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Abstract. In the European Union working hours of truck drivers must
comply with regulation (EC) No 561/2006 which entered into force in
April 2007. The regulation has a significant impact on travel times in-
cluding the driving time and the time required for compulsory breaks
and rest periods. Recently, several approaches for solving vehicle routing
and scheduling problems have been proposed in which European Union
legislation must be complied with. All of these approaches restrict the
application domain by constraining the maximum amounts of driving
time and working time by the “weekly” limits of 56 hours and 60 hours
imposed by regulation (EC) No 561/2006. In this paper it is shown that
the amounts of driving time and working time a driver may accumulate
within a period of six days can be significantly higher due to inconsistent
definitions in the regulation. Problem transformation rules are presented
which can be embedded in the previously developed approaches to exploit
these inconsistencies.

1 Introduction

The vehicle routing problem is the problem of determining a set of vehicle routes
to service a set of customers at minimal costs. There are many applications of
the vehicle routing problem and a multitude of variants of the classical vehicle
routing problem have been proposed considering various problem characteristics
found in real-life applications. Many of these variants are discussed in [5]. The
scope of this paper is an extension of the vehicle routing problem in which each
customer must be visited within a given time window and working hours of truck
drivers must comply with applicable legislation. In the European Union regula-
tion (EC) No 561/2006 regulates working hours of truck drivers. The combined
vehicle routing and truck driver scheduling problem in the European Union has
been introduced by [1] and studied by [3] and [4].

The most prominent rules of regulation (EC) No 561/2006 are that a truck
driver may not drive for more than four and a half hours without taking a break
period of at least 45 minutes, and that a driver may not drive for more than
9 hours without taking a daily rest period of at least 11 hours. The regulation
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defines a week as the period of time between 00.00 on Monday and 24.00 on
Sunday and a weekly rest period as a period of rest of at least 45 hours. Some of
the constraints of the regulation are imposed on the time between two weekly
rest periods and some on the time during a week. A driver may drive for up to
56 hours and work for up to 60 hours during a week. At most 144 hours (six days)
may elapse between the end of a weekly rest period and the start of the next
weekly rest period. Twice a week, a driver may drive up to 10 hours without
taking a daily rest period. Three times in between two weekly rest periods a
driver may take a reduced daily rest period of at least 9 hours. It most be
noted that several other constraints are imposed by the regulation. For brevity
and w.l.o.g. these other constraints will not be considered in the remainder of
this paper. For a comprehensive discussion of the entire set of rules imposed by
regulation (EC) No 561/2006 the reader is referred to [2].

If we only consider a planning horizon of six days which does not include the
night from Sunday to Monday, the inconsistent definition regarding weeks and
the time between two weekly rest periods has no ramification on the feasibility
check of a vehicle route. The heuristics for the combined vehicle routing and
truck driver scheduling problem presented by [1], [3] and [4] as well as the exact
truck driver scheduling method presented by [2] take advantage of this and make
such a restriction.

In the general case, however, the planning horizon may begin at any time of
the week. Let us for example consider a planning horizon of six days starting at
0.00 on Thursday. The driver may have up to 7 daily driving periods and 6 daily
rest periods within the planning horizon. Without making use of the options to
extend the daily driving time or reduce the daily rest, the driver can drive up
to 7-9 =63 hours (the total amount of break required is 7- % = 5% hours and
the total amount of rest is 6-11 = 66 hours). As the planning horizon ranges
across two weeks, the driver may have four extended daily driving times of
10 hours: two in the first week and two in the second week. Thus, a total of
4.10+3-9 =67 hours of driving can be accumulated (the total amount of break
required is 4 - (2- %) +3. % = 8% hours and the minimum amount of rest required
is 3-94 311 =60 hours). The “weekly” driving limit of 56 hours imposed by
the regulation can therefore be exceeded by almost 20 percent. Similarly, the
accumulated amount of working time within six days can exceed the “weekly”
working limit of 60 hours significantly. In the next section we see how we can
check feasibility of a vehicle route with a planning horizon starting at any time
of the week.

2 Problem Transformation

The approaches for combined vehicle routing and truck driver scheduling pre-
sented by [1] and studied by [3] and [4] consist of a heuristic framework to
determine potential vehicle routes and a feasibility check determining whether
all customers in the route can be visited within the given time windows and
without violating the regulation. Let us denote with n,ny,...,n; the locations
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of a vehicle route and with &, ;4 the driving time required for moving from a
node ny to a node ny 1. At each location ny, some stationary work of duration
wy shall be conducted. This work shall begin within a given time window de-
noted by [t;"",1;%**]. Let 5o denote the state of the driver at the beginning of
the planning horizon of six days. With each period of driving, conducting other
work, taking a break or rest, or waiting idle, the state of the driver is changed.
The European Union truck driver scheduling problem (EU-TDSP) is the problem
of determining whether state so can be successively changed into a state s with
the following characteristics

1. the driver has visited A locations

2. at the pth location the driver conducted some stationary work of duration
Wu

3. the stationary work at location ny started within time window [t;"™",7;*¥]

4. the total amount of driving between location ny and ny 1 is 6y put1

5. the driver complies with regulation (EC) No 561,/2006

A mathematical formulation of the EU-TDSP including all the constraints of
the regulation (EC) No 561/2006 is given by [2] who also presented an exact
approach that can be used if

u<i u<i u<i
N Sups1 <56 and Y, Sy i1+ O, wy < 60.
u=1 u=1 u=1

The same assumption has been made by [1], [3], and [4]. All of these approaches
determine a set of labels for each location in the tour representing different driver
states. If this assumption can not be made, the approaches may determine labels
representing driver states violating the regulation. However, we can transform
the problem representation in such a way that these approaches can still be used.
For this we have to make sure that the accumulated amount of driving time and
the accumulated amount of working time are not exceeded in both weeks that
may belong to the planning horizon.
Let A’ be the index for which

u<i’ u<A'+1
Zl 6,“--#+1 S 56 and zl 6,Ll,ﬂ+1 > 56.
H= H=

Then, the accumulated amount of driving time exceeds 56 hours on the trip
from location ny: to location nys, . We have to make sure that the accumulated
amount of driving time in the first week of the planning horizon does not exceed
56 hours. This can be achieved by inserting a virtual location n’ between locations
ny and nys, ;. The time window of this location begins at the beginning of the
second week and ends at the end of the planning horizon. The working time at

!’
location n’ is set to zero, the driving time from 7,/ to n’ is set to 56 — Zﬁi% O pi+1

!
and the driving time from n’ to ny/ | is set to Zﬁi? i Ou,u+1 — 56. By this, we

ensure that the accumulated amount of driving in the first week cannot exceed
56 hours if all time window restrictions are satisfied.



382 A. Goel

Analogously, let A” be the index for which

n<i u<i
Y, Suu+1>56and Y, 8y < 56.
,LL:)L” /.L:l”+l

Then, the accumulated amount of driving time (when counting backwards) ex-
ceeds 56 hours on the trip from location nys to location ny/, ;. We have to make
sure that the accumulated amount of driving time in the second week of the
planning horizon does not exceed 56 hours. This can be achieved by inserting
a virtual location n” between locations ny» and nyn ;. The time window of this
location starts at the beginning of the planning horizon and ends at the end of
the first week. The working time at location n” is set to zero, the driving time

from ny» to n” is set to Zﬁii,, Oy u+1— 56, and the driving time from n” to nyny

is set to 56 — 2“<i,,+1 O pit1-

By inserting the virtual locations n’ and n” in the route of a vehicle we make
sure that the accumulated amount of driving time does not exceed the limit
imposed for either week of the planning horizon. Similarly we can make sure
that accumulated amount of working time does not exceed the limit imposed for
either week of the planning horizon.

Let A" be the index for which

p<A u<A p<A 4] U<A 1
Zl 6“ u+1 —+ 21 W“ < 60 and Zl 6“ u+1 —+ Z W'u > 60
= n u =

"
If Zyd Op,pu+1 —|—2 )L Wy + Om 3wy > 60 then the accumulated amount of

worklng time exceeds 60 hours on the trip from location nym to nym,, and we
insert a virtual location n’” between these locations. The time window of this
location begins at the beginning of the second week and ends at the end of the
planning horizon. The working time at location n" is set to zero, the driving

"
time from nym to n” is set to 60 — (2’1<7L Ou pi+1 +ZZ§? wy), and the driv-
"
<}L 5,_1 u+l +2 <)L wu + 6&///71///+1 —60. If

Z”d Op,pi+1 +Zu:1/ Wy + O gy < 60 then the hmlt of 60 hours is reached

durlng the stationary work conducted at location njm, . Instead of inserting a

virtual location n”’ between locations ny» and nym, |, we increase (if necessary)

the beginning of the time window of location nym,; to the beginning of the

second week reduced by 60 — (Z’K)L Ot —&-Zﬁi%m Wy + 8ympmyy).
Analogously, let A" be the 1ndex for which

ing time from n’ to ny4q is set to 2

u<a n<A u<a B<A
z Ouu+1+ 2 wy > 60 and 2 Ouu+1+ z wy <60.
u=A"" u=A"" U=A""41 u=A""41

If 2” M”H O u+1 +2” M//ku + 8ym pmyy > 60 then we insert a virtual
location n”” between locations nym and nym . The time window of this location
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starts at the beginning of the planning horizon and ends at the end of the first
week. The working time at location n™ is set to zero, the driving time from

. <
npm to I’l//// 1s set to Zﬁii,,,Hq 6147/4+1 + ZZ;;,,,,JFI Wﬂ + 6&//// k””#»l — 60 and the
driving time from n"” to ”W”/M is set to 60 — (2# A1 6y u+l1 +Z,u M"+1W“)

If 2 k””+1 5# Ut —|—Z M”+1 wy + 51////’”///“ < 60 then the limit of 60 hours is

reached (when countlng backwards) during the stationary work conducted at
location nym. Instead of inserting a virtual location n”” between locations nym
and nym_ 1, we decrease (if necessary) the end of the time window of location

nym to the end of the first week reduced by wym — (60 — (Zﬂ )L””+1 Opu+1 +

zﬁii””+l Wu —+ Sl////,l””Jrl ))

By making these modifications to the problem representation before invoking
the feasibility check presented by [1], [2], [3], or [4] we can make sure that the
accumulated amounts of driving time and working time do not exceed the limit
imposed for either week of the planning horizon even if conditions (1) and (2) are
not satisfied. By this the inconsistencies in the time frames used by the regulation
can be exploited without the need to modify the existing methods for checking
feasibility of a vehicle route. [3] and [4] also presented variants of their methods
which make use of the provision of the regulation that a driver may drive up to
10 hours twice a week without a daily rest period. If the planning horizon ranges
across two weeks the driver may drive up to 10 hours four times within the
planning horizon. To fully consider this provision of the regulation, the number
of extended daily driving times can be increased to four and the approaches need
to verify that only two extended daily driving times are are used in each week.
If necessary, the “weekly” limits can be adjusted to consider previous activities
conducted by the driver and the resulting impact on the maximum amount of
driving and working time within the planning horizon.

3 Conclusions

In the European Union a truck driver may only accumulate 56 hours of driving
time and 60 hours of working time within a week. This paper shows that, due
to inconsistent definitions of the regulation, the amount of driving and work-
ing time within a period of six days can be significantly higher if the planning
horizon ranges across two weeks. Although driving on weekends is restricted in
some member states, there are various exemptions from weekend driving bans.
The significant increase in accumulated driving and working time may promote
driving on weekends.

Recently, several approaches for combined vehicle routing and truck driver
scheduling in the European Union have been proposed. These approaches only
consider a planning horizon starting on Monday or later and ending on Sun-
day of the same week or earlier. This paper shows that the feasibility check of
these approaches can also be used for a planning horizon starting on any day
of the week. This only requires relatively simple modifications of the problem
representation.
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