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1 INTRODUCTION 
 
Decisions taken by the road manager in controlling traffic in a certain way have an influence 
on the possibilities for travellers to choose their preferred mode, route and time of departure, 
and vice versa. A change in traffic control may have the impact that traffic volumes change. 
If for example traffic control is modified such that congestion on a certain route disappears 
and delays on intersections decrease, traffic might be attracted from other links where 
congestion still exists or which are part of a longer route. This might have the consequence 
that queues, which originally disappeared, return. Delays may come back on the original 
levels. The question is then whether there still is a net profit for the traffic system as a 
whole. Another example is that public transport gets priority in intersection control. The 
delay for other road users may increase and thus force these road users to search for other 
routes, departure times or even transport modes in the network (Mordridge, 1997). 
If it is assumed that a modification in traffic control gives a change in travel behaviour, it is 
necessary to anticipate this change. If delays are optimised, it should be done for the traffic 
volumes that will be present after the introduction of the optimised traffic control and not 
for the traffic volumes that existed before the implementation. If the reaction of travellers is 
neglected in the optimisation of traffic control, the results may even be just opposite to the 
desired improvement. Mordridge (1997) shows that the improvement of the traffic 
conditions for cars in a network with cars and public transport may cause a modal shift from 
public transport to the car, which at the end deteriorates the travel conditions for both 
modes. 
The control problem is therefore to optimise traffic control in such a way that the system is 
at a certain, prescribed optimum, anticipating the reaction of travellers. This is called the 
combined traffic assignment and control or anticipatory control problem. More than 25 
years this problem has been the subject of study. Taale and Van Zuylen (2001) give an 
extensive overview of the available literature. In this paper the focus will be on the problem 
of optimising the control, taking into account the uncertainty in travel times as perceived by 
the road users. To that end a stochastic assignment is used. The effects of the uncertainty in 
perceived travel times is analysed for several control optimisation methods and for several 
cases. 
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2 PROBLEM FORMULATION AND SOLUTION 
 
There are several methods to formulate and analyse the problem. Here, the iterative 
approach with simulation is used to solve the problem, because of the possibility to handle 
different control types (e.g. traffic signal control and ramp metering) realistically and more 
reliable. Also, with simulation, the problems with the analytical description of the complex, 
non-linear behaviour of traffic flow is circumvented (Abdelfatah and Mahmassani, 2001). 
The iterative procedure used consists of three parts: the optimisation of the traffic control, 
the simulation of the traffic flows to determine costs and the traffic assignment. Each of 
these parts is described in the following paragraphs. 

2.1 Traffic Control Optimisation and Traffic Simulation 
In the literature several optimisation algorithms can be found. By far the most famous one is 
Webster’s algorithm (Webster, 1958). Webster found formulas for the ‘optimal’ cycle time 
and green times giving minimum delays. In the work described below a generalisation of 
these formulas is used. Another famous algorithm is the one Smith proposed and called P0 
(Smith, 1980). This algorithm applies capacity maximisation and, therefore, also has delay 
minimising properties. Another more recent optimisation technique is based on the 
evolution paradigm from biology and is called genetic algorithms. These algorithms 
optimise a performance function by means of random mutations, random combinations of 
solutions and selection of the best solutions. For most situations genetic algorithms perform 
better than fixed-time control, but in comparison with vehicle actuated control the 
performance is not clear (Taale, 2000), except if traffic conditions change abruptly (Taale, 
2002). A final, more brute force, method is to use a simulation model to calculate the 
performance index and to run it a lot of times to find a good solution. Of course for this a 
microscopic simulation model is not suited due to the demanding CPU time to search the 
large solution space. Therefore, a macroscopic model seems more appropriate (Pavlis and 
Recker, 2001). For that purpose, a simple flow/capacity model was developed. This simple 
model was also used for the traffic simulation itself. 

2.2 Traffic Assignment 
The dynamic assignment is based on the route-based discrete-time dynamic traffic 
equilibrium. In formulas this can be expressed as 

 ( fk
rod > 0⇒ ck

rod = πk
rod ), ∀ o, d,r ∈ Rod ,k     (1) 

 πk
od ≡ min

r ∈ Rod
ck

od , ∀ o, d,k.        (2) 

In these formulas is o an origin, d a destination, Rod the set of feasible routes between o and 
d, r a possible route, k the departure time interval, fk

rod  the average route flow between o 

and d for route r departing during time interval k and ck
rod  the accompanying real costs for a 
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user equilibrium or the perceived costs for a stochastic equilibrium. The problem can be 
formulated as a discrete time (finite dimensional) variational inequality (VI) problem: find 
an f ∈Ω  such that 

 ck
rod (f )

k
∑

r∈ R od
∑

o, d
∑ ( fk

rod − f k
rod) ≥ 0, ∀ f ∈Ω ,      (3) 

where Ω is defined as the set of all f satisfying the following constraints: 

 
fk

rod = qk
od

r ∈ Rod
∑ , ∀ o, d,k,

fk
rod ≥ 0, ∀ o, d,r ∈ Rod ,k.

     (4) 

and od
kq  is the demand between origin o and destination d for time interval k. In a stochastic 

assignment the route costs can be represented by 

 
88

K8c k
rod = ck

rod +
1
θ

logfk
rod         (5) 

where 
88

K8c k
rod  are the perceived travel costs, ck

rod  the real travel costs and θ a parameter which 
reflects the degree of uncertainty in the travel time knowledge of the road users. If θ is large 
the second term vanishes and perfect knowledge is assumed (Chen, 1999). 

2.3 Solution Algorithm 
The heuristic solution algorithm used in this paper consists of three parts. After initialisation 
of controls and route flows the controls are optimised for the given route flows using one of 
the four methods described and these green times are input for the simulation model. Note 
that the optimisation includes the cycle time. With the simulation model travel costs for 
every time period are calculated and these travel costs are used in the assignment problem. 
The assignment gives the new route flows and these are input for the control optimisation. 
In the analyses travel time is used as the travel costs. 
 

3 CASE STUDIE 

3.1 Description of the cases 
The combined dynamic traffic assignment and control problem was studied for a simple 
case with traffic signal control. The network is shown in figure 1. 
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 Figure 1: Study example for signal control 
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The black dots represent the signal-controlled nodes. The network has one OD pair (AB) 
and six routes of equal length. Some routes overlap. The demand for this case is split into 
four time period of 15 minutes. The demand for these periods is 2000, 2500, 2000 and 1500 
vehicles per hour. The saturation flow for all links is 2000 vehicles per hour and the link 
length varies between 1000 and 2000 metres. The maximum speed is 50 km/hr. 
For the fixed-time control strategy the green times are 25 seconds and for the optimisation 
strategies the green times of the intersections are allowed to vary between 7 and 40 seconds. 
The cycle time is not fixed, but depends on the green times. The intersections intergreen 
time is 10 seconds. The uncertainty parameter θ is varied between 0.1 and infinity. 

3.2 Results 
The final results of this case, in terms of the total delay in the network of the final solution, 
is given in figure 2. 
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The results for this example show that uncertainty has a lot of influence on the results if one 
tries to incorporate route choice of travellers in traffic control optimisation. First, perfect 
knowledge is not always the best for the network as a whole. Fixed-time and Webster give a 
higher total delay for θ = inf. P0 has a different behaviour for this value of θ. If uncertainty 
is large (θ is small), P0 seems the best control strategy, but for the situations with higher 
certainty Webster is the best control strategy in this case. 
 
 

Figure 2: Total delay for case with signal control 
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4 CONCLUSIONS 
 
After more than 25 years the anticipatory control problem is still a subject worthwhile to 
study. From the literature it is clear that some important topics such as cycle time 
optimisation, integration of traffic management measures and departure time choice have 
not been studied thoroughly enough (Taale and Van Zuylen, 2001). In this paper we 
analysed the effects of ‘uncertainty’ in the travel time perception of road users on the 
solution of the integrated traffic assignment and control problem. 
The results show that perfect knowledge about the network conditions do not always 
represent a system optimum. A certain ‘uncertainty’ is necessary to have the best traffic 
conditions for the system as a whole. The level of uncertainty depends on the control 
strategy used. For experienced, familiar road users the Webster optimisation procedure 
seems the best and for more unfamiliar drivers the P0 strategy. 
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