
Chapter 3: Decentralized Intelligent Control Model 

3.1 Introduction: 

The essential feature of the real time traffic control system is its capability to identify 

the real time traffic load on the road. And the key factor to be sensed in the control 

strategy is the influence to the approach. After getting the vehicle counts from each 

detector, the influence is to be known to decide the respective split or green phase. In 

this chapter, function of the detection, the surrounding traffic data collection methods 

and the inductive loop detectors, which are selected for this research, are discussed. 

Later, the way of getting influence and the effect of detection values to the influence 

are discussed. 

3.2 Detection in adaptive Control: 

3.2.1Function of detection: 

In the adaptive traffic control process in its current state, field detection serves to 

obtain the arrival times for vehicles approaching an intersection. In the field, this 

arrival time is difficult to measure. In the simplest case one detector is placed and the 

placement it installed gives its own issues [9]. 

When the detector is installed at the stop line, the measurement of the arrival time at 

the intersection of vehicles moving through a green phase, but becomes problematic 

for vehicles arriving during a stop phase, since only a small number of vehicles can sit 

on a detector and have their arrival times accurately recorded. Vehicles that proceed 

after the red signal has turned green will not have their desired arrival times recorded. 

When the detector is installed at a distance upstream of the stop line, allows 

determination of the arrival time of a vehicle continuously moving at its desired speed 

at the detector and through the intersection, but may problematic for vehicles in other 

situations, generally those that are required to change the speed between the detector 

and the intersection, such as to stop when encountering a signal state change, to slow 

to make a turn, to avoid an incident or to perform a passing maneuver. 
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The preferable approach of the two is to place the detector upstream of the stop line as 

this will allow at least some determination of the arrival time of a vehicle in any 

situation. 

3.2.2 Detection methods: 

Detection technologies should involve the following factors [3, 4, 14], 

•Cost: Utilization of as much of the existing detector equipment as possible should be 

considered. If the replacement of that equipment required, it should be low cost in 

terms of both installation and maintenance. 

•Practicality: Consideration should include the ability to place the desired detectors 

where they are needed, or whether issues such as proximity of intersections in a 

network, weather conditions or physical obstacles may hinder placement. Also to be 

considered is the conformity of the detector system in a network that is detector types 

and configuration should be as uniform as possible throughout a network. 

•Accuracy: The ability of the detector technology to provide data that reflect actual 

field conditions is vital. Sensitivity, ability to deal with various conditions and 

deterioration of data accuracy over time are issues to reflect. 

The most common detector technology in world is the inductive loop detector, in 

which generates a current as a vehicle passes over it due to the vehicle's magnetic 

influence on the inductive loop [29], 

Advanced detection technology may allow, easier implementation of the proposed 

detection strategies. This is especially true in the case of multi-lane urban network 

applications where incidents erratic driver behaviour and transit use make the ability 

to identify the specific vehicles important to gathering data. Video detection is such a 

technology. But video detection has some drawbacks. That is physical placement may 

be difficult because of availability of mounting structures, blocking by obstacles and 

angles required for proper detection, and they may also not operate as effectively at 

night or during obscuring weather conditions. 
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3.2.3 Inductive loop detectors: 

Considering the main advantages of cost effectiveness and the reliability, Inductive 

loop detectors have been selected as the detection method. 

The inductive loop consists of a multi-winding wire coil installed in the floor and 

makes up the actual sensor element. The system for the contact-free detection of 

metallic objects is formed by the inductive loop and the switching unit, referred to as 
loop [2], 

The inductive loop and a capacitor which is integrated in the loop detector form an LC 

oscillator. The frequency of resonance of this resonant circuit is determined by the 

capacitance of the capacitor and the magnitude of the loop inductance. The 

capacitance of the capacitor and thus the resonance frequency can be modified using 

an internal switch. This prevents interference between two adjacent inductive loops or 
detectors (Figure. 3.1). 

Figure 3.1-Block diagram of the Inductive Loop 

The general rule is that the higher the inductance, the lower the frequency of 
resonance. 

If a current is present in the loop, an alternating magnetic field is generated around it. 

The magnetic field lines get closed to form loops. When a vehicle moves onto the 

inductive loop, currents are induced by the alternating field of the loop in the metallic 

parts of the vehicle (chassis, axles). A magnetic field is generated by these currents, 
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which opposes the loop field. This results in a change in the loop inductance and thus 

the frequency. This change in frequency is detected by the loop detector. 

Depending on the detector type, the output relay is either energized or released when a 

predefined switching threshold is exceeded. This switching threshold can be adjusted 

using the sensitivity switch (High - Medium - Low). 

«High» is meant when the switching threshold is low and «Low» is meant when the 

threshold is high. The sensitivity should always be adapted to the respective area of 

application. The output relay is not switched on by slow frequency changes (e.g. due 

to temperature variations). 

In general, implementation of the inductive loop detectors is to enhance detection 

process, which is an essential thing in influence calculation to determine the optimum 

split. 

3.3 Influence Detection: 

3.3.1 Structure of the intelligent control: 

The intelligent control mechanism can be defined under a number of models. They are 

simply the detection model as discussed earlier, the prediction model and the Decision 

model as discussed below [3, 11, 12], 

•Detection: This is the process by which vehicles that enter a given approach to an 

intersection are recognized for processing by the adaptive control scheme. In this 

research, inductive loop detectors are recommended to use considering the cost 

effectiveness and the reliability in use. 

•Prediction: This is the process by which the data from the detection process are used 

to determine the influence to the respective approach at the intersection. This has to be 

done considering the vehicle counts over the cycle time to predict the influence to the 

given approach in next cycle. 
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•Decision: This is the process by which the predicted influences are used to decide 

green times to the various approaches of the intersection. In this research, this green 

time is decided by a Fuzzy inference system. 

3.3.2 Formulating the Influence function for traffic signal control: 

The prediction model is for the purpose of forecasting possible traffic flow in a 

particular intersection. As shown in figure 3.2, it is noticed that the traffic flow of 

intersection A is influenced by vehicles passing through nearby intersections. The 

influence of nearby intersections to intersection A is inversely proportional to the 

distance between these intersections [1], In other words, the far the two intersections 
are, the less the influence is. 

u 1 
N1 • • • N2 M t t M N 3 

J I • rrr 
Figure 3.2- part of the traffic network 

As same as the distance, the number of vehicles enter to the particular approach also 

add a considerable effect to the influence. It is noticed that the vehicle count is direct 

proportional to the influence. Hence the influence can be expressed in the following 
way [1], 

The parameter INFLUENCE a No. of vehicles entering the phase 

a 1/distance 

INFLUENCE = 1/distance * car queue. (1) 

According to the equation (1), the influence is calculated and be input to the fuzzy 

inference system to decide the green phase or split. The factor influence for fuzzy 
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inference system stands in between the range of zero to the maximum of one. Hence 

for each intersection, it has to decide separately for all approaches and taken as a 

factor to the maximum influence of the same intersection. 

The considered intersection A as shown in figure 3.2 is detailed and shown in figure 

3.3. As shown there, the considered intersection is 300 m from West, 1 Km from 

North, 500 m from East and 1 Km from South neighboring intersections. Inductive 

Loop detectors are to be installed as shown. The relay outputs of each detector are the 

inputs to the intersection controller. 
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Figure 3.3-Intersection A 

SA1 and SA2 detectors are to detect the vehicles entering to the West Approach A. 

Likewise Sm, SB2 are to detect the vehicles entering North Approach B, Sn , SC2 are 

to detect East Approach C count and Sm, SD2 are to detect the South Approach D 

vehicle counts. The total count will reach the intersection at the average speed of 50 

Km/h. If the average vehicle length is 3 m, the maximum number of vehicles which 

can pass across the intersection is experimented as 275 vehicles during 60 sees time 
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duration when one approach is given its green phase. The maximum influence is given 

when the vehicle count exceeds 275 in West approach A, which is having the lowest 

distance to the mentioned intersection. Hence the calculated influence is taken as a 

factor, divided by this maximum influence. 

The following assumptions were made for the formulation of each approach influence. 
• 85% of phase vehicle count at the intersection is to enter to the front phase 

• 15% of Left track vehicle count is to left turn 

• 15% of Right track vehicle count is to Right turn 

Basic formula for the influence for the particular approach is given by the equation (2) 

INFLUENCE = (0.85 x direct phase Influence) + (0.15 x Left phase Influence) 

+ (0.15 x Right phase Influence) (2) 

Hence the Influence at each approach is as follows w h e r e d A , d B , dc and dD stand 

for the distance from neighboring intersections starting from west to south to the 
particular intersection. 

• INFLUENCE A = l/dc x0.85 (5C1 +SC2)+\/dB x0.15 Sm + 

VdDx0.\5SD2 (3) 

• INFLUENCE B = l/dD x0.85 (Sm +SD2)+ \/dA x0.15 SA2 + 

\ldc x0.15 Scl (4) 

• INFLUENCE C = MdA x0.85 (SM +SA2) + \/dD x0.15 Sm + 

l/dB x 0.15 SB2 (5) 

• INFLUENCE D = \/dH x0.85 (Sm + SB2) + \/dA x0.15 SM + 

\ldc x 0.15 SC2 (6) 

Getting those influences into the account, the green phase for each approach 

decided by the Fuzzy Inference System as discussed by the next chapter. 
is 
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