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ABSTRACT

The use of mobile data systems (MDS) in round wood
transport is increasing. The most common functions for
MDS include: distribution of transport plans and orders,
navigation to the forest site (GPS, GIS) and reporting of
transport volumes. This paper examines the transport
patterns for trucks with and without the support of MDS
in central Sweden. The variables are based on data from
13 trucks with MDS and 13 without MDS. All trucks were
operating within the same planning organization however
the selection of trucks to be equipped with MDS support
was done independent of this study. Data was collected
using a random sample of 5 days per month over one year
of operations.

While the number of operating days per month was
similar for the two groups, other differences were observed.
The daily number of separate forest destinations was 4.13
for trucks with MDS and 3.70 for those without. The daily
number of separate mill destinations visited was 2.66 for
trucks with MDS and 2.17 for those without. The size of
the total annual operating area was 29,050 km? for those
with MDS and 18,656 km? for those without. The main
operating area constituted 35.3 % and 28.2 % of the total
annual operating areas for trucks with and without MDS,
respectively.
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INTRODUCTION

Bowersox and Daugherty [1] characterize three general
strategies for logistics activities. These include cost
minimization, control and adaptability enhancement and
value-added maximization. Skoog [12] in an earlier study
of Swedish companies showed that the dominating goal
for most wood supply organizations was cost reduction.
Nilsson [10] shows that Swedish organizations are now
developing their objectives. While all agree that cost is
still the primary goal, mill service objectives are now being
defined in terms of new levels of delivery precision and
even responsibility for mill stock management. Fulfilling
these objectives requires greater attention to system
control and adaptability.

In central Sweden the geographical distribution of forests
and mills is quite even, resulting in a high number of
alternative supply and demand nodes within a short
distance. From a mill perspective this characterizes a
supply network subject to numerous potential
disturbances. Present trends towards reduction in
roadside and mill stocks places more emphasis on the role
of transport operations to balance wood flow and mill
consumption [2]. This increases the need for frequent
follow-up and plan revision in transport operations.

Hulten and Bolin [4] describe a general transport system

model as consisting of self-regulating subsystems. In this
model each of the subsystems has the same basic process
cycle of planning, execution and control (PEC). According
to this model the execution process of one system
(transport administrator) contains the planning, execution
and control of its subsystem (fleet manager). At the same
time the execution process of the subsystem (fleet
manager) contains the planning, execution and control of
its respective subsystem (vehicle and operator).
Accordingly, each execution process is preceded and
followed by an external information exchange.
The basic information flow between fleet manager and
truck operator for a single round wood transport is shown
below (Figure 1). At the tactical level the main planning
and control processes concern the delivery plan of
volumes for the receiving mill.

At the operational level, the sequencing of single
transport assignments (e.g., shipping to an individual
destination) is often dependent on vehicle routing plans
for a number of trucks coordinated by the fleet manager.
These plans are based on combining simple transport
assignments into complex routes in order to increase
backhauling within the restrictions of the delivery plan [9,
11]. The fleet manager is responsible for revising system
status and transport plans once per PEC cycle. With 20
trucks making 4 deliveries per day, a daily PEC cycle can
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Figure 1. Anexample of basic information flow between fleet manager and truck operator for planning, execution and
control of round wood transport (TO, SO = transport and scaling orders). The dotted line marks the interface

of external information exchange.

involve assignment of over 80 transport orders per day;, all
depending on the number of supply nodes to be visited.

In order to support the demands for the above processes
Johansson [6] suggests that a complete wood flow
management system should include the following modules:

- Transport infrastructure databases

- Communication with both internal and external networks

- Decision support for optimizing transport plans

- Delivery follow-up in real time for plan control and
revision

- Mobile data systems

The mobile data system (MDS) is that part of the
operating system that can be accessed by both harvesting
and transport operators. For transport operators, MDS
consists of hard- and software with the following functions

- distribution of transport orders and plans
- monitor with navigation aid to forest site (GPS/GIS)
- reporting of transport volumes

Svanberg [13] made a questionnaire study of Swedish
and Finnish experiences with MDS in round wood
transport and concludes that its three main advantages
are:

- Better communication, enabling better planning
- Improved navigation, allowing larger operating areas
- Faster reporting, giving better control of wood flow

The combinations of hardware and software used in
these management systems varies between countries.
Typically Swedish transport companies (Sydved,
Skogsakarna, VSV Frakt) use Akarstréms mobile PCs with
email and GIS/GPS navigation aid. Finnish forest
companies (Metséliito, UPM-Kymmene, StoraEnso) often
have Sunit/Ponsse mobile PCs, also with email and GIS/
GPS navigation aid. A number of applications have also
implemented optimized vehicle routing functions [7, 9].

The three main advantages of MDS cited by Svanberg
[13] were results of a questionnaire study. Two of these
advantages (better planning and faster reporting) are
logical consequences of the new technology. The third
advantage (larger operating areas) is, however, dependent
on a number of factors and has not been confirmed in an
empirical study.

Aim

The aim of this paper is to examine transport patterns
for trucks with and without the support of MDS. The
examination concerns primarily spatial data such as the
number and location of forest and mill destinations visited.

METHODS

The data was collected from a single transport company
(having trucks both with and without MDS) in order to
have as similar framework for comparison as possible. The



company chosen for this study was VSV Frakt AB in Mid-
Sweden. VSV Frakt AB is an association of independently-
owned transporters with a common administration. VSV
has over 150 trucks and 500 employees working with round
wood transport. Their transport administration system is
called TROMB (TRansport and Mobile Beordering). The
system has an office application and a mobile application.
The two applications are connected by a one-way network
(FM-wavelength for office-to-truck) and a two-way
network (MOBITEX network for both truck-to-office and
office-to-truck). The office has a server distributing data
via the FM network and a modem for MOBITEX data
transmission. The vehicle hardware is the Akarstréms Trux
4400 PC. Navigation support is given by GPS on both
1:100,000 and 1:250,000 maps in GIS. \ehicle routing and
road condition updating are done manually.

The study period for data collection was March 2000 to
February 2001. Complete transport data was collected for
26 trucks; 13 with MDS and 13 without. At the time of the
study VSV had 20 vehicles with MDS. The decision to
install MDS in specific trucks was not influenced by this
study. A common assumption for the trucks selected for
MDS installation is that these they were the ones that
would benefit most from this technology, therefore
warranting the extra investment. Complete data for the
study period was only available for 13 of these. The number
of trucks studied represents over 50 % of the MDS-
equipped vehicles and 10 % of those without. A
mathematically rigid comparison of the two groups under
the assumption of identical populations is therefore not
possible. The trucks studied without MDS were selected
by the company according to the criteria that they should
have representative operating conditions.

Data were collected per individual truck at two different
intervals. The number of operating days per month was
registered for every month of one year. In order to be
counted as active on a specific date, the truck had to
deliver at least one load to a scaling station. The number
and locations of forest and mill destinations per day were
based on a sample of 5 randomly-chosen days per month
(Table 1).

Data was collected via the national transport database
VIOL (Wood-On-Line) which is administrated by SDC (The
Forestry Data Centre). The forest location data in VIOL is
given on the basis of state administrative units (county,
municipality, parish, and sub-unit). UTM coordinates were
also available for many but not all forest destinations. In
these cases only the VIOL codes were used. All mill
location data was specified with UTM coordinates.
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Table 1. The sample of spatial transport data for trucks at

VSV Frakt AB.
No. of Days/ Days/ Observations
trucks month year
Trucks
w/ MDS 13 5 60 780
Trucks
w/oMDS 13 5 60 780

Data calculations were done in the Access database
program. The calculations and presentation of spatial data
was handled via GIS ArcView software.

The total annual operating areas for each truck were
calculated as the minimum convex polygons encompassing
a whole year’s operations [3]. This is the same function
used to establish the outer perimeter of “home territories”
in wildlife dispersal studies. Bordering points for the
operation area are those forest and mill destinations that
enclose the whole area. Within the annual operating area,
a main operation area was also identified. The main
operating area enclosed the adjacent forest destination
municipalities and mills which each represented more than
5 % of all deliveries for the specific truck (Figure 2).

Differences between the two groups were tested for
statistical significance with a t-test at the p<0.005 level.

Figure 2. An example showing the perimeter of the total
annual operating area (outer polygon) and the
main operating area (inner polygon) when
calculated as minimum convex polygons. The
small bordered areas are the administrative units
(municipalities) containing forest destinations
(loading sites). The black dots represent the
exact location of mill destinations (unloading
sites).
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Table 2. The average number of operating days per month for trucks with and without MDS support.

operating days / month

Mar  Apr May  Jun Jul Aug Sep Oct Nov Dec Jan Feb
without MDS 247 191 210 197 77 199 177 205 200 175 217 208
with MDS 238 193 232 209 65 195 202 197 211 186 214 196
RESULTS trucks with and without MDS support, respectively. While

The average number of operating days for all the
vehicles over a whole year was 19.4 days per month. An
examination of the monthly averages (Table 2) shows the
highest numbers was in March and the lowest number in
July (summer holidays). The average was 19.47 for trucks
with MDS and 19.25 for trucks without MDS, however,
this difference was not statistically significant.

The average number of separate forest destinations per
day where round wood was loaded was 4.13 and 3.70 for

this difference was not found to be statistically significant,
the monthly averages were higher for MDS-equipped
trucks for all months except March and May (Figure 3).

The average number of separate mill destinations
(unloading points) per day was 2.66 and 2.17 for trucks
with and without MDS support, respectively. This
difference was found to be statistically significant. The
monthly averages show that these were higher for MDS-
equipped trucks in 12 of 12 months (Figure 4).
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Figure 3. The average number of daily forest destinations (separate loading sites) for each month for trucks with and

without MDS support.
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Figure 4. The average number of daily mill destinations (separate unloading sites) for each month for trucks with and

without MDS support.




The average operating area (calculated as minimum
convex polygon for the entire study period) for trucks
with and without MDS was 29,050 and 18,656 km?,
respectively. The main operating area represented 35.3
and 28.2 % of the total operating area for trucks with and
without MDS support, respectively. The main and total
operating areas for each truck type are shown in Figures 5
and 6. The differences in operating areas between trucks
with and without MDS were not statistically significant
when tested at the p<0.005 level. Asecond test at a p<0.05
level, however, showed these difference to be significant.

DISCUSSION

The study shows a considerable variation in transport
patterns. This variation, however, is primarily a result of
seasonal factors. The number of forest destinations visited
per day, for example, is linked primarily to seasonal
harvesting volumes. This study confirms that the number
of forest destinations is notably higher from January to
June when winter harvesting is complete and volumes
become available at roadside. The composition of volumes
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from different sources is also an important factor. Non-
industrial private forest owners (NIPF) have smaller
operations where often two and up to six supply nodes
must be visited to accumulate a full load. In contrast,
integrated forest companies generally have large harvesting
operations where whole loads can be picked up at a single
node. While forest companies harvest year-round, NIPF
harvesting is highest during the winter. This causes a
decrease in average volume per supply node and an
increase in number of forest destinations. A high
proportion of NIPF deliveries for trucks without MDS
would explain the higher number of forest destinations in
March and May for these trucks. The same logic suggests
that a low proportion of deliveries from private forest
ownerships for trucks with MDS, would be most visible
during the transport of winter-harvested wood.

Some other variables may be calculated in order to make
the results more tangible. Converting the operating areas
to equivalent circle, for example, can give us the diameter
or maximum travel distance between forest and mill. For
trucks without MDS the equivalent diameter for the main
operating areas is 81 km (Table 3) which is quite close to
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Figure 5. The sizes of the annual operating area (km? on the y-axis) for each of the trucks without MDS support in the
study (truck id number on x-axis). The main operating area is indicated by the white portion of the bar.
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Figure 6. The sizes of the annual operating area (km? on the y-axis) for each of the trucks with MDS support in the study
(truck id number on the x-axis). The main operating area is indicated by the white portion of the bar.
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the average transport distance for round wood in Sweden
(75-80 km). The equivalent diameter for trucks with MDS
is approximately 30 % larger (106 km). If we accept the
assumption that the size of the operating areas increases
with the average transport distance from forest to mill we
can also infer that the trucks with MDS are delivering to
mills with longer average distances and higher annual
round wood consumption.

Another interesting variable is the density of loading
points. The annual sum of forest destinations per 100 km?
(Table 3) shows that the concentration of visited supply
nodes within the main operating area for trucks without
MDS (16.3) is almost twice as high as for trucks with MDS
9.4).

Table 3. Some extra indicators of the transport patterns
for trucks with and without MDS.

without with
MDS MDS
Diameter of main operating area 81km 106 km
Annual no. forest destinations
visited per 100 km? 16.3 94

These basic differences would indicate that those
trucks not selected for MDS installation have their
operations focused within a smaller and more familiar
territory. The spatial variation in transport is therefore
greater for trucks with MDS.

The observed differences in transport patterns between
the two groups may have two alternative explanations.
The simplest explanation is that trucks operating over
larger areas have a greater need for navigation support.
These trucks have a more complex planning situation,
motivating the investment in MDS to improve efficiency
for both operators and planning staff. An alternative
explanation for the different patterns is that investment in
MDS-support actually enabled a higher frequency of
ordering to unfamiliar nodes. A combination of these two
explanations is the most realistic.

The direct time savings given by MDS navigation to
operators is estimated by Svanberg [13] to between 60
and 80 hours per year. In the case of VSV Frakt AB,
however, the investment decision was motivated primarily
by increased efficiency in transport administration.
Nilsson [10] reports that common criticisms of the round
wood transport planning environment include slow
information flow and low quality data on system status.
According to Hulten and Bolin [4] these characteristics
are synonymous with diminished operations control.

Internet-based system are now being developed that make
it possible for operators to independently download their
work assignments directly to the truck. Transport and
scaling orders from the revised transport plan can also be
made available in the same way. Automated reporting of
pick-up and execution as well as revision of road and stock
status to a central database is being developed. These
improvements give the potential to accelerate the cycle of
PEC processes, thereby enabling quicker response to
system disturbance.

CONCLUSIONS

Trucks with MDS support were found to visit a higher
number of forest and mill destinations per day than trucks
without. They were also found to have larger annual
operating areas. While trucks without MDS had smaller
operating areas, these areas had a higher density of forest
destinations. Operators without MDS support were
therefore concentrating operations on smaller areas where
they were more familiar.

Under Swedish conditions, the most suitable investment
opportunities for MDS support are trucks which already
have large operating areas and complex planning situations.
MDS navigation support gives these trucks the
opportunity to further enlarge their operating areas. MDS
information and communication functions make it easier
for fleet managers to distribute new transport orders to
these trucks.
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