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Abstract. This study purposes the dynamic mesosimulation of within-day 
fluctuation of traffic flow in respect to node management rules. Like existing 
mesosimulation models, the proposed model traces explicitly the vehicles’ 
movements, and considers aggregate link performances in a dynamic traffic 
assignment framework. The innovative approach consists in the fact that the 
model considers the vehicles’ acceleration; therefore, the speed of vehicles is not 
an average, but a punctual value that allows a more accurate and more precise 
calculation of  flow characteristics. At first, the model has been studied for a 
single link; afterwards, node management rules have been studied for a network 
model. In the last stage, the model has been tested on a real network. The model 
is useful to simulate undercapacity utilisation of networks, such as bottleneck 
sections, and problems at operative and tactical level. 

1. Overall framework 

Models for Dynamic Traffic Assignment (DTA), determining the network traffic pattern 
over time as a result of dynamic supply and demand interactions, have a wide range in 
application area and generally include a demand/supply sub-model. DTA has significant 
improvements over static traffic assignment because the temporal dimension in DTA can 
better represent real situations and more detailed traffic dynamics. DTA models which 
consist of a traffic flow component and a travel choice principle allow simulating explicitly 
time-dependent flows and oversaturation phenomena. Currently, dynamic models are still 
being investigated deeply. 
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Travel choice principle models travellers’ behaviour and can mathematically be 
formulated as: the nonlinear complementarity problem, the variational inequality problem, 
and the fixed-point problem, by assuming that route travel times are a function of route 
flows or defined on the solution set of these problems. In this study the purposed link 
model is a described as a fixed point problem with respect to the speed variable. 

Flow component describes the traffic propagation inside a network. Transition to link 
flows from path flows necessitates network loading models (flow propagation models). In 
specific technical literature, different approaches are followed to study dynamic network 
loading (DNL) models, depending on whether the link performances are expressed in 
aggregate or disaggregate way and the way vehicles are traced. If vehicles’ movements are 
traced implicitly, and link performance is expressed in aggregate way, the simulation is 
macroscopic; if vehicles’ movements are traced explicitly, two cases are possible, 
depending on whether link performances are expressed in disaggregate or aggregate way. In 
the first case, the simulation is microscopic, otherwise it is mesoscopic, employed as the 
approach within this study. 

2. Model definition 

2.1. Link model notations 

Movement of vehicles was studied for discrete time intervals [t- ∆t, t], [t, t+ ∆t]; in these 
reference periods, speed was assumed to be uniformly accelerated.  

Let P be the set of feasible paths on the network. The set of vehicles, leaving in the 
same interval j and following the same path p (p∈P), was called a “packet” (j,p). 

The speed of packets is a function of the space s (then of the entry time on the link, ta) 
and of the time t: V = V(s,t), where s = s(t,ta) which means that the speed is a function of 
average concentration kti (Vti = V(kti) where  kti = Nti/di) 

Representations among a link are as follows. Let 
• mj,p be the total number of vehicles belonging to the packet (j,p); 
• ati be the acceleration during the interval [t, t+ ∆t] constant and common, in the 

reference period, for all vehicles on the link i; 
• it,

pj,n  be the number of the packet (j,p) on the link i at the time t. 
• it,

pj,s  be the position on the link i of the head of the packet (j,p) at time t. The value 
of it,

pj,s  is 0 if the packet (j,p) is not on the link i; 
• Nti be the total number of the vehicles on the link i at the time t. 
• di be the length of link i; 
• Vti be the speed at the time t on the link i, common for all vehicles on the link.  
 

So, total number of vehicles at a link i at the time t can be calculated as in Eq. 1. 
Nti =∑∑

∈ ≤Pp tj

it,
pj,n  (1) 
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2.2. Mesoscopic simulations with discrete packets 
Discrete packet is made up by a "pile" of vehicles, all located up at the head of the packet: 
if the head of a packet occupies a link during interval [t, t+∆t], all vehicles belonging to that 
packet are assumed to be occupying the same link. With these hypotheses, difficulties of 
continuous packets models are avoided, but at the cost of a strong simplification that could 
influence external consistency, that is the capacity of the model to represent the 
phenomenon correctly. 

The speed has been assumed to be equal for all packets running on the link i at the same 
time t and acceleration was constant and common for all vehicles on the link in the 
reference period. Therefore, relationships given with Eqs.2 are valid with respect to 
assumptions made. 

 
it,
pj,s = s(Vit-∆t , Vti, it,-t

pj,s
∆ ) 

it,
pj,n = n( it,

pj,s , it,
p1,+js ) 

Vti = V (Nti) 

 
(2) 

 
 

Here, s, n and V are continuous functions and, it,
pj,n  = 0  when j>t.  

The speed can be assumed equal for all vehicles on the link, or assigned to each packet 
at the entry time: in the first case, since it would be Vti = V(Nti), the speed of each packet 
would depend also on the number of vehicles behind the packet itself; however, the 
influence of this assumption on the model is lower as ∆t or ∆l approaches 0. Since 
aggregate performances are used, the existing mesosimulation models suffers from this 
drawback, and model given with Eq. 2 can be written in terms given with Eq. 3. 

 
it,
pj,s = s(Vit-∆t , Vti, it,-t

pj,s
∆ ) 

it,+t
pj,n ∆  = 




>
=

∆+

∆+

0s  ifm
0sif0

it,t
pj,pj,

it,t
pj,  

Nit+∆t = ∑
∈Pp
∑
≤

∆

tj

it,+t
pj,n . 

Vit+∆t = V(Nit+∆t) 

 
 
 

(3) 

 
The spatial relation depending on to uniformly accelerated speed can be determined 

through Eq. 4. 
 

it,+t
pj,s
∆ = it,

pj,s +Vit ∆t + ½ ait ∆t2 (4) 

2.3. Node management model 

For network modelling, node management rules were implemented. For sake of simplicity, 
in the link model we assumed that a link would always be followed only by another link; 



438 M. Dell’Orco et al. 

but actually a link ends at a junction, where possibly more than one link also end and/or 
begin. So, the link model (3) and (4) needs an additional control, whether the vehicle packet 
arrives at the end of the link (si ≥ di) or not (si ≤ di). 

When the vehicle packet arrives at a node, βji+1 portion of  mji  enters link i+1. Each link 
arriving to the node has to be checked, considering the possible available paths. So, because 
of  conflicts of the flows arriving from the different links to the node if  available, there will 
be some departure time lost for safety, that is to make a flow not conflict with another one. 

It is possible to decide whether to use the FIFO rule for the node or not. This rule 
guarantees that, if the demand exceeds the capacity of available exiting links, the proportion 
between partial exiting flows and total exiting flow is the same as the proportion between 
partial demands on each link and total demand. A simple node representation is given in 
figure 1. 

 

 
Figure 1. Node representation 

Let: 
• FWk be the forward star of the node k, that is the set of links exiting the node k; 
• BWk  be the backward star of the node k, that is the set of links entering the node k; 
• the set of vehicles, called a “packet” (mj,p), follow the same path p (p∈P) on the 

network. (see link model); 
• wi(t) be the total flow entering from link i,  to node k,  at time t; 
• fil(t) be the (partial) flow exiting the link i, passing node k, and entering the link l, at 

time t; 
• Cl(t) be the total Capacity or Saturation flow (supply) of the (exit) link l. 
The set of all paths containing the links i and l in sequence is called as i - l node stream. 

The node problem can be solved by the maximization of the total flow passing through the 
node. The maximization problem can be expressed as:  

 
∑ ∑
∈ ∈

=

k kBWi FWl
lif   Zmax  (5) 

The set of constraints can be divided in two groups; the first group is for flow models: 
• non-negativity of flows, fi l >0 where  i∈BWk , and l∈FWk; 
• the flow from link i to  l must not  be greater than demand, wi ≥ fi l 
• the total flow entering the link l must not be greater than its total capacity Cl : 
 

( )∑
∈

≥
kBWi
i tfC ll

 
(6) 
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The second group constraints are for different representations of the fraction of  flows  
from link i to link l and capacity lost at node k. Two different fraction factors can be used: 

• a fixed proportion of demand (exiting flow link i) enters link l that is; 
 

∑
∈

<≥
kBWi

li 1 α   and   0α           where         ilili w  f ⋅=α  (7) 

 
• a variable proportions of demand enters link l, comparative to the flows, that is; 

 

∑
∈

≥
=

kBWi
i

i
i 0f

fα
l

l
l  (8) 

 
• FIFO rule for the node that is; 
 

0f
fγ
kFWi

i

i
i

≥
= ∑

∈

l

l
l  (9) 

3. Model validation 

We applied the proposed model to simulate the flow propagation along a section of the 
Bridge of Bosphorus, considering the traffic volumes at the entrances and exit on the bridge 
and its Anatolian side approach, the start point of tidal flow lane and bridge exit on 
European side. 

Using the entering flow as an input data, a code in Matlab language has been written to 
calculate the exiting flow from the Bridge of Bosphours through the proposed model. The 
outcomes of the simulation are reproduced and, to measure the closeness of the simulation 
to the field data, the root mean square percent error and the coefficient of determination are 
computed as performance criteria. 

On the basis of these performance criteria, a comparison of the proposed model to some 
other existing model has been carried out.  

In fig. 2 a schematic representation of the survey site is reproduced; the simulation has 
been carried out considering the traffic volumes at the bridge entrance and exit, that is 
bewteen the points start of additional lane and  Bridge exit. 
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Data refers to a peak period from 6:00 a.m. to 7:45 a.m. of a weekday, and have been 
provided by a survey carried out by Assist. Prof. Dr. Ismail Şahin. In the original survey, 
data were taken every 5 seconds; since this time interval resulted too small for our aim,  we 
summed data up to every minute.  

Using the entering flow as input data, a Matlab program has been implemented to 
calculate, through the proposed model, the exiting flow from the Bosphours Bridge. Taking 
into account that the bridge has 3 lanes plus an additonal tidal lane, the capacity of the link 
has been assumed equal to 9000 vehicles/hour, and the maximum density 600 vehicles/km. 

To measure quantitatively the closeness of the simulation to the field data, we 
calculated the Root Mean Square (RMS) percent error, defined as: 

 

            RMS percent error = ∑
=





 ⋅−N

1n

2

0
n

0
n

s
n 100y

yy
N
1

 
                           (10) 

 
where ysn is the n-th value from simulation, and y0n the corresponding observed value from 
field data.   

The RMS percent error represents the deviation of simulation from the field data, and in 
our case resulted equal to 22.57%, that is a rather good approximation. 

4. Conclusions 

In this study a mathematical framework has been developed to simulate the vehicles flow 
across a link and/or network nodes. The model considers the vehicles’ acceleration and 
seems to work properly; in fact, after the validation we carried out using field data, it 
appears that the proposed model sets out a rather good approximation with respect to 
selected performance criteria. 
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Fig. 2 – Schematic representation of Bosphorus Bridge 


