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AN ANALYSIS OF TYPE | DILEMMA ZONE AT SIGNALISED
INTERSECTIONS

Summary. Intersections, for vehicles coming from different directions, are
conflict points in road networks. When a driver approaching a signalised
intersection encounters the yellow light, he/she is in a dilemma either to safely stop
or to pass through the intersection during clearance time. The decision to stop or to
pass may change depending on some factors such as duration of yellow light,
deceleration and acceleration rate, width of intersection, speed and length of
vehicle, etc. This study aims to put forth the effects of some related factors affecting
the length of the Type I dilemma zone. To perform this study, five factors including
vehicle speed, maximum deceleration rate, perception-reaction time, clearance
time, the total intersection width-vehicle length were considered and a total of 648
different traffic cases were investigated. The study results showed that the Type |
dilemma zone length increased with the increase of speed, total intersection width-
vehicle length and perception-reaction time, but decreased with the increase of
clearance time and deceleration rate.

Keywords: dilemma zone, signalised intersections, stop or go decision

! Kirikkale University, Faculty of Engineering, Department of Civil Engineering, Transportation Division, 71451
Yahsihan/Kirikkale, Turkey. Email:aakgungor@gmail.com. ORCID: https://orcid.org/0000-0003-0669-5715

2 Karikkale University, Faculty of Engineering, Department of Civil Engineering, Transportation Division, 71451
Yahsihan/Kirikkale, Turkey. Email:elifmercan03@gmail.com. ORCID: https://orcid.org/0000-0003-2898-5684


http://sjsutst.polsl.pl/

6 A.P. Akgiing6r, E.Z. Mercan

1. INTRODUCTION

Intersections are potential accident areas in road networks because two or more traffic
streams cross or merge on the approach. To provide a safety manoeuvre movement for both
vehicles and pedestrian traffic at the intersection, they are signalised with optimum signal time
based on time-sharing principles. Although traffic signalisation mostly prevents traffic
accidents at intersections, collisions occur for various reasons such as driver behaviours, speed,
the duration of perception-reaction time and yellow time. As drivers approach a signalised
intersection, when the traffic signal changes from green to yellow, travelling vehicles stay in a
zone where they have to decide to stop or go at the intersection to prevent a potential right-
angle collision or rear-end collision. Gazis et al. first introduced this safety problem at
signalised intersections to traffic engineering literature as a dilemma zone problem. They
defined the dilemma zone (DZ) as a zone that vehicles at the onset of the yellow indication
neither stop safely nor pass clearly through the intersection before the stop line [9]. This concept
as proposed by Gazis et al. is also known as the Type | dilemma zone [17, 29, 30]. The reason
for the Type | dilemma zone is associated with inappropriate signal timing. Especially,
insufficient yellow or clearance time (yellow time + all red time) causes the Type I dilemma
zone. On the other hand, it has been recognised that longer yellow or clearance intervals could
eliminate the Type | dilemma zone; however, it would lead to longer option zones where drivers
are indecisive to stop or cross at the onset of yellow light. This option zone is called the Type
IT dilemma zone or “Indecision zone” [15]. The Type Il dilemma zone was formally proposed
by the Southern Section of ITE and included in the technical committee report in 1974 [12].
Several studies have been conducted to define the location of the Type Il dilemma zone based
on the possibility of stopping [3, 20, 31, 32]. Zegeer and Deen suggested an approach to
defining the boundaries of the Type II dilemma zone depending on the driver’s decision-
making. They expressed the dilemma zone as a zone where more than 10% and less than 90%
of drivers would choose to stop at the start of the yellow signal [32].

The Type | and Type Il dilemma zones are depicted in Figure 1. Here, Xc is the minimum
distance from the stop line where a vehicle can safely stop before the stop line, and Xo is the
maximum distance from the stop line where a vehicle can cross and clear the intersection by
the end of the clearance time. In their study, Gazis et al. derived the values of Xc and Xo given
in Equations 1 and 2 [9].

143
XC = Vo. tT‘ + 2 (1)
1
XO = VOT_ (W‘I'L) +Eamax(T_tr)2 (2)

where:
Xc IS minimum stopping distance (m), Vo is vehicle speed onsetting yellow time (m/s), tr is
driver’s perception- reaction time (sec), dmax is maximum deceleration rate of vehicle (m/s?),
Xois the maximum safety crossing distance (m), 7 is yellow time (sec), W is the intersection
width (m), L is average vehicle length (m), amax is the maximum acceleration rate of vehicle
(m/s?).

If a driver keeps his vehicle speed without accelerating while approaching the intersection
when he encounters the yellow light, Equation 3 can be expressed as follows.
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Xo =Votc —(W + L) 3)

tc =ty + tayrea (4)
where:
tc is clearance time (sec) consisting of the sum of yellow time and all red time, ty is yellow time
and tan red IS safety interval for all directions.
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Fig. 1. a. The Type | dilemma zone b. Type Il dilemma (option) zone

As seen from Figure 1, when Xc is greater than Xo, the vehicle physically locates somewhere
between Xc and Xo and the Type 1 dilemma zone exists. On the other hand, when Xo is greater
than Xc, then as the clearance time passing distance is greater than the minimum stopping
distance, the vehicle is within an option zone. It means the driver can either stop safely or
proceed through the intersection before the end of clearance time. Regardless of the decision,
the driver can make it.

Different factors, such as vehicle speed, distance to intersection, the size of vehicle, driver’s
perception-reaction time, the length of yellow time, etc., affect the driver behaviour and the
length of the dilemma zones. Besides, the existence of the dilemma zone is also effective on
the performance and safety of the intersection. Therefore, the analysis of the factors that could
affect the dilemma zone has been one important issue of traffic engineering.

2. INFLUENCING FACTORS TO DILEMMA ZONE LENGTHS

Traffic is a dynamic process in nature, thus, many factors affect drivers’ behaviour. Each
driver approaching a signalised intersection may react differently on seeing the yellow signal.
Given decisions may change based on driver behaviours, traffic flow conditions, intersection
and vehicle characteristics [2, 4, 5, 21]. Among them, driver behaviour plays an important role
in the drivers’ decision-making process and intersection safety [11, 19, 24].

Some drivers are aggressive and prone to accidents while others are calm, obeying the rules.
Two parameters, such as perception-reaction time and acceleration/deceleration rate, affect the
driving performance of most drivers. Many studies have investigated the effects of these two
parameters on traffic flow [6-8, 10, 16, 26, 28]. However, the parameters of the Type | dilemma
zone like perception-reaction time and acceleration/deceleration rate are assumed constant
value. ITE recommended 3.05 m/s?, 0 m/s®> and 1.0 sec, respectively, for deceleration,



8 A.P. Akgiing6r, E.Z. Mercan

acceleration and perception-reaction time values [13]. The design standards of the American
Association of State Highway and Transportation Officials (AASHTO) also defined 3.41 m/s?,
0 m/s? and 1.5 sec, respectively, as the default value of deceleration, acceleration and perception
time [1]. Although Gazis et al., considered acceleration rate as a linear function of speed,
acceleration rate in most studies generally was assumed constant as 0 m/s?. Saito et al.
investigated the relation between deceleration rate and stopped vehicles. The study result
indicated that the range for deceleration rate was between 1.5 and 6 m/s?. The average value of
3.6 m/s? was in 50 percentile value. In the same study, the average reaction time for stopping
ranged approximately 1-2 sec. Rakha et al. (2007) performed a field study to determine the
average perception-reaction time and expressed that observed samples ranged from 0.3 to
1.7 sec.

Vehicle speed, distance from stop line, the length of intersection, duration of yellow and
clearance time are other parameters that affect driver decisions in the dilemma zones. Hence,
the length and type of dilemma zones can be varied based on decisions by the drivers [25].
However, the studies by Urbanik and Koonce, and Si et al. showed that the Type | dilemma
zone is eliminated by adequate yellow and clearance times [27, 30]. Saito et al. obtained similar
results related to the Type | dilemma zone with their observation study before Urbanik and
Koone’s study [25]. According to the study results, as yellow and clearance times increased,
vehicle rate in the Type | dilemma zone decreased but increased in the option zone. Rakha et al.
stated that when the yellow light is turned on, in the case that a vehicle travelled at high speed
and it was a close distance to the stop line, the stopping probability of that vehicle at the
intersection was low. They also pointed out that most drivers would not stop at the intersection
if the time to the intersection is 1.6 s at the beginning of the yellow interval [23]. Puan and
Ismail posited that most drivers were reluctant to stop at the onset of the yellow time. On the
other hand, they expressed that most drivers tend to stop at the beginning of the yellow interval,
if travelling at low speed, approaching a large and sophisticated intersection, having a long
distance to stop line, and driving in heavy traffic [22].

Besides the above factors, other potential factors such as vehicle type, adverse weather,
driver experience, gradient, pavement conditions, position in a platoon, signal control type,
pedestrian behaviours, existence of countdowns can affect driver behaviour in a dilemma zone
[19, 33].

3. ANALYTIC STUDY OF THE DILEMMA ZONE FOR SIGNALISED
INTERSECTIONS

The control of an intersection for safe crossing can be provided by the signalisation system.
However, the deficiency of signalisation at high-speed signalised intersections where the speed
limit is greater than 65 km/h dilemma zone may cause problems, which may result in rear-end
and right-angle crashes. As explained above, several factors affect the length and type of
dilemma zone. Subsequently, an analytical study was conducted employing Equations 1 and 3
to find out the effectiveness of the influencing factors on the dilemma zone. In the study, vehicle
speeds Vo were changed from 50 km/h (13.89 m/s) to 100 km/h (27.78 m/s) with 10 km/h
(2.78 m/s) increments while the clearance times of the intersection were varied from 3 to 6
seconds. Selected clearance times for this study are plausible, as the Manual on Uniform Traffic
Control Devices recommends that the minimum and maximum yellow time are 3 and 6 seconds,
respectively [18]. In addition, the Manual of Traffic Signal Design emphasises that a clearance
time greater than 6 seconds be carefully examined before being implemented [14].
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Human perception-reaction time varies between 0.8 and 2.5 seconds depending on age, sex,
visibility, concentration and the environmental conditions at the time of response. While this
period increases with alcohol use and fatigue, it can decrease with experience and focused
attention. For signal timing purposes, the ITE recommends a perception-reaction time of 1.0
second for simplicity [13]. AASHTO allows 1.5 seconds for perception time and 1.0 second for
reaction time [1]. Some studies suggest that the upper range of perception-reaction time begins
at 0.78 second in the laboratory environment and become 2.50 seconds in an urban street in
real-time. Therefore, the driver’s perception-reaction time tr ranges from 1 to 2 seconds with
0.5 sec. increments in this study.

The maximum deceleration rate of vehicle d max is an important factor in determining the
boundaries of dilemma zones, and varies from vehicle to vehicle, depending on vehicle speeds
and characteristics. The value of maximum deceleration rate is assumed to be constant as
3.41 m/s? (11.2 ft/s?) by AASHTO and 3.05 m/s? (10 ft/s?) by the ITE (1, 9). Therefore,
maximum deceleration rate of vehicle is assumed 2, 3, 4 m/s? in this work.

When a driver approaching a signalised intersection encounters the yellow light within the
dilemma zone, his or her decision of passing or not passing the intersection may vary depending
on his or her vehicle speed, the size of the intersection, distance to the stop line and the length
of the vehicle he or she uses. Drivers usually tend to stop at the beginning of the yellow light at
complex intersections consisting of 3 or more lanes while they tend to proceed during clearance
interval at the smaller intersections. In analysing the dilemma zone, both small and large
intersection considered the effect of intersections, the sum of intersection width W and the
average vehicle length L as 15, 25 and 35 m, respectively.

In the analysis of the dilemma zone, a total of 6x4x3x3x3= 648 different traffic cases were
considered and their interaction among them was investigated. The parameters and their values
examined are given in Table 1.

Tab. 1
Effective parameters used in the dilemma zone calculations and their values
Speed (Vo) Clearance Maximum Perception- Total length of
(km/h)/(m/s)  time t¢ (S) deceleration rate  reaction time intersection and
Omax tr vehicle W
(m/s?) (s) (m)
50/13.89 3 2 1 15
60/16.67 4 3 15 25
70/19.45 5 4 2 35
80/22.22 6
90/25.00
100/27.78

Dilemma and option zones for 648 various traffic cases were calculated using Equations 1
and 3. Tables 2 and 3 show the relationship among various speed, clearance time and the
intersection width plus vehicle length on dilemma zones for the same deceleration rate and
perception-reaction time (a=3 m/s? and t,=1.5 s).



10 A.P. Akgiingor, E.Z. Mercan
Tab. 2
The relation between speed and clearance time with W=15 m for the dilemma zone
(a=3 m/s? and t,=1.5 s)
tc=3s tc=4s tc=5s tc=6s
Speed Xo Dz Xs (M) Xo Dz Dz
(km/h)  Xs(m) (m)  (m) (m (M XM Xo(m) (M) X(m) Xo(m) DZ(m)
50 5299 26.67 26.32 5299 40.56 1243 5299 5445 -146 5299 6834 -15.35
60 7131 3500 3630 7131 51.67 19.63 7131 6834 297 7131 8501 -13.70
70 9219 4334 4886 9219 62.78 2941 9219 8223 9.96 9219 101.68 -9.48
80  115.65 51.67 63.98 11565 73.90 41.76 11565 96.12 19.53 115.65 118.34 -2.69
90 14169 60.01 8168 141.69 85.01 56.68 141.69 110.01 31.68 141.69 135.01 6.67
100  170.29 68.34 101.95 170.29 96.12 74.17 170.29 123.90 46.39 170.29 151.68 18.61
Tab. 3
The relation between speed and clearance time with W=35 m for the dilemma zone
(a=3 m/s? and tr=1.5 s)
tc=3s tc=4s tc=5s tc=6s
Speed Xo Dz Xo Dz Dz Dz
(km/h) Xs(m) (m) (M) Xs(m) (m) (M) Xs(m) Xo(m) (M) Xs(m) Xo(m) (m)
50 52.99 6.67 46.32 5299 2056 32.43 5299 3445 1854 52.99 4834 4.65
60  71.31 1500 56.30 71.31 31.67 39.63 7131 4834 2297 7131 6501 6.30
70 9219 2334 68.86 92.19 4278 49.41 9219 6223 29.96 9219 8168 10.52
80  115.65 31.67 83.98 11565 53.90 61.76 115.65 76.12 39.53 115.65 98.34 17.31
90  141.69 40.01 101.68 141.69 65.01 76.68 141.69 90.01 51.68 141.69 115.01 26.67
100 17029 48.34 121.95 170.29 76.12 94.17 170.29 103.90 66.39 170.29 131.68 38.61

As seen from the Tables above, it is realised that the Type | dilemma zone length increases
with the increase of speed but decreases with the increase of clearance time. Additionally, an
increase in clearance time causes the Type 1 dilemma zone to disappear while the dilemma
zone of Type 2, known as the stop or go decision zone, arises (Table 2). At the same time, an
increase in the width of the intersection also causes an increment in the length of the Type |
dilemma zone (Figure 3).
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Fig. 2. The relation between speed and clearance time with W=25 m for the dilemma zone
(a=3 m/s? and tr=1.5 s)
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Fig. 3. The relation between speed and intersection width and dilemma zone length
(tc =4, a=3 m/s? and tr=1.5s)

Tab. 4
The relation between speed and deceleration rate with t, = 1 sec for the dilemma zone
(tc =3 S, W=25 m)

a =2 m/s? a=3 m/s? a =4 m/s?

Speed Xo DZ

(km/h)  Xs(m) Xo(m) DZ(m) Xs(m) Xo(m) DZ(m) Xs(m) (m)  (m)
50 62.12 16.67 45.45 46.05 16.67 29.38 38.01 16.67 21.34
60 86.12 25.00 61.12 62.97 25.00 37.97 5140 25.00 26.39
70 113.98 33.34 80.64 82.47 3334 49.13 66.71 33.34 33.38
80 14570 41.67 104.03 10454 4167 62.87 83.96 41.67 42.29
90 181.28 50.01 131.27 129.19 50.01 79.18 103.14 50.01 53.13
100 220.71 58.34 162.37 156.40 58.34 98.06 124,25 58.34 65.91
Tab 5.

The relation between speed and deceleration rate with t.= 2 s for the dilemma zone
(tc =35, W=25m)

a=2m/s? a=3 m/s? a =4 m/s?
Speed Xo DZ
(km/h)  Xs(m) Xo(m) DZ(m) Xs(m) Xo(m) DZ(m) Xs(m)  (m) (m)
50 76.01 16.67 59.34 59.94 16.67 43.27 51.90 16.67 35.23
60 102.79 25.00 77.79 79.64 25.00 54.64 68.06 25.00 43.06
70 133.43 33.34 100.09 101.92 33.34 68.58 86.16 33.34 52.82
80 167.92 41.67 126.25 126.77 41.67 85.09 106.19 41.67 64.51
90 206.28 50.01 156.27 154.19 50.01 104.18 128.14 50.01 78.14

100  248.49 58.34 190.15 184.18 58.34 125.84 152.03 58.34 93.69
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Fig. 4. The relation between speed, deceleration rate and the dilemma zone
(tc =4 S, tr= 2 S, W=35 m)

It is noted that the Type | dilemma zone length enlarges with the increase of speed yet
decreases with the increase of deceleration rate, as shown in Figure 4, Tables 4 and 5. Moreover,
an increase in perception-reaction time leads to an increase in the length of the Type 1 dilemma
zone under the same intersection width and clearance time.

Tab. 6
The relation between clearance time and perception-reaction time with Vo= 60 km/h for the
dilemma zone (a =3 m/s?, W=35 m)

tr=1s tr=15s tr=2s
Clearance Time Xo Xo Dz
(s) Xs(m) Xo(m) DZ(m) Xs(m) (m) DZ(m) Xs(m) (m) (m)
3 62.97 15.00 47.97 71.31 15.00 56.30 79.64 15.00 64.64
4 62.97 31.67 31.30 71.31 31.67 39.63 79.64 31.67 47.97
5 62.97 48.34 14.63 71.31 48.34 2297 79.64 48.34 31.30
6 62.97 65.01 -2.04 7131 65.01 6.30 79.64 65.01 14.63
Tab. 7

The relation between clearance time and perception-reaction time with Vo =90 km/h for the
dilemma zone (a =3 m/s?, W=35 m)

tr=1s tr=15s tr=2s
Clearance Time Dz
(s) Xs(m) Xo(m) DZ(m) Xs(m)  Xo(m) DZ(m) Xs(m) Xo(m) (m)
3 129.19 40.01 89.18 141.69 40.01 101.68 154,19 40.01 114.18
4 129.19 65.01 64.18 141.69 65.01 76.68 154.19 65.01 89.18
5 129.19 90.01 39.18 141.69 90.01 51.68 154.19 90.01 64.18
6 129.19 115.01 14.17 141.69 115.01 26.67 154,19 115.01 39.18
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Fig. 5. The relation between speed, perception-reaction time and the dilemma zone
(t: =55, a=2 m/s?, W=15 m)

Tables 6 and 7 illustrate the relationship between clearance time and perception-reaction
time in the determination of the dilemma zone. As seen from the Tables, the Type | dilemma
zone length decreases with an increase of clearance time. On the other hand, it also increases
with the increase of the perception-reaction time. This is not surprising, since taken distance on
the road is dependent not only on perception-reaction time but also on the speed of the vehicle.
This is the reason the dilemma zone values in Table 7 are greater than those in Table 6. In
addition, Figure 5 graphically depicts the impact of perception-reaction time. A look at Table 6
shows that due to enlarging clearance time, the Type | dilemma zone turns into a decision zone
(Type 11 dilemma zone). As mentioned before, while a longer clearance time eliminates the
Type | dilemma zone, it causes a longer decision zone. This circumstance is coherent with other
studies in the literature [25, 30].

4. CONCLUSIONS

When at a yellow light in a signalised intersection, a driver faces the uncertainty of whether
to stop or go through the intersection. He or she decides this uncertainty. If his decision is
incorrect, it results in a red-light violation or a collision at the intersection. Therefore, to reduce
the dilemma zone problem and improve intersection safety, many efforts have been proceeded
by not only traffic researchers but also decision-makers.

This study helps to better understand the dilemma zone issue, especially the Type | dilemma
zone concept. At the same time, it investigates the relations among the factors affecting the
dilemma zone length. To analyse the relationships, 648 different traffic cases were considered.
The study results showed that increasing yellow time or clearance time eliminates the Type |
dilemma zone but increases the uncertainty in the driver’s decision, namely creating the Type
Il dilemma zone. Further, the study indicated that the Type | dilemma zone length increased
with the increase of speed, perception-reaction time, the intersection width (plus the length of
vehicle) but decreased with an increasing deceleration rate. For future dilemma zone studies,
other factors, such as traffic signal countdown timers, the effect of adverse weather condition,
gradient, advanced dilemma zone warning system, vehicle type, vehicle position in traffic flow,
should also be investigated.
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