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1. Introduction 

As there are numerous factors influencing the results of traffic
control which can not all be detected, only the parameters such as
traffic volumes and the queue length are detected in the classic
method, assuming that the parameters such as the road traffic
capacity, friction coefficient, vehicle sight distance on road are
constant. The classic method can adapt to most weather cases but
rain, snow and fog, when the parameters like road friction coeffi-
cient are changed, the control optimization system can not be self-
adjusted effectively to adapt to the variation of parameters, and so
great vehicle delay will be caused. Since the influencing factors can
not all be detected, a new single intersection traffic control opti-
mization method is proposed from another standpoint in this paper
relying mainly on the traffic control results (delay) of traffic control.

2. Research Status

A traffic control theory has developed for nearly one hundred
years, and many encouraging achievements have been made. The
upgrade of Anchorage Signal System was finished [1], the Adverse
Weather Traffic Signal Timing was researched [2, 3, 4, 5], the
SCOOT System has been studied [6, 7], and the SCATS System
was studied [8, 9].The adaptive signal control strategies have been
improved endlessly [10].

Despite of lots of achievements gained, the research is all
about how to control traffic in accordance with the detected factors

such as traffic volume and queue. As for the effect of the control,
the system can not detect or evaluate it by itself, let alone chang-
ing its strategy according to the effect.

3. Contents

3.1. Basic Principle 

The traditional control method can change a traffic control
scheme by detector factors real-timely which influence the traffic
control. Due to the diversity of the influencing factors and the real
conditions, only the main factors (such as traffic volumes) can be
detected. Adaptive control (as shown in Figure 1) is considered to
be the most advanced traffic control form, which can only achieve
the adoption to input (traffic flow), but can not adjust the control
strategy according to the output (mainly delays) appropriately.
This paper presents a new idea which detects the control results
mainly (as shown in Figure 2). Its research contents include the
detection of delay, analysis of the reasons which cause the delay
and the adjustment of the control parameters.
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Fig. 1 Schematic diagram of the adaptive control
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3.2 Detection of delay 

The delay caused by control can be calculated with the fol-
lowing equation (1) according to the classic method. 

d � d1 � d2 � d3 (1)

In which, d is the delay caused by signal control, d1 is the
average delay, d2 is the stochastic additional delay, d3 is the addi-
tional delay caused by the queuing of previous vehicles.

Normally, no previous vehicles should exist when vehicles arrive
at the signal intersection, that is, the additional delay caused by
the queuing of previous vehicles shouldn't exist. Thus the delay in
every lane when designing an intersection can be calculated with
the following equations:

d � d1 � d2 (2)

(3)

(4)

Where,
C – the time of cycle;
λ – split of the calculated lane;
x – saturation of the calculated lane;
CAP – capacity of the calculated lane (pcu/h);
t – time of duration of the analyzed interval, taken as 0.25h;
e – correction coefficient of the signal control in a single inter-

section;
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The system delay is detected real-timely in this paper based on
video traffic detector system, and Fig. 1 illustrates the principle:

As shown in Fig. 1, vehicles generally experience four steps
and cause three delays in the signal intersection, the four steps are
decelerating, parking, accelerating and leaving at a normal speed;
the three delays are deceleration delay, parking delay and acceler-
ation delay. Vehicles in the areas of D1 are decelerating and D2
are parking and D3 are accelerating. At present, the technology of
traffic video detection is getting more mature with each passing
day [11,12], which can track trajectory and real-time status of a
single vehicle. The main steps are extracting background, identify-
ing characteristics of a vehicle’s contour and tracking the feature
points and so on. The commonly used methods are Kalman fil-
tering, hidden Markov filtering, extended Kalman filtering, Parti-
cle swarm filtering and others. As introduced in reference 13, the
accuracy of tracking can reach 98 % in the case of no block and
92 % in the case of block. Therefore, the average delay is put forward
in this paper on that basis, which can be expressed by equation
(5):

(5)

In which,
d – the average delay of vehicles at the signal intersection
di – the actual delay of every vehicle;
ti1 – time for the vehicle to travel from a picture edge of video 

detection to the stop bar;
ti2 – time for the vehicle to travel from a picture edge of video 

detector to the stop bar under ideal conditions;
n – number of vehicles;

The headway used in calculating road capacity can be calcu-
lated with the equation below:

(6)

Where, 
ti – the average time for the other vehicles except the first two 

vehicles to pass; that is the headway
tj – the headway between vehicles J and J�1 in this lane and 

this cycle;
n – the number of vehicles passing a lane in one cycle;
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Fig. 2 Schematic diagram of traffic control
based on the real-time detector delay

Fig. 3 Principle diagram of delay generation
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m – the number of vehicles passing separately at the later period 
of the green light; the headway can't be used in calculating 
road capacity in this period;

The speed of vehicles passing the stop bar can be achieved by
calculating the average while the acceleration and deceleration
parameters can be achieved by tracking.

3.3. Analysis of the causes for delay 

The delay changes can result from two reasons, (1) the traffic
volumes changes; (2) changes of other factors.

It is the most common situation that the traffic delay changes
due to the change of traffic volumes, which can be dealt with by
classic adaptive control. There are many processing methods, like
TRB method, the TRRL method and the United States HCM
manual method. The algorithm is very mature and widely used and
we don’t list them individually.

It is indicated that there are other factors affecting traffic
operation in the intersection, if the traffic volumes doesn’t change
much but the detected delay changes dramatically. Usually they
are rain, snow or fog, and these adverse weathers can be considered
as having effect on the capacity of entrance lanes vehicle speed and
acceleration.

The classical control method is used in the first situation, there-
fore only the second situation is discussed in the content of 3.4
and 3.5.

3.4 Analysis of signal timing Principle

Figure 4 illustrates the adjustment principle of the traffic control
system mentioned in 3.3, which is under the second condition.
Namely, if the detected real-time delay increases, in most cases, it
is because the weather factors make the road friction coefficient
and sight distance of the driver decrease, thus the phase intervals
and the cycle are impacted.

(1) Phase Change Interval

(8)

Where Y � AR � Sum of the yellow and all red time inter-
vals T � perception/reaction time of driver in seconds (typically
taken as 1.0 second) V � approach speed in feet per second a �
deceleration rate t per second w � Width of intersection L �
length of vehicle gr � approach grade, percent of grade divided by
100 (add for up-grade and subtract for downgrade)

Because the length of the intersection is not changed and the
vehicle speed decreases, the phase change interval will be increased.

(2) Cycle:

(9)

Where, c is the signal cycle; L is the lost time; and Y is the sat-
uration;

The equation to calculate the lost time is as follows:
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Fig. 4 Relationship between friction coefficient and signal timing parameters
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(10)

In the equation: L is total lost time in one cycle (s); l is startup
lost time; I is the phase change interval; and A is the yellow time. A

Y is the accumulation of each phase saturation;

The others are the same as above.
The cycle should be adjusted to bigger due to the increased

phase change interval.

3.5 Adjustment of Control Parameters

According to the above analysis, the adjustment plan of the
Interval time of the green and the cycle can be confirmed when
we can identify when the detected real-time delay increases.

After the timing scheme has been recounted as above, it will
be applied in the intersection control and the delay of the new
scheme will be detected. The detected delay will decrease in most
cases. If the delay increases or if there is no obvious change it
means that the analysis of the cause of delays is wrong. The vehicle
delay variation may be caused by a pedestrian or a non-motor
vehicle. It should be re-analyzed and re-timed.

4. Case Analysis

One intersection in Shijiazhuang City of China was taken as
an example to be analyzed. Traffic flow in this intersection was
stable in the experiment, and the basic situation of traffic flow in

L l I A= + -^ h/ each entrance is shown in Table 2. In the morning of the experi-
ment the weather was normal, the pavement was dry, the pavement
friction coefficient was 0.8 and the normal scheme was used in
traffic signal, as shown in Table 3. After snow in the afternoon, the
traffic control departments used snow melting agents in the trunk
road (Yuhua Road) and the road friction coefficient was 0.6, while
the secondary road (Tiyu Street) was not processed and the road
friction coefficient was 0.4. The system used the algorithm pre-
sented in this paper. Several cycles detected showed that after the
snow, with a similar number of vehicles, the real-time detection of
the vehicles’ delay increased. Judging that the road capacity and the
speed of vehicles may change, the system calculated the headway
and the speed of the vehicles at the stop bar. The new traffic signal
timing programs are generated after a re-calculated cycle, total split,
the interval of yellow time and green time as shown in Table 3.
Table 4 demonstrates effect comparisons among the cases. Obvi-
ously, the delay caused by the scheme offered in this paper is shorter
than using conventional timing scheme under the conditions of
snow. The experiment of the timing scheme adjustment is manual
due to limited experimental conditions.

Adjustment of control parameters   Table 1

Signal timing scheme Table 3 

1
Interval

time of the
green

First

Detected headway increases Interval increases

Detected headway decreases Interval decreases

Not the above situations No adjustment

Second

Vehicle delay in the intersection increases after the last adjustment Adjustment in the opposite direction

Vehicle delay decreases in the intersection after the last adjustment Adjustment in the same direction

Vehicle delay increases in the intersection after the adjustment in both directions Stop adjustment

2 Cycle

First

The headway or the traffic volume increases Cycle increases

The headway or the traffic volume decreases Cycle decreases

Not the above situations No adjustment

Second

Vehicle delay in the intersection increases after the last adjustment Adjustment in the opposite direction

Vehicle delay decreases in the intersection after the last adjustment Adjustment in the same  direction

Vehicle delay decreases in both directions Stop adjustment

Basic situation of the intersection Table 2

Entrances
East

entrances
West

entrances
South

entrances
North

entrances
Sum

Volume of traffic 2160 2090 452 502 5204

Number of lanes 4 4 2 2 12

Capability 4187.00 4215.00 2178.00 2098.00 12678.00

v/c 0.52 0.50 0.21 0.24 –

Entrances
First phase time (traffic

in east and west)
Yellow time All red time

Second phase (traffic
in south and north)

Yellow time All red time Cycle

Under the normal
timing scheme

35 3 0 16 3 0 57

Timing scheme under
the condition of snow

89 3 1 41 3 1 138
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5. Conclusion

This paper puts forward a new single intersection control
optimization method based on real-time delays, by using the new
technology of traffic detection. With this method the delay data
(including parking delay, acceleration and deceleration delay) of
vehicles and the speed of the vehicles at the stop bar in every cycle
can be detected real-timely. We can thus change the cycle length,
total split, yellow time and all red time according to the analysis
of the reasons of delay changes, so as to optimize the traffic signal

timing. This method breaks away with the traditional one which
detects the influencing factors one by one. It detects the control
results directly and analyzes the reasons of how they come into
being. Compared with traditional methods, this method can effec-
tively deal with the situation that the traffic control scheme does
not conform to the actual situation resulting from the change of
the road capacity under the conditions of rain, snow, fog, etc. The
good effect can be seen in the example of this research as it effec-
tively reduced delay by 19 % on average.

Delay comparison of the intersection Table 4

Delay per vehicle East entrances West entrances South entrances North entrances Average

Under normal condition 8.1 7.2 14.7 17.9 9.4

Normal scheme under the condition of snow 23.6 20.2 56.4 45.2 27.4

This  scheme under the condition of snow 19.9 16.1 25.9 27.6 22.3
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