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Abstract: This paper anayses the planning problem of including breaks and rest periods in vehicle routes
and schedules from a conceptual point of view. The relevant lega restrictions for drivers driving and
working hours are presented and their impact on vehicle routing is shown. Consequently the overall plan-
ning problem is decomposed into three subproblems: clustering of customer requests, scheduling of vehi-
cles and the rest periods planning. These subproblems can be solved either simultaneously or in sequence
with the possibility of solving two of the three tasks simultaneously. Moreover in sequential approaches
the planning tasks are usually divided between two decision making units, namely the scheduler and the
driver. Therefore the decision situation in the sequential approachesis characterized by hierarchiesin dis
tributed decision making. These decision situations are analysed from a conceptua perspective.

1. INTRODUCTION

Since April 2007 the new EC Regulation No 561/2006 concerning driving and
working hours of drivers in road transportation is effective. This regulation affects
the planning of vehicle tours by restricting the maximum driving tmes. Although
compulsory for all member countries of the EC and therefore of high practical m-
portance this regulation has attracted little interest in models for vehicle routing and
scheduling so far.

The task of planning breaks and rest periods in vehicle tours, denoted here as cont
bined vehicle routing and scheduling and rest period planning problem (short:
combined problem), is accomplished by the interaction between the drivers and the
schedulers. The planning problem decomposes into three partia tasks, namely the
clustering of customers, the routing of the vehicles and the planning of breaks and
rest periods in the routes. These tasks can ether be solved smultaneously or in =
guence. Solving the problem sequentialy and assigning the partial tasks to the in-
volved decision making units (DMUSs) resultsin a hierarchical planning problem in
distributed decison making. Therefore the framework presented in [13] and [14]
will be used to describe this situation. The aim of this paper is to analyse the differ-
ent planning Situations arising in the combined problem from a conceptual perspec-
tive.

The paper is organized as follows. In Section 2 related literature on vehicle routing
including rest period planning is presented. Section 3 describes the legal rules for



driving times and rest periods laid down in the EC Regulation No 561/2006 and
related rules on drivers working hours. In Section 4 different planning approaches
for the combined problem and its partition over different decision making units are
analyzed. Some conclusions are collected in Section 5.

2. LITERATURE ON VEHICLE ROUTING AND SCHEDULING
INCLUDING BREAK TIMES

In the literature only few contributions for including general breaks and rest periods
into vehicle routing and scheduling methods can be found. All have in common
that they apply a smultaneous planning approach performed by atop-level decision
unit like a scheduler.

[4] investigates a vehicle routing problem with breaks modeled as fictitious cus-
tomers with time windows according to the breaks that must be taken and with ser-
vice times which equal the minimum duration of the breaks. A smilar approach is
used by [11]. [15] includes some driving time restrictions specified by the former
EC regulation. [12] include breaks and daily rest periods into a Pickup and Deliv-
ery Problem. [2] suggest the use of a multi-stage network for the incluson of
breaks in a vehicle routing problem. In this approach breaks can be modeled as the
trangition from one stage of the network to the next stage. [16] present a Pickup and
Delivery Problem which includes some restrictions on driving times specified by
the US Department of Transportation. [1] modify an insertion heuristic in such a
way that it considers maximum shift times for drivers. [5] introduce a Large
Neighbourhood Search algorithm for a vehicle routing problem which considers
maximum driving times according to the former EC regulation. Two recent works
partialy consdering the current EC Regulation No 561/2006 are [6] and [7]. They
focus on the limitation of single driving periods to 4:30 hours and maximum daily
and weekly driving times of nine hours and 56 hours respectively. However, the
relevant rules are much more complex. For example a weekly driving time of 56
hours is only alowed if the driving time of the weeks before and after the week in
consideration remains below 34 hours. Another paper including some of the restric-
tionsof EC Regulation No 561/2006 is [17]. In thiswork a mixed-integer model for
acombined vehicle routing and crew scheduling problem s presented which alows
for the integration of breaks after 4:30 hours of driving time and for daily rest peri-
ods after 9 hours of driving time. To solve the model a Tabu Search approach and a
Genetic Algorithm are proposed. [8] give a full description of the EC regulation's
restrictions affecting vehicle routing and scheduling and structure them according
to the different time horizons they comprise. Moreover a mathematical formulation
of essential restrictions is presented. However there is no publication which gives a
full model for vehicle routing and scheduling considering al the restrictions of the
EC Regulation No 561/2006 affecting severa days, severa weeks and all excep-



tional rules. [9] present a comparison of the former regulaion and the new EC
regulation which is effective now.

As mentioned above al approaches neglect the problem that in practice the com+
bined problem comprises two decision units resulting in a hierarchica structure. In
this paper the decision situation arising in this context will be analysed. To better
undergand the complexity of the problem the relevant restrictions of the EC Regu-
lation No 561/2006 and their imputation on working hours are introduced, struc-
tured and critically analysed.

3. THE EC REGULATION NO 561/2006 AND IMPUTATIONS ON
DRIVERS WORKING HOURS

The EC Regulation No 561/2006 is compulsory for al driversin road transporta
tion of goods and passengers in the EC or between the EC, Switzerland and the
countries party to the Agreement on the European Economic Area. It applies to
drivers of vehicles with atotal mass of more than 3.5 tonnes or vehicles constructed
to carry more than nine persons respectively [10].

The EC Regulation No 561/2006 concerns three different time horizons: single dri-
ving periods, daily, and weekly driving times. The relationship between these dif-
ferent time horizons is depicted in Figure 1.
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Fig. 1. Relation of the different time horizons [8]

The regulation restricts single driving periods to a maximum duration of four and a
half hours. Drivers are obliged to take a break of at least 45 minutes after each driv-
ing period. Such a break can be divided into two parts. The first part must at least
last 15 minutes and the second part at least 30 minutes. A driving period ends,
when a break of sufficient length has been taken. Therefore a driving period con-
sists of the complete time interval between two valid breaks and the total driving
time of that period comprehends al particular driving times between these two
breaks. However breaks not satisfying the described structure do not lead to the be-



ginning of a new driving period. Yet if adriver takes a break of 45 minutes before
driving 4:30 hours he enters a new driving period.

The daily driving timeis restricted to nine hours. However twice a week, i.e. twice
between Monday 0:00 am and Sunday 24.00 pm, the daily driving time can be ex-
tended to ten hours. Daily driving times are defined as the accumulated driving
time between two daily or between a daily and a weekly rest period respectively. A
daily driving time ends when a daily rest period is taken or a weekly rest period
starts. Within 24 hours after the end of a daily or weekly rest period the next daily
rest period has to be started. A regular daily rest period is defined as a period of
eleven hours o more in which a driver may freely dispose of his time. A reduced
daily rest period isarest period of at least nine hours. The regulation allows drivers
to take up to three reduced daily rest periods between two weekly rest periods.

The weekly driving time amounts to 45 hours on average and is limited to a maxi-
mum of 56 hours. Additionally the maximum driving time of any two consecutive
weeks must not exceed 90 hours such that the average driving time of 45 hours per
week is maintained. In contrast with driving periods and daily driving times the
boundaries of the interval for the weekly driving time are not determined by weekly
rest periods but the weekly driving time is defined as the accumulated driving time
during a week, i.e. between Monday, 0:00 am and Sunday, 24.00 pm. A weekly
rest period is a recreation period between two weekly driving times. During this
recreation period a driver may freely decide how to spend his time. The regular
length of a weekly rest period is at least 45 hours; the reduced duration is at least
24, but less than 45 hours. A driver is alowed to take one reduced weekly rest pe-
riod in any two consecutive weeks. A reduction has to be compensated by an equal
extension of another rest period of at least nine hours before the end of the third
week following the week considered. A weekly rest period has to be taken after at
most 144 hours after the end of the previous weekly rest period.

The EC Regulation No 561/2006 contains modified restrictions in case of multk
manning. Multi-manning means that in the time interva between two daily or bet-
ween a daily and a weekly rest period a vehicle is manned by at least two drivers.
In this case one driver can take a break while the other is driving. However daily
and weekly rest periods may not be taken while the vehicle is en route. Neverthe-
less, in case of multi-manning the maximum time between two daily rest periodsis
extended from 24 hours to 30 hours to exploit the additional possible driving time
of the different drivers.

The EC Regulation No 561/2006 only comprises restrictions on driving times. As
driving times are considered as working times they are also affected by the Direc-
tive 2002/15/EC which is effective for persons performing mobile transport activi-
ties and which contains restrictions on weekly working times and breaks [3]. There-
fore the Directive 2002/15/EC supplements the EC Regulation No 561/2006 in the
following respects. In the directive the working time is defined as the time devoted



to al road transport activities, i.e. driving time, time for loading and unloading, for
assisting passengers while boarding and disembarking from the vehicle, time spent
for cleaning and technical maintenance and the time a driver has to wait at the
workstation when the end of the waiting time is not foreseeable. The directive pos-
tulates that after a working time of no more than six hours workers have to take a
break. The total duration of breaks during working periods of six to nine hours
must at least equal 30 minutes. If the daily working ime exceeds nine hours the
total break time has to amount to 45 minutes or more. These break times can be di-
vided into parts of at least 15 minutes. Consequently a break which meets the re
quirements of the EC Regulation No 561/2006 aso sdatisfies the Directive
2002/15/EC.

Furthermore the directive restricts the weekly working time to a maximum of 60
hours. Moreover an average working time of 48 hours per week over a period of
four months must not be exceeded. Therefore in vehicle routing it has to be assured
that both driving time restrictions and working time restrictions for drivers are sat-
isfied.

4.  CONCEPTUAL ANALYSS OF THE PLANNING PROBLEM

The planning problem of combined vehicle routing and scheduling and rest period
planning consists of three interconnected partial planning problems to be solved,
namely the clustering of cusomer requests, the routing of vehicles and the planning
of breaks and rest periods for the drivers on the routes. These problems can be
solved simultaneoudly or in sequence. In the case of sequentia planning the possi-
bility of solving two of the three planning problems simultaneoudly remains.

Apart from the three interconnected planning problems there is another factor in
this planning process that adds to its complexity. This is the fact that usually the
planning process is partitioned over two DMUs, namely the scheduler and the
driver. Therefore the overall problem is characterized by hierarchical structuresin
distributed decision making. These hierarchies can be found both in the relationship
between schedulers and drivers and in the structure of the planning problems to be
solved.

First the possible division of the planning tasks between the scheduler and the
driver will be analysed according to the degree of the driver’s autonomy. The first
possible decision structure is constituted by a totally centralized structure giving all
decision rights to the scheduler and resulting in a zero degree of autanomy for the
driver as assumed in most of the related literature presented in Sction 2 This
means that the scheduler performs all three planning tasks and the drivers have to
follow his instructions. If the scheduler’s planning method is a simultaneous opti-
mizing method the results of this centralized planning would constitute the overall



optimum of the total planning problem and could be seen as a benchmark for the
decentral approaches.

The other extreme might be seen in the case where the drivers may freely plan the
tours, their routes and their rest periods. In this case the scheduler’s task is reduced
to the negotiations with the customers and the administration of the customer re-
guests. This situation gives all planning autonomy to the drivers and could be real-
ized in coalitions of free drivers pooling their resources and sharing and exchang
ing the requests.

The aforementioned decision structures both are characterized by one party having
full decison autonomy. In between these two extremes there are other decision
structures resulting in hierarchal structures in distributed decision making.

In practice the scheduler negotiates conditions for the customer requests and typi-
caly carries out the clustering of the customer request. The routing is usualy also
performed by the scheduler and is performed either in a smultaneous planning gp-
proach with the clustering, or in a sequential approach. However there are certain
application areas where the scheduler only builds clusters of customer requests and
passes those requests to the drivers who have the competence to determine the &
guence of carrying out the requestsin the clusters by themselves. Thisis especially
found in the application area of city logistics where customer locations are very
close to each other. The planning of breaks and rest periods is usualy carried out
by the drivers. Thisis due to the facts that first the driving times are not determinis-
tic and therefore a fixed schedule for the required breaks is hardly possible. Second
to date there are no planning algorithms that can account for all the legal rulesin
the routing of vehicles and guarantee a feasible vehicle schedule. Beware that the
planning for routing and scheduling performed by the schedulers must ensure that
there is an admissible solution for the planning of breaks and rest periods per-
formed by the driver.

In the described situations with partial autonomy and shared decision competences
there are two different DMUs. Using the framework presented by [13 and [14] the
Situation can be described as a structure of organizational hierarchies. The sched-
uler might be considered the top-level as he instructs the driver, who constitutes the
base-level. According to the instructions from the top-level the driver visits the cus-
tomers assigned to his tour and potentially follows the route planned by the sched-
uler. In this context a team situation can be assumed, i.e. the decision criteria of
both decision units are not conflicting.

On the other hand in these instances there can aso be seen a case of constructional
hierarchies between the decision problems encountered by the two DMUSs. These
constructional hierarchies will first be analysed for the most common case of the
scheduler performing the clustering and routing and the driver executing the rest
period planning. Subsequently the case in which the scheduler only performs the



clustering and the driver carries out the routing and rest period planning will be
discussed.

In the first case the top-level faces the planning problem of clustering customers
and building routes These problems can be solved either simultaneously or sequen-
tidly. In sequential approaches there is ill the possibility of interchanging the s
guence of the clustering and the routing procedure. Consequently there is no prede-
termined problem structure between these two partia problems.

The plans derived by solving the clustering and the routing problem are given to
the base-level as ingtructions. They congtitute a frame for the base-level s planning
task of including breaks and rest periods into the routes. While generating customer
clusters and vehicle routes the top-level has to anticipate the base-level’ s planning
problem. This means that the planning procedure of the top-level has to take into
account that the base-level has to plan breaks and rest periods in the vehicle tours it
Isingructed to carry out. The anticipation function has to be generated with respect
to the legd rules on driving and working times described in Section 3. In the case
that there are customer time windows to be kept tight schedules which fulfil the
top-level’ s planning task optimally may result in infeasible plans at the base-level
as shown by [§. Therefore the base-level may react to the instructions of the top-
level by communicating the feasibility of the planning task. If the plan turns out to
be feasible it can be implemented to the object system, i.e. the physical transporta-
tion is performed. If it is infeasible the top-level’s plan has to be revised and its an-
ticipation function has to be updated. The resulting hierarchical planning processis
depicted in Figure 2.

In the case that the scheduler only performs the clustering of customer requests the
situation turns out to be similar. In this case the customer clusters generated by the
top-level are sent to the base-level as indructions. The clustering has to be per-
formed anticipating the routing to estimate the total time required to fulfil the cus-
tomer requests. After estimating the fulfilment time of each tour a lower bound for
the total time required for breaks and rest periods can also be obtained by including
as little breaks as possible that are needed for this fulfilment time. For example if
the total driving time of a tour is estimated to 9:30 hours at least two breaks of at
least 45 minutes duration each are required. Therefore the total break time's lower
bound is 1:30 hours. However it might turn out that the exact time required for
breaks and rest pariods is much higher, e.g. if the total driving time exceeds 10
hours since in this case adaily rest period of at least 9 hours has to be included. It is
obvious that in this case the anticipation of the base-level’s planning is far from
trivid.
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Fig. 2. Hierarchical structure in vehicle routing and rest planning

In the frame of predefined customer clusters the drivers haveto carry out the rout-
ing and rest period planning. This division of tasks leaves more autonomy to the
driver than in the aforementioned case. In between the tasks of routing and rest pe-
riod planning the possible solution sequences are restricted as opposed to the clus-
tering and routing. The rest period planning can sensibly only be carried out smul-
taneoudly with the routing or after the routes have been established. Changing the
sequence is not reasonable since the schedule of the breaks and rest periods e
pends on the routesand is determined by them.

5. CONCLUSIONS

In this paper the decision situation arising in the combined vehicle routing and
scheduling and rest period planning is analyzed from a conceptua perspective. The
problem can be decomposed into the three interconnected partial problems of clus-
tering, routing and rest period planning. Moreover the solution of these problems
affects two kinds of interacting DMUSs. Thereforethe combined problem can be
considered as a typical example of a hierarchica planning problem in distributed
decison making. It is obvious that the centralized simultaneous exact solution of Al
three tasks results in the globa optimum as it includes the solution spaces of the



decentralized planning approaches. However the complexity of the simultaneous
problem is very high compared to the decentralized planning problems. Decentral-
ized planning has the advantage of being more flexible by adjustments performed
by the driver as a response to sudden plan variations. Therefore in this context the
impact of the different degrees of the drivers planning autonomy on the resulting
vehicle schedules has to be assessed by establishing and solving a mathematical
model for the simultaneous planning problem as a benchmark for the decentralized
approaches.
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