
Chapter 5: Simulation and Results 

5.1 Introduction: 

The performance of the mechanism is tested by simulation. Simulation model was 

developed by Matlab Simulink and the study area was the Narahenpita junction at 

morning peak hours. The details of the simulaton model and the simulation results are 

described in this chapter. Later the use of traffic data derived from the previous steps 

in the process to implement a traffic signal control scheme is examined. Three sets of 

data from Table 5.1 were taken to do the delay calculation. Both fixed time control 

system and the intelligent model are compared. 

5.2 Simulation Model Development 

5.2.1 Simulink basics: 

Simulink is a software package that enables to system model, simulate, and analyze 

systems whose outputs change over time. Such systems are often referred to as 

dynamic systems. Simulink can be used to explore the behavior of a wide range of 

real-world dynamic systems. Simulating a dynamic system refers to the process of 

computing a system's states and outputs over a span of time, using information 

provided by the system's model [22]. 

At the start of the simulation, the model specifies the initial states and outputs of the 

system to be simulated. At each step, Simulink computes new values for the system's 

inputs, states, and outputs and updates the model to reflect the computed values. At 

the end of the simulation, the model reflects the final values of the system's inputs, 

states, and outputs. 

A Simulink Block Diagram is a pictorial model of a dynamic system [22], It consists 

of a set of symbols, called blocks, interconnected by lines. Each block represents an 

elementary dynamic system that produces an output either continuously (a continuous 

block) or at specific points in time (a discrete block). The lines represent connections 

of block inputs to block outputs. Every block in a block diagram is an instance of a 

specific type of block. The type of the block determines the relationship between a 
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block's outputs and its inputs, states, and time. A block diagram can contain 

number of instances of any type of block needed to model a system. 

5.2.2 Traffic simulation model of an intersection: 

It is clear that any type of traffic control algorithm needs to be tested in the laboratory 

before it is implemented and evaluated in the field. The most appropriate method to do 

this testing is to have a realistic simulation model of traffic flow at an intersection, 

emulate the traffic detections and observe the resulting changes that would come 

about if the algorithm was implemented in place of the current control system. Hence 

the simulation was done with the Matlab developed simulation model. 

Figure 5.1 shows the simulation model developed for the intersection shown in Figure 

3.3. In the left hand side, the eight detectors are shown. According to the equations (2) 

- (4), certain percentages of the detector values are taken to calculate the influence. 

Hence the summation blocks add the detectors and from the gain block, influence is 

calculated and given as a factorized output, which stands in between 0 and 1 to the 

Fuzzy Inference System with rule viewer. Four Fuzzy Inference Systems are shown 

for each separate approach. The influence parameters for each are separately 

developed prior to insert as a gain at the gain block. The right hand side display blocks 

provide the output of the Fuzzy Inference Systems and they are the green phases for 

each approach as shown. At the bottom display, it is shown the cycle time for those 
particular approach splits. 
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Figure 5.1 Traffic Simulation Model developed by Matlab 
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5.2.3 Simulation results: 

Contained in Table 5.1 are the associated statistics for set counts of generated vehicle 

arrivals to the intersection shown in Figure 3.3. Detector count values are shown there 

at five cycle times. 

Contained in Table 5.2 are the influences calculated and Table 5.3 gives the splits 

determined for the data, given to the fuzzy inference systems. 

A B C D CYCLE 
*A2 Sc. SC2 S D1 ® D2 

60 65 25 20 100 100 5 15 60 
103 95 34 30 160 135 16 20 62 41 
162 175 93 110 225 210 53 50 94.94 
190 200 118 123 230 243 75 72 151 1 
221 218 194 190 302 320 201 198 155.7 
90 92 35 40 85 81 44 52 190 3 
81 78 67 70 53 56 33 38 80 32 
52 55 75 78 34 38 22 25 67 32 
63 68 51 55 108 115 89 94 56 64 
20 26 18 22 15 12 8 5 76 22 
16 12 8 5 2 0 4 6 34 49 

112 118 102 98 89 94 98 92 25 83 
202 198 181 190 178 185 78 83 106 7 
120 115 32 38 4 6 51 58 149 7 
5 12 115 112 3 6 41 38 76.6 

Table 5.1- Detector counts at Approach Counters 

A B C D CYCLE 
0.198 0.06 0.077 0.105 62.41 
0.29 0.102 0.125 0.15 94.94 

0.448 0.244 0.24 0.425 151.1 
0.499 0.329 0.281 0.504 155.7 
0.702 0.808 0.371 0.783 190.3 
0.285 0.167 0.576 0.145 80.32 
0.227 0.125 0.508 0.189 67.32 
0.127 0.085 0.347 0.183 56.64 
0.177 0.242 0.428 0.17 76.22 
0.046 0.031 0.147 0.052 34.49 
0.046 0.016 0.088 0.021 25.83 
0.304 0.269 0.743 0.277 106.7 
0.567 0.316 0.99 0.515 149.7 
0.372 0.165 0.741 0.132 76.6 
0.014 0.081 0.077 0.215 41.37 

Table 5.2- Influences Calculated for the Detector Data 
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Table 

A B C D I CYCLE 
21.69 9.16 21.87 9.75 62.41 
32.54 10.98 39.05 12.37 94.94 
51.81 19.07 59.01 21.18 151 1 
53.99 20.71 58.93 22.09 155.7 
58.95 36.73 58.8 35.86 190 3 
20.74 13.02 35.18 11.38 80.32 
16.45 10.43 25.74 14.7 67.32 
11.68 9.05 21.21 14.71 56.64 
22.5 17.99 22.37 13.36 76.22 
8.06 6.93 11.5 7.99 34.49 
4.71 5.8 9.14 6.17 25.83 

21.59 19.27 46.26 19.55 106 7 
43.39 20.6 58.91 26.76 149.7 
7.06 12.84 45.98 10.73 76.6 
7.52 

C 1 O 1-j 
8.9 8.83 16.1 41.37 

Considering the above results, it can be noticed that when detector values getting high 

the influence also getting increased and hence the split determined by the FIS is also 

getting long. Thus, it can be noticed that the system is behaving according to the real 

time traffic load. A comparison done with existing fixed time control system and the 

improvements obtained by the implementation of the real time traffic control system 
are discussed below. 
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5.3 Comparison with existing Fixed time Traffic Control System 

5.3.1 Delay calculation: 

The delay calculation was done to compare the intelligent model with the existing 

fixed time traffic control system. 

In considering stopped delay, there are three possible conditions for which a vehicle 

can arrive at any given approach [3, 6]. These are: 

• A vehicle can arrive while the approach does not have a green phase, but before the 

time the green phase begins. 

• A vehicle can arrive while the approach has a green phase. 

• A vehicle can arrive while the approach does not have a green phase, and after the 

time the green phase has ended. 

If a vehicle arrives while the approach does not have a green phase in either condition, 

it must experience stopped delay, while it will experience no stopped delay if it arrives 

during the approach's green phase. 

Figure 5.2 shows the way of assigning splits of four approaches of the intersection 

shown in Figure 3.3 over the cycle time. Starting from approach A, splits are assigned 

for all four approaches one after the other. If a vehicle reaches the stop line at tl and is 

to enter to the approach A, it can pass the intersection without delay. But the vehicle 

came at the same time and is expecting to enter to the approach B, it has to wait till the 

split B of the same cycle starts after the split A ended. Likewise all the vehicles reach 

there at tl have to wait till their assigned split starts except if they expect to enter to 

the approach A. 

But when considering the vehicles reached the stop line at t2 and expecting to enter the 

approach A, the delay is little bit long compared to the rest because they have entered 

there just after the assigned split for them has ended. Hence they have to wait at the 

stop line till the next cycle starts. As same as the vehicles reach the stop line at t3 with 

the purpose to enter the approach B, have to wait till the split B starts in next cycle 

run. 
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Figure 5.2- Arrivals at an Intersection over the Cycle Time. 

The following conditions were considered while calculating the delay in fixed time 

control system. 

• For the intersection shown in Figure 3.3, all four approaches have given similar 

priorities. Hence all approach green phases are set in to 30 ms each. 

• Vehicles are moving at 50 kmh average speed. 

5.3.2 Delay calculation for the approach A: 

Considering the first three sets of detector values of Table 5.1, the calculation can be 

generalized as follows [3]. 

Cy_,: Previous cycle time 

C: Current cycle time 

nA : Detector count at approach A 

SA : Split at approach A 

Since the counters are installed just after the intersection at East, and the majority of 

the vehicles coming from approach C would expected to enter to the approach A at the 

determined green phase A, each vehicle after get counted by the detector is to be on 

travel for 36.23 seconds assuming that the average speed of the vehicle is 50kmh and 

it has to travel 500 meters before reach the stop line of the approach A. 

Further, it has been assumed that the vehicles entering the approach C, which have 

been counted by the detector SCI are uniformly counted over the considered cycle 
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Thus, (CV_, - 36.23)^ number of vehicles have to wait at the stop line (C, , -

36.23)/2 seconds average. The vehicle counted at the beginning of the cycle C,_,, has 

to wait (C,_, - 36.23) seconds and the vehicle just counted at 36.23 seconds before 

cycle C starts will never face any delay. Hence the average delay has been considered. 

nA number of vehicles move without delay since when they reach the stop line at 

approach A, its split has started. 

{Cj_} - (C,_, -36.23) -sA}nA vehicles that is (36.23 ~sA)nA have to wait at stop 

line (C-sA) seconds till the next split starts in next cycle run. 

Table 5.4 and Table 5.5 are the tabulations calculated for the delay of intelligent 

model and the fixed time control model. Here the delay 1 and the delay 2 are meant 

for the before green delay and the after green delay. 

Cycle n, 

1.666667 
2.563692 
2.369918 

36.23) 
23.77 
26.18 
58.71 

36.23)/2 
11.885 
13.09 

29.355 

Delayl 
470.8440833 
878.5674091 
4084.392366 

sa nA 

36.15 
83.42253 
122.7854 

36.23-5 
14.54 
3.69 

(C -sA) 
40.72 

Delay2 
986.7813 

Delay total 

62.4 
1457.62542 

99.29 
878.567409 
4084.39237 

Delay % 
2335.56388 
925.392257 

Table 5.4- Delay Calculation for the Intelligent Model at Split A 2703.10547 

Delay percentages were taken for the comparison with the fixed time control model. 

For the fixed time control model, the total cycle time is never changing and it has been 

set to 120 seconds. But for the intelligent model, it is changing from time to time. 

Hence for the comparison, it has to average it to a common time horizon. Hence the 

percentage delay was taken by calculating the total delay accumulated for a 100 

seconds cycle time for both fixed time control and the intelligent model. 
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Cycle 
1 
2 

sa »A 
50 

76.91075 
71.09754 

N, 

1.666667 
2.563692 
2.369918 

36.23- s 
6.23 
6.23 
6.23 

36.23) 
83.77 
83.77 
83.77 

Table 5.5- Delay Ca 

(C sA) 
90 
90 
90 

36.23)12 
41.885 
41.885 
41.885 

Delay2 
934 5 

1437.462 
1328.813 

Delayl 
5847.844083 
8995.24166 

8315.346021 

Delay total 
6782.34408 
10432.7036 
9644.15896 

Delay % 
5651.9534 

8693.91967 
8036.79913 

.culation for the Fixed time Control Model at Split A 

5.3.3 Delay calculation for the approach B: 

Considering the first three sets of detector values of Table 5.1, the calculation can be 
generalized as follows. 

Cj_x: Previous cycle time 

C: Current cycle time 

nH: Detector count at approach B 

sB: Split at approach B 

SAU+\) •' Split at approach A at the next cycle CJ+] 

For the approach B, the majority from the vehicles are counted by the detector SD]. 

For this calculation, each vehicle has to move 1000 meters after got counted by the 

detector and hence has to be on travel for 72.5 seconds to reach the stop line at 
approach B. 

Considering the average delay as usual, sA nH number of vehicles will experience the 

before green delay at the stop line and have to wait (Cy_, + s /2 - 72.5) seconds. 

sR nB number of vehicles will enter the approach without delay. 
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Similar to the before calculation, (sc + sD)nB number of vehicles have to experience 

after green delay and have to wait ((sc+sD)/2 +sAU+i)) seconds till the next green 

phase begins. 

Table 5.6 and Table 5.7 are the tabulations calculated for the delay of intelligent 

model and the fixed time control model. 

Cycle 

sB nB 

0.763333 
2.814934 
10.64578 

0.083333 
0.256369 
0.558247 

31.62 
51.42 
80.19 

(Cj-i + S
A 12-

72.5) 
-1.655 
6.18 

48.345 

(^C + ^D )/2 

+ s A(j+\) 
48.35 
77.52 

91.905 
Table 5.6-Delay Calculation for t 

21.69 
32.54 
51.81 

Delay2 
127.4023 
1021.908 
4114.206 

Delayl 
0 

51 55512258 
1398.272444 

Delay total 
127.40225 

1073.46274 
5512.47808 

Delay % 
204.137558 
1130.67489 
3648.23169 

he Intelligent Model at Split B 

When the waiting time getting negative, it meant as a zero delay since it appears when 

the previous cycle time is shorter comparing the travel time after the vehicle got 

counted. 

Cycle nB (CJ_l+SA 12-72.5) 
Delayl 

1 0.083333 62.5 30 156.25 
2 0.256369 62.5 30 480.6921968 3 0.558247 62.5 30 1046.713714 

SB sc + sD 

(SC+Sd)/2 
+ V -4C/+1) Delay2 Delay total Delay % 

2.5 60 60 300 456.25 380.208333 7.691075 60 60 922.929 1403.62121 1169.68435 16.74742 60 60 2009.69 3056.40404 2547.00337 
Table 5.7- Delay Calculation for the Fixed time Control Model at Split B 
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5.3.4 Delay calculation for the approach C: 

Considering the first three sets of detector values of Table 5.1, the calculation can be 

generalized as follows. 

Cy_,: Previous cycle time 

C: Current cycle time 

nc : Detector count at approach C 

sc: Split at approach C 

5au+d : Split at approach A at the next cycle C /+1 

sbu+\) Split a t approach B at the next cycle C /+ l 

For this calculation, the before green delay has been calculated as delay 1 and the 

delay 2 for two sets of vehicles. 

Split C is on for the approach C, in which the majority from the vehicle count from the 

intersection at West is expected to be entered. Each vehicle has to travel 300 meters 

over 21.74 seconds after getting counted by the detector . 

sA nc number of vehicles have experience a before green delay of ( Cy , + s 12 -

21.74) +s B averaged seconds at the stop line. 

sB nc number of vehicles have experience a before green delay of ( C + s /'.2 -
j-1 A B 

21.74) averaged seconds at the stop line. 

sc nc number of vehicles will never experience a delay. 

(CJ_l-sA - s B - s c ) n c number of vehicles will have after green delay and will wait 

(sD 12 + sAU+l) + sB(j+1)) averaged seconds before pass the intersection. 
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Table 5.10 and Table 5.11 are the tabulations calculated for the delay of intelligent 

model and the fixed time control model. 

( C M * S A 1 2 -

Cycle n c 21.74) +s B Delayl 
1 1 58.265 21.69 1263.76785 
2 1.650377 67.92 32.54 3647.524922 
3 1.706341 118.175 51.81 10447.32224 

( C m - s a + S b / 2 -

s c n c sB n c 21.74) Delay2 
21.87 9.16 21.15 193.734 

64.4472 18.12113 13.62 246.8099 
100.6912 32.53992 30.925 1006.297 
( C m - ( s D / 2 + 

s , -SR-A " 
SA(j+1) + 

s c ) n c SB(j+1) ) Delay3 Delay total Delay % 
7.28 48.395 352.3156 1809.81745 2899.884 

33.271591 77.065 0 3894.33477 4101.89 

59.636613 85.29 0 11453.6193 7580.158 
Table 5.8- Delay Calculation for the Intelligent Model at Split C 

Cycle n c 

( C h + s a 12 — 

21.74) +sB Delayl 
1 1 143.26 30 4297.8 
2 1.650377 143.26 30 7092.988303 
3 1.706341 143.26 30 7333.511692 

s c n c sB n c 

^ + S b / 2 -

21.74) Delay2 
30 30 83.26 2497.8 

49.5113 49.5113 83.26 4122.311 
51.19023 51.19023 83.26 4262.098 

SB " SC ) HC 

( S d / 2 + 

SA(j+l) + SB(j+l) ) Delay3 Delay total Delay % 
30 75 2250 9045.6 7538 

49.5112963 75 3713.347 14928.6461 12440.54 
51.1902254 75 3839.267 15434.8768 12862.4 
able 5.9- De ay Calculation for the Fixed time Control Model at Split C 

Here also zero delay will receive when negative delay time received. 
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5.3.5 Delay calculation for the approach D: 

Considering the first three sets of detector values of Table 5.1, the calculation can be 

generalized as follows. 

Cj_x: Previous cycle time 

C: Current cycle time 

nc : Detector count at approach C 

sc: Split at approach C 

•^O+i): sP l i1 : a t approach A at the next cycle Cj+, 

sBU+l): Split at approach B at the next cycle C ,+1 

For this calculation, the before green delay has been calculated as delay 1, delay 2 and 

the delay 3. 

Split D is on for the approach D, in which the majority from the vehicle count from 

the intersection at North is expected to be entered. Each vehicle has to travel 1000 

meters over 72.5 seconds after getting counted by the detector Sm. 

sA nD number of vehicles have experience a before green delay of (C , +s 12 -
v j ' A 

72.5) + sB +sc averaged seconds at the stop line. 

sB nD number of vehicles have experience a before green delay o f ( C , - s + s /2 -
i ' A B 

72.5)+ sc averaged seconds at the stop line. 

sc nD number of vehicles have experience a before green delay o f f C , - i + s 12 -
^ J ' A B 

72.5) averaged seconds at the stop line. 

( C j - \ ' s a ~ sB~ sc)nD number of vehicles will move without delay occurrence from 

the intersection. 
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Table 5.10 and Table 5.11 are the tabulations calculated for the delay of intelligent 

model and the fixed time control model. 

Cycle nD 

( C j - \ + S A 12 ~ 

72.5) + s B 

+ sc Delayl 
1 0.416667 31.03 21.69 280.433625 
2 0.544784 133.8 32.54 996.4508188 
3 0.979566 161.85 51.81 8214.100595 

s c ) sB nD 

(CH-SA + Sb/2 

-72.5)+ sc Delay2 
7.28 3.816667 -7.74 0 

-20.16 5.981734 1.91 11.42511 
-34.95 1 8.68032 39.175 731.8017 

SC nD 

-sB + sc 12-
72.5) Delay3 Delay total Delay % 

9.1125 -32.415 0 280.433625 449.3409 
21.2738343 -34.085 0 1007.87593 1061.593 
57.8041921 -18.935 0 8945.9023 5920.518 

Table 5.10-Delay Calculation for the Intelligent Model at Split D 

Cycle no 

( C j - \ + s A 12 ~ 

72.5)+ sB +5C. Delayl 
1 0.416667 60 30 750 

2 0.544784 
58.345 

30 2002.083 
3 0.979566 •58.345 30 1714.583421 

(CJ.]-sA -

sB-sc) SB nD 

+ 

Sb/2-
72.5)+ sc Delay2 

30 12.5 62.5 781.25 
30 16.34353 62.5 1021.471 
30 29.38698 62.5 836.686 

'V nD 

-

sB + sc 12-
72.5) Delay3 Delay total Delay % 

12.5 2.5 31.25 1562.5 2503.605 
16.34353 

47 2.5 40.85884 
3064.4127 

5 3227.736 
29.38698 

13 2.5 73.46745 3624.7372 2398.9 
Table 5.11-Delay Calculation for the Fixed time Control Model at Split D 
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With comparing the results obtained, the summary of the all tabulations are given in 

Table 5.12. 

Cycle 
time 

62.4 
94.9 
151.1 

Total Delay % 
IC 

5865.0 
7219.6 

18662.2 
Table 5.12- Improvement o 

Total Delay % 
FC 

17325.6 
25531.9 
27092.8 

btained by the Inte 

Improvement % 
66.1 
71.7 
31.1 

ligent Control Model 

It is clear that for low, medium and averaged high traffic flow data, it has been 

improved 51.6% minimization of the total vehicle seconds delay by the intelligent 

traffic control model over the fixed time control system. 
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