of the lanes; "
!
le circular curves of the

2, Thc lane change maneuver consists of two sim

is neglected for simplification); and;

3. The speeds of tumning and the following vehicles emains'constant for a

. R P .
short time during lané change maneuver ( i.e.from the

starts to make lane change to the moment it completes the lane change).

There are three definitions used for this study.They are: i

| 1. -Tuming Vehicle: A turning vehicle is one which is makmg a Iane change movement -
’ : ? to its adjaccnt (left or right) lane. o, .
2. Following Vehicle: A following vehicle is one which is followiﬁg the turning vehicle in ’

- the same lane, or in the adjacent lane into which the turning vehicle
. . . '

' is entering. .
3. Safe Lanc Change Distance (called "SLC dlstance" below) : The minimum distance
between thc turning and the following vehicle at ‘the beginning * of

: ‘ the lape change maneuver, so that the turning vehicle can enter -

thc; adjacent lane and complete the maneuver safely
v . T

Fn



e . .

D ﬁ LX) Ev‘ 3 ] ] .
" The model is developed consxdermg three vehicles in two lancs as shown in

Fxgurcl Vehicle "A!" is the turning vehi¢le, vehicles "B" and "C" are thc followmg vehicles

IS -

¢

*in the same and in thc adjaccnt lane, respectively. L
Whencver a vehlcle wants to make a lane change under normal trafflc condmons, it is
affected mainly by the vehicles following it and less by those ahead of 1t This is bccause the
drivers can judge the gap distance more accurately and can react to any changc in situation
quickér fc;r the vehicles ahead of them than for the vehicles behind them. Thcrcforc; a simple

" and common case involying three vehicles is considered.-

.
e

Figurel. - Lo ‘
These are:
1. The moment vehicle A starts turning;

-+ "2; The moment vehicle A just enters the adjacent lane with half.of its body in

"t ame fane and half in the adjacent lane} and,

|

3. The moment véhicle A completes the maneuver. e,

xﬁlso depiots the expected relativé positions of thé vehicles during the maneuver from

posmo 1to posmon 3.

Vanablcs shown in Flgure 1 are deﬁned as follows " '

(

xg = SLC distance between vchiclcs Aand B when A siargs the maneuver.

xc = SLCdistance between vehicles A and C when A starts the maneuver.
. ‘D, = Distance travelled by vehicle B while.vehicle A travels from position 1
’ to position 2. o ) . . K
b o ~ ¥
‘g . L4 3
1
b & .
“ . ) v .
[} o ) Y

The lane’change maneuver of vehicle A is divided into three key moinents as shown in
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"D, =>Distance travelled by vehicle C while vehicle A travels from po-sition 1
. ' - to-position 2. -
D,y = Distance between vehicles A and B when A enters t‘lfle adjacent lane
B o . o (During rfi@ment 2). o -
oo D, = Distance between vehiclés A and C when A enters the adjacent lane

o (During moment 2),

( : Dsc = Distance travelled by vehicle C while vehicle A travels from position

ke

2t03. . .,
D4q = D.istance between vehicles A and C when A completés the maneuver. . .
L = Horizontal distance travelled by vehicle A between positions 1 and 2 l

or between positions 2 and 3.
. The line of a::tion of ve;ﬁcle A during the lane change maneuver is shéwn in Figure 2 from
pc;sition 1 through position 3. ' -
. Q\@ccausc of the assumptions listed previously, the line of ac‘tion‘includes two simple
circular curves only: Oh a level wwad, only the side friction force between the tires and the .

P . - ', v
road is taken into consideration.The ﬁm adoptéd by the vehicle should be such that the

r. centrifugal force and the friction force counterbalance to avoid any danger of skidding.

On the verge "of skidding, - .

™

’ . Centrifugal force = friction force
o B wr s
. o gR y
. : . OR . ] T, L
( 5] * “R~=’vj . . , . . ! N
o o 5 ] . | ‘
v 'J e ' ‘ .=
where . g = acceleration of gravity (9.8 m/sec? or 32.2 ft/sec?) ; \
- ! R S
\.’-\ ¢



- f = doefficient of friction ;

. C
\ W = weight of the cars (newtons or lbs); -
) V = Velocity of the vehicle (km/hr)jand
R = radius of curve (meters or feet ).
Thus, o
\'& : .
R= Para Rin meters,V in km/hr. ' )

<
Therefore, he safe curved path travelled by a vehicle with velocity V should be of radius R,

From Fig. 2.
7 | M = One half of the lane width. .
. L= Length of the curve-
Therefore , L - JR- R- M)2 ‘ ).
The approximate lenéth of the curve éan be taken ~as: ‘
Le=JL2+M © S ¢
R [
" From (2) and (3)
ch\/Rz-(R-M)2+M2'
Simplifying above equation
Le=y2RM ‘ @
S’I‘CD; B hicles A ahd B ~ | , )
From Fig. Al: . |

Xp=D;p +Dyp-L )

2

D,y is the distance travelled by vehicle B while vehicle A travels from position 1 to2. |



Therefore D2y, ZM S )

1B B VA T -
* where Vg = Velocity of vehicle B; |

Va Vclocxty of vehicle A ; and,

+

![ 2 R M = Tlme taken by vehicle A from posmon 1o posmon 2 ,

A

D,y is the gap between vehicles B and A when veficle A just enters the adjacent

lanc The gap should be such that B can make judgement and have sufficient time to avoid

any collls1on Therefore, thc gap should be a mmlmum dlstancc equal to the

pcrccptlon-rcaction dlstancc s . —
Therefore ~ D,g= Vgt (6)
where t = perception-reaction time for driver B. ‘
From Equation (2),
t

2 2 T '
L=y R-M) NS
Combinirg (5),(6), (7) into the equation.for Xg
X = V. {i’RM: Vet - JRE ®R-M @®
A, '

Simplifying (8)

V, - . , .
XB=VE-,/2RM + Vy .t-of 2RM- M. )

Since M2 is relatively small as compared to 2RM ,
| " '

the magnitude of JZRM and yf 2RM - M’ are approximately the same



‘ L
i1 Y ‘ »
-1
. feud ’ . - AN B 2 .
‘ Letting K=y2RM = {J2RM-M ; ’

‘Equation (9) becomes ,

' . A SN T ‘0

] X§=(V—A-1)K+VB.1 i ) *(10)

Using ¢ the minimum ‘safe'radius, R, from Equatxon (1),an average lane width (w) of 3.64m

- (or 12ft )and a coefﬁc1ent of friction (f),

v v h \ - -

s, ‘ «' vz | . :
RM = [2. =AY
 K=y2RM \/;127.f ‘2 :

i. e

-

v, ; o
ﬁ ' ’ ) B - #
, .

.Thus, thc SLC distance betwecn vehjcles A and B can bc calculan:d as

-

X =0.170- (-—-1)+V , XB in meters dV Vainkm/h  (11)
% 7?— A, o ? MeIB, YAl . (

. ' ¥
* * 3
' . , " ! ' ”

It is necessary to derive separate equations for X, and X, because the effects of a

. " lane change movement in both. cases are différcﬁt. Awhc;wn in Figure 1, when vehicle A
' starts the lane change maneuvcr, vehlclc B is concemned for safcty, only whxle vehicle A is in

" the same lane. Once vehicle A enters. the adjacent lane, vchxcle B has less dangcr But for

vehicle C, the safety problem starts once vehicle A enters that lane. Vehicle A is out of the

. picture for vehicle B once velticle A enters the adjacent larie, but in the adjacent lane, vehicle
A is entering and joining the traffic stream; Therefore, the situation for vehicle C becomes
\ _different from that of vehicle B. e D {
w - ° . A ! o
™ \\“ o , R . ) .
A ' . . : '
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To determine the SLC distance between vehicles A and C, from Figure 1

N

XC=D;C+D2C-L

also
Byo=Dyc+Dye-L

4 -
f . ]
.

SO X .
Xo =D +Dye+D,c=2L (12)

D, and D, caf be determined in the same way as Djg and Dyp .
.

, Therefore D= Vo /2RM | . (13)
. . Va ' .

also D,.=Vc . JZRM o (14)
' . ' 'VA ) b .
As it is assumed that both curves in Figurel are of the same radius and length.

. The moment véhicle A finishes the lane change maneuver, the gap between vehicles

Cand A should still be sufficiently wide so that even if vehiclé A takes some emergepby

action, vehicle C would pcrce'i\{c and react to the situation. Therefore, the gap D, should be

4 —

) ) a minimum distance equal to the perception-reaction distance. ¢
, i Therefore D=Vt f o - (15) |
Where - . .
[ 4 ’ . .
. ¢ . Vo= Veloity of vehicleC; and, - '

- ' : t = Perception-reaction time for driver C .

t F
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Putting Equations (13), (14), (15) into Equation (12)
y X2V (B, ve o
A

v
c * / 2
or XC=2-V—AJ2RM +Vc.t-2 2RM-M
* As discussed previously, K = ,/ 2RM = ‘/ -M? =017 —-7.—-

Vc . ,
.XC=2(V—-1)K+VC..t ‘ ‘ ‘ (16)
. Fff ‘ A . )
] Thus, the SLC c!istance between vhicle A and Ccan be calculated as
' Vi Ve : . ' -
- Xc =0. 3407?- (-V—- 1) V..t Xcinmetersand Vg, V, in kmhr - (17)
. A - ’

E—.
D :
In order to gain insight into Equation (li) and (17), three cases (vher; Vg=Ve.ata

Q

canstant f value are demonstrated below:

Case 1: * VB = VC > VA '
V AV .
Thus, B €5
. . VA V/A

From Equations (11) and (17);'/we can derive the following inequality:

Xo > Xp ' ‘ o . (18)°
This'inequality indicates that the minimal gap between vehicles A and C should bc
greater than that between vehxcles A and B in order for vehicle A to complete the lane change

_ maneuver safely 'I‘herefore,when the. speeds of both following, vehlclcs are hlgher than the

speed of the turning vehicle, X is more critical than Xp.




Xp=Xc= Vp't = Vot = perception -reaction distance (19)

This case explains that as long as gaps Xp and X are equal to or larger than the

perception-reaction distance, the lane change maneuver is safe.~

Case 3: Vp=Veo<V,

Thus, Vg = Yo 4

VA  V, - L \

So,
VB

\ Vc
D= (¥ 0 .
" ) (" ).< .

®
™~

. In the case that Xp or X might be negative,which indicates that in this case

vehicle A can change lanes safely without any trouble.

Hencc;,ivhen Xg20and X~ 0,

Xc <Xp <ixrccption-reaction distance . ‘ —— K - (20)

" " In practice,vehicle A can "c'S—ompl"etc the maneuver safely when Vg=V <V, (Xp 20, X'C e

- ,' >0) is true. However, vehicle A should still travel a greater distance along the curve as
' ’ \ X .
compared to straight line distance travelled by vehicles B and C'in order to maintain a small

/

—~

gap in case of any unexpected emergency.



Coefficient offriction f depends mainly upon speed of the vchnclc,condmon of nrcs _

- and roadway surface.The coefficient of fricgion has been f)\&nd to decrease wnth increasing

initial speed. At hxgh speeds and on a wet surface, variation in f is very small . As a rule of

thumb, f is asproximqtely equal to 0.6 when the pavement is dry and about 0.3 when the

" pavement is wet{Papacostas, 1987]..

It can be noticed from equations (11) and (17) that the SLC distance is inversely
proportional to square root of f. Since the value of f depends upon vehicle speed, thc
variation of SLC distance with f valﬁg leads to the fact that a larger value of SLC distance is
required at higher speeds than at lower speeds.

Variati PPy " P.R Time"
Under average driving conditions the P-R fime is generally taken-as 1.5 .

sec.[Papacostas, 1984].The P-R time varies from driver to driverldcpepding upon age, sex

..and other factors. But on urban highways inside the city, the drivers are-under a lot of

. : L4
pressure during rush hours. The average P-R tine during these times is a fraction of a

second[Toates, 1972]. But for design purposes, taking into accoun{ the factor of safety, the
average minimum P-R time is taken as 1.0 sec.[Chan ands Thomas, 1987].

In this model, 1.5 and 1.0 sec. are tz;kcn as the two limits ot: thé P-R time. Below 1.0
sec. the driver is classified as an 'quick driver'; and above 1.5 sec., the driver is classified as -
ai.'slpw driver'; between 1.0 sec. and 1.5 s|q,c’., the driver is a ‘average driver'. Graphs are

drawn depending upon these values of P-R time and taking into consideration the speed of

thq{ollowing vehicles B and C i.e. Vg equalto 0.9V,, 1.0V,, and 1.1V, as well as V¢
- . . ' y !
equal to 0.9V, 1.0V, and 1.1V, respectively as shown in Figure 3 to Figure 8. The

figures are drawn taking average lane width_of 3.64 meters (12 ft.), coefficient of friction




i

£=0.30 (under wet conditions).
Eff £ p ion-Reaction Ti

In Figure 3 through Figure 8, the lower line and upper line are drawn using a P-R
titne of 1.0 and 1.5 sec., respectively. These two lines divide each graph into three,

zones. Three zones have been identified as shown in the ﬁgun;s in each category. The three

P
“

v

zones are:
i) Safe zone; . ‘ _ :
ii) Accepxablé zone; and |
iii) Risk zone. ‘
Jhesafé zone is the zone above the line that was drawn u’sin gva P-R time of 1.5 sec.
The gaps between the lead and the followihg vehicle within this zone are large. These gaps
* wi'llL provide the driver of the following vehicle (i.e. vehicle B or C ).with at least 1.5
. seconds to perceive and react to the lane change maneuver of the lead vehicle (i.e. vehicle A )
. at different spécds. Thus:,cven if the driver of vehicle A does not signal or the driver of
vehicle B or C does not perceive the signal before vehicle A starts the lane chang;e
. ‘\‘movcmént,thcre is still time and dislance for the driver of vehicle B or C to take proper action
to prevent any collision. However, this situation is difficult for drivers to achieve on urban
highways, particularly ;luring rush hours.

"~ The accepta'blc zone is the range between the lines of 1.0 and 1.5 seconds. The gaps
within this zone are smaller than those in the safe zone. These gaps provide the drive-r of
vehicfc B or C-with 1.0 to 1.5 seconds to react to the lane change movement at different
speeds. The P-R time of 1.0 to 1.5 seconds is appropﬁate for drivers on urban highway; to
take proper action. Thué, if driver A signals for an appropriate length of time before he starts

the maneuver, driver B or C should be able to take adequate action to avoid a collision.

Hence, any gap within this.zone is acceptable for most drivers.

-~

o
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The risk zone'is the area below the 1.0 second line. The gaps within this zone are so
small that driver A provides driver B or C.with less than 1.0 seconds to react to the lane
~cha1)1ge movement at different speeds. Thus, if driver A does‘not show, his ;ntentions by
signaling for an appropriate length of time, there exists a high risk of collision. Hence, quick
drivers might fall in this zone, as they make sharp tums.

Sometimes driver A is in the process of completing the Iane change maneuver, and
then realizes that the dlstance between his(or her) vehicle and vehlcle C is too short to
‘complete the maneuver safely and decides to remain in the same lane It might be difﬁcult for
driver A toreturn to the same lane because the gap between his(or her) vehicle and vehncle
B, at that moment, has become too short to return. At this position the driver can neither
continue in the same lane nor change lanes. This can be termed as the "dilemma situation”.
Such a situation can occur if the lane change movement is carried out in the risk zone.

" The problem just explained zib:)ve brirés up the need for appropriate signaling on

A Y

highways, particularly for the cases in the risk zone. The model was developed assuminf; the

worst condition, i.e. when the drlver does not 81gna1 before starting the lane change

maneuver

The use of signals should be s1/ h that the following drivers have suf ficient time to
understand the driver's intentions and can react to the situation accordingly. Therefore, before
the driver of vehicle A starts turning, he( or she) should signal for a minimum tirr;e equal to
the P-R time. For safety consideration, the P-R time in this section is taken as the surﬁ of the
P-R time of both drivers B and C .The sum of P-R time is proposed, considering 'the fact that
the drivers in the adjacent lane, far from vehicle A, and coming with high speed, will have
adequate time to perceive the situation. Greater P-R time of two drivers with some factor'BY

safety could be taken, but how much safety should be considered, has not been defined.

'
o

y | '

‘o
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Thus, the driver should signal for at least the sum of the two P-R times before turning and

should signal continuously until the centroid of the vehicle reaches the dividing line between -

the lanes. Therefore, the minimal signaling time (Tg) b(eQre vehicle A starts to turn;

. " Tg=tg +tc sec. : : QL
' where

tg =P-R time for driver B; and,

; ‘ tc = P-R time for driver C. |
Bascci on the P-R time this study ’recommcnds that there can be three cases as explained ,
below:
. Qasﬂ If the driver is in the safe or acceptable zone ,
tg +tc = 10 +1.0= 2.0 seconds.

This means that driver of the vehicle should signal at leagt 2.0 seconds before séarts
to turn. }n this ca;se, the P-R time for each driver is taken as 1.0 sc;cond because the
vehicle is already in the safe or the acceptable zone, and it just needs to show the

~ intention of turning. - . ‘ : '

Case 2: If the driver is in the risk zone and the gap between the turning and the followix;g
\dfchiclg > js small, the driver should signal continuously until he (or she) gets a ’

sufficient gap to make the tum safely. By signaling cc’mtinuous'ly; the situation can

be changed. from the risk zong to the acceptable zone. The reasons are:
i) 'Vcl_l’iclcls B ar;& C 'migint slow down and provide a longer gap;and,

“ o i1} The P-R time will be reduced to a smaller value because .while observing

. o }‘ | the signals, t};e perception time of the following drivers (B and C) becomes

. smaller and only the reaction time will constitute th;: major part of the P-R

time.
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Cas& 3: If the driver is in the risk zone and in a " Must turn" condition, i.c., the driver has to
pe

“furn (e.g. if driver has to take an exit ), t}}en the driver should signal at least ;
Jdgtte=15 +15=30 seconds
Notmally, driver A should continue ‘signaling until vehicles B and C slow down and
provide a gap within the acceptable zone. But if vehicles B and C don't provide a gap
then driver A should signal at least for 3.0 seconds This sxgnafmg time wnll reduce ’ *

the required P-R time of the followmg drivers to a smaller value, and hcncc thc risk of )

+accident can be reduced.

23 APPLICATIONS OF THE MODEL
Maior Applicati “ ]

The developed model includes Equatlonsr(l 1) and (17) which can be used to determine
the SLC distances. The goal of-this study is to improve driver's lane change and signaling
‘behavior in order to reduce the risk of highway z_xccidents. The major applications of the
dcveloped modcl are discussed below |

i) Evaluatlon of Driver's Performance in Lane Change and Signaling Mancu\ ers. .

In order to prevent highway accidents, government authorities can use the dcvcfopcd
| . m?del-u‘»eeleulate the safe lane change distance under current driving situations such as
speeds an® weather conditions.The actual lane change distance and signaling time of drivers
can aiso be measured 0;1 the highway. By the comparisons of actual and safe lane change

distance,the percentage of drivers falling into each of three categories--the safe

zoné,acccptable zone,and risk zone can be obtained. Furtlicrmore, the percentage of drivers
did not signal, ‘signaicd for insufficient time, and signaled for sufficient time can be

calculated. - ~

» ‘ A

"This study provides an example of data collection and an example of data analysis.They

)
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are discussed in details in the next twb sections.The purpose of the examples is to illustrate
procedure not only for collecting necessary data in the field, but also for analyzing the
data. The results of the data analysis will be a good indicatiori to identify the potential risk of
accidents due to the driyer's lane change afid siénaling maneuvers at any particilar ‘highway
or segment of the highway. In addition, the results .of the data analysis can also be used for
before-and-after study in order to evaluate the effectiveness of any safety improw;e‘inent
project.
ii) Education and Trafﬁc Regulation Enforcement. . . ‘
Government authonties can use the developed model to create the awareness among
drivers about the significant change in SLC distance due to the change in vehicle speed

pavement condmons, and perception-reacuon time. For example Table 1 prowdes the values

of SLC distance. between vehicles ‘A and C at dlfferent speeds and with variation of

L4

coefficient of friction, assuming that vehicle A is turning to the faster traffic lane and Veis

<

equalto 1.1 V,, In Table 1, the P-R time of 1.5 second was taken considering the average

. drivers. From Equatiens (11) and (17) it can be noticed that in general, SLC distance X >

. X . From the datacollected for the example discussed in the next section, it was observed

LY

that the ratios of speeds of most vehicles (i.e.Vg/V,and Vo /V, ) varied from 1.0 to

1.1.Therefore, for the safety considerations chnation (17) with 'VC/ Vu= 1.1. was used to
calculate values g’ﬁu‘enin Table ¥, If vehicle A is turmng to the slower traffic lane, then the - '
SLC distance values provxded in Table 1 could be smaller However, in order to make a safe |
lane change at any nme, this stuﬁy recommends, the drivers should assume that the -
following vehicles are travellmg with greater speed or can aceelerate any moment.

Also the part of study camed on the signaling behavior suggests that the drivers should



o
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signal 2®6nds before turming.This rule can be enfoi-ced\to improve the-performance of

drivers aiid hence to improve safety on urban highways. Traffic signs. /c3n also be posted ’
.. e - . . \ ’ s

indicating the minimum distance, the drivers should keep with other vehicles during wet and

. * .. .b i - Q
dry pavement conditions in order to carry out safe lane change maneuvers.

5

c, ) ’ e .
"The data were collected on secuons of Dcc e expressway between-Van Horne and -

\
Vezina streets in Montreal Canada This Expressway is an open-channel type of urban

hlghway Itis a dmded two way hlghway with three lanes in each dxrectlon A video camera
was used to record lanp change movements . The video caméra was mstallcd on one of the
bridges on Van Home Street. The c%ata were collected during the morning and afternoon

" non-rush hours, as well as evening rush hours in order to have different levels of vehicle
N . : ‘ o v '
speed. - ' o

B ! Va

The following méasurements were taken: B

i) Distances-between the lead vehicle and the following v‘chiclc's (in the same

and in the adjacent-lane) the moment the lead vehicle starts the lane change
: . , : 4 * ¢
maneuver; f ’ X

o =

iiy Velocities of the lead vehicles and the following vehicles;and,

o

I'd

iii) Length of time the lead vehicle signaled before starting the maneuver.
To determine the velocmes of the vehxcles the sxmple pnncxple of dsstancc/ume
was used The length of the whxtc stripes consntutmg the dividing line between the two lanes |
\and the gaps between them were measured at the time the data were collected. To determine

' the velocity, the vehicle is stopped at one point by pausing the videotape usingthe remote

control. At this point, the stop watch and the vidcotapc are. starfcd at the same time and

+  paused at another point on the screen The distance between these two points xs calculated by

. countmg the number of white stnpes and number of gaps between the whnte stripes. The time

° u
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- : - .
:. is recorded from the stop watch: In this mai?n}ﬂm@locity of each vehicle can be calculated
~ by dividing the distance by the time. The process is repeated three to four times in order to
assure accuracy. . ' ) .
~  About 300 lane change movements were analyzed from recorded videotapes. The
" distances rqca‘surpd from vodeo tap~c‘ recordings were plotted on graphs (Figure 3 to Figurc-
- 8) ac_:cofding to thq different speed levels. Tl;csc Figures are graphs plotted bctv(zeen ‘XB and -

-

velocity QA (Figure 3 to Figure 5), and between Xc and velocity V, (Figure 6 to Figure 8),
ré%c{ively“ , ]

?thnce thc‘mbdel c:ievelopf:d in th§s study is used to analyze th;a performance of the
“drivers, t}ferefore, f valug was used depending upon the average vehicle speed and sfxrfacae
conéition at the time of data"collcction. At the time of data collection the road surface 'was wet
due to \fnow and rain,maﬁd aver?gc speed of vehicle was 70-100 kﬁﬂhf(gppx.45-60 miles/hp)v,)

ktl{ercforc: a constant value of f=0.3 was taken. |

LS [ . ¢

¥ ‘
» . From the data plotted in Figure 3 to Figure 8, it was found that of the total lane
change maneuvers recorded,12% were in the safe zone and 75% were in the acceptable zone.

Therefore, out of éOOﬁdri'vers, 87% made the safe lane change maneuver and 13% made the
o , : :
"aggréssive or unsafe maneuver. Although, there were no accidents in the field, the potential

risk of-an accident for these‘drivers in the risk zone was always present.

4

Out of 300 vehicles obsérved, ‘152 (51%) fa}led to signal while changing lanes. Of

»

the 49?5 who signaled, 3.3% signaled for 1.0 sec. or less, §.3% signaled between 1.0 and
2.0 sec., 3.7% signaled between 2.0°and 3.0 sec. but;less then 3.0 scc.,andé}]% signaled

more than 3.0 sec. These data ir';dicatc that J;;f the 49% who signaled, 12% failed to-signal

?propcﬂy. From the overall observation, it was found thag 63% of the drivers’did not signal or

4 ’j’)
R

‘
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failed to §i§xg'for an appropriate length of time.

& . '

-t
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ANALYSIS OF DRIVER'S SIGNALING BEHAVIOR WHILE TURNING )

P AT SIGNALIZED NTERSECTIONS -

LY

3.1_STATISTICAL' ANALYSIS OF SIGNALING BEHAVIOR

EXPERIMENTAL DESIGN AND DATA COLLECTION
Thésite selected for this study was the intersection of Sherbrooke street and Atwater

avenue. The intersection (Figure9) in both directions containcd three lanes : a right turn lanc,
a through lane and a left turn lane. Both left turn and right turn vchlc}cs were obscrved
Prior to beginning the expenment a distance of 60 meters was mcasux’cd from the stop line
away from the intersection. Every 10 meters was marked off with red tape for visibility
purposes. The observer was situated on thg corner of the intcrscction. from where itv was

possible to observe the traffic.

Data were collected for two weeks. 395 vehicles 'were‘ surveyed for left turn and 400

vehicles were surveye‘i for right turn . The were analyzed by ANOVA -using the

' S_tatistiéal Package for the Social Science (SPSS) program. The independent factors
‘examined were: 1) position in queue, 2) traffic light phase, 3) type of car, 4) sex oi the
driver, 5) number of passenger on the car, 6) age of the driver, 7) lane the driver turns to
after makmg the turn, 8) numbcr of pcdcsmans crossing the streets and, 9) hour of the day,
All factors were the same in the left tum and the ngtt turn experiment except factor 5) which
was investigated for nght turn only, and factor 8) which was investigated for left turn only.
Combined analysis was zilso done by combining left turn and right turn ciata to confirm the
signiﬁearice of all the factors except for factors §),7), and 8).

The Signaling distance was measured from the stop line to the point on the street at

-

~

1
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which the driver first puts on the signal lights. This was divided into 9 possible values: -20,
-05, 05, 15, 25, 35, 45, 55, and 65. For all possible values the midpoint of the pafticular ,

category of signaling distances was assigned to the driver. For example if a driver signaled

between 10-20 .meters into the intersection a value of 15 was assigned as the signaliﬁg
distance. Therefore, for drivers who signaled at approximately 0-10 meters after passing the
stop line of 'txhc intersection a value of -5 was assigned to them. Furthermore, -20 was the
value assigned to drivers who did not Signal at all. This value was used because not signaling
at all is the same as signaling after crossing the stop line on the other approach. 20 meters
was ‘the approximate curved diagonal distance bet.w;en the stop lines on Sherbrooke and
Atwa’ttcr streets as shown in Figure 9. This study compares the significance of the factors on
sigha{ling distances for right turn and for left turn. Therefore, for consistency, value of -20

was also provided to those drivers who did not signal at all during right turn.

The signaling distances observed at the intersection were analyzed only to

determine the effect of the factors mentioned previously. An F-test was carried out to

identify the significance of these factors. The F-ratio i.e. F(vb, V,) shows the degree of (

freedom bctwcen groups (vi), and within the group (v,). The data were collected from the

actual traffic'and there was no control on any of the factors. Because behavior varies
ividcly from person to person, only a 90 percent level of confidence was
considered for determinig the significance of then'fa-ctors. The results of the data .
analysis are discussed below. '

[ ] » ) N he]

It was hypothesized that the signaling distance would not be differerit depending on

the car's position in the queue. That is, the signal distance would be greater as the position in



the queue increased. A one way Anova was performed comparing thc*;i'gnal distance of
drivers according to their position in the queue. For both left turning and right turning
vehicles variance was not significant wi@ F(5, 389) = 1.66, P > .1, and F(4, 390) = .774,P
>.1, respectivelly.’ Also for combined data the variance was not significant with F(5,789) =

1.71, P > .1.This indicates that signaling distance is not siga;\iﬁcantly different for drivers in

the various positions in the queue, at a 90% confidence level. o '

Figure 10 illustrates the mean signaling distances of left turning and right turning
drivers, and for the combine& data according to their queue position . As it can be seen, the
signaling distance increases as the queue position increases for left turns and the opposite is
true for right turns. This shows that during left turns, the tendency of the drivers is to start
signaling as soon as the preceding car signals. The trend for right turns shows thz;t the reason
for this behavior may be because there is no traffic coming from the opposite direction, and
drivers do not have to\bé as careful about the opposing traffic as in case of left turns . Also
fo; right turns, as the queue position increases, the chance of confrontation with pedestrians -
decreases, and hence .the drivers tend to signal for shorter dlstanccs at hlgher queue
positions. Line for the combined data in Figure 2 shows that the overall tendency of the
drivers is to signal for longer distances as the queue positions increase. Howcvcr,\tue effect
of queue position is not"siéniﬁcant on driver's signaling behavior.

2) Light Phase
*

It was hypothesized that sxgnalmg dxstanccs would not be greater during thg green

]

‘light phase than during the red light phase. For left turns and nght turns the variance was
significant with F (2, 394) = 9.97, P << .1 and F (2, 399) = 146:63, P <<.1, respectively. .
Ats{ for combined da}a the variance was significant with F(2, 794) = 64.7, P <<.1. This
indicates that light phase is a highly significant factor which affects signaling distances.

Figure 11 shows the mean signaling distarce for left tums, riéht turns, and the
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combined data. During the greeri phase, the signaling distance is greater than during the red
phase in all cases. This result can be expected because durihg the green phase drivers are
travelling at hlghcr speeds and have less time to show their mtentxons, and hence signal for a

“longer distance than durmg thc rcd phase.

-

3) Car Type ,
An analysis of variance was performed to compare the sigpaling distanc'es of
different vehicle types. The vehicles that were included in the analysis were 1), small cars, 2)
large cars, 3) vans or pickups, and 4) trucks or buses. For left turns, right turns, and fof
combinc«i data the analysis wcr;: significant with F(3, 392) = 2.07, P <.1, F(3, 397) =
”3.5, P < .l,and F(3,792), P < .1 . This shows that the. vehicle type is a significant factor
affecting driver's behavior.” .
Figure 12 illustrates the mean signaling distances for each vehicle type. A¢shown in
figure, during all periods of time the mean signaling distance is greater for 'trucks or buses'
’and for 'vans or pickups' than the distance for 'small' and 'large cars'. This may be due to
the actual size of the vehicle. The vans, pickups, ﬁcké and buses are bigger than both small
and large cars; therefore, they require more nQe to execute the maneuvers. Thus, they signal
carlier as they prepare for the turn.

Drivers of commercial vehicles are individuals who drive for a living; thus, they may

have more driving experience probably rﬁaking them better drivers.

7

4) Sex of the Driver

S

- - | Another analysis of variance was performed to compare the signaling distances of

male and female drivers. For left turns the difference was not significant with F(1, 394) =
415, P> .1, and for right turns the difference was significant w1th F(1, 399) = 14.27, P <
1. Rcs\ﬁlts obtained from the combined data show that the difference was significant with F

L Y
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‘(1, 794) = 4.2, P < .1. This shows that sex is a significant factor affecting signaling
distance.” - : ' \
Figure 13 reveals that the mean signaling distances for male calri\;ch is greater than
for female drivers during left turns and the opposite is ii‘uc for right turns. The results °
;>btaincd from the éombined data shows that females signal for longer dismncés than males.
This finding is similar to the results seen in other studies whcré women generally comply
more with traffic regulations and are less likely to take risks when driving ( Bararach,
Trumbo, and Nanglcl, 1957 ). Although, the driving education, rules, and regulations are
applicable for both males as well as females, there is a difference in their signaliné behavior.
Therefore, sex has significant effect on driver's signaling behavior.
S) Passengers In The Car
“An analysis of variance was, performed to’cqmpare the signaling distance of
drivers with passengers ix"n the car and drivetg without passéngcrs. This analysis wa's done
only for left turning vehicles. The differ;r;cc was not significant with F(.1,198) = .6862, P
> .1, ~ | .
Figure 14 reveals the mean sign;ﬂing disﬁnces of drivers with or without p‘ésscngcrs.
Though the difference is not significant, the trend shows that the signaling distance is grca(cr
when there are no passengers in the car. This is due to the fact that the ﬁreséncc of the
. passengers diverts the attention of the driver. This findings also demonstrate that the overall
concentration of driv;rs in mﬁﬁng such routine varies in such a way tl}mi as signaling

,before making a turn is not adversely affected by the presence of passengers in the car.

6) Age of the Driver Lo 3

-

-An analysis of variance was performed‘!f&‘omparc the signaling distances of older

and younger drivers. Drivers were classified as young if they were between 16 and 50 years

(Y
k]
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'ola, and drivers were classified as old if they were over 50. This judgment was based on a
: ‘visual inspection of drivers as tl}cy approached the intersection. Thus, it is only an estimate
based on certain distinguishing features of the drivers- such as hair, allure, and skin. This
analysis, was not significant during left turn with F(1, 394) = .098, P > .1, but the analysis
was significant during right turn with F(1, 399) = 4.6, P < .1. Results obtained from the
combined data show that the var\iance is signiﬁcant with F(1, 794) = 3.7, P < .1, and hence
age is a factor that affects signaling behavior.

Figure 15 reveals that.for right turns, for left tuns, and for combined data the mean
signaling distance for older drivers is longer than that for younger drivers. T}:is may be due
to the fact that older drivers c.;m be more experienced and less aggréssive. These findings are
similar to those found in other studies i.e. Bristow, Kirwan, and Taylof (1982) who foundf.
differences in the driving styles of older and younger drivers. They found that younge.r

drivers often made cognitive errors which involved taking risks such as speeding, and older

drivers were more likely to make cognitive errors such as not making a stop.

This one way analysis was performed to compare the signaling distance of drivers’
who turned into the center lane (the correct lane for left turns and incorrect lane for right
turns) and drivers who turned to the right lane (the inporrect lane for' left turns and correct
lane for ﬁght turns). For the left turn the difference was significant with F(1, 198) = 3.54, P
<.1, but for the right fum the difference was not significant with F(1, 198) = .29, P > .59.

Figure 16 illstrates the mean signaling distance for drivers who turned to the correct
lane and incorrect lane. Figure 8 shows that for’both left turn and right turn the drivers who
turned into the correct lane™ had a greater signaling distance than those drivers who turned
into the incorrect lane. Although this ﬁndin; was not significant, there is e; trend for the

" drivers who turn to the correct lane to signal for a longer distance than those turning to the
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incorrect lane. This may be due to the fact that the drivers who turn into the correct lane, are

" obviously more aware of the traffic rules and regulations.
a4

.
8) Number of Pedestrians

4
An analysis of variance was performed to compare the signaling distance of cars

-

when there were pedestrians crossing the street, and when there were not any pedestrians
. crossing the street. This analysis was done for right turns only. The difference was ot
significant with F(1, 398) = 1.67, P>.1.

Figure 17 illustrates the mean signaling dilstance of cars when there were pedestrians
crossing and when no Mﬂms wefe crossing. As can be seen the signaling distance was
greater whemspedestrians were not crossing th;m when they were crossing, but the difference
is small. Thus, presence or absence of pcdcstrians'is the factor which does not significantly
affect signaling distance of cars when making a right turns.

9) Hour of the Day L | )

Analysi‘s of variénce was performed to see the driver's behavior during peak and
offpeak haurs. The difference between pgak and offpeak hours for both left and right turn
was significant with F(1, 394) = 6.52, p < 0.1 and with F(1, 399) = 4.75, p < .01. Anaiysis
of variance done for the combined data shows that the difference between peak and offpeak
hours is absolutely insigniﬁcant‘with.lf(l, 794) = 037, p >> .1, N

Figure 18 ricvealg the mean signaling distangc for lc.ft turn, right tum, and combined
data during pca;k and offpeak hours. It can be observed from Figur; 18 that the¢ mean
signeiling distance for left turn is smaller during offpeak hours than during peak hours, while
the result is opposite for right turn. For the combined data thc’diffcrencc bctwe(;n signaling
distance during peak and offpeak hour is negligible. 'll”his shows that th; hour of the day has

little or no effect on driver's behavior. During rush hours drivers might have a tendency to.
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signal for longer distance than during nonrush hours due to heavy traffic and to the pressure

of getting home or work on time.
32 SIGNALING DISTANCE AS AFUNCTION OF VELOCITY

32,1 REQUIRED SIGNALING TIME

"I‘ablc's 2 and 3 give the mean signaling distances, standard deviations, F-ratios,
P-values, and the significance of the factors for left turn and right turn, and for combinc‘d
data respectively. The results from this study with a 90 % confidence fevel indicate that the
light phase, vehicle type, sex of the driver, age, and pedestrians are the major factors which
significantly affect the driver's signaling distance. It can be observed from Tables 2 and 3
that the average signaling distance varies from 4.0 meters to 28.0 mcte;s If the vehicles are
travelling at higher speeds, then signaling distances of 4.0 meters to 28 0 meters will gwe
the following drivers, pedesmans, or other strcet users, insufficient t1me So perceive and

react accordingly. Urban streets are full of hazards because of the different types of vehicles

' using the road and the number of pedestrians crossing the streets. Therefore, before turning

into an intersection, drivers should signal in such a way that the following drivers,
pcdestriaﬁs, and the traffic coming from the opposite direction can see and understand the.

driver's intentions. , X

?\ This study recommends that drivers should signal for a time lapse equal to the

perception-reaction time of at least 2.0 seconds (Pignataro, 1973) so that tlllc following
drivers can perceive and react to the situatior’in time. In addition drivers should signal for a
time lapse at least equal to 1.0 seconds (Pignataro, 1973) so that the opposing trafﬁc'anél
pedcsuiaﬁé can understand the driver's intentions. Therefore, drivers should signal for at
least a time lapse equal to 3.0 seconds before turning into an intersection. It is difficult for .

¥
drivers to measure the time while turning into an intersection, but it’is easier for drivers to

Y



. intersection. The driver should turn on the vehicle signals the moment he (or she ) decides

o 3 ' !

judge the distance of their vehicles from the stop line. Therefore, it is preferred to make

recommendations in terms of the distance.

322 MINIMUM REQUIRED SIGNALING DISTANCE

When drivers make a decision to turn, they start decelerating in order to make a safe
turn into an intersection. Therefore, assuming a constant deceleration rate, the distance’
travelled by the vehicle from the point it stagts decelerating to the point where it starts turning’

L4

into an intersection can be given as :

Cox={ e )

where, . <
X = distance (meters ) travelled by vehicle from the moment it starts decelerating to the
momeht it starts turning,
V= speed ( meters / sec. ) of the vehicle when it starts decelerating,

V= speed ( meters / sec. ) of the vehicle at the point it starts turning into an intersection,

and;

t = time ( seconds ) taken by the vehicle to travel distance X.

In this study, the stop line is considered to be the point where vehicles start turning into an

to make zi turn. Therefore, the driver should start decelerating and signaling at the same time.”

As mentioned before, the driver should signal for at}east equal to 3.0 seconds. Therefore,

~

the minimum required signaling distance in meters. Dg » can be given'as :

’
/
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There are several factors which affect driver's signaling behavior as found from the
¥
statistical analysis described previously. Light phase is one of the highly significant factors,

minimum required signaling distance depending upon the traffic light phase is as explained

=)

below.
(A) Mini Required Sienaling Di Durine G P :1
a ) Left Tuming Vehicles :

While approaching the intersection dur@\ng green phase:; the speed of the vehicle is
~ higher. Due to the high approaching speed, the rate of deceleration should be smaller so that
driver can turn into an intersection without skidding and also he (or she) should l;e able to
stop the vehicle completely when required. It was observed from the lrat:fic at Sherbrooke
~ and Atwater intersection that while turning into;he intersection, the ‘speed V at which drivers
cross the stop line varies app;oximately from 20 km / hr to 50 km / hr. This variation in

speed depends upon the presénée of pedestrians, queue position, opposing traffic, geometry
of the intersection, and initial approaching speed V, of the vehicle and it can be different at-

different times of the day. Geometry of an intersection is a majo; factor whif:'h causes
variation in speed with which drivers tross the stop line. “This is because at some
intersections, the streets cross each other at approximately 90 degrees and hence forcing
drivers to sldw down to make a safe tum. - . ‘ J H

The estimated value of the radius of the curved distance aldﬁE which vehicles made
left turn iptq Sherbrooke and Atwater intersection was about 30.0 heters. Therefore, the

maximum speed at which vehicles should tumn into the intersection safely-an be given by :

- ®
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Vmaxt [127x30x _ ‘ (24
. where, ) S b

Vmax = ma;imum turning speed in km/ hr, and;

f = coefficient of friction.

=

. Since, all the data and measurements were done under dry conditions of pavcmcnt and the

4

varlations in the vehlclc speeds were mgmf:cant a constant value of f cqu,al to 0 6 was
taken. Therefore, from Equatlon (24); o
Vmax = 50.0 Km/hr. , | - -

Therefore, substituting speed Vmax for speed V in Bquanon (23), the minimum required

sighaling distance in meters for left tummg vehicles durmg grcen phase, Dg, , is given as

. ¢ M ' A
follczws ; o~ ) . -
Dg = Mo+ 50.0 4 4 )
) , {————2 } (25)
b) Right Tumning Vehicles: -

‘For the right turning vehicles also, the approaching speed during the green phase is

i -

higher. Due to the high approaching speed, the rate of deceleration should be small to avoid

any sRidding , and also so ‘that drivers can stop the vehicle when fequired. From the -

observanon of traffic it was found that during the right turn, the spccd with which vehiclés
cross thc stop line vancs from 10 to 30 Km / hr. This variation in speed is smaller as
compared to the left tummg vchlcles, but may changc from umc to time. This may be due to
the fact that right turmng vehicles ‘are in close confromatmn wnh the pedestnans*and also
Q prcsencc of bus stops near the intersections reduce the tummg spccds of thc vehicles

sngmﬁcantly - . s )

« .
.
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The measured value of the the radius of the curved distance along which the drivers

turned into the intersectian durmg right turns was approximately 15.0 meters. Therefore,

maxnmum speed with which dnvcrs should turn into the mters&tlon can be glven by ;
3

] / -
Vmax= J127% 151 26)

For f=0.6 under dry conditions;

Vmax = 35.0km/ hr. .
- L4
Therefore, minimum required signaling distance in meters for right turning vehicles during
green phase; Dg, , can be given by ; .
, ‘Dsz;{vo+235.(')}.3 . . . 727)

(B) Mxmmmﬁmmmd&mhmﬂmmnng&dfhm

When the'drivers approach the intersectior' during red phase, the rate of deceleration

)

should be such that they can stop completely before the stop line. Since drivers have to stop
before the intersection at the red phase, therefore, the speed of the vehicle V with which it

- . . \ - . » X
should cross the intersection is zero. Minimum required distances during red phase for left
X \ . . o . ~' ° 4_\
turns and for right turns, Dg 5, are the same and can be giveﬁ‘by :

—-‘?‘v . t.
Ds3 —{—2"—}- 3 A (28)
¢ ¢ 4 * \
. . . - A . ) - ’{\
(C) Conclusion : : S ' '

It c;m be noticed from EquaﬁonS'[Zé], [27], and [28] that the minimum required

signaling distance during the green phase is higher than during the red pha'se.lThe same |

-
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“result was found from the statistical analysis of factors as explained previously. Also, it can
be noticc;.d from Figurcl3 that for left turns as well as for right turns, the \si,gnaling distance
during the green phase was higher than the signaling distance during the red phz'isc.

For safety considerations, the minimum required signaling distances from

Equations [26], [27], and [28] can be given as follows : |
Mipimum required signaling distance = Max [ Dg;, D¢, Dg3 ] (29)

Table 4 gives the list of approximate minimum re:quircd sighaling distances based upon the

approaching speeds of the vehicles.

/

v
’
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323 RECOMMENDED SIGNALING DISTANCE .
. N e Q)

Tmepgsections are the point where a number of activities happen at the same time

such as thorough movements, left turns, right turns, pedestrians crossing the streets and jay -

walkers. Therefore, whilé approaching the intcrsection drivers have to be careful of all the

. movements going on near the intersection. Driver's mind is occupied in such a way that it is

difficult for the drivers to reme_inbcr the minimum required signaiing distance given in Table
4. Therefore, 3 simple rule as given below hgs 5een recommended for the drivers to make it
,e:asipr for them to signal property while making left or right turn ; P
Drivers should signal a distance ( in metérs ) approximately equal to the value of the speed
éf ‘t(zeir'vehicles (in km | hr ) before turning into an intersection.

Therefore as listed in Table 3, if drivers are driving at speeds of 50 or below, 40,
50, 6Q, 70, or 80 km / hr, they should signal for distances approxirhately equal to 30, 40,
50,-60, 70, or 80 rr;etcrs, respectively, before turning into an intersection. Values of
recommcnc}cd signaling distances are generally higher than the values of minimum rcquiréd

signaling distances except for speed'of 30 km / hr. At 30 km / hr the minimum required

distainceis slightly higher (3meters) than the recommended signaling distance. Since, the
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recommended signaling distances are the maximum values based upon equation [8],
therefore a difference of 3.0 mefers is negligible. Recommended values of the sigifaling
distances are given because, the drivers can look at their speeds, and can thén decide for how
long should ihcy signal before turning into an intersection. Also it is easier for drivers to
.-remember that they have to siénal for a distance approximately equal to the value of speeds
of their vehicles. ' ‘ i
e

Data were collected in the field at the same intersection (Sherbrooke and Atwater
streets) to see how signaling distances vary according to vehicle speeds. Data from 400
vehicles were collected, out of which 102 vehicles did not signal at all or just signéled after
cro;sing the stop line. The other 298 data were plotted as shown in Figure 19. This figure
shows a olear trend that signaling distances increase With increase in speeds. Figure 19 also
shows a :'field curve" drawn to show thé average trend of the drivers according to the speeds
of thcir‘ vehicles. Another line called as a " theoretical line" in Figure 19 was drawn
dependingn;lpon Equation (-29). It was observed from Figure 19 that out of the 29'8 data
plotted, 198 wcré below the theoretical line. As mentioned previously, Figure 19 does not
include the vchiclgs which did not signal or signaled fpfter the stop line. Therefore, it can be
concluded that out of the 400 drivers, 300 (75’% ) did not signal properlj;. ’

As can bc observed from Figure 19, a few vehicles travel at a speed less than 20 km /
hr. Figure 19 shows that the ‘'field curve' becomes almost horizontal below 20km /hr ie.
variations in signaling distances are expected to be sﬁall at speeds of less than 20 km / hr.
The slope of 'field curve' in Figure 19 shows that above 20 km /. hr, signalian distances
increase with increase in speed. It is rare to have la speed less than 20 km / hr on urban
streets. Depending upon Equation (29), the minimum required distance at 20 km / hr is
approximately 30 meters. Also, at the speed of 30 km / hr t‘;le recommended. signaling

’
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distance i§ 30 meters. Therefore, it was recommended that at speeds of 30 km / hr or below,

drivers should signal for at least 30 meters before turning into an intersection.
® o

o v ~/
1. Light phas® ' _ /

. { »
While approaching the intersection when the light phase is greén, gcncra&ly drivers

do, not slow down and hence speeds-during the green phase are normally ‘higher than ihc
speeds during the red phasc’. The recommended signaling distances in Table 4 are given
based upon the variations in speeds during different light phases, and perception r'cac.tion -
time. Therefore, if drivers signal according to the recommended signaling distance as givén

in Table 4, there is less risk of collision. St -

2. VCthlC size : ‘
Drivers of the heavier vehicles should signal for longer distances bccause of the size
of theu’ vehicles. Also the size of the turn signals on heavier vehicles is relatively smaller
making it difficult for other drivers and pedestrians to see them clearly. Since, the
fecommended signaling distances are greater than the minimum required signaling distances,
therefore, if drivers signal accordiﬁg to the simple rule recommended, they can make safe
maneuvers. Also, other road users will have sufficient time to understand the drivg;r's
intentions. _ | ‘
3. Sex and age of the drivers : ) ‘ »

. »
Sex and age of the drivers are psychological factors and that are hard to control. A

S,

better education can be provided to young drivers so that they signal properly m order to
avoid colhsmns at intersections. Variation betwccn the signaling dxsénccg)t’or female and

1

male drivers will diminish if they:signal according to the simple rule recommended.

o
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32,6 JMPROVEMENT TQ THE TRAFFIC LAW OF NEW BRUNSWICK

' As mentioned previously, the Driver's Handbook in the proviﬁce of New Brunswick
mcnﬁt;ns that, drivers should signal for at least 100 feet (appx. 30 meters) before turning into
an intersection. It can be observed from Figure 19 that 30 meters is ah inappropriate
signaling di;stancc for speeds greater than 40 km / hr. In other wordé, this distance will be
govcred in a short time giving following drivers, pedestrians, and other users of the rgad,
insufficient time to make decisions. Figure 19 also shows the line drawn according to the law
of New Brunswick, and it can be observed that it does not meet the actual trend of the traffic.
Therefore, this study can be used to improve the traffic law for tlie signaling aismncc in the

province of New Brunswick.
- .
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CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

The major objective of .this study was to understand and analyse drivers'
/ behavior on urban highways and street intersections. .As ‘mentioned in Chapter I, urban
/ _ high\lwlays and street intersections are the places where importflt maneuvers take place due to
high traffic volume. | . ,
/ The behavior of dﬁver is different on urban highways than at streét
. intersectios due to different traffic situations. On urban highways, the lane change maneuvers
are much more critical than on urban streets because of the higher speeds of the vehicles
and continous flow of the traffic. Factors such as light phase, queue position, opposing
. traffic, and pedestrians etc. do not have any influence on drivers on urban highways. On the
other hand at street intersections driver's signaling behavior is more important.' On the urban ,
highways proper signaling is required to show intentions to the following drivers only while
changing lanes. On the street intersections adequate signaling is required not only to show
intentions to the following drivers but also to the drivers in the opposing traffic, and for the
safety of other road users such as pedestrians. Thouéh the analysis done in chapters II and
. 111 involve different approaches, but both analysis deal with the rsafety of drivers and other
road users. '
Conclusions drawn from the analysis dbnc on drivers' lane change and
signaling behavior on urban highways are :
- 1 | A matematical model was developed to determine the required safe lax;e o

change (SLC) distance. Equation (11) and Equation (17) are adequate to calculate the SLC

distance between the turning and the following vehicle in the same lane and the adjacent lane



respectively.

L

t

2. . Based on the proposed model, this ‘study divided the driv;r's lane chanée .
movement into three zones: safe zone, acccptablc.;one, and risk zone, as depicted ‘in
Figures 3 through 8. J /

3. _ Based upon the ‘driver's perception-reaction time, this st}/ldy recommends that
. drivers in the safe and the acccg;tablc zones shou?d signal for at lcast/ 2.0 sec.before turning,
The drivers in the risk zone should continue to signal until the fo{lowing drivers provide
them with a sufficient gap falling within the acceptable zone. If & driver in the risk zone is
uqder "Must turn” conditions, i.e. he (or she) has to turn, then he(or she) should signal for
at least 3.0 sec. before tﬁnﬁng. | -

4. From the analysis of the data collected on Decarie Expréssway, Montfeal,
éanada, it was found that 12 'I;crccnt of the - total drivers were in \hc safe
zone, 75 percent were in the acceptable zone, and 13 percent were in the risk z‘;)nc.'

5: From the analysis of the data 'collcctcd on Decarie Expressway, Moqtrcal,

Canada, it‘was found that 51 percent of the total drivers did not signal, 12 percent signaled
for insufficient time, 37 percent signaled for sufficient time. : f :

Conclusions drawn from the anlysis of drivers' signaling behavijor while turni;xg at
signalized intcrscctiopsarc . _ ‘
1L Light phase, type of vehicle, sex of driver, and pedestrians are the féctors
which significantly affect the driver's signaling distance while turning at signalized
intersections at 90 % confidence lcvcgl.._ -
2. Position in the queue does not effect signaling distances of the drivers at 90 %
confidence level, but the tendency of the drivers is to signal for greater distances at higher

queue positions.



3 It is a tendency of the. drivers to signal for greater distances at higher

abproai:hing speeds, but according to the data collected appoximately 75 % of
the drivers did not signal adequately. ° '
4, - Speed is one of the major factors which should be considered to decide the

‘signaling distances. Table 4 gives the minimum ;cquired siganling distances and -

recommended signaling distances for which drivers should signal at a particular speed before

~ turning into an intersection. A simple rule depending upon the recommended signaling

distances is given below, to makc it easier for the drivers to remember;

Drzvers should signal for a dzstance (in meters) approxzmately equal 10 the value of speeds (in
km / hr) of their respectwe vehicles before turmng into an mtersecuon ’

5. . Better education should be prgvided to the young dnvcrs regarding thc lane change
maneuvers and the signaling since they are more aggresswe and more likely to make )

dangerous maneuvers.

RS
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TABLE 1- SLC Distance Between Vehicles A and € at Different
. Speeds and Coefficient of Friction f* When ¥ =11V,

SPEED SLC DISTANCE
Ke/H |Miles/Hr § Wet Pavement ~Dry Pavement
(Appx.) Meters Feet " Meters Feet
50 -] 30 | 240 80.0 150 | 500
60 | 40 [ 300 | 1000 | 200 66.0
0 | 45 | 360 120.0 250 - | 830
80 .| 50 | 410 1350 | 300 100.0
% | 55 | 470 | 1sso | 3o o 1160
10 | 65 | 520 170.0 38.0 125.0
110 | 70 | 59.0 1950 | 420, | 1390
120 | 75 | eso | 2150 | 460 | 1520

* A Policy on Geometric Design of Rural Highways ( Washington D.C.: American
Association of State Highway Officials, 1965)p.136.
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'I:able 3: Summary ofMeaP Signaling distance for Combined Data

COMBINED
FACTOR ) , '
Mean s.d. F-Ratio P-Value Significant
1) Queue Position
1 13.3 214
2 12.8 19.5
3 14.5 19.6 . '
4 111 223 171 0.13 no
5 17.3 21.9
6 27.0 214
2) Light Phase .
a. Green 240 . 20.7
b. Red 77 18.4 64.7 0.0 yes
3) Type of Vehicle .
a. Small Car 130 20.1 ’
b. Large Car 117 21.5 4
c. Van or Pickup 223 23.1 8 0.0 yes
d. Truck of Bus 200 19.7
4) Sex
a. Male 127 20.1 ~
b. Female 163 203 4.20 0.04 yes
'15)Age
2.0 . 16.2 213 i
b. Young * 12.8 20.6 3n 0.05 yes
5) Hour of the Day !
a. Offpeak 13.4 21.0 '
b. Peak 13.7 20.7 0.04 0.85 no
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_Table 4 : Speed of the Vehicle Vs Minimum Required Slgnalmg Distance, and Recommended

Slgnahng distance

S MimnmmReqmred '. Recommended
mmr) Slgnalmg Distance ( Meters ) Signaling Distance ( Meters)
Jorbelow - 330 . 300,

40, ' 37.5 - 40.0

50 420 ° 50.0

60 460 . 600,

70 M 500 @~ ~ 700

| 80 T 550 ) "800
. _ —
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(1) Ve.hicle A starts turning.
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(2) Veh'lcle A finishes half of the maneuver. ‘
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(3) Vehicle A completes the maneuver.
Figure '1: Three Key Moments of Vehicle A Completing the Lane Change Maneuvel;. :
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. Figure 3 : SLC Distance Between A and B Vs Speed of Vehicle A When Vg =09V,
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Figure 4 : SLC Dstance Between Vehicle A and B Vs Speed of Vehicle A When V=V
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Figure 5 : SLC Distance bﬁ%een Vehide A and B Vs Speed of Vehicle A When Vg = 11V,
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Figure 6 : SLC Distance Between Vehiclé A and C Vs Speed of Vehicle A When V=09V,
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Figure 7 : SLC Distance Between Vehicle A and C Vs Speed of the Vehicle A When V=V,
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Signaling Distance (Meters)

Figure 11: Signaling Distance Vs Light Phase
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Figure 10 : Signaling Distance Vs Queue Position ;
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+ Figure 12 : Signaling Distance Vs Vehicle Type
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‘ Figure 13 : Signaling Distance Vs Sex of Driver  *
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Figure 14 : Signaling Distance ,'Vs Number of Passenger in the Car
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Figure 15 : Signaling Dzslance/ Vs Age of the Driver
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Figure 16: Signaling Distance Vs Type of LaneTurnedOn © .,
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Figure 17 : Signaling Distance Vs Number of Pedestrians
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