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1 THE PROBLEM 
 
Although there are a number of established traffic control systems (Miller, 1963; Allsop, 
1971; Heydecker and Dudgeon, 1987; Gallivan and Heydecker, 1988; Heydecker and 
Boardman 1999) in use, no completely satisfactory treatment has yet been established for all 
kinds of variation in flows and that can also accommodate readily a wide range of policy 
objectives. The novel concept of the present research is to incorporate the recent 
technologies of machine learning (Tomlinson and Bull, 1998; Cao, Ireson, Bull and Miles, 
1999; Bull, 1999; Tomlinson and Bull, 2000) to a traffic control system. The aim of this is 
to develop a fully distributed responsive traffic signal control system. It combines expertise 
in control methods for use in the control of road traffic by signals with the use of 
evolutionary computing techniques for multi-agent systems. 
 
 
2 THE APPROACH (& WHY) 
 
This project is investigating a new machine learning technique for on-line traffic control. 
This is based on a Learning Classifier System (LCS), which will develop effective rules to 
deal with complex sequences of decisions and to apply these rules to a traffic signal control 
system represented by microscopic simulation model SIGSIM (Silcock, 1993; Law and 
Crosta, 1999). The performance of this approach will be evaluated though comparison with 
established traffic control systems within SIGSIM over a range of traffic loadings. The LCS 
approach has the advantage that it is not specific to any particular policy objective, such as 
capacity or delay, or form of primary data, such as inductive loop or microwave. 
 
 
3 TECHNIQUES USED 
 
SIGSIM is a micro-simulation model for simulating movement of individual vehicles in a 
signal-controlled road network. These vehicles are simulated based on a mathematical 
model developed by Gipps (1981) that calculates the speed and position of each vehicle on a 
lane after a certain time increment according to each vehicle’s current speed and the speed 
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of the vehicle in front. SIGSIM has an event-based capacity where an event is processed in 
accordance with prevailing conditions. SIGSIM was designed for the testing and evaluation 
of signal control strategies; it includes common ones such as fixed time and System D 
vehicle actuated, and also can accommodate novel ones. There are a number of detector 
technologies available in SIGSIM, including inductive loops and microwave. 
Learning Classifier Systems (LCS) are a form of evolutionary algorithm which evolve 
simple condition/action rules, over a learning period during which reward values are fed 
back to the LCS from the simulation in respect of the policy objectives. The aim of this is to 
generate adaptive control policies to facilitate a range of suitable behaviours. This approach 
to performance enhancement has the advantage that it is not specific to any particular 
objective or form of primary data. The integration of the LCS into SIGSIM will ultimately 
lead to the development of a fully distributed traffic responsive control system. 
The integrated simulator implements responsive traffic signal control. SIGSIM will provide 
simulated detector data and measures of performance. The LCS uses these measures to 
develop signal control strategies and gauge the efficacy of the generated signal timings 
according to how well the system performs. Initial investigations have used a measure of 
queue lengths at each junction as a local evaluation metric. A number of alternative 
evaluation metrics will also be investigated for suitability when the traffic responsive 
system is developed further.  
Results from SIGSIM matched by traffic inputs and random number seeds will allow the 
LCS distributed adaptive traffic control to be compared with various other established signal 
control strategies within SIGSIM. The relative performance of the different signal control 
strategies is evaluated according to a wide-ranging set of criteria. These include delay to 
vehicles, capacity of critical streams and junctions, queue lengths, and characteristics of the 
signal timings. 
Initial testing has used small sized networks and simple traffic flow patterns (as shown in 
Section 4). Over the programme of development and evaluation, these tests will progress to 
include larger size networks such as two-way arterial road systems, small grid networks and 
increasing complexity traffic flow patterns, including time-varying mean arrival rates. 
 
 
4 RESULTS 
 
The experiment was set up in SIGSIM as follows. Figure 1 shows the input information 
required: it depicts a 4 arm junction with 8 lanes, traffic flows in one direction on each lane 
and all traffic goes straight ahead at the junction. A separate run was undertaken for each of 
the signal control strategies. Certain events of the signal control timings were constant 
between policies: the intergeen time at 5s and the minimum green time at 7s. The control 
policies tested were: 

OSPITE
373



− Fixed time with 30s stage durations (approximately optimal for 700 vehicles per hour 
arrival rates). 

− Vehicle actuated with 30s maximum stage durations. 
− Fixed time with stage durations optimised for the flows for each run. 
The same random number seed was used to generate the vehicles in all cases so as to match 
the simulations closely. Each of the test runs ran for 1 hour of simulation time after 15 
minutes of warm-up time. 
The preliminary results for a single junction with constant mean arrival rates are shown in 
Table 1. The evaluation metric for the comparison between each of signal control strategies 
is the Mean Rate of Delay, averaged over 10 runs. 
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Figure 1: 4-arm junction, vehicles only travelling ahead only 

 
Table 1 shows the flow rate in each of the streams i (North/East/South/West). Flows on a 
separate run ranged from fairly light to heavy, and overloaded. This included both balanced 
and unbalanced patterns. The Mean Rates of Delay over each of the runs after warm-up 
were calculated as follows: 
− Each clock increment t for vehicle position updates (0.667s), the current number of 

vehicles ni(t) for each stream i is accumulated according to:  

Ai (t) = ni
t' = 0

t

∑ ( t' ) .         (1)  

− The time after the warm-up (start time) tw and the end time te for simulation is recorded. 
− The mean rate of delay Di for each stream i is calculated from Equation 2 and the total 

mean rate of delay D for whole junction is calculated from Equation 3. 
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Di =
Ai(te ) − Ai (tw )

te − tw

 )1( Ii ≤≤        (2) 

D = Di
i =1

I

∑           (3) 

These results show that System D Vehicle Actuated Control (V/A) performs slightly better 
than fixed time (F/T) as expected when all streams have equal flow, but is much better 
shown when the flows are unbalanced: this is as would be expected because the fixed 
timings are unbalanced and unresponsive. The optimised fixed timings performs about as 
well as V/A in most cases, but rather better in runs 7 and 8 which are overloaded beyond the 
practical capacity of the junction. The LCS system could not accommodate the higher flow 
cases. 
 
Two LCS designs based on the well-known classifier system ZCS (Wilson, 1994) are 
considered. System A is the standard version and System B has been modified appropriate 
to current application. This is further discussed by Tomlinson, Sha’Aban Heydecker, and 
Bull (2002). These results will be extended to include full results from the LCS in the full 
paper. 
 

Flow for stream (i) 
vehicles/hour 

Mean Rate of Delay (D)  
vehicles 

R
u
n 

N E S W F/T V/A 
Optimised 

F/T 
LCS 

System A 
LCS 

System B 
1 200 200 200 200 24.9 22.6 22.6 24.5 22.5 
2 400 400 400 400 53.9 50.1 49.5 49.2 49.1 
3 600 600 600 600 86.8 84.0 82.7 91.4 89.1 
4 800 800 800 800 131.1 129.6 139.9 - - 
5 300 600 300 600 62.4 57.4 56.6 61.3 61.3 
6 400 800 400 800 91.2 83.5 84.7 - - 
7 500 1000 500 1000 324.7 131.5 119.4 - - 
8 600 1200 600 1200 775.8 636.7 193.2 - - 

Table 1: Mean rates of delay over simulation run (after warmup) 

 
5 CONCLUSIONS AND PROSPECTS FOR FUTHER WORK 
 
Initial results from the using the LCS to control traffic at a simple road junction will shows 
how the LCS performs against F/T, V/A and optimised F/T in some range of cases. The 
results available so far from the LCS are competitive to the other traffic signal control 
options. 
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Once stable operation has been established with the responsive traffic signal control LCS, a 
series of tests will be undertaken for a range of test networks to investigate the different 
kinds of control strategies. These tests will include: 
− using time-varying demand profiles to represent busy periods that cause transient 

overload, 
− including temporary reductions in capacity due to incidents. 
These tests will be undertaken using a range of different kinds of detector data to investigate 
the sensitivity of the approach to this and the good things about them. 
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