
TRANSPORT
ISSN 1648-4142 / eISSN 1648-3480

2018 Volume 33(2): 364–369
doi:10.3846/16484142.2016.1236352

HARMONIZATION AND SYNCHRONIZATION MODEL  
OF INTERRUPTED TRAFFIC FLOWS ON MOTORWAYS

Goran Kos1, Marko Ševrović2, Josip Jović3

1Institute for Tourism, Zagreb, Croatia
2Faculty of Transportation and Traffic Sciences, University of Zagreb, Croatia

3ZG-projekt d.o.o., Zagreb, Croatia

Submitted 19 December 2014; resubmitted 21 April 2015, 11 August 2015; accepted 26 September 2015; 
published online 24 October 2016

Abstract. The research in this paper focuses on harmonization and synchronization of traffic flows in the period of ap-
plication of zonal temporary traffic regulation. The specific case scenario addressed in this research implicates that on 
both carriageways no vehicles were allowed to reside in the work zones for a significant time interval in the same time 
periods on both sections. In order to solve this problem, the model for harmonization of the traffic flows on dual car-
riageway motorways with synchronization of opposing traffic flows on both carriageways in special traffic conditions is 
presented. Actual traffic situation that occurred is presented in order to demonstrate the model, where intensive traffic 
flows were interrupted on both carriageways during extensive road works on two nearby sections. The model described 
in this paper has several stages. The first stage implies detailed analysis of traffic flows with computation of expected 
number of vehicles in the queue. The next stage in the modelling process is to calculate the queue discharge time for 
both directions and propose measures to optimise operating speed in order to maximize capacity. Then, a graphical 
method by means of two-way coordination diagram is used to synchronise stop signal timings on all closed sections. 
This paper shows results of a new model that was developed and implemented in real situations in most complex con-
ditions that can occur on motorways. The research findings have shown the suitability of the proposed model.
Keywords: motorway; interrupted traffic flow; temporary signage; traffic volume; harmonizing traffic; flow synchroni-
zation; coordination diagram.
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Introduction

The largest traffic load on motorways in Croatia is in 
tourist season, while in seasons with much less or none 
tourists the traffic load is very low. Therefore, the traffic 
load of almost all motorways in Croatia is extremely sea-
sonal. The Average Summer Daily Traffic (ASDT) in the 
months of July and August is significantly higher than 
the Annual Average Daily Traffic (AADT) and in some 
instances it is as much as five times higher (roads in the 
coastal area). 

Given that Croatian motorways are under the high-
est traffic load in summer months, any works on motor-
ways should be avoided in this season. In addition, this 
is the period when the conditions on motorways are the 
most complex and therefore plans for temporary traf-
fic regulation should be in place in this period (e.g. for 
cases of traffic congestion on tunnel approaches, traffic 
accidents and redirection of traffic to the opposite car-
riageway, etc.).

In this paper, we have focused on traffic flows on 
motorways in complex traffic situations, i.e. during ex-
tensive road works in near peak traffic operation. Spe-
cial situations are situations where traffic flows are either 
disturbed or stopped (due to weather conditions, inci-
dent situations on roads or road works (Kos et al. 2012). 
Especially complex situations are traffic situations where 
traffic flows on both carriageways are stopped several 
times. In such cases a special design for stopping and 
resuming traffic flows needs to be developed and the 
traffic flows must be harmonised (Riener et al. 2013). 
The larger and more inhomogeneous the traffic flow is, 
the bigger the challenge. Such a complex case is the sub-
ject of this paper.

Planning and organising longer-term and com-
plex temporary traffic regulation involves a number of 
stakeholders, including owners of infrastructure, trans-
port operators, traffic police, etc. (Kos et al. 2012; Vadde 
et al. 2012). 
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The fact that much attention is paid to research 
and study of temporary traffic regulation in Europe and 
worldwide is reflected in the fact that over the past two 
decades comprehensive research has been conducted 
including analysis of behaviour of traffic participants, 
as well as analysis of traffic accidents, all aimed at in-
creasing the safety of traffic operation in the areas of 
temporary traffic regulation especially by conducting 
the Intelligent Transportation System (ITS) technologies 
(EU 2010; ETSC 2011). It is also significant that this re-
search is not conducted only in the areas of individual 
European countries, but often several countries coop-
erate and participate in the same project with a joint 
goal of passing the respective legislation and a series of 
European level recommendations (RSA 1995). The term 
‘temporary traffic regulation’ stands for establishing new 
traffic regulations of temporary character, occurring due 
to the impact of various factors. Road works may be 
considered to be a potentially dangerous situation, not 
only for traffic participants (drivers and pedestrians), 
but also for the staff working on the work site.

Proper planning, organisation and implementation 
of temporary traffic regulation may increase the safety 
of traffic operation, not only in the area of works, but 
also on approaches to and exits from such areas. In this 
way, safer working environment is additionally provided 
for all workers at the work site. To achieve this, it is ex-
tremely important that all stakeholders are included in 
the processes of planning and organisation, as this is the 
best way to address any problems that may be antici-
pated. It is also important that contacts are maintained 
during execution of works, to facilitate addressing of any 
unexpected issues that might occur along the way. 

The research in this paper focuses on harmoni-
zation and synchronization of traffic flows in the pe-
riod of application of zonal temporary traffic regulation 
(Wardrop 1952; May 1990; Ullman et al. 2008). The pa-
per includes solution to theoretical aspect of harmoniza-
tion (adjustment of one traffic flow in case that parts of 
it are interrupted) and synchronization (adjustment of 
two opposite traffic flows in case that parts of them are 
interrupted on two carriageways) of traffic flows during 
temporary traffic regulation with temporary signalisa-
tion on motorway in place (Akçelik et al. 1997). Newer 
research on this topic is addressed in current literature 
(Tiaprasert et al. 2015; Rossi et al. 2014; Lee et al. 2015; 
Clempner, Poznyak 2015). 

1. Description of the Problem

The traffic problem includes development of a model 
enabling that as much as possible vehicles pass through 
two zones of traffic is interrupted over an hour. It is 
also requested that as few as possible vehicles have two 
stops in one cycle, and it is necessary to synchronise the 
passage of the opposite flow at the same time. As the 
simultaneous optimisation of both flows is not possi-
ble, the flow with higher load shall be harmonized first 
(Q1 > Q2) (Riener et al. 2013; Waller et al. 2009). 

In such cases, especially negative, circumstance 
may come from a high traffic load (e.g. AADT exceed-
ing 15000 vehicles/day) and a large share of heavy vehi-
cles (inhomogeneous traffic flow with more than 20% 
share of heavy vehicles). 

The general model of the traffic problem is shown 
in Fig. 1. Double closure of motorway often occurs at the 
time of hill slope rehabilitation or other road works that 
could present a hazard to passing vehicles and it should 
therefore be noted that the temporary traffic regulation 
during road works must be adjusted to the requirements 
of these works. This means that the individual zones are 
open for traffic only over one portion of time within an 
hour (Fig. 2, TGreen). 

2. Analysis and Method for Addressing the Problem 

Traffic analysis of capacity includes checking the inten-
sity of traffic flows and their direction on characteristic 
days. This calls for an analysis of traffic load diagrams 
on the respective section for the previous time period 
(1–3 years). If traffic flow intensity of the target year and 
the previous year is compared (in the exact same time 
period), variations with respect to the intensity of traffic 
flows will be minimal unless new traffic conditions have 
occurred. 

This research is crucial for the days used as a basis 
for computation of queue length and of the time neces-
sary for discharge, harmonization of one-way flows and 
synchronization of both traffic flows. The disadvantages 
of addressing flow guiding become more prominent with 
the increasing length of Zone I and the distance to Zone 
II, as the harmonized flow disintegrates (major differ-
ences occur in individual movement of vehicles in a traf-
fic flow, i.e. the departure from mean speed in a traffic 
flow increases). Fig. 2 shows the workflow diagram for 
development of traffic flow harmonization model. 

Fig. 1. Traffic problem schema for stopping traffic flows
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2.1. Computation of Space-Mean Speed
The term traffic flow speed explicitly denotes a certain 
mean value of the speed of all vehicles included in the 
observed traffic flow (Dadić et  al. 2014). Depending 
on the method of observing flows in relation to space 
and time and also considering the respective meanings 
of terms vehicle flow and flow density, the traffic flow 
theory has established two notions for defining traffic 
flow speed as the adequate mean value of speed of all 
vehicles constituting the observed traffic flow. These no-
tions are time-mean speed – flow weighted, in terms of 
space connected to the cross-section of roadway and in 
terms of time connected to the period of observing t and 
space-mean speed – density weighted, in terms of space 
connected to the section of roadway s and in terms of 
time connected to the moment (certain point in time) 
(Akçelik et al. 1997) 

Time-mean speed of traffic flow may be obtained 
by surveying of speeds on the cross-section of the road 
segment by means of automatic traffic counter. Survey-
ing of speed locally over the period t results in time-
mean speed as shown in the expression (Highway Ca-
pacity Manual 2000):
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where: sv   – space-mean speed; tg ai  – speed of indi-
vidual vehicles (related to the section of the road).

Wardrop established the relationship between time-
mean speed and space-mean speed according to the ex-
pression (Wardrop 1952):
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where: s stands for the variance for speeds of vehicles 
with space-mean speed. 

Space-mean speed of traffic flow represents the 
arithmetic mean of current speeds of all vehicles in a 
traffic flow on the surveyed motorway section. Space-
mean time may be computed with the expression from 
Garber and Hoel, which was applied in this research 
(Garber, Hoel 2014):

= ⋅ +0.966 3.541t sv v .  (4)

Fig. 2. Workflow diagram for development of traffic flow harmonization and synchronization model
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This enables that the space-mean speed is com-
puted momentarily, and this is the key input for this 
model. Furthermore, when this model is applied in 
concrete situation space-mean speed may be obtained 
comparatively fast, and this again enables quick correc-
tions in coordination. This is especially important when 
inhomogeneity begins to increase in harmonized traffic 
due to increased impact of heavy goods traffic.

2.2. Computation of Queue Length in Zone I 
For computation of maximum anticipated queue length 
for stopped traffic we have applied the method (High-
way Capacity Manual 2000) used for computing queue 
length resulting from uniform distribution of vehicle ar-
rivals and from the ratio of periods of closed/open traf-
fic. Number of vehicles in the queue is computed with 
the expression:

( )

 ⋅ − 
 =

 −

⋅

⋅ 


⋅



1 2

1
3600

1 min 1.0,

L

L

v C g
C

Q PF
gX
C

.  (5)

Table 1. Parameters for computing number  
of vehicles in a queue 

Mark Description Value 

Q1 
number of vehicles in initial queue  
per lane 

PF2 correction factor for progression effect 1
vL expected traffic load [vehicle/h/lane] 350
C cycle duration [s] 3600
g effective ‘green’ time [s] 900

XL volume/capacity ratio 0.25

Source: prepared by authors.

To use expression properly it is necessary to define 
properly parameters that will be applicable for condi-
tions of traffic operation on motorways. Following the 
preparation of several scenarios for the observed sec-
tion, Table 1 shows the parameters used in the develop-
ment of traffic flow harmonization and synchronization 
model. 

For computation of queue length, average vehicle 
lengths were used together with average values for spac-
ing between vehicles and the queue length is computed 
according to the expression (Highway Capacity Manual 
2000): 

( ) ( )= + + +⋅ ⋅ ⋅ ⋅1 1Q OA OA v T T vL Q f L R Q f L R .  (6)

2.3. Computation of Time Required  
for Queue Discharge in Zone I
Queue discharge time is computed according to the em-
pirical expression (Highway Capacity Manual 2000):
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Considering the conditions of traffic flow, structure 
of the traffic and specific circumstances, the conducted 
analysis of traffic load and computation indicate that the 
capacity of vehicle passage will be satisfactory for traffic 
load of up to 500 vehicles/h per direction. This applies 
for motorway profile in lowland area.

2.4. Development of Coordination Diagram 
The final step is the development of coordination dia-
gram for the observed traffic flows. To ensure continu-
ous traffic operation on the motorway during traffic 
stop, passing of vehicles through Zone I needs to be 
coordinated with Zone II and the opposite traffic flow 
needs to be synchronized (on the second separate car-
riageway) (Waller et al. 2009). 

Due to the fact, that the sections of traffic stop-
page are often of different length, a full coordination of 
time of vehicle passing in both directions is not pos-
sible. Consequently, alternating passing was designed, 
ensuring minimum waiting time based on the principle 
of equal distribution for all directions, in the next zone 
for vehicles that have passed through the previous zone. 

The coordination between Zone I and Zone II is 
shown in diagram in Fig. 3. Passing of vehicles to Zone 
I may be performed in planned intervals at the begin-
ning of each full hour, while passing of vehicles to Zone 
II needs to be performed with the offset TOffset depend-
ing on the distance between Zone I and Zone II and on 
the measured space-mean speed (May 1990). The area 
bellow the dashed part of the traffic flow is vehicles that 

Table 2. Parameters for computation of queue length 

Mark Description Value 
Lq queue length per lane [m]
Q1 number of vehicles in the queue 

fOA
coefficient of the share of passenger cars in 
the traffic flow 0.8

fT
coefficient of the share of goods vehicles in 
the traffic flow 0.2

LOA average passenger car length [m] 4.5
LT average goods vehicle length [m] 12

Rv
average spacing between stopped vehicles 
in the queue [m] 2

Source: prepared by authors.

Table 3. Parameters for computation of queue discharge time 

Mark Description Value
Tp time required for queue discharge [s]
Q1 number of vehicles in the queue 
tr driver’s reaction time [s] 0.8
ts time gap between two consecutive vehicles [s] 2
Lq queue length per lane [m]
V discharge speed [m/s]

Source: prepared by authors.
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will certainly pass through the zone when it is free for 
passage of vehicles, while other vehicles will have to stop 
once – mostly vehicles from the non-dominant traffic 
flow (opposite flow). 

The expected waiting time when coming to the 
next section depends on the speed of the vehicle and on 
the moment when it entered the previous section. 

Conclusions

The road network of the Republic of Croatia includes 
more than 1240 km of motorway with prominently 
seasonal traffic. In summer season the traffic increases 
several times due to the visits of tourists, mostly from 
abroad. This is the period of rehabilitation works on car-
riageways or structures and/or works in motorway green 
belt, which results in interruptions (disturbance) of traf-
fic flows. The paper presents a new model of harmoniza-
tion and synchronization of intense traffic flows in com-
plex conditions of zonal temporary traffic regulation for 
4-lane motorways and 4-lane freeways. The methods for 
computing of required traffic data such as space-mean 
speed, queue length and queue discharge time have been 
presented. These data represent the basis for develop-
ment of coordination diagram including synchroniza-
tion of the opposite, non-dominant traffic flow. 

The presented method for harmonization and syn-
chronization of traffic flows has been successfully ap-
plied on the Motorway A-3 (Slovenia border  – Croa-
tia – Serbia border), during demining works on the area 
surrounding the motorway between Interchange Novska 
and Interchange Okučani. This new model can also be 
applied to all other motorways and highways. 

For the application of this method to other cases, 
some additional notes are in order. In order to acceler-
ate movement of vehicles in queue, 5 minutes prior to 
actual passing the drivers of vehicles at the distance of 
up to 100 m need to be informed that they will soon be 
passing. Speed should be limited to 80 km/h over the 
entire zone of works to ensure maximum capacity of the 

roadway. In addition, access to roadside rest areas and/
or all roadside service facilities on the motorway may be 
prevented if necessary. If there are interchanges between 
the zones of temporary traffic regulation, then the traffic 
flows on interchanges also need to be harmonized. And 
finally, temporary traffic signalisation needs to be pro-
vided on main routes, at the distance (measured from 
the stoppage zone) corresponding to the double maxi-
mum expected queue length. Positive effects of traffic 
flow harmonization are the result of eliminating con-
gestion and traffic accidents, which represent external 
expenses for the society and especially for the economy 
and individuals as motorway users. Reduction of direct 
expenses is reflected in the reduced travel time, reduced 
fuel consumption and reduced number of lost work 
hours. Reduction of indirect expenses includes reduced 
number and consequences of traffic accident and less 
unfavourable environmental impact. Traffic flow harmo-
nization reduces or gradually counteracts the outflow of 
traffic from motorways and thus increases revenues from 
tolls. The increased expenses due to traffic regulation are 
more than compensated by direct or indirect benefits of 
avoided congestion during execution of works. 
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