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On the Time of Amber Light at Crossroads
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Abstract: According to the relationship between the speed of vehicle and the amber light,
the differential equation model of the amber light duration is established. And based on the
relevant conditions given in the title, three differential equation models of amber light
duration under different conditions are obtained. Considering the traffic condition and
driver's habit, a value that is most suitable for the actual demand is calculated. The
sensitivity and stability of the model and its related factors are analyzed. The model for the
problem of difficult area is improved.

1. Introduction

When you are in the traffic lights, are you noticed how long the amber light is on? In fact, the
setting of the amber light duration has many limitations and plays a crucial role. So, have you ever
thought about how long the amber light should be on? What are the restrictions on the length of the
amber light? In traffic management, amber lights are set up to allow vehicles that are driving at or
too close to an intersection to pass safely through an intersection. Therefore, amber lights at traffic
lights must be on long enough to prevent drivers approaching intersections from being caught in a
dilemma. So the setting of amber light has a lot of restrictions, and it is important to optimize the
road condition.

2. Function Model of Amber Light Duration

There are many relevant factors to be taken into account when establishing the time model of
yellow light. In this paper, we consider the factors in the problem and consult the relevant data ™,
then conclude that the decisive factors in the calculation of the amber light duration are the speed of
the vehicle, the width of the intersection, the length of the vehicle, driver's reaction time and
braking distance.

First of all, according to the actual situation, we simulate the situation of the intersection, using
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Visio software to draw the image of the intersection.

Figure 1 Crossroads

According to Figure 1, the situation at the crossroad can be clearly seen, in which the length of
the car isl and the width of the intersection is D . For this model, we have a more intuitive
understanding by combining with reality.

Then, according to the known conditions, a mathematical model of the length of the amber light
is established, which is related to the above factors (or part of the factors), and the length of the
amber light is expressed as a function of the above factors (or parts of the factors). The model of the
minimum distance vehicles can stop before the stop line is shown Equation (1) .
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In Equation (1), v, represents the initial speed of a vehicle near the parking line, its unit is m/s.
t, IS reaction time, its unit is s. x is, L represents braking distance, its unit is m.
Amber light duration is shown in Equation (2).
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According to Equation (1) and (2), the function calculation model of amber light duration is
finally got, shown in Equation (3).

PR 3)

In Equation (3), the amber light duration ist, the unit is s, the width of the crossing is D, the unit
is m, 1is the length of the vehicle, and the unitis m.

3. Vehicle Speed and Amber Light Duration Model

On the basis of the above problems, we add the known conditions. Assuming that the reaction
time is 1s, the average length of the vehicle is 4.5m, the width of the intersection is 15m, and the
friction coefficient is 0.2. Then, we analyze the relationship between the speed of the vehicle and
the length of the amber light.

First of all, we replace the t =1s, 1=45m, D=15m, u=0.2, g=9.8m/s* with the original

amber light time function model. Then, the function expression we get is shown in Equation (4).

t=p4 Yo 15 4)
1.96 v,

So we got a model of the relationship between the length of the amber light and the speed of the
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car. According to this model, MATLAB is used to draw the relationship between speed and time,
shown in Figure 2.
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Figure 2 Relationship between Speed and Amber Light Duration 1

From Figure 2, it can be seen that amber light duration decreases with the increase of speed
wheno<v<3, and increases with the increase of speed whenv>10. So we conclude the two are
positively correlated.

Here, we think more deeply about this result. In actual life, the amber light duration should be
increased with increasing speed, and there is no negative correlation in theory. After we find this,
we deduce that the lowest speed of the car is 10km/h when the automobile runs normally through
common sense, and according to the actual life and observation, the speed range of the car passing
through the traffic light is about 10km/h ~ 30km/h.

4. Discussion on Amber Light Duration
4.1 Calculation I of Amber Light Duration

We assume that the speed of the vehicle is 20km/h, 30km/h, 40km/h and 50km/h, respectively.
Friction coefficient x4 is not a definite value because of friction coefficient. Many factors, such as
weather, tire quality, will affect . Assuming that the friction coefficient is increased from 0.2 to

0.4, we use the MATLAB to obtain the relationship between the driving speed of the vehicle and
the time length of the amber light, shown in Figure 3.
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Figure 3 Relationship Between ., Speed and Amber Light Duration

In Figure 3, the 3D coordinates are vehicle speedv,, friction coefficient » and amber light
durationt. The depth of color in the picture represents the length of the amber light. The three
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dimensional images show the general trend of the three: amber light decreases first and then
increases with the increase of velocity. It decreases with the increase of friction coefficient. There is
a general negative correlation.

Since the relationship between the friction coefficient and the length of the yellow light cannot
be seen visually when the vehicle speed is small in the above image, we selected some
representative points and obtained Table 1.

TABLE I. Amber Light Duration

Y7
20 30 40 50

t

\"
0.2 2.7682 3.3599 4.0100 4.6835
0.25 2.4848 2.9347 3.4431 3.9749
0.3 2.2958 2.6512 3.0651 3.5025
0.35 2.1608 2.4488 2.7952 3.1650
0.4 2.0596 2.2969 2.5927 2.9119

Compared with Figure 4, Table 2 shows more clearly the relationship between » and amber light
duration. With the increase of 4, the duration decreases gradually.

4.2 Calculation IT of Amber Light Duration

In the course of the study of the above model, some factors are calculated according to the given
values, such as the width of the crossroads, which is not a fixed value. In addition to objective
conditions some subjective conditions such as different traffic conditions and drivers' habits will
have a greater impact on the calculation of amber light duration. After these factors are taken into
account, the amber light duration is further solved and a final average value is calculated.

Here, assume that the speed of the crossing is between 20km/h and 50km/h, with uniform
distribution. And according to the existing research results, we know that: The perceptual time of
85% drivers is between Is and 1.8s, and for some older drivers, the reaction time is not less than
2.5s. According to the American Association of Highway and Transportation Workers, we take the
reaction time as 2.5s. Therefore, in this question, we set the reaction time to 2.5s, the length of the
vehicle to 4.5m, the width of crossroads to 25m in general, and the dynamic friction factor of dry
asphalt and concrete pavement to 0.7. The average amber light duration is shown in Equation (5).

Zn:tk Ztl +2Vi+D7+I
foda = MY Vg 1<k<n. (5)
n n

The above data are substituted into equation and solved by MATLAB, and the average amber
light duration is 3.4231s.
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