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Opportunities and Challenges for

Decision Support Systems in Log Truck Scheduling) Rispatching

Chapter 1 — Introduction

Forests are highly valued in the Pacific Northvaasl throughout the world
for a variety of reasons. They provide beautiful aesthetic landscapes for
recreation, pristine rivers for fishing and raftirmgnd resources that sustain regional
and local economies. In today’s society, sustasmédrest management is relied upon
to ensure that wood products will be available eetturrent societal demand and
ensure that forests will be there to provide theesapportunities and resources for

future generations.

In Oregon alone, approximately 27.5 million acvéforest land covers 45%
of the state. Nearly 11 million acres of these &aack privately owned, comprising
about 39% of Oregon’s total forest land. Fedenadls&ain Oregon, which make up 57%
of the total forest land, are increasingly beinghaged to provide environmental
services; placing more reliance on private landsrtaluce logs for the state’s resource

based industries (Oregon Department of Foresti§1 20

The transportation of logs from the forest torh# is the single largest cost
for the majority of landowners. In fact, it has besstimated to represent as much as

25-50% of the total cost of delivered wood, depegdin the distance traveled



(McDonald et al., 2001a). Therefore, even small@ases in transportation efficiency

can amount to significant savings.

A variety of methods are currently used for lagck scheduling and
dispatching. In some organizations drivers are @btecide on their own schedules
whereas others are provided with schedules by atelspatch. Often in the forest
industry, the truck scheduling and dispatchingasedmanually by a dispatcher back
at the office. These dispatchers rely heavily ast paperience and logic to generate

truck schedules.

There is evidence that decision support syst&®8S] have the capability to
reduce the cost of log transportation from the dbte the mill. Decision support
systems are computer-based information systemstipgtort organizations or
businesses in making decisions about certain #esviTruck scheduling and truck

dispatching are two activities that can be supjldoeDSS for log transportation.

Decision support systems can reduce transportatists by generating
efficient truck routes. If a time component is ddesed in the route construction, then
the route is referred to as the truck schedule eTigyoften important in real world
applications; therefore, improved schedules cap tiatking contractors pick up
more loads with fewer trucks by traveling more @ént truck routes. Despite
implementations of these systems in other counémeisby other industries, parties
involved in log transportation in the United Statese been slow to adopt decision

support systems for log truck scheduling and didpag.



1.1 Project Objectives

This project is part of a larger effort to helppirave supply chain efficiency in
the forest products industry. Currently, most @& litkerature is focused on developing
improved solution techniques for decision suppgsteams (DSS) in log truck
scheduling and dispatching. Less attention has geared towards identifying the
challenges that are slowing the adoption of DS3dgtruck scheduling and
dispatching. The goal of this project is to conitéto a vibrant forest products
industry by performing a synthesis of these chgisnand identifying opportunities

for implementation in the Pacific Northwest. Thgemlbives of this project are to:

Identify the unique characteristics of the forestustry related to

transportation and management.

» Examine different log truck scheduling and dispatglsolution techniques.

» Evaluate the current state of technologies forsiecisupport systems.

» Assess the availability of decision support systéan$og transportation.

» Determine the challenges and opportunities of imglating decision support
systems in the Pacific Northwest.

» Determine how other industries and countries oveecaome of the challenges
identified in the Pacific Northwest.

» ldentify under which conditions the benefits willtaveigh the costs of

purchasing and implementing these systems.



1.2 Project Scope

Due to the time and resources available for thogept, the goal was to gather
as much information as possible from interviewshvpitofessionals involved in log
transportation and professionals who are developinducts to improve the supply
chain. We interviewed a variety of industry professals including:

* Timberland owners

* Trucking contractors

* Truck drivers

* Logging contractors

» Software developers and marketers

To supplement what was learned through talks thiglse individuals, a
literature review was performed to learn aboutrthiire of the problem, solution
techniques, and how other industries and countirescame the challenges identified

in the Pacific Northwest.



Chapter 2 — Freight Movement and the Parties Involed in Log

Transportation

The importance of freight movement to global, oegil, and local economies
is difficult to overstate. In order to remain cortipree in all markets, it is important
for businesses to efficiently use equipment, faet human resources. Poor planning,
congestion, and unexpected events such as badeveaith breakdowns commonly

lead to inefficiencies in freight movement.

Different modes are used to move freight in théd¢hStates including ships,
trains, and airplanes; however, trucks carry 086 0f America’s freight when
measured by tons and over 90% of America’s fremgien measured by value
(AASHTO, 2009). This can likely be attributed tadks being used as a direct link
between all the other modes of freight movement.example, trucks often transport
export loads to ports and transport import loatEniah to distribution centers.
Similarly, trucks are responsible for transportgupds to and from rail yards and

airports.

The state of Oregon ranked™id the nation in tonnage exported in 2001. By
the year 2030, the tonnage exported is predict@éictease by 80% from 57 million
tons to 122 million tons and it is predicted thaeg@bnians will rely even more heavily
on trucks to transport freight in the future (Figy). Over 25% of the total tonnage
shipped in Oregon is products that come from foitasis, an estimated 115 million

tons of logs, lumber, and wood products are trartedannually by log trucks



(Figure2). This is also expected to increase by@apmately 60% by 2030 (Global

Insight, Inc., 2005).
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Figure 1: Mode share of tonnage (Global Insight,,IB005)
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In 2004 loaded trucks traveled 164 billion milestba US roadways ar
experts are predicting that number will doublehia hext 30 years. Currently, only
miles of Interstateighways carry more than 50,000 trucks in a daypyu2035 it i<
predicteal to increase to 2,500 miles carrying more tha@@Dtrucks dailyln other
words the average Interstehighway carries 10,500 trucks per day, but thi
expected to increase to 22,700 by 2035 (AASI, 2009). Unless things chanc
congestion and theosts related to congestion will increase, e.g. ealsumption an

poor utilization of equipment and human resour




Congestion already slows the delivery of commedithroughout Oregon.
Naturally, the number of vehicle miles traveleddregon has increased with
population growth; however, the capacity addedh&ostate infrastructure has not
matched the increase in traffic. In fact, populati@s grown about four times faster
than the number of roadway lane-miles. Althoughrtheber of vehicle miles
statewide has increased since 1982, the numberhiéle miles per capita has
remained nearly level since 1990 due to compaecied Uise and increases in public

transit use especially in the Portland metropoléesa (Figure 3).
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Figure 3: Statewide vehicle miles traveled, popaoigtand vehicle miles traveled per

capita in Oregon 1980-2002 (Oregon Department ah3portation, 2007)

If the infrastructure is not able to handle cutrteaffic volumes, the situation
will deteriorate in the future as congestion theeatOregon’s aspirations for a just-in-

time economy. There are three solutions that candadiately reduce congestion:



(1) Add more infrastructure capacity
(2) Use intelligent transportation systems

(3) Reduce the number of vehicles on the road

Adding infrastructure capacity is expensive. Befoapital is invested in
constructing more roadway miles, planners oftelk s&sgys to alleviate pressure on
the current system by encouraging other modesnsportation and by maximizing
the capacity of the existing infrastructure usinggiligent transportation systems
(ITS). Intelligent transportation systems encompabsoad range of communications
and wireless technologies that help improve thetgamobility, efficiency, and
sustainability of transportation systems. Exampled'S applications include vehicle
collision avoidance technologies, electronic tglineal-time traffic and transit
information, GPS-equipped navigational devices,dsirtraffic signals, congestion
pricing systems, weigh-in-motion truck inspectigariable speed limits, and transit

signal priority.

While ITS can help agencies maximize the capaifigxisting public roads,
advancements in integrated technologies have ldtetdevelopment of decision
support systems (DSS) that can help carriers ingpoostomer service while reducing
the number of trucks needed through more effidiertk scheduling and dispatching.
Before discussing decision support systems foktaastieduling and dispatching, it is

useful to understand the goals and problems atalkeholders involved.
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Regardless of the mode of freight transport, tipeties are generally
involved: a shipper, a carrier, and a customernthieamore, the shipper, carrier, and
customer are all integral parts of what is commaafgrred to as the supply chain. In
economic terms, the shipper is the supplier ofoapet who would like to transport
their product to one or more points of demand, kismvn as customers. The carrier is

therefore the middle agent who transports the pisdoetween the parties for a fee.

The problem that the shipper and customer aregnyrsolve is a classic
logistics problem of how to ensure that producesvainere they need to be, when they
need to be, and in a cost efficient manner. Mealewtiie most crucial challenge that
carriers face is trying to reduce costs while invorg service; creating a highly
competitive business environment. Additionally,reas with a large number of
vehicles have to make complex scheduling and dibpag decisions in order to
maximize their utilization of equipment and humasaurces (Institute of

Transportation Engineers, 2000).

For all intents and purposes, the shipper in theidansportation scenario is the
landowner or organization who owns the logs onldheing. In forestry, a landing is
defined as a central area in the forest that fétigd are skidded or yarded to for
loading onto a truck. The customer is the orgaronahat demands the logs, most
likely sawmills, veneer and plywood mills, pulp goaper mills, or sort yards. It is
possible that the shipper and the customer couttifteent branches of the same

company, i.e., the landowner could also own thé mil
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The carrier, also referred to as the trucking i@artor, is the company that
owns and operates the log trucks. The trucks cawboed by the log supplier, the
mills, the logging contractor, or a third partydking contractor. A third party
trucking contractor may own a fleet of log trucksown a single truck. If the

contractor owns a single truck, they are refercedstan owner-operator.

2.1 Log Transportation

While log transportation operations may differ be¢énw companies, many of
the major players approach the problem in a sinfdsinion in the Pacific Northwest.
In other countries around the world, the approadié¢ problem is fundamentally
different. In the United States, it is typicallyethesponsibility of the landowner to
determine how their logs will be transported to dppropriate mills to achieve the
most profit. Some landowners are free to send thgg to whichever mills they
please while others are contracted to deliver tmpecific mills. In other countries,
it is the responsibility of the mills to determiméere to acquire the logs from and
how to transport them to their facilities in ordersatisfy their own demand at the

lowest cost.

This fundamental difference is important to coesithen determining the
appropriate mathematical formulations, constraigtsl solution procedures for log
truck transportation problems. Despite this differe, the goal in either case is to

determine how to transport logs between destinatiom least cost fashion. Since the



12

goal of this project is to contribute to a vibrémtest products industry in the Pacific

Northwest, the problem is looked at from that viewnp.

The three major problems in log truck fleet mamaget are routing,
scheduling, and dispatching. Generally speakimgute is the path that a vehicle
travels between two points. In common freight mogetand log transportation, the
term “route” is often synonymous with “the sequenteickups and deliveries a truck
performs” because the sequence ultimately helpaal#ie truck’s travel path. A
pickup and delivery are referred to as a trip wtthie truck’s route. Since pickups and
deliveries are paired as trips, the problem is thetetermine the sequence in which

trips are to be performed to achieve the lowest possible.

When a time component is incorporated into thestigpment of a truck route,
it is then referred to as the truck’s schedule. ffiek scheduling problem is then to
determine the sequence of pickups and deliveriegelisas the associated arrival
times at each location for each truck subject taesoconstraints. In forestry, log truck
schedules are usually developed the day beforegevenyvsome operations do not use
truck schedules at all and rely on dispatchingnform drivers of new trip sequences

as the day goes on.

Dispatching is a procedure for assigning log teuickcustomers in real-time. If
a schedule is developed for a truck to begin thye diapatching is used to adapt or
repair the schedule when conditions change inctudustomer orders, equipment

breakdowns, weather, and congestion. This mearatingdrivers on the fly with
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new trip sequences or routes to destinations hiédales are not developed in
advance, dispatching is used to inform the drifeheir next trip sequence as soon as

they complete a delivery.

To fully understand the problem, it is helpful tesdribe the roles, operations,

and concerns for each party involved in log tramspion in the Pacific Northwest.

2.1.1 The Landowner

First, the landowner makes the decision to hanvess from a tract of land on
their property. The landowner then hires a loggiogtractor who agrees to perform
the harvest for a price. The landowner decides th@wvood will be transported from
the landings to the destinations. In some casedatidowner hires both the logging
contractor and the trucking contractor and paymtkeparately; other times the
landowner allows the logging contractor to hire titueking contractor and it is then
the contractor’s responsibility to pay for the spartation; however, the logging
contractor will include the cost of transportatiartheir agreement with the

landowner.

Once the harvest operation is in progress, thdolaner is constantly trying to
find the best destinations for their wood to maie most profit. Some landowners
have agreements to send their logs to only centdlisa while others are free to send
their logs where they please. In addition to kegpire logger informed on the
destinations for each sort, the landowner also sakee that the logger and the

trucking contractor are in compliance with theintacts. In forestry, the log species,
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grade, end use (pulp, paper, structural, floorgtg,) or combination thereof
determines the assortment; often called “sort’stoort. The sort is usually the

deciding factor in determining where the logs anet $0 achieve the most profit.

2.1.2 The Logging Contractor

The logging contractor is hired by the landowrmeharvest a tract of land for a
price. In harvest operations, logs are often trarted to a central area called a landing
to be placed into sorts. At the landing, a loadarsed to place the logs onto trucks for

secondary transportation to the mills.

Often in harvest operations, it is the responsyhif the loader operator to
contact the trucking contractor in the afternood arake transportation requests for
the next day. The request usually includes the rurabtrucks needed for the day, the
spacing between each truck in the morning for foats, and sometimes the

destination of the loads.

When a truck arrives, the loader operator telisdhver the destination of the
load and if they are to return for another, acasghe pseudo-dispatcher. The
roundtrip time to the mill is usually known by tleader operator who uses that
knowledge to plan how to use the loader in the r@&nto maximize productivity
and equipment utilization. As the day continues, ttimhe windows for subsequent
loads become wider; however, the logger’s prodigtremains constant as long as
they are not waiting on trucks. The logging corveis main concern is maintaining

or increasing their productivity. It is advantagedar them to have control of the
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truck dispatching because productivity can decrdasecess logs on the landing are
creating bottlenecks due to trucks arriving lateadidition, the logging contractor is
more likely to get all their log loads servicedhey have control of the trucks

throughout the day.

A common problem for many operations is queuinges at the landings for
log trucks waiting to be loaded. This is lookedlidfierently by the logging contractor
and the trucking contractor. It is seen as a prolte the trucking contractor, but not
necessarily the logging contractor. Since the suale being paid either by weight, by
the mile, or by the load, it becomes a disadvantaglee carrier when trucks are
waiting to be loaded. The carrier would preferun pperations similar to just-in-time
manufacturing, where the trucks show up at the teaxatent needed to continue
operations. Meanwhile, the logger can afford fertitucks to wait because it is not

affecting their bottom line or productivity; unleee trucks are owned by the logger.

2.1.3 The Trucking Contractor

Trucking contractors usually start receiving cail$he afternoon from logging
contractors requesting transportation serviceghi®mnext day. The logging contractors
usually request a fixed number of trucks for thetmay. It is usually assumed that the
logging contractor will have enough work to keephettuck busy for the entire day. It
is then the dispatcher’s job to determine whicleksuto assign to each logging

contractor for the next day.
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The role the dispatcher plays once the trucks heftéhe garage depends on
the operation. If schedules are used, which isaiftg the case in the Pacific
Northwest, it is the dispatcher’s responsibilityufpdate truck trip sequences as
unexpected events happen throughout the day sumtealkdowns, customer order
changes, bad weather, and congestion. If schedtgasot used, it is the dispatcher’s
responsibility to determine each truck’s next sgguence immediately after it

completes a delivery.

The dispatcher must be able to route and rerout&g quickly and efficiently
in order to minimize the cost of transporting caséo loads. In addition, they must
keep track of daily and weekly driver hours foredgfand to be in compliance with
company policy and state laws. This becomes margtax as trucks travel interstate

because state laws can differ.

The trucking contractor’s goal is to maximize frbl increasing the loaded
efficiency of their trucks. The loaded efficiensyd measure of the truck’s utilization
and is represented by the percentage of the nhiéggte truck travels loaded. If the
loaded efficiency of a truck increases, it usuadigults in the truck being able to
service more loads in the same amount of timethestruck is more productive for the

trucking contractor.

Loaded Efficiency = (Loaded Miles Traveled / Tatéles Traveled) * 100

In order to increase the loaded efficiency ofitehicles and service more

loads, dispatchers are always trying to find baokhgackhaul is the loaded return
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trip of a truck after it has delivered a load. @fte forestry the return trips are
unloaded. The time the truck travels unloaded baeksupply point is referred to as
empty travel time or unloaded travel time. Backhear be achieved by finding
another supply point near the delivery locatiort thes wood that needs to be

delivered to a location in the vicinity of the arigl supply point.

Aside from trying to increase the loaded milesetad by finding backhaul,
the trucking contractor also aims to minimize teadhead miles traveled. Deadhead
miles are the miles that a truck incurs at the fr@gg of the day traveling from the
garage to the first supply point and at the enthefday traveling back to the garage
after delivering the last load. If the truck is¢baly the hour, a long deadhead can get
expensive to the party paying the driver. If paydioe load, it becomes a non-cost to
the party paying the driver except the driver Igsexluctive time and the deadhead
decreases the loaded efficiency of the truck. Twekese the deadhead travel,
dispatchers try to assign trucks to pick up lo&as &re close to the garage at the
beginning of the day. In addition, dispatcherstérassign loads to trucks that will be

delivered to mills close to the garage at the drtitieday.

2.1.4 The Dispatcher

Dispatchers would like to know, with certaintyesgic information in order to
construct optimized schedules and trip sequencebda vehicle fleets. Dispatchers

would like to know the following:

* The number of loads to be picked up from each fandi
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The service time windows for each load, landing) mnill

» The destination for each load

* The average loaded and unloaded haul times bet\aedimgs and mills
* The approximate loading and unloading time at éachtion

* The maximum number of hours each driver can draibyé&nd weekly
* The maximum distance each truck can travel daily

o Cost per unit time for each truck

» Cost per unit distance

» Fixed costs

* The truck and trailer configuration for each load

» Road restrictions (Max vehicle weight, length, ergt)

* Breakdowns

* Queues related to traffic congestion on the roaat ¢the mill throughout the
day

The reality is that some of this information cavét predicted. If it can be
predicted, it is usually not known with great cartg The number of loads at each
landing is difficult to predict a day in advancechase of a number of variables that
factor into the harvest production rate includihg terrain, tree size, species,
harvesting system, crew experience, and weathered¥er, even if the number of
loads and their destinations are known, it is comfioo sorts to change in the middle
of the day. This means that the log species, gizaljty, or end use has changed.

When sorts change, it often results in a changkesfination for each load.
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Assuming that the number of loads, time windowsl destinations of each
load are known the day before, the transportatianagers could, in theory, create
optimized schedules using advanced solution metti@dsvould increase
transportation efficiency. However, the unpredittaiature of the industry makes it
difficult for transportation managers to createestifles with certainty. Therefore,
dispatchers must be able to make decisions thhplaide the company in the best

position to succeed for the rest of the day inreetsensitive manner.
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Chapter 3 — Problems Related to the Log Truck Scheding Problem
3.1 The Traveling Salesman Problem

The Traveling Salesman Problem (TSP) is a welildinoombinatorial
optimization problem in Operations Research. Gaewollection of cities and the
distances between each, the goal of the TSP isddHe minimum path or cost of
visiting all of the cities exactly once and retungpito the same starting point. While
the concept seems deceptively simple, it is agtuade of the most studied problems
in Operations Research. The reason the TSP hagheeattention of considerable
study is because it is an NP-hard problem and etiyrao algorithms have been

developed that can solve it in polynomial time.

As problems grow larger in terms of size and canxipy, they can become
what are referred to as NP-hard (non-determingilgnomial-time hard), which
essentially refers to the time an algorithm takeseich an exact solution. The
problem becomes NP-hard when the number of vasabkpecially binary or integer
variables, increases to the point where solutime tincreases exponentially. Many
practical vehicle routing problems are NP-hard dhdrefore, are often solved using
heuristics which do not guarantee an optimal anskdrcan achieve good solutions

in a short amount of time.

3.2 Vehicle Routing Problems

An extension to the traveling salesman problethasvehicle routing problem

(VRP). The VRP is a problem that was first proposgdantzig and Ramser (1959)
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and is a classic problem in the fields of logistaistribution, and transportation that
has many variations. The basic premise of the \dRB determine the optimal set of
routes for a fleet of vehicles in order to satifg demand of each customer. If a
single vehicle that has unlimited capacity is cdased, the problem then becomes the

TSP.

Typical constraints included in the VRP are:
» Each vehicle must begin and end the day at a depot.
» Each customer must be visited exactly once.

» Customer demand must not exceed a vehicle’s cgpacit

There are a number of variations of the vehiciging problem. One of the
most common variations of the VRP for solving dédal problems includes the use of
time windows constraints. These problems are redetw as vehicle routing problems
with time windows (VRPTW). As the name implies, éwindows represent the
windows of time that trucks may arrive at locatieamservice customers. The opening
and closing times of businesses are usually coresicend in some cases driver breaks
are also considered. In VRPTW'’s, all the constsagitthe standard VRP still apply

with the addition of the time windows.

The pickup and delivery problem with time windoflPOPTW) is another
variation of the VRP except pickups are now alsiuided. In the previous variations
discussed, vehicles are typically loaded to skertday at a depot, e.g. a warehouse,

and continually make deliveries until the truclempty. In the PDPTW, however, the
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driver leaves from the depot unloaded and must rpadkeips before any deliveries
can be completed. The goal is to minimize the obstansporting the goods by
optimally constructing truck routes subject to Haene constraints except pickups

must always precede deliveries.

In many real-life problems, the goods coming framertain supply point are
often paired with a specific customer, called agzhorder. A paired order is used
when the good being transported is not homogenodishas is not able to satisfy the
demand of every customer. Therefore, each traregpmitrequest has a specific origin
and destination that are paired together. Mostraigsportation scenarios in the
Pacific Northwest fall into this category because lbg sort usually determines the
mill destination. In addition to the sort, somedawners are contractually obligated to
deliver their wood to certain mills. Therefore, tirever is always informed of the
destination for each load and does not have tleelén® to choose the mill destination;

therefore, the load (origin) is paired with a ngdestination).

3.3 Solution Methods for Vehicle Routing Prolntes

There are a number of Operations Research metb@idve vehicle routing
problems. They are generally split into two maitegaries:
» Exact and Approximate Algorithms

e Heuristic/Metaheuristic Methods
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3.3.1 Algorithms

An algorithm is a procedure for solving a matheo@iproblem in a finite
number of steps that frequently requires repetitiban operation. The premise is that
a problem is started in an initial state and aatefined solution procedure is
followed through a finite number of states untg final output is reached. There are
generally two types of algorithms: exact and appnate. Exact algorithms guarantee

an optimal solution while approximate algorithms\pde suboptimal solutions.

Exact algorithms are preferable in comparisorpiareximate algorithms
because their final solutions guarantee optimatibgvever, their application is limited
because of the time it takes to solve large comobire problems. Instead of
enumerating all possible combinations to be cexéan optimal solution, exact

algorithms were developed to solve problems tonagiity more efficiently.

Branch-and-bound is the most general exact algarfor solving various
optimization problems. The method consists of caimguall candidate solutions, but
discards fruitless solutions en masse by estimafopgr and lower bounds of the
solution. Branch-and-bound may also be used afthwlation for some heuristics.
For example, one may wish to stop branching wherditierence between the upper
and lower bounds becomes smaller than a certaashbid. This reduces the number
of computations in exchange for a slight reductolution quality. There are other

versions of this algorithm including branch-andeprand branch-and-cut.
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Column generation is another popular exact methbd.basic premise of the
method is that many linear programming problems@wdarge to consider all the
variables explicitly. Since most of the variablel e non-basic and assume a value
of zero in the optimal solution, only a subset afigbles need to be considered in
theory when solving the problem. Column generalioitds off this theory by
determining only the variables which have the po&to improve the objective

function.

If an exact algorithm can only find the optimallgimn to a problem in
exponential time, an approximate algorithm can seduo identify sub-optimal, but
guality solutions in polynomial time. Some approairon algorithms can provide a
solution within a certain percentage of the optisw@ution, i.e. 5%. While
approximate algorithms are superior to exact allgors in some problems due to
solution time, they are often inferior to heuristroetaheuristics which can provide

guality solutions much faster.

3.3.2 Heuristic/Metaheuristic Methods

Heuristics and metaheuristics are used when etgatithms are not able to
deliver quality solutions in a reasonable amourttroé. While heuristics and
metaheuristics are not able to guarantee optintaligns, they can find quality
solutions quickly. Heuristics achieve this by penfiong relatively limited explorations
of the search using different algorithmic rulesaBwles of route construction

heuristics for the TSP are the Nearest Neighbardlgnm, Greedy algorithm, Clark-
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Wright Savings heuristic, and Christofides algantiSee Johnson and McGeoch

(1997) for a more complete description of theseibBes.

The nearest neighbor algorithm is a classic exampéa heuristic that
performs a relatively limited exploration of theaseh space. For the TSP, the nearest
neighbor algorithm determines the path of the saéasby continually choosing the
nearest unvisited city from the last visited cifiis quickly generates a short route;
however, the heuristic on average yields a path RBBiger than the shortest possible

path (Johnson and McGeoch, 1997).

While metaheuristics are similar to classical isios, the quality of solutions
obtained by metaheuristics is typically much betan those obtained by classical
heuristics. This is because they place more emploasileeply exploring the most
promising regions of the solution space using abemof analogies to describe the
methodology to the search. Popular metaheurisidsde Tabu Search, Simulated

Annealing, Genetic Algorithms, and Ant Colony Optation.

The basic structure of a metaheuristic is thahdml solution is generated and
is iteratively improved by trying different candidasolution combinations. The
guality of each candidate solution is usually eatdd by how well it satisfies the
goals of the problem through an objective functibme objective function may
represent cost, unloaded travel time, net revemuany number of measurable
characteristics that need to be minimized or mazeachi The stopping criteria for the

heuristic can differ depending on the user prefegeror the analogy of the heuristic.
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For example, the heuristic may stop after the marinmumber of iterations is
reached, the maximum number of iterations withauihgprovement is reached, or a

satisfactory fitness level has been reached foptipeilation (genetic algorithm).

3.3.3 Fuzzy Logic Models

Optimization problems in their most general formdlve finding an optimal
solution to a problem subject to certain constgaantd criteria. In practice, however,
many situations lack the information that is neetesbolve the problem exactly. For
example, there may be a lack of information regayaionstraints or information to
help clearly define an objective function. In thegeations it is advantageous to
model the problem using fuzzy logic. Contrary tditional logic where binary sets
are valued as true or false, i.e. 0 or 1, fuzzycliggbased on the concept that there is a

range of truth values between 0 and 1.

Consider the most general formulation of the L&bjpem:

max Z=CX

subjectto  Ax<b

X0

Vehicle routing problems are often modeled usingdr programming or mixed-
integer programming formulations. In many real a&itons, however, not all the
constraints and objective functions can be valuaedl precise way. In these situations

the general problem form is called Fuzzy LineargPaonming (FLP). FLP is
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characterized wherg @y and ¢can be expressed as fuzzy numberas xariables
whose states are fuzzy numbers, addition and niia#tpn can operate with fuzzy
numbers, and the inequalities are among fuzzy nusnbtodels can therefore have
fuzzy constraints, fuzzy goals, fuzzy costs asahje function coefficients, and
models with fuzzy coefficients in the technologio#trix. We refer the reader to

Brito et al. (2009) for a more complete descriptidrthese models.

While Fuzzy Logic has not been considered for rfingehe log truck
scheduling problem, it has been used to model leehaaiting problems where supply
at locations is uncertain (Teodoréwdnd Pavkow, 1996). Since supply at landings in
the forest cannot always be predicted with greaacgy, modeling the log truck
scheduling problem using an FLP formulation maybenteresting area for future

research.
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Chapter 4 — Forest Transportation Planning

Forest transportation planning involves the transgpion of logs from forests
to mills. There are typically three levels of fdregnsportation planning: strategic,
tactical, and operational. Decisions on the stratieyel often determine the
harvesting, road building, and road maintenancesplar several years in advance.
Decisions at the tactical level may concern thedpartation planning from one week
to one or two years in advance. These decisionsimefyde which roads to build as
well as determining which mills to send logs to tigcoming sales. Lastly, the
operational planning involves daily decision makargthe actual routes and

schedules for individual trucks. Operational plagis the focus of this project.

4.1 The Log Truck Scheduling Problem

In forest harvest operations, trees are felledteartsported to landings where
the logs are processed and stacked near the readsitithey are loaded on log trucks
for transportation to the mill. The logs are usyatiacked by the assortment or “sort”
(grade, species, and end use) to make the loadioggs more efficient. The sorts are
delivered to customers at sawmills, veneer and pbdwmills, pulp and paper mills,
and transfer yards via log trucks (Figure 4). Tost of transporting logs from the
forest to the mill represents a considerable amofitite total cost of forest
operations, as much as 50%. Therefore, even siak g transportation efficiency
can result in significant cost reductions. Gaingamsportation efficiency can be

achieved through the construction of optimal trackedules by computer-aided
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decision support systems (DSS) that solve whatasvk as the log truck scheduling

problem (LTSP).

Figure 4: Wood transportation from the forest te thill

In the Pacific Northwest, truck schedules areaft&n constructed in many
operations. Typically, the loader operator at Hrading acts as a pseudo-dispatcher
that repeatedly sends trucks back and forth betwreemills and their landing. Audy
et al. (2007a) refer to these as ‘simple’ tripg(fFe 5). Simple trips result in a truck
traveling half of its total miles unloaded, i.doaded efficiency of 50%. Often the
loaded efficiency is in the range of 30-45% onaedkadhead miles to and from the
truck garage is added to the total. In order toease the loaded efficiency of a truck,
trips need to be constructed that involve backiBatkhaul is achieved when a truck
is loaded for all or part of the distance backi® driginal supply location after

completing a delivery.
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Simple Trips Trips with Backhaul

Figure 5: Reducing unloaded travel distance wittkbaul (Audy et al., 2007a)

The LTSP is a special case of the vehicle roytiradplem known as the pickup
and delivery problem with time windows (PDPTW) fog transportation. The goal is
to determine what loads each truck should pickngpdeliver and in what sequence. It
is assumed that several landings and mills areideres otherwise simple trips would

be the only logical choice.

The sort of logs is usually the deciding factominere landowners send logs in
the Pacific Northwest. Since certain sorts arenoftestined for specific mills, pickups
and deliveries are paired together and are refeored trips. A trip is the act of a truck
completing one pickup and one delivery. The sege@mevhich trips are performed
and the associated arrival times at each destmeagiceferred to as the truck’s
schedule. In practice, a schedule is created pigiitithe following work day, but can
be extended further depending on the ability taieately forecast the supply and

demand for logs at each landing and mill location.
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Computer-aided DSS for truck scheduling can hedpatchers choose the best
truck schedules possible for their fleet when ttaeeea large number of route
combinations available. For example, there arelyp&dr000 route combinations for a
single truck performing at least three trips betwfir forests and six mills (Figure
6). If the number of trucks is increased to thneé #ne number of trips is increased to
five per day, the number of possible route comlopmatexceeds 24 million. The
number of possible route combinations can be retliicbe destinations of each sort
are known ahead of time; however, the dispatchiéhat to determine the sequence
of pickups and deliveries for each truck in theflthat will result in the lowest

possible cost.
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Depots ‘ ‘ Landings ‘ ‘ Mills ‘ ‘ Depots ‘

Figure 6: Example of a typical three trip sequefioce log truck schedule (Murphy,

2003)

Each truck schedule is feasible only if it saéisfall the required constraints of
the problem. Time is an important aspect to comsideen formulating the constraints
for any practical model. Time windows are one @f mhost important requirements for
the LTSP and are implemented to make sure thatdraie only scheduled to arrive at
landings and mills during regular business houustiiérmore, time windows can also
imply a specific time when a load needs to be mlake for delivery. Load time
windows may be important to prevent late truckvals to landings for loading. If
trucks are consistently late, logs can accumulatéhe landing and create bottlenecks
for the logging contractor, slowing productivity &ddition, the logging contractor

may not be able to get all of their loads serviced.
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Constraints are also implemented to prevent dgsifrem operating beyond
their maximum available hours. Due to differenaestate laws, time constraints

could be potentially more complex if a scheduleurezs the driver to travel interstate.

In most operations, it is up to the driver to ce®the physical travel path
between pickup and delivery points. A good driveos the best path if they are
familiar with the area and the localized trafficwever, the dispatcher needs to know

the mean travel time so it can be used as an indDES.

There may be situations where the transportatianager may need to provide
turn-by-turn directions for a driver. In this caieere may be additional constraints for
route feasibility that address the physical paeéhdhver travels. For example, certain
road segments may be restricted to avoid scho@s@ongested arterials, bridges
with weight limitations, or overpasses with vehibkEght limitations. To determine
turn-by-turn directions, a decision support systexads to be integrated with a
geographic information system (GIS) that contanesrbad network and the

associated travel speed or speed limit for eacth segment.

Another requirement of the LTSP that may be dbre the ability to assign
priority to certain service requests. For exambplee stain can occur in some wood
species that remain on the landing for long perafdsme. Priority should be given to
these loads to ensure that quality products areettet! to the mill before blue stain

develops. Priority can also be given to landingemtthe harvesting is finished since
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it is usually in the logging contractor’s best @& to move to the next job as soon as

possible.

The LTSP can be formulated for two different asgtioms. In the United
States, it is typically assumed that the goal igeoerate truck schedules that satisfy
the demand of each logging contractor in the least manner. In other words, the
goal is to service all the loads requested by é&agdiing contractor regardless of mill
demands because it is commonly assumed that tiewsilil accept all loads. In other
countries, however, it is assumed that the gaal determine the schedules that
satisfy the demand of each mill in the least castmer. In this scenario, the supply of

each sort at each landing must be considered asasvile demand at each mill.

4.2 Model Structure

Typically, the number of loads requested for sars known for each landing
a day in advance. In addition to knowing the nundidoads, the pickup locations and
destinations are known as well, thus, creatinggoaarders. Since the transportation
requests are predetermined, each load can be eoedids an order that needs to be

fulfilled.

The model formulation can be as simple or comfgdtas the user deems
necessary. The strength of each schedule is usuaigured by an objective function
in the model. If a homogenous fleet is considetieel objective function may be to

minimize the duration of unloaded travel time. @ftirivers are paid different wages
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and trucks have varied operational costs; theretheeobjective may shift from

minimizing unloaded travel time to minimizing totadst.

The objective function for the formulation in thgeoject is to minimize the
total transportation costs for the fleet. Sinceyahk hourly cost of the truck is
considered, the objective is to service all custolmeds in as little time as possible.
To satisfy this objective we adopt Gronalt and ehi's (2005) mixed-integer
programming model formulation of the log truck sthkéng problem with some
modifications. The model has been modified to adersa non-homogenous fleet since
trucks often cost differently per hour. A varialdlg, is introduced that represents the
total generated route time of truckThe generated route time must be less than the
maximum time availabléelr, for each truck. The definitions and notation usedas
follows:

* W= The set of all loaded and unloaded transportatios

* U= Loaded travel time to the customer receiving load

* vy = 1ifloadi is picked up by truck, otherwise 0

* tj= Unloaded travel time from the customer of lodd the pickup location of
loadj

* X = 1if truckr travels from the customer of loatb the pickup location of
loadj

* ¢ = Cost of truck per unit time

* Q= Maximum capacity of truck

* T, = Maximum route duration for truak

* D, = The total generated route time for truck

* &= The loading time at landing



* s= The loading time at the industrial site for laad

* @ = The beginning of the time window for loadt the mill

* |;= The ending of the time window for loat the mill

» fi= The beginning of the time window for loadt the landing

* k= The ending of the time window for loaét the landing

* &= The earliest time a truakcan begin the day

* |,= The latest time a truakcan end the day

* b= The actual arrival time for loacat the mill

* w;= The waiting time necessary at the mill for laatithe truck shows up
earlier than the time window allows

« @ = The quantity of load,

The objective function is to minimize the sum @fsportation costs.

ZDT-CT

Subject to the following constraints:

1 Guarantees that a truck begins and ends at home.

le-hr - thjr =0 ..YVheW,re€R

iEw jew

2 Guarantees that a load is only serviced by ok t

szijrzl WYiew

TER jJEW

36
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3 Prevents trucks from traveling landing to landing. no split pickups allowed.
Requires that each truck makes a pickup at thenhegj of the day and delivers a

load after each pickup.

in]'r‘l‘ Xiir = 1..Vie€ V,TER(i =7")
JEW

4 Prevents trucks from being able to travel custameustomer, i.e. no split
deliveries are allowed. Requires that the truckrres to the forest for a pickup after

delivering a load or returns to the truck garagihatend of the day.

jew

5 Prevents loadfrom being serviced by truakmore than one time.

Yir = Z xi]'r ..Vi € W,T' €ER

JEW
6 Loadi can’t exceed the capacity of truck
q;i " YVir <Q, ..VieW, r €R

7 The total travel time of truak

Zztij'xijr‘l’zui'yir =D, ..Vr €R

IEW jEW iew
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8 The duration of the travel time for trucknust be less than the max travel time

allowed for that truck.
D,<T, ..Vr€R

9 If the truck makes a pickup of loadfter delivering loagl, it must arrive at the

customer at a time later than the time of thedas$ivery.
bl'+Wi+Si+tl'j+a]' +u]—M(1—xw) Sb] W Vi EW,jE W,TER

10 The truck’s arrival time for pickup at a landings to be later than the opening time

for the logging contractor’s time window.
bi+Wi Zfl WYieW

11 The truck’s arrival time for pickup has to beliea than the closing time for the

logging contractor’s time window.
bi<k; .ViEW

12 The truck’s arrival time for delivery has tolbeer than the opening time for the

customer’s time window.
bl' +Wi > €; WVYiew

13 The truck’s arrival time for delivery has to éarlier than the closing time for the

customer’s time window.

b;<l; .YieW
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14 If a truck decides to pick up a loadfter delivering a loag] it must arrive at the

customer before the driver's maximum availabilitpe is exceeded.
bi+wi+si+tj—M-(1—x;,) <l .VieW,jeEV,reR(=r)
15 Binary variable defined.
xijr €{0,1} ..Vi€eW,j € W,r €R
16 Binary variable defined.
vi- €{0,1} ..VieW,r €R
17 Non-negativity constraint.
w; >0 ..VieEW
18 Non-negativity constraint.
b >0 ..VieW

4.3 Example

The following example displays how heuristics barnused to develop truck
schedules. In this simple example, the probleriustrated through a network of arcs
and nodes. The nodes represent the landings, amidsiruck garages. The arcs

represent the travel time between a pair of noBggi(e 7).
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Garage A

Landing A T f  Mill B

Mill A &? < LandingB

Garage B

Figure 7: Graphical depiction of the network coesatl for the example problem

Each landing has 12 loads that need to be pickeahd delivered to the
corresponding mill. For example, the loads fromdiag A need to be delivered to

Mill A and the loads from Landing B need to be deted to Mill B. To demonstrate
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the importance of backhaul, the problem is solvade with a different requirement

for each instance.

In the first instance, it is required that thecks from each truck garage only
service their corresponding landings and mills.&garA can only pick up loads from
Landing A and deliver to Mill A. Conversely, Mill Ban only pick up loads from
Landing B and deliver to Mill B. In the second iaste, this constraint is relaxed and
the trucks are allowed to service loads from eitaeding, but still have to deliver the
load to the appropriate mill. For example, a trirckn Garage A can pick up a load
from Landing B, but the load still must be deliviétte Mill B. This is often the case in
the Pacific Northwest since logging contractortaodowners pair the loads to mill

destinations by the sort of logs.

The objective of this example problem is to miraenthe cost of performing
all transportation services subject to the constsadutlined in the previously stated
model. A Tabu Search heuristic is used to solvertbdel. Short term memory is used
to prevent cycling and being trapped in local optirf+opt and 2-opt moves are used

to search the solution space and construct beitetidate truck schedules.

1-opt moves reduce the number of trucks needddlayg one trip and adding
it to another truck’s schedule. If the truck hagmofor the extra trip and it reduces the
objective function cost then the solution is saaed candidate schedule. This

procedure enables the heuristic to reduce the nuailtricks needed by taking trips
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one at a time from a single truck and adding thewther trucks until the truck is no

longer needed in the schedule.

2-opt moves help create more efficient schedwesking a trip from one
truck and swapping it with a trip from another kulf the swap creates an
improvement in the objective function, the solutisrsaved as a candidate schedule.
The basic solution procedure is outlined in a fldvart (Figure 8). See Glover (1989

and 1990) for a more complete description of thieuT&earch heuristic.



43

.=~ Construct the 1n.1113_1 Create a list of candidate
-ur"" g Saluuon uSlng _a_ Sl:lllltlDﬂS 1151ﬂg ﬂ:lE 1 Gpt
i .. oreedy heuristic. procedure.

Evaluate the
can d_idate solutions.

Update Tabu Search Create a hst of candidate
List & Aspiration solutions using the 2 - Opt
Conditions. procedure.
A

E!.faluate the
candidate solutions.

_-~"  Arethe stnppmg h‘*a Choose the best
=7 conditions satisfied? feasible solution.
-
-

¥es

| Final Solution.

Figure 8: Flow chart for the Tabu Search heurissied to solve the example problem
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The times shown in the origin-destination matagresent the travel times

between locations (Table 1). For simplicity, iessumed the trucks travel a speed of

60 mph; therefore, the travel time in minutes isieglent to the miles between

locations for this problem. In practice the averageel time and the distance would

not usually be equivalent.

Table 1: Origin-Destination matrix for the exampleblem

Origin Destination Travel Time (Min)

Mill A Garage B 15

Mill B Garage A 15
Garage A Landing A 30
Garage B Landing B 30
Landing A Mill B 45
Landing B Mill A 45
Landing A Mill A 120
Landing B Mill B 120
Garage A Landing B 135
Garage A Mill A 135
Garage B Landing A 135
Garage B Mill B 135

The time windows at each landing and mill locatwa implemented to ensure

that trucks are scheduled to service loads onlynduhe regular business hours (Table

2). Each driver has a maximum work time of 12 hdarghe day.
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Table 2: Time windows at each location in militéme

Time Window Time Window
Location Open Close
Landing A 4.5 14
Landing B 4.5 14
Mill A 6 18
Mill B 6 18

In the first instance only simple trips are consted for each truck in the fleet.
The travel times between nodes are the same fargrotips A and B; therefore, each
truck in the fleet is only able to service two legzer day with a loaded efficiency of
45.71% as shown in the sample schedule for a frock Garage A (Table 3). Since
all trucks are performing simple trips, the schedwdre the same for trucks from

Garage A and Garage B because of symmetry in temetwork.

Table 3: Schedule for each driver from Fleet A gsimple trips

Sequence Time (Military) Action
Leave Garage A 4
Arrive at Landing A 4.5 Pickup Load
Depart from Landing A 4.75
Arrive at Mill A 6.75 Deliver Load
Depart from Mill A 7
Arrive at Landing A 9 Pickup Load
Depart from Landing A 9.25
Arrive at Mill A 11.25 Deliver Load
Depart from Mill A 11.5
Finish at Garage A 13.75
Total Route Time (hours) 9.75
Total Distance (miles) 525
Total Loads Serviced 2

Loaded Efficiency 45.71%
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In the second instance the trucks from each gasgpooled as well as the
loads from each logging contractor. Table 4 andd &ldisplay the new schedules for
a truck in Garage A and Garage B. The schedulergtateby the heuristic is superior
in many ways. Trucks pick up loads from their respe landings for the first load of
the day which minimizes deadhead miles since tla®ings are closest to their
respective garages. For the last load of the dagk$ pick up loads from the other
logging contractors because the mill destinatiengHose loads are closer to the
garage; thus, reducing deadhead miles to end thagdaell. The last load of the day

can be thought of as backhaul as well since trek tizureturning part of the way back

Table 4: Schedule for each driver from Fleet Aaoled scenario

Sequence Time (Military) Action
Leave Garage A 4
Arrive at Landing A 4.5 Pickup Load
Depart from Landing A 4.75
Arrive at Mill B 6.75 Deliver Load
Depart from Mill B 7
Arrive at Landing B 7.75 Pickup Load
Depart from Landing B 8
Arrive at Mill B 10 Deliver Load
Depart from Mill B 10.25
Arrive at Landing B 12.25 Pickup Load
Depart from Landing B 12.5
Arrive at Mill B 14.5 Deliver Load
Depart from Mill B 14.75
Finish at Garage A 15
Total Route Time (hours) 11
Total Distance (miles) 570
Total Loads Serviced 3
Loaded Efficiency 63.16%




Table 5: Schedule for each driver from Fleet Baolpd scenario

Sequence Time (Military) Action
Leave Garage B 4
Arrive at Landing B 4.5 Pickup Load
Depart from Landing B 4.75
Arrive at Mill A 6.75 Deliver Load
Depart from Mill A 7
Arrive at Landing A 7.75 Pickup Load
Depart from Landing A 8
Arrive at Mill A 10 Deliver Load
Depart from Mill A 10.25
Arrive at Landing A 12.25 Pickup Load
Depart from Landing A 12.5
Arrive at Mill A 14.5 Deliver Load
Depart from Mill A 14.75
Finish at Garage B 15
Total Route Time (hours) 11
Total Distance (miles) 570
Total Loads Serviced 3
Loaded Efficiency 63.16%
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By constructing intelligent truck schedules thrbulge use of pooled trucks

and logging contractor loads, a number of benafigsachieved including:

The number of trucks needed to service all 24 lamdsduced by four.

» The average loaded efficiency of the trucks incddls’.5%.

» The total distance traveled by the trucks is redune2,790 miles.

* The time needed to service all 24 loads is redbge2b hours.

* The total cost is reduced by nearly 25% (compat#el@ and Table 7).
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While these results may not be typical, this semg@tample demonstrates how
truck capacity can be increased through the coetstruof intelligent truck schedules
that minimize deadhead miles and incorporate badkleaalso demonstrates how
collaboration between other stakeholders (landosyrieicking contractors, and
logging contractors) can increase opportunitiedb&dter scheduling. Collaboration for

shared transportation services is discussed int€h@p

Table 6: Results from the first scenario with sienfrlps

Fleet A  FleetB Total
Number of Trucks Needed 6 6 12
Total Time (hrs) 58.5 58.5 117
Total Distance (miles) 3,675 3,675 7,350
Total Loads Serviced 12 12 24
Truck Operating Costs ($120/hr) $7,020 $7,020 #e,0
Average Fleet Loaded Efficiency 45.71%  45.71% 4% 71

Table 7: Results from the second scenario withgubtdads and trucks

Fleet A Fleet B Total
Number of Trucks Needed 4 4 8
Total Time (hrs) 44 44 88
Total Distance (miles) 2,280 2,280 4,560
Total Loads Serviced 12 12 24
Truck Operating Costs ($120/hr) $5,280 $5,280 , 530

Average Fleet Loaded Efficiency 63.16% 63.16% 6%16
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4.4 Literature Review

There are few decision support systems (DSS) dedigpecifically for the log
truck scheduling problem; however, many have sotlifdrent variations of the
problem using a variety of methods that range ftobendevelopment of their own DSS
solution techniques (similar to the one shown mphevious example) to modifying

the inputs of off-the-shelf DSS to meet their needs

There are many different methods that have beed tgssolve log
transportation problems in the literature. Whilestnaf the attention has been focused
on solving a variation of the LTSP, solution methdalr real-time dispatching have

also been demonstrated.

A Network Programming Approach to the LTSP

An early solution method for log truck scheduliag network programming
approach demonstrated by Shen and Sessions (I989yoal is to minimize the cost
of transporting logs from landings in the foresttie mill, while achieving a desired

mill delivery schedule.

Two different types of nodes are used in the fdathon. The first node type
represents geographical locations and the secouel type represents arrival and
departure times. The set of arcs between the repkzsfies the geographical
relationships between the landings, the mills, twedruck garage. In addition, the

arcs specify the possible relations between thatimas and time.
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The inputs needed for the network programming tdation are:

* the minimum and maximum number of log truck trieeded by each landing
in a day,

* mean round trip travel time associated with eaoditay,

» total cost per round trip for each landing,

» the average loading time at each landing,

* and the minimum and maximum number of trucks peeaito arrive at the
mill during a time interval.
The capacitated network is generated mechaniaailhg the arc and node

definitions and solved using the out-of-kilter aligfam. The solution to the network is

translated into a timetable displaying the recomueerog truck schedule.

It is likely that this procedure would only be fiddor small problems. As the
number of trucks and loads in the system incredtsisshetter to use heuristic methods
because of their ability to generate quality solsiin less computing time. In
addition, a mill delivery schedule is not necesdaryall operations. In the Pacific
Northwest, mill delivery schedules are not gengredinsidered, but the concept could
prove useful in reducing queue times at mills araVioing mills with a steady flow of

logs throughout the day.
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EPO in Finland

In the early 1990’s Enzo-Gutzeit, a Finnish comypiarthe pulp and paper
industry, implemented a log truck scheduling systafted EPO. Linnainmaa et al.
(1995) describe EPO as a knowledge-based systewofmt procurement
management that covers strategic planning andgbeetonal planning of truck

scheduling.

The core of the system is the software comporafgccEPO2 that generates
weekly optimal schedules for log trucks based aokirand log availability as well as
mill demand. The main objective is to minimize theation of empty truck
movements and truck driving as a whole. A combarabf exact methods and
heuristic methods is used to generate the schepsdilution. A variety of constraints
are implemented; one of the most important beimgyipy. In Finland, there is a
maximum amount of time that loads are allowed &y gt the forest. Therefore, a
constraint is implemented to make sure that tryokls up loads before the maximum
time in the forest is reached. EPO2 also aimstisfgdime windows for business

hours and maximum driver working hours.

The inputs for EPO2 consist of information abdwt loads (location, type of
sort, quantity), demand at the mills, time windoim$ormation about available trucks
(location, configuration), parameters to assistitéeristic, and a digitized road

network for the graphical map interface.
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Data about the wood supply is collected on-limefrcomputing equipment
held by the forest foreman and customers. The ctingpaquipment is also installed
in the harvesting machinery and log trucks. Dataaigsmitted through
telecommunication cables and mobile data transoris3ihe foremen upload data
concerning the location of future loads on eledtranaps. The drivers can see these
locations relative to their real-time locations @&S satellite navigation on electronic

maps installed in the cabs of the trucks.

The scheduling is performed in three phases. Laeglassigned to a customer
in the first phase. With the destinations of eaadldetermined, schedules are
generated for each truck in the fleet in the sequrabe. The third phase is a post-
processing procedure where the dispatcher andt floresnan can manually change

the schedule to mitigate any errors in the solution

The assignment of loads to different custometbairst phase is done using
an attraction model. Linnainmaa et al. (1995) dbsdhis using a wave propagation
analogy where a virtual wave representing eachlsaves each customer through all
road possibilities. The speed of the wave is netaio the amount of demand required
by each customer. Therefore, as soon as a virtaad weaches a load in the forest, the
load is claimed by that customer. When two wavetB®earching for the same wood

sort collide, the wave propagation is stopped.

The scheduling in the second phase begins witeytsieem finding the current

locations of trucks. Next, trucks are schedulectam the assignment of loads to
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customers in the first phase. A traveling salestgpa of heuristic is used to generate
the schedule. The user is able to make inputsih@system that relate to the driver’'s
familiarity with certain regions or tree farms aslhas the driver’s skill level. This is a
novel approach to avoid scheduling drivers witlfarailiarity with an area or
ensuring that difficult loads are serviced by eigresed drivers. This can also be a
great way to prevent drivers and contractors wabrpvorking relationships from

being scheduled together.

The third phase of EPO2 is the post-processingetdoere the dispatcher can
correct errors in the solution. Manual changes aisg be necessary to repair the
schedule for equipment breakdowns, flat tires, \wadther, etc. The system has the
capability to rerun the second phase with a sutifsibie original solution to make
dispatching decisions if something has changedinvitte scheduling period. After the
schedules are generated and approved by the digpaticey are sent to the computers

in the cabs of the trucks via mobile phones.

The dispatcher usually creates a schedule forek Wit the system has the
ability to change the scheduling time horizon. @igtized road network in the map
interface is used by the dispatcher to view thatioas of customers the customers
and the landings. This helps to determine the a@tnoute by either vehicle miles or
travel time. In addition, the dispatcher can ugerttap interface to click on piles of

wood and view detailed information about the SBRO can also produce reports
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displaying the wood assignment to customers gegetiatthe first phase and the daily

schedule for each truck generated in the seconskepha

Linnainmaa et al. (1995) estimate the savingEfso-Gutzeit to be at least
several million US dollars per year, but becaus® ERynificantly changed the
organizational structure of the company, it is hardetermine exactly what portion of
the savings can be directly attributed to the ngstesn. Additionally, the reliability of
information about wood supply became significamtigre reliable to facilitate the
transition to using EPO. Thus, the new informatout supply changed the way

commercial negotiations were performed.

EPO is an early version of a real-time dispatclsygtem. One distinct
difference between the problem solved here angithielem in the United States is the
need to satisfy mill demand. In the Pacific Nortksty¢he mills do not provide
information on demand rather they offer a priceyn@t volume for certain sorts. It is
then up to the landowners or logging contractordei@rmine where the logs will be
delivered. If the mill is receiving an excess aeatain sort then the price of the sort
may decrease. This feeds back into the lack oébohation and trust seen in the
industry between stakeholders. Parties try to remavate about the destination of
their logs to hold a competitive advantage and gmewthers from sending their sorts
to the same mill; thus increasing supply and dgwliown the price offered for the

sort.
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ASICAM in Chile

ASICAM is a computer-aided DSS for truck schedylinat was first
implemented around 1990 by eight of the largestfbcompanies in Chile (Weintraub
et al., 1996). The benefits from its implementatiere reduced operational costs and

improved overall efficiency of log transportationChile.

The log transportation problem in Chile is similathe LTSP elsewhere. Logs
are felled in the forest and transported to lanslidgdter a truck is loaded by a log
loader, the logs are transported to a pulp mili sall, or port. The problem is then to
satisfy the demand for different products at eazstidation, while minimizing
transportation costs subject to different constsailheir problem is unique because
most Chilean firms are vertically integrated, megrthey also own and control the
mills and ports. Therefore, it is necessary to dote the log deliveries with
downstream operations at the destinations to malestiat the equipment at the
destinations are not overloaded such as the laelsand mill machinery (Weintraub

et al., 1996).

Prior to ASICAM, the log transportation systenthile was poorly
organized. The lack of organized schedules foredlsivesulted in long queue times at
mills and poor utilization of equipment and humasaurces. To improve the
efficiency of the log transportation system in @hé complete administrative change

was required.
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Traditionally, Chilean companies scheduled trutieually using simple
dispatch rules. Drivers were given landings andinasons to service, but were
essentially free to decide on their schedules.néve administrative system required a
centralized dispatch that would generate daily dales to control operations. This
new administration significantly improved the systeven while using manual

scheduling methods before the computerized systasndeveloped and implemented.

Due to the combinatorial nature of the problengimfaub et al. (1996)
developed a simulation process with heuristic rtvesupport the daily log truck
scheduling decisions. The simulation replicates hoa where the logs move during
the day according to the heuristic rules. Soméefinputs and constraints considered

are:

* The demands and supply for each product,

» the availability and type of trucks and log loaders

» costs for each truck,

e trip times,

* demand for each product must be satisfied withlegiy,

» driver working hours including lunch breaks,

» the first truck to arrive at a landing will drivied loader operator to the site,
* alanding is determined for each loader,

 trucks should start and end near the driver's htowa,

* and an income-balancing priority system.
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The heuristic builds the schedule by determiniggftrst landing for pickup
and mill delivery for a truck. After the truck hasmpleted the load, the heuristic
optimally assigns the truck a subsequent load basedree main heuristic elements.
To avoid near sighted decisions, the schedulingd@inead an hour and then firmly
schedules decisions of the simulation for the fifsto 30 minutes. This is carried on

through a moving horizon to the end of the work{fagssens, 1993).

The first element of the heuristic ensures thatttil destinations receive
supply with regularity throughout the day. In dosw this prohibits schedules that
have peaks with high delivery rates during cerkaiars and low rates during others.
The second element of the heuristic is to createsaability index for each possible
trip. The index lists the desirability of each fdsdes trip based on the actual cost of the
trip plus a congestion penalty. The congestiorsisrated by the simulation process
as it analyzes possible future trips. The thirarelet of the heuristic is where the next
trips are selected based on the desirability indak|anding priority is taken into

consideration (Weintraub et al., 1996).

Each afternoon the central dispatch runs ASICAMasign the schedules for
the next day. The transportation manager may md&e ananual adjustments or run
the program additional times to improve the schedatintouts of the schedules are
given to drivers and loader operators for the eyt To make sure that the schedule
is correctly implemented, strict operating rules iar place for the loader operators

and destinations. For example, loaders are nawatldo service a truck if the truck
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arrives late unless there is slack time. At thestohthis publication, updates and
repairs to the schedule were done manually as Bogakor changes in the schedule

occurred, but ASICAM was planned to allow for autted adjustments in the future.

At first there was considerable pushback fromtfteeners and truck drivers to
be managed by a central dispatch, but the two swees eventually able to come to an
agreement after discussing the advantages anditsenfethe new system in the long
run (Weintraub et al., 1996). Although the numbferaecks used would decline,
utilization and revenue to contractors would insgedifferent policies were
developed among the companies to determine howattesavings would be shared

between the company and trucking contractors (@Ges4€993).

The implementation of ASICAM in Chile helped eigbtest companies
realize significant benefits through reductionshie number of trucks and loaders
needed, operational costs, and total transportatets (Table 8). Depending on the

company’s initial situation, each was able to redineir total costs by 18 to 26%.

Table 8: Percent reduction in trucks needed afIiCAM (Weintraub et al., 1996)

After Percent
Forest Firms Before ASICAM ASICAM Reduction
Bosques Arauco 156 120 23%
Forestal Millalemu 80 50 38%
Forestal Bio Bio 118 76 36%

Forestal Bio Vergara 120 80 33%
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While the reductions in trucks needed were sigaitft, it appears that much of
this success can be attributed to preventing lgugeies by staggering the arrival
times at destinations. Because some loader opsratol dispatchers in the Pacific
Northwest often make an effort to stagger arriwaks, results of this magnitude may
not be able to be achieved for some operationsil&itn EPO in Finland, ASICAM
also requires that mill demands be implementedastraints; therefore, this software

may not lend itself to the business structure @Racific Northwest.

ASICAM in New Zealand

After the implementation of ASICAM in Chile in tlearly 1990’s, there was
interest from potential users in New Zealand inghigability of the system for their
operations. Cossens (1993) discussed the suiyatlitcluding that ASICAM could

work in New Zealand with a few modifications.

While ASICAM provided an optimized schedule foe ttollowing day, some
New Zealand companies with large fleets were sgekisystem that could provide
real-time dispatching. In other words, they wegklag for a system that could
optimize and repair the schedule on the fly as timmd in the scheduling period
changed. At this time, ASICAM did not provide thepability to update the schedule
and dispatchers had to use their experience to makeial changes to the schedule as
breakdowns or deviations to the schedule occufirethsportation managers wanted a

real-time dispatch system because they preferrkdep wood supply low in order to
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minimize inventory costs and reduce the risk oflim unwanted sorts if demand or

sorts changed (Cossens, 1993).

Cossens also discusses functionalities and teohiesl that need to be part of
the DSS of the future. He discusses the need édigpatch to be linked to a
geographic information system (GIS) so that thétiege positions of trucks, wood
supply locations, and mills can be seen at all sime an electronic map interface. In
addition, he predicts that future management sysigithuse electronic data transfer
for communications and that trucks will have on+idoeomputers with digital displays
to send and receive instructions from the dispd&dtential users in New Zealand also
expressed interest in systems that can be intewatk weighbridges or scaling
records, accounting systems for payment of cordra@nd loggers, and the ability to

link to production reports (Cossens, 1993).

Because ASICAM uses an income-balancing priogisteam to ensure that
each truck gets an even distribution of work, Cnsss wary that this may decrease
the ability for subcontracted owner-operators tmpete with others and is suspicious
that this lack of competition may result in an g&se in transportation costs. Owner-
operators in the Pacific-Northwest may also hawelar feelings about an income-

balancing system.
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Tour Generation for Log Truck Scheduling

T.F. Robinson (1994) discusses methods of touergion, i.e. route
generation, for log truck scheduling. A tour idided as the sequence of pickups and
deliveries for a single truck and a schedule issteof tours performed by the truck
fleet. The problem described is to create an optatizedule that performs all the

required pickups and deliveries at the least ptssitst.

Three approaches to creating a schedule are bedcexplicit tree search
enumeration, network programming, and a prunedse@ech. Explicit tree search
enumeration is a practical option for small proldesince each possible log truck tour
is enumerated. In this procedure, each node itr¢leehas an associated location
(landing, truck garage, or mill), an elapsed tiana] a cost. The arcs between the
nodes represent the loaded and unloaded tripscddteat each node is equal to the
cost incurred at the preceding node plus the dasiecatrip minus any profit made
from the load. This is referred to as the “costad- Similarly, the elapsed time at

each node is equal to the elapsed time from theegieg node plus the trip duration.

In explicit tree search enumeration, nodes aramded by depth-first search
(Figure 9) from the root node, i.e. the truck garegrom this node, new nodes are
produced for each unloaded trip into the foresbnithe forest, new nodes are
produced for each loaded trip to a mill, only i&ttour meets time window restrictions
and is the best possible move available. The psoafgroducing nodes for loaded

and unloaded trips is repeated until a final nedereated representing the truck
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garage and the end of the tour. The sequence ichwitides are visited is the truck’s

tour.

(1)
01020
e QW
010 19 @

Figure 9: Order in which nodes are visited in atddst search tree

(http://en.wikipedia.org/wiki/Depth-first_searchast Accessed 5/1/2011)

The network programming approach to log truck dahieg is described
similarly by Shen and Sessions (1989). Nodes a@ated at every landing at every
possible time interval throughout the day. The ocoséach arc is the cost of the
loaded or unloaded trip, minus the revenue fromdhd. The problem is then to find
the shortest path through the network from thekiigarage at time zero and back to
the truck garage later in the day. A disadvantagkis approach is that it is necessary
to use discrete time intervals to break up the d@ag. smaller the interval the more
nodes are needed. Therefore, it is more pracbcasé intervals of perhaps 15 or 30

minutes rather than every minute in the schedyliergpd.

Since both tree search enumeration and netwoganoming involve
numerous nodes, Robinson suggests a hybrid metiled pruned tree search. The

solution method is essentially a variation of braaad-bound. The advantage of this
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method is that there are few nodes at the begirofitige procedure similar to tr
search enumeration and relatively few nodes towdrd®nd similar to netwot

programming (Robinson, 199«

The prune tree search procedure is similar todhakplicit tree searc
enumeration except that the tree must be builtdtbk-first, meaning hat nodes must
be created in order of increasing time (Figure kDpaddition, a record is kept of t!
cheapest tour so far. Therefore, a node is onlgmeoted if it's “cos-sc-far” is
considerably less than the cheapest cost recoaieldt location nde; thus, the

analogy to a pruned tre

(1)
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Figure 10: Order in which nodes are visited in @abltl-first search tre

(http://en.wikipedia.org/wiki/Bread-first_searchLast Accessed 5/1/20!

Part of the procedure is deciding how much of aprowement eeds to be
made to accept the new tour. At the time of thisligation, software memory was
concern and the idea of only saving the best tasa novel approach to efficien
using memory space. Therefore, memory space raguickly if small imprivements

were accepted; however, optimality would potengialiffer if only large
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improvements were accepted. This was remedieddoyporating a function where
the program accepted small improvements at firdtthan gradually increased the

required improvements as memory filled up.

With the development of technology in the past teocades, prune tree search
would not be disadvantaged by limitations in menmapacity; however, this
procedure would still only be viable for relativedgnall problems due to the

combinatorial NP-hard nature of the LTSP.

Real-time Truck Dispatching

Recognizing the forest industry’s desire to supgapatcher’s with real-time
optimization, Rénngvist and Ryan (1995) discussode@hand solution approach to
ensure real-time responses with high quality sohgi The real-time dispatching
problem is different than the scheduling problenerettrip sequences are generated
perhaps a day ahead of time or longer. In the thbpay problem, only limited look-
ahead is considered, perhaps only a few hoursefdrer, only estimates of the log
supply for that look-ahead period are necessarlik&Jthe scheduling problem where
solution time is not as important as the qualityhaf solution, dispatching solutions
need to be made quickly which can affect solutioality. In real-time dispatching,
drivers do not have a set schedule for the dayhdRaafter each load is delivered

drivers call into dispatch for further instructiopertaining to their next trip.

Ronnqgvist and Ryan use a model similar to a sgitipaing formulation

where the variables in the model correspond t@lteenative trip sequences for each
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truck. The model considers the number of landings, products, trucks, supply of

each product at each landing, and demand of eaclugirfor each mill.

The majority of the constraints considered inrtiedel are similar to previous
research. Some of the constraints considered areajpacities of different truck and
trailer configurations, types of vehicles ablervel on certain road networks, types
of vehicles able to service certain loads or lagdireas, and the need to deliver loads
within time windows. Additionally, the goals arenttaximize the loaded efficiency of
the fleet, meet load and customer priorities, ewddtribute work between truck
drivers and landing sites, and end the truck’sdgguence near home at the end of the

day.

Their solution approach involves the use of tworlstic phases and then an
optimization phase. The first heuristic finds testsingle trip for each truck in the
order that each truck is expected to need instmstior the next load. The second
heuristic is applied similarly, but involves findjithe set of trip sequences for each
truck to finish the rest of the day. The trip setes constructed in the second
heuristic phase are the initial basis for the ojation phase in which alternative trip
sequences are generated via column generationthmionvergence of the LP
relaxation is achieved. Finally, branch-and-bouwndpplied to produce integer

solutions for each truck in the order which truokd to receive further instruction.

An advantage of this solution procedure is thatrgt time throughout the

execution process, information in the databaseajpeng to supply, demand, or
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priority can be updated. Updates are checked tprlagly at the end of each heuristic
phase and during the optimization process. If atatgis critical, it invalidates
solutions that would be infeasible and starts @ehe first heuristic phase. Another
advantage of this system is that there are alwatenfial solutions available for each
truck located in the lookup table. Therefore, dispars can make decisions in real-
time with the best solution currently available.ribg down periods when no
dispatching is necessary, there is time for impnoset of all trip sequences for the
fleet. These improved solutions are then storgfieriookup table for the next

dispatching decision.

An Integer Programming Approach to the LTSP

Murphy (2003) solved the log truck scheduling peaf for two forest
companies in New Zealand using an integer programgarmulation. The goal of the
problem was to minimize transportation costs suligedifferent constraints including
supply, demand, driving time, and routes. Only lo#lds were considered for pickups
and deliveries. The models were developed betw888 and 1993 for two companies
in New Zealand, but due to commercial reasons wet@ublished until years later.
When these models were applied, company ownerstegpthat reductions in fleet
size of 25 to 50% were achievable. In additionissavings as high as 47% were

reported by one of the companies.

While the integer programming models describedsar@ble for small to

medium-sized operations only, this marks anotharwerld implementation of
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advanced scheduling where the numbers of truckseteand operational costs were

reduced.

Murphy suggests that costs may be able to be eedenen further through
shared transportation services by different fotestpanies. In doing so, all forestry
companies involved could see reductions in thaimdportation costs and truck owners
would realize increases in utilization and load#atiency. This concept is

investigated further in Chapter 7.

A Near-Exact Approach to the LTSP

Palmgren et al. (2003) developed another solutiethod for the LTSP that is
near-exact. Again, the problem solved is to gereeaaeget of truck routes that
minimizes the cost to transport logs from the foteghe mills. The constraints
considered are similar to those used in previoudatsancluding time windows,
routes beginning and ending in the same locatiod taick capacities. One major
distinction in their problem formulation is thatlispickups are allowed; therefore, log

sorts should not be mixed on a truck and sorts febéd delivered to the correct mills.

The problem is modeled in a column-based fashiobergreach column
represents a feasible route for a truck. Slacksamplus variables are used as penalties
to ensure feasible solutions are chosen. For exgmphalties are used to make sure

time window constraints are met and that loadarkeed up from the landings.
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The solution approach is divided into two phaseshe first phase, the LP
relaxation of the main problem is solved by colugemeration. In the second phase,
integer solutions within the set of columns geretanh the first phase are found by
applying a branch-and-price algorithm. See Palmgtal. (2003) for a more

complete description of the solution method.

This approach was used in a case study with dataded by Sydved, a
company that coordinates transportation in soutBeraden. Two case studies were
presented involving one with six trucks and 39 st tasks and the other with 28
trucks and approximately 85 transport tasks. Thvaaihge of using exact column
generation is that the computed lower bounds camthie user a measure of the
solution quality. In addition, producing a set eésible routes to choose from allows

the heuristic to search more efficiently for theimal solution.

A Tabu Search Approach to the LTSP

Gronalt and Hirsch (2007) solve the LTSP usingburSearch heuristic. Since
a homogenous fleet is considered in this formutatibe goal is to minimize the total
unloaded travel time. By reducing the unloaded tithe loaded efficiency of the
trucks is increased; enabling the trucks to be rposductive and service more loads.

The constraints considered are:

* Time windows, i.e. driver working hours and bussbsurs,
e aroute must begin and end at the driver's home,

* route length must not exceed a maximum distance,
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» and truck capacity must be equal to or larger tharcapacity of the load at

the landing.

In this model, the transportation orders are diedd and all orders need to be
picked up and delivered to obtain a feasible sofutArcs are used to represent the
unloaded trips and loaded trips between landingsnailis. Since only full truckloads
are considered, a truck must deliver a load bataran pick up another. After the

delivery is complete, the truck must return toradiag or to the driver’'s home.

See Gronalt and Hirsch (2007) for a more compeseription of the Tabu
Search heuristic. Gronalt and Hirsch test the Tadarch procedures using a random
problem generator for two sets of problems. Bothk se/olve ten trucks, 30 transport
tasks, and 560 possible landings; however, thedasconsiders three mills, while the
second set considers four. Twenty different ins¢grare randomly generated for each
set. The Tabu Search solutions are compared vérsisgandard solver software

solutions.

A Hybrid Constraint Programming and Integer Programing Approach

El Hachemi et al. (2011) introduce another metloodolving the LTSP using
a hybrid constraint programming approach. In thabfem formulation the authors
only consider full truckloads. It is assumed thatragle loader is available at each
landing and mill for the loading and unloading refaks. If the loader is busy, then the

truck must wait until it becomes available.
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To reduce the delay times caused by the lack afdieation between loaders
and trucks, the authors address the issue throgghsdraint programming (CP)
approach in conjunction with integer programmirfg)(IThe objective is to minimize
the non-productive time for trucks and loaderscHally the deadhead trips and

waiting times.

Using a decomposition approach, the authors deosengne solution by
modeling the circulation of trucks between landiagd mills as a network problem.

This approach yields an optimal value for the miaation of deadhead times.

The authors observed that the optimal value isptetaly determined by
minimizing the arcs that represent empty tripsc8&ithe IP model can’t coordinate the
schedule for the trucks and loaders, the numbesxracted from the IP optimal
solution and are imposed in the CP model as glodradtraints. This constrains the CP
model to use the correct number of deadhead toipsach landing and mill pair;

reducing the search space considerably and speeglitige solution process.

El Hachemi et al. compare using the CP approaamsgthe hybrid approach,
where CP is used in conjunction with the IP procesgwo case studies provided by
the Forest Engineering Research Institute of CaflaE@RIC). The hybrid approach
proved superior in all instances. The log loadetingtime increased considerably in
the larger instances for the hybrid approach, listwait increase was countered by a
significant reduction in deadhead costs that caattsbuted to the introduction of the

IP process.
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A Hybrid Method Based on Linear Programming and Talsearch for the LTSP

Flisberg et al. (2010) propose a two-phase hydwldtion approach to solve
the LTSP. Similar to EI Hachemi et al. (2011), gneblem is decomposed. In the first
phase, transport nodes are constructed by solk@mfdw of wood via linear
programming (LP). Given the flow, the transport @@@dre constructed in two steps.
The first nodes are constructed after identifyirfgol loads represent full truckloads.
In the second step, the remaining flow at all syglints is combined with other

supply points to form full truckloads.

A transport node is not generally one geograpfuoait, but at least two
geographical points: the supply point and thevéeli point. Therefore, the node
consists of the time it takes to load a vehicléatsupply point, the time it takes to
drive loaded between points, the time it takesioad a vehicle at the demand point,
and the time a vehicle has to wait before loadingrmdoading capacity is available

(Flisberg et al., 2010).

The second phase uses a Tabu Search heurisbotairee the transport nodes
into routes by solving the problem as a vehicldinguproblem with time windows

(VRPTW). Several constraints are introduced inaigdi

* Node restrictions for certain types of vehicles,
* time windows,
» different vehicles can have different starting anding nodes,

» demand over several periods,
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» different vehicle capacities,
» and different working times for different vehicles.
The system RuttOpt was used for all experimentls this approach. RuttOpt
uses the Swedish national road database, a Gi¥acgeand a database with the case
information. The system can generate Gantt schepw@ts and has an external route

planning interface.

Two case studies were used to test the systenfarpmnce. The first case
study involved 12 trucks, 24 demand points, 41(pupoints, 33,331 tons of supply
available, and 7,511 tons of demand over three piem®ds. The second case study
was larger and involved 110 vehicles, 113 demamotgd?,531 supply points,

261,260 tons of supply available, and 101,018 tdrdeemand over five time periods.

Since the tons of supply available in each cas#ystre greater than the
demand, it is not a requirement to visit each farisnode; it is only desirable to
fulfill the customer tons demanded. To ensure tiraicustomer orders are filled, a
penalty is introduced per ton of each order urifatfi In order to deal with the
transport nodes not used, the concept of a vivielaicle is introduced. The virtual
vehicle visits all unused transport nodes, but dadsncur any transport costs. In

addition, the virtual vehicle does not have to albg time windows or service times.
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Chapter 5 — Integrated Technologies for Decision $yport Systems

A number of technologies are integrated to createputer-aided decision
support systems (DSS) for truck scheduling andadctpng, especially real-time

dispatching systems. These technologies can bebnai into four main groups:

Wireless telecommunications

Positioning systems

Geographic information systems (GIS)

Scheduling and routing software

The integration of all this technology creates wdra referred to as off-the-
shelf software packages. These packages, as thynpe freight transportation, are
in the form of advanced scheduling, routing, argpdiching systems that are
commonly used to support just-in-time (JIT) mantidaag. JIT manufacturing is the
process of reducing inventories and fuel wastedwrty raw material and
components arrive at a manufacturing site direetgn the source at exactly the time
required to support continuing manufacturing opereat (Institute of Transportation

Engineers, 2000).

As trucking contractors struggle to remain contpetj more are turning to
DSS to optimize their schedules for the best usesdurces and to reduce costs.
Many carriers with large fleets are using DSS wlitate better decision making

through optimized routing and scheduling of th&hicles.
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5.1 Wireless Telecommunication Technologies

Reliable communications are pivotal in enablinggfdry companies to run
business efficiently and communicate effectivelydspatching. Often times, log
truck drivers and foresters are in remote locatemms use a variety of wireless
technologies to communicate with each other. Eggé ¢of technology has advantages

and disadvantages and may play a number of rolegary day forest operations.

Wireless telecommunicatioa the transmission of messages over significant
distances for communication purposes that ofterradie waves. For the purpose of
this research, it is not necessary to get techatwalit the specific frequencies each
technology is allocated, rather it is more useduhéve a general concept of what each
technology is capable of and it's applicabilityfieet management. It should be noted,
however, that the Wireless Telecommunications Burddhe Federal
Communications Commission (FCC) regulates the @ifeeaadio spectrum to fulfill
the communications needs of businesses, aircrdfship operators, and individuals in
the United States. Private companies and govermmagatresponsible for satellite

communications and broadcasting.
5.1.1 Citizens’ Band Radio (CB)

Citizens’ band radio (CB) is a short-distance,-tmey communications system
that is often used by truck drivers and the puldicommunicate traffic problems,
directions, weather alerts, or other importantinfation. In forestry, CB radio is

often used as truckers enter private forest roadargs to communicate to with other
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drivers coming up or down the haul road. Becausgtounds on forest roads are not
always readily available and roads are often one,ld is helpful to communicate

with other drivers to coordinate passing.

In addition to log trucks using this conventioradio method, equipment
operators (loader, feller-buncher, forwarder, skidetc.) also use it to communicate

with each other and with the truck drivers to h&thigamline harvest operations.

5.1.2 Trunked Radio Systems

Trunked radio systems are a more advanced forrorafmunications system
than CB radio. They are computer controlled systdrasallow several people to talk
to each other over a few frequencies in what desnel to as talkgroups. In CB, users
need to be on the same frequency to communicakeeaith other; however, trunked
radio systems coordinate the system so severa naartalk seamlessly over various
frequencies. This increases the system’s bandwiathallows for more efficient
utilization of limited frequencies because eackgadup does not require a dedicated

frequency (Goel, 2008).

These systems are not widely used in forestryd)jdmit are used in some
commercial trucking fleets. Generally, governméeets use trunked radio systems
because different talkgroups can be assigned gepata individual government
entities or to a combination of entities such a&sgblice, emergency medical services,

fire departments, or other municipal services.
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5.1.3 Cellular Communication

Cellular phones are perhaps now the most widedg nsethod of wireless
communication worldwide. In fact, the number ofl g#lone subscriptions worldwide
is projected to increase from 4.6 billion at the ef 2009 to 5 billion by the end of

2010 according to the U.N. Telecommunications Agg@BS Interactive Inc., 2010).

Cellular communication is based on a growing sysbé geographic cells that
provide transmission and reception using a seadibrfrequency channels between
phones and tower infrastructure. The channelsudirddplex, meaning that
communication can go either way, and the diamdteaoh cell site can be as large as
20 miles. The cells are interconnected to eachrotbéhe local exchange provider,
and to the interexchange provider. Furthermoréyleglcommunications can be either

digital or analog (Institute of Transportation Emggrs, 2000).

In forestry operations in the Pacific Northwe#lllular phones are often used
secondary to CB radio because of unreliable reae i forested and rural areas.
They are used, however, as a last resort if owperators are hired by a fleet for a
short period of time and are not outfitted with #sne communications equipment as

the rest of the fleet.
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5.1.4 Satellite Communication

If voice and/or data communication is of high impace between dispatch
and drivers or loader operators, an alternatiiaeccellular phone, citizens band, and
trunked radio is satellite communicatignsatellite phone is a type of mobile phone
that provides transmission and reception by commgtd orbiting satellites rather than
terrestrial cell sites. Their coverage may incltlteentire Earth or only specific

regions, depending on the system design.

There are two types of satellites, which are clesbkby the distance that they
orbit the earth and the different spatial relatfops with respect to the earth. The first
type, geo-stationary satellites (GEO), orbit atkitude of 22,300 miles above the
earth. At this height, the satellite is in synchration with the rotation of Earth’s
surface (Institute of Transportation Engineers,B0Thus, they are stationary relative

to a point on Earth and provide a very wide coveraigga from this high altitude.

Low-Earth orbit(LEO) satellite communications systems use satellibés
that are much lower in altitude than geo-statiorsatgllites. These satellites take 1.5
to 10 hours to orbit the Earth depending on thght€iGoel, 2008). Most of these
satellites orbit Earth between 500 to 7,000 miBecause they are at a lower altitude,
they provide less coverage than a geo-stationaejlismand are therefore arrayed in a
constellation of satellites to provide more contins coverage (Institute of

Transportation Engineers, 2000).
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One limitation of satellite communication is thia¢ satellites need a clear line
of sight. Therefore, trees, obstacles, or poor hexatonditions can be problematic.
Additionally, reception is not available if the usg indoors. While there are
limitations to satellite communication, there aenéfits. A benefit to satellite phones,
like cellular phones, is that they can accessritexnet but with limited bandwidth
capabilities. In other words, the size of data tedrate at which it can be transferred

is not likely to be competitive with a cellular pt®in good reception.
5.1.5 Dedicated Short-Range Communications (R&)

Dedicated short-range communications (DSRC) dewace devices that are
capable of transferring high rates of data oventerface between mobile or
stationary vehicles. This technology is not spediiforestry, but is helpful in
facilitating commercial fleet tracking and identdition by attaching DSRC
transponders to trucks, trailers, and containdns.tfansponders communicate with a
receiver to identify a piece of equipment at aigtatry roadside point such as a toll

station, weigh station, or terminal gate (Institofé ransportation Engineers 2000).

5.2 Positioning Systems

Technological improvements have helped a key qariodreight movement
to emerge called total asset visibility. This cqrtogas initially developed by the
military so that military leaders can know what weas and supplies are available at
all times and their geographical locations. Nopsigingly, the commercial freight

industry saw an opportunity to adopt this concgpaplying the same methodology
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to track the locations of their freight and truakseal-time (Institute of Transportation

Engineers, 2000)

It is fundamental for many commercial trucking trantors to be able to track
the position of each vehicle in the fleet. Thistdea the dispatcher to make informed
dispatching decisions throughout the day as wethasitor the productivity and
behaviors of each driver. Most log truck carrieasédnyet to equip their fleets with this
technology because their current scheduling anatiiing scheme doesn’t require it
or may not benefit from it. Additionally, some deng are wary of their employers

monitoring their movements throughout the day.

5.2.1 The Global Positioning System

While the identification of vehicles and freiglarcbe accomplished by DSRC
transponders or satellites, the tracking of vekitdaypically done via satellites from
the Global Positioning System (GPS). The GlobaltRosng System is a
government-owned system of 24 earth-orbiting segslthat were originally put into
orbit by the US Department of Defense. As with meghnologies, it was originally

intended for military use.

The GPS works by having a constellation of siéslin known orbits; each of
which broadcasts a timing signal. A receiver ongtmind accepts each timing signal
with a delay proportional to the distance from shéellite to the receiver. By
comparing the time delays from four satellites, réneeiver is able to solve for four

unknowns: the three position variables (X, y, andrd one variable for absolute time
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(Institute of Transportation Engineers, 2000). G&§pically accurate within 10-20

meters.

Similar to satellite communications systems, tiRSG@lso uses either LEO
satellites or GEO satellites, depending on theesysdrchitecture. Therefore,
positioning systems also have the same limitateansatellite communications

systems in terms of coverage availability.

In some situations, dispatchers may simply morifierlocations of vehicle
throughout the day using GPS technology and maatthing decisions based on
their own experience. More advanced systems oatlibpng, called real-time
dispatchingsystems, require fleets to be equipped with GPi@ogy so that
optimization engines can make quick and optimaatishing decisions based on the

real-time locations of each truck.

5.2.2 Global Navigation Satellite Systems

Aside from being able to track vehicles, GPS cap &k used in conjunction
with a mapping system to help aid driver navigatidimese systems are known as
global navigation satellite systems (GNSS). GNSSsgstems that use GPS
technology to guide vehicles from one point to Aeotsometimes referred to as turn-
by-turn navigation systems. These systems usuallg An electronic map interface
that provides visual and auditory directions fa tiriver. The driver can enter a target
location and the computer will optimize a route agplay it momentarily. However,

the positional accuracy is decreased the longerettesver goes without
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communication with the satellite. Therefore, in gosituations it is advantageous to

equip the vehicle with a GNSS that is integrateth\aidead reckoning system.
5.2.3 Dead Reckoning Systems

Dead reckoning is the process of determining @osgion from a previous
position based upon one’s speed over an elapsedatnah direction of travel. While
previously used for air and marine navigations ibeing used more widely in
automobiles to overcome the limitations of GPS/GN&$nology. In a dead
reckoning navigation system, the vehicle is owfittvith sensors that document the
wheel rotation and steering direction. The navasystem then uses a Kalman filter
algorithm in order to combine the reliability artibst-term accuracy of the sensor data
with the long-term accuracy of the satellite data ia best estimate position fix. The
disadvantage of dead reckoning is that new positawa calculated based on previous
positions; therefore, errors are cumulative andvgesger as time without satellite

availability increases.

5.3 Geographic Information Systems

Routing or positioning would not be possible witha map of the earth and its
features. Geographic information systems (GIS) i@ means of mapping the earth
in an electronic format. GIS is a computerized sasmagement system designed to
capture, store, retrieve, analyze and report gebigand demographic information.
GIS integrates hardware, software, and data, wémetible agencies to inventory and

geographically locate roads, intersections, addsednuildings and other landmarks.
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The most common methods of creating GIS databaeesanual map digitizing,

scanning, remote sensing, and photogrammetry (Bettiand Wing, 2004).

5.4 Enterprise Resource Planning Systems

The advantage of using off-the-shelf DSS overgiasipersonally developed
DSS is that they usually have easily navigablerfates and can often be integrated
with enterprise resource planning systems (ERPR Eftems refer to a group of
closely integrated information systems that supposiness functions such as
materials management, production planning, salssjlition, accounting,
controlling, finance, and human resources (IngitftTransportation Engineers,
2000). Enterprise resource planning systems afelusecause they allow the
different departments within a company to commueitharough a standard interface.
This communication enables the departments to roaker decisions more quickly

based on the information they receive from otheradinents.
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Chapter 6 — Decision Support Systems Available fdrog

Transportation

At the beginning of this project, a web search magormed to determine
what decision support systems (DSS) were curreviiylable to fleet owners. The
search results yielded more than 40 different systeromising increases in efficiency
and cost savings. Not surprisingly, almost nonthe$e systems were designed for log
truck fleet management. Most were designed for comfreight delivery problems,

instead of pickup and delivery problems.

The software discussed here is not an exhausstydut each has been used
and tested for its potential to schedule and/grath log trucks. It is unclear,
however, how many commercial DSS can be tailoreddet the requirements of the

log truck scheduling problem (LTSP).

6.1 ORTEC

To the best of the author’s knowledge, Longviewmber implemented one of
the first computer-aided DSS for log truck schealin the Pacific Northwest in
2005. After noticing inefficiencies in log transpatton from the forest to the mill for
many years, management sought outside consultatiomprove their logistics.
Longview enlisted the help of ORTEC, one of thgést providers of resource
planning and optimization software in the worldjrfgplement an advanced planning

system with the hope of increasing their fleetaded miles.
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Longview was using a manual planning/dispatch @gg prior to ORTEC’s
DSS, which yielded a loaded efficiency of arounéodidr all of their trucks. In this
system, the loader operator from each landing woalldthe dispatch at the end of the
day and request a number of trucks for the follgamorning. The next day the loader
operators then served as pseudo-dispatchers. Bonpdg, the loader operator would
look at the sort, determine the appropriate destinaand then instruct the drivers on
which mill to deliver the load. The driver wouldetih proceed to drive back and forth

between this landing and the mill trying to getveeny loads as possible that day.

To break the cycle of trucks continuously sengdhe same landings,
ORTEC's plan was to intelligently create a schedatehe fleet by using their
software to choose each truck’s next landing baseithe proximity of the truck to

other landings after a completed delivery.

The new system called for a substantial chang@anations. Trucks were no
longer dispatched by the fleet owner or loader ajoey but rather the landowner, i.e.
Longview Timber. Therefore, Longview Timber hirediapatcher and requested that
all of the trucks working for them purchase radioghat dispatch could maintain
communications. Previously, the loggers contrabtetongview Timber were

responsible for hiring trucks to service their Isad

The trucks Longview Timber was using, which ranfjedh 50 to more than
100 depending on harvest production, were compio$esvner-operators and trucks

that were part of a fleet owned by large carriatshe peak of operations, the
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dispatcher was directing more than 100 trucks w@pmately 20 different harvest

sites and 50 destinations.

ORTEC'’s DSS used a heuristic that took approxiip&el0 minutes to
construct an optimized schedule, depending on dingber of trucks. There were two
layers of optimization. The first optimization layieed to minimize cost by
increasing the loaded miles of the trucks whilevstg to keep all the drivers working
approximately ten hours per day. The second optitina layer was a revenue
optimization model that could choose mill destioas for loads based on the sort

prices.

Every day at about 3:00 P.M. the loggers woulbtha dispatcher and make
their orders for the next day. The orders wouldude the total number of loads they
expected to have on the landing, the sort andrdegin of each load, load time
windows, and mill/destination time windows. Thedegs could not always forecast
loads with certainty, but did their best to predidte transportation manager then
entered these requests into ORTEC's software atterdnd by approximately 5:00
P.M., the dispatcher would have the plan createthionext day and available for

viewing by each driver.

The planning software staggered the arrival tiofasucks to eliminate
gueuing at the landings. The transportation manlagew from empirical results the
time it took to load each trailer type and progragdrithese service times into the

description of each load. While staggering thevatriimes is a more efficient way of
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scheduling, it didn’t appeal to all of the drivérscause some were required to start
earlier or later in the mornings than they wereduse and/or the start times were
inconsistent throughout the week. This is an iskaethe dispatch presumably could

have remedied to appease the drivers.

For the most part, the schedule was adheredaaghout the day barring
unforeseeable events such as bad weather, flat tiréhe occasional driver who
failed to mention an appointment. While the sob@uld be re-run to update the
schedule or suggest alternatives, the dispatcheldwsually react, make decisions

manually, and dispatch accordingly based on thgiegence.

Longview Timber consistently used ORTEC’s DSSthar next two years
from 2005-2007. Over this time period, the load#diency of their vehicles
increased from approximately 40% to 60-65%. Dedpiesuccess, Longview Timber

opted not to continue with the DSS after the comppaas restructured in 2007.

The decision to discontinue the use of ORTEC’s &S partly due to
considerable resistance from the drivers. In tistesy prior to ORTEC, loader
operators were responsible for hiring trucking cactors, thus, drivers often worked
with the same loader operators daily. Many drivaard loader operators had
developed strong working relationships and werestast to being managed by a

central dispatch.

ORTEC tried to provide incentives for the drivessupport the DSS by

changing the pay system to reflect driver perforoesaind share some of the increases
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in efficiency. For example, instead of paying bg tiour, drivers were paid by the

loaded mile. In the end, drivers shared 5% of 1 3avings in costs.

Aside from drivers disliking being managed by avrtkspatch, some drivers
had trouble finding the new landings. Many drivieasl served the same tree farms
continually and the new schedules required thewetdure to the company’s other
tree farms. The drivers were supposed to be prdwdth paper maps for each tree
farm, but there were times when the drivers newétlgem or lost them and

consequently had difficulties finding their way.

At the time, GPS vehicle navigation systems wdresnmonplace in
ORTEC'’s DSS; however, they are considered standaati of their current ones.
ORTEC recently partnered with TomTom, which uses/NEC's road databases.
These road databases cover public road networksyduld have to be updated to

include a private landowner’s forest road netwdnrequested.

Although the forest roads were not in ORTEC’s eystluring the
implementation, it did not affect the schedulingeTdispatch used the average travel
times between the public roads and the landingeswtelred them into the system

manually to simulate realistic loaded and unloatadel times.

While the implementation of ORTEC’s DSS increadegldfficiency of
Longview Timber’s transportation, changing the grétof the parties involved,
especially the drivers, proved to be more of adift task than the company was

willing to handle while restructuring.
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This implementation showed that these systemslgleave a place in Pacific
Northwest forestry while at the same time affirntieat the culture is not something
that can change overnight. Looking forward, itvglent that the drivers need some
type of incentive to encourage them to adapt mapedly to these new systems;
perhaps in the form of a higher share in the cagngs or switching to performance-

based job security.

Plum Creek Timber Company, Inc. has also usedRREL DSS for their log
truck scheduling and dispatching in the past witleast three logging contractors.
Using several logging contractors who employ othdrcontractors for hauling
essentially creates a collaborative truck schedudiifiort by pooling fleets and wood
supply locations. The new real-time dispatching [@8Bulates optimal truck routes
from the landowner’s landings to the mill destinas (McCary, 2009). The system

uses an onboard Genesis site navigation systeaute drivers (Figure 11).

Figure 11: A photo of the Genesis site navigatigstem that has helped boost

production and reduce fuel consumption (McCary,200
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Bunch Logging, Inc., (Waynesboro, MS) was oneheflbgging contractors
employed by Plum Creek participating in the implatagon. Bunch Logging, Inc.
runs two crews that operate eight trucks, including contract haulers and three
company trucks. Bunch Logging, Inc. stated thay fhveferred to have the truck
dispatching done internally rather than hiringiactiparty to handle the truck
scheduling and dispatching. The contractor optina#ly stated that the system has

the potential of delivering up to 85% loaded e#iaty (McCary, 2009).

6.2 Trimble Blue Ox

Trimble MCS' Forestry Automation business uninlieloed Blue Ox in the first
quarter of 2010. The Blue Ox system aims to in@d¢hs utilization of trucks,
enabling forest companies to move more logs witveferucks and reduce
transportation costs. In one pilot test of the Bluesystem, the DSS increased the
loaded miles per day by 31%. In a second testtingber of trucks used was reduced
by 45% and total miles were reduced by 22%. Eadhefrucks in the second test

traveled fewer miles and delivered more loads ekt

According to Matt Linderman, area manager for TienForestry Automation
Business, "Many of the inefficiencies along themyhain are caused by a lack of
information. The Blue Ox system collects and preesghat information in real time,
recommending actions that can reduce or elimirredobttlenecks that waste time and
fuel. The result is more efficient use of capitsdets, accomplished by reducing the

amount of time trucks spend traveling empty andingito be loaded or unloaded.
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For truck owners, this can mean savings in fueinteaance, and truck replacement
costs, which could allow them to lower their priodandowners for their services.
Loggers also benefit from a more efficient disttibo of trucks to all cut sites,

reducing the potential for disruption in the flolweood to the mills.”

Hancock Timber Resource Group is one of the éioshpanies to implement
the Blue Ox system. "Transporting logs from thevkat site to the mill can represent
nearly half of the total cost of forest producteqassing,” said Hugh McManus,
general manager for Hancock Timber's South Cebirasion. "With the
implementation of these innovative transportatechhologies across our forestry
operations in Western Louisiana, East Texas andms&s, Hancock Timber expects

to increase supply chain efficiencies and redustse the benefit of our clients.”

Blue Ox is a computerized real-time central dispaystem that combines
GPS and wireless communications using simple dibpaties with limited look
ahead. It is being marketed in both the westernsaithern United States. Trimble’s
business model offers a range of services frondstdone software and hardware

sales to third party logistics management.

The Blue Ox system is completely integrated. Loagerators are equipped
with onboard computers called the Trimble Nomad®&yFe 12). The computers are
used to enter information about each load includiegsort, the time window for

arrival, and the mill destination. Using this infoation the optimization engine
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matches available loads to available trucks basa@da-time locations and other

information.

Figure 12: The Trimble Nomad® used to enter infdiomaabout each load by the

loader operator

At the harvest site, the Blue Ox system assigreks to loads according to
availability. Truck arrival times are staggeredimimize queue times on the landing.
The system tells the loader operator what loagsitan each truck and updates the
system when the truck departs for the mill. Tramgiimn instructions and other
information are dispatched to individual drivera \irimble's Yuma® rugged tablet

computer, which is mounted in the cab of each tindke fleet (Figure 13).
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Figure 13: The Trimble Yuma® used to dispatch elri@ssignments and route drivers

to supply points and destinations

At the office, the transportation manager or dispar can manage by
exception with active alerts and messages for ev@nth as mill shutdowns, road
hazards, detours, or breakdowns. The software altbesdispatch to monitor the
locations of the trucks in real-time, check produtt reports, watch for excessive
truck idling and speeding, and check the planneédale against what is actually

happening in real-time.

An advantage of Blue Ox is that it uses real-tinfermation, making the
system less rigid. Blue Ox splits the data entewingkload by having each loader
operator input data about their supply rather tiedying solely on the dispatcher to
update data each night and throughout the day.h&naiear advantage of Blue Ox is
that it can be applied to common Pacific Northviestsportation scenarios where

several contract haulers are used by a landowner.
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6.3 ArclLogistics

Interested in off-the-shelf DSS, Marshall and Bosf2003) tested the
suitability of ArcLogistics 3 Route to solve logitk scheduling problems. They tested
three scenarios and found that ArcLogistics Rout@a8 able to: (1) allocate the
orders to trucks in a manner that minimized theksuequired when there was a
surplus of trucks, (2) investigate the effects fbat-in-time (JIT) management at
sawmills had on transportation costs and logistiosl, (3) schedule orders on a
priority basis when there was a shortage of tru€ke. package could also be
integrated with automatic vehicle location (AVLjterprise resource planning

systems (ERP), accounting systems, and other eisietpchnologies.

A major limitation for ArcLogistics in terms ofstapplicability to log truck
scheduling and dispatching is that only publicettdata is included. In reality, most
road networks used in the forest industry are peiyaowned; however, roads could
be added to the database with some advanced GIS skiother limitation is that the
solver only computed schedules with the objectiveninimize cost and the heuristic

cannot be altered manually.

ArcLogistics 9.3 continues to use public stregadalavteq and Tele Atlas);
however, in this version the user is not alloweédd the transportation layer for
adding private forest road networks. In addititvg, iser must specify the pickup

locations by entering an address. Unfortunatelyyyvad the forest roads and harvest
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sites do not have addresses. Moreover, forest @r@dsonstantly being built and

abandoned as old timber sales close and new tisabes become active.

6.4 ArcGIS Desktop Network Analyst Extension

An alternative to using ArcLogistics Route fordkuscheduling is ArcGIS
Desktop. ArcGIS Desktop is an off-the-shelf packaged by many forest companies
in the Pacific Northwest for map making as welt@secord data on forest and road
network inventories. ArcGIS offers an extensiodezhNetwork Analyst, which can
be used to perform spatial and network analysia oyad network using a network

dataset.

The network dataset is created from a roads si@pefrcCatalog and is then
added to the map layer within ArcGIS Desktop. WitNietwork Analyst, the user can
create applications that build multimodal routesype travel directions, look for
closest facilities, schedule and route fleets, @edte service areas and origin-

destination cost matrices.

To create schedules and routes for a fleet ofrlatks, the user creates a
vehicle routing problem within Network Analyst. Network Analyst, each pickup
and delivery is called an order. The user seléeddcations of each order and enters
delivery information. In this case, the pickup Ibea will be where a log truck will
receive a load of logs in the forest and the dejivecation will typically be a mill.

The information the user can enter about each ang&rdes the pickup and delivery

guantities (which should be set to 1 to indicatellaruckload), time windows for
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service, service time (i.e., loading and unloading plus wait time), revenue

(dictates the priority through which orders will ®erviced), and specialties needed.

Specialties can be created to indicate if an anéeds a special type of vehicle
or trailer configuration. For example, a load ajdds typically carried with a stinger-
steered trailer while chipped wood for biomassasgsported in a chip van. Therefore,
the user can create a specialty to indicate wipe of truck is needed from the fleet to

service the order.

After entering information about each pickup aetiwery, the orders can be
paired using the “paired order” function. This alfothe user to specify where the
pickup order needs to be delivered. Next, the assates the fleet by editing the
routes feature layer. A route specifies the veracié driver characteristics as well as

represents the traversal between orders.

In Network Analyst, vehicles, routes, and drivare synonymous, and the
term "route" is used to encompass all three estilie user can enter information
about where and when the driver will start and #énedday, truck capacity, fixed cost
to pull a truck out of the garage, cost per umitetj cost per unit distance, overtime
start time, cost per overtime, maximum number deos, maximum total travel time,

maximum total distance traveled, specialties, asilgament rules.

After simulating several wood transportation scasa | observed that the
solver is not always able to find the lowest cadtison. For example, assuming all

other components are held equal, the truck witHatvest hourly cost should be
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assigned the schedule with most hours. This solwti@s not always found by the
solver; however, an experienced dispatcher coddtss and assign the appropriate
schedule to the appropriate driver if needed. Thatisns might improve if the user
was able to manually change the stopping critar@atlzer heuristic components. More
information could not be learned about the hewria$i it is deemed proprietary. The
Network Analyst extension in ArcGIS would be idéal smaller operations, maybe 5-
30 trucks, but the interface can become cluttereckty and entering the required

data for each truck and paired order is time comsgm

6.5 ASICAM

As discussed previously in Chapter 4, ASICAM wasealoped in the early
1990s for use in the Chilean forest industry. Sihes, ASICAM has also been
evaluated for its potential in New Zealand (Coss&893) and South Africa. In 1995
ASICAM was implemented by Mondi in South Africaleading international paper
and packaging group, for truck scheduling. It wesdito schedule Mondi’s supplying
fleet and assist in forecasting for expected naliwbries and departures from
plantations in the KwaZulu-Natal midlands. Mondimibie South African Logistics

Achiever awards for implementing ASICAM.

While ASICAM showed potential in both New Zealaartl South Africa, it
was eventually abandoned for various reasons, ynhadause it lacked the ability to
be tailored to the specific forestry requiremeritsach operation. It is still used,

however, by various forest companies in Chile.



97

ASICAM has also been assessed for its potentidiarsugar cane industry
(Giles et al., 2005). Results from this impleméntasuggested that the number of
trucks needed for sugar cane transportation caeiléduced by at least 60%, provided

that a central dispatch is in control of scheduling

6.6 RuttOpt

There are four major decision support systemsdateturrently used to
manage about 50% of the log trucks in Sweden: KOBMART, TROMB, and
Akarweb. The systems are used to “administer anthmenicate transport orders
between company central systems, home officesrankis (Anderrson et al., 2008)”.
Each system uses on-board computers equipped Wighlfased navigation; however
there is little to no support for generating trgchkedules. See Anderrson (2008) for a

description of each system.

The decision support system RuttOpt was developéodf the need for
decision support systems to be able to provide&tsebeduling services in Sweden. It
was developed specifically for the Swedish foredustry by the Forestry Research
Institute of Sweden (Skogforsk) during 2003-2001, ies the potential to be used in
other industries. RuttOpt is a system that usasaber of components including the
Swedish road database, an optimization engineaatadabase to store all relevant
information to the transportation system such agpktidemand, home bases, trucks,
and costs. The system includes a graphical interfdere information and results can

be seen on GIS maps, Gantt schedules, and repbdaptimization routine uses a
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two-phase algorithm that combines linear prograngnaind a Tabu Search heuristic

(see Flisberg et al., 2010).

The Swedish forest industry is different thanfitrest industry in the Pacific
Northwest in that there is generally no pairindogfs to destinations. Typically, logs
can be sent to satisfy the demand of any mill ag ks the sorts are correct. The
demand of each mill may vary over several daysthere are minimum and
maximum limits that can be delivered daily, makiihg multi-period problem
(Anderrson et al., 2008). The objective in theserapons is to develop the minimum
cost schedule for all trucks in a given planningzun subject to satisfying the mill

demands.

RuttOpt has four main phases for use (Anderrsah e2008):

1. Data collection.
2. Pre-processing and set up of data for the optinoizangine.
3. Running the optimization routine to generate schesdu

4. Processing and interpreting the results and gengragports.

RuttOpt has been tested on a number of case stwitie forest companies and
hauling companies. The cases range from ten triack&0 trucks using a planning
horizon between one and five days. The resultsesigbat the system can be used to
solve large problems and that the potential savamgsn the range of 5-30%

(Anderrson et al., 2008).
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6.7 Joint Planning Tool

The Joint Planning Tool (JPT) is a real-time, vbalsed scheduling system that
was developed in South Africa to eliminate the wmeffow of logs into mills and to
reduce queue times at the mills (NCT, 2003). Ttstesy was designed specifically to

meet the operational needs of NCT’s new chippirgplDurban Woodchips (DWC).

The system requires suppliers to go online andkIstais for their arrival times
based on the number of anticipated loads. The slatt match daily mill
requirementsDWC designed the available slots based on theint@aance

schedules, peak traffic times, and other factors.
The JPT booking system benefited DWC in a numberays (NCT, 2003):

+ Reduced standing times at mills.

« Reduced excessive queuing at mills.

« Efficient capacity utilization throughout the mortthe to a balanced flow of
log deliveries.

« Lower tariffs.

« Reduced stop/start situations at the mill.

DWC eventually discontinued use the JPT systermvttie company moved to
24-hour shifts. The shift towards longer operatidrars resulted in less excessive

gueues at the mills and it was deemed that themsyatas no longer necessary. Since
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the JPT system was developed specifically for NGUisply-chain constraints and

requirements, it may only be useful for certainusities.
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Chapter 7 — Challenges and Opportunities for Implerentation

The literature suggests that decision supporesystDSS) for log truck
scheduling and dispatching have the potentialdage transportation costs by
minimizing the number of trucks needed and vemuilles traveled to service
customers. Despite previous implementations arttht#dogical advances in DSS,
dispatchers still largely schedule by hand usingumémethods in the Pacific
Northwest forest industry; relying heavily on expace. In many operations,
dispatchers assign trucks to logging contractors gdrve as the truck’s pseudo-
dispatcher for the day. Professionals agree tlaéthre efficiency and savings to be
gained if landowners, loggers and carriers adoptpder-aided DSS administered by

a central dispatch.

In the literature and in interviews with indusprofessionals, it appears that
savings of 5% or more in total transportation casis be achieved by using DSS for
log truck scheduling and dispatching. Most of tislysis was done by comparing
DSS generated schedules against historical screthdewere developed using
manual methods. Although the transportation of fogs the forest to the mill
accounts for up to 50% of the delivered cost of dyabappears that companies are

not yet willing to implement DSS to reduce transptbon costs.

There may be a number of reasons why the indisssipw to adopt DSS for
log truck scheduling and dispatching, but lessnétie has been paid in the literature

on identifying these challenges. Most of the rededias been dedicated to developing
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different solution techniques for solving the logak scheduling problem, but it
appears that one of the more challenging problersw to encourage the adoption
of DSS by the industry. It appears that sufficigpiution techniques have been
developed for DSS, but many companies are stibtast to adopting them to reduce
transportation costs. There are many challengesptementing DSS for log truck
scheduling and dispatching including the culturéhefindustry, the organizational
and business structure of the log transportatigtesy, technology, economies of

scale, arrangements of sources and destinatiaiss between participants, and inertia.

7.1 Challenges Associated with the Industry’sltdre

In meetings with forest landowners, transportaparfessionals, and software
developers, a characteristic that was unanimoaslgléd as being the major obstacle
to successfully implementing a decision supportesygDSS) was the culture of the
forest industry. Current transportation methodsehasen used for years with
“success”; therefore, some owners, in a sensecfedrge or are resistant to change
because they have a system in place that has workkd past. The literature

suggests, however, that success doesn’t necedsantate into efficiency.

Trucking contractors may be serving all the logetpiested by loggers, but not
in the most efficient fashion possible. In ordertimcking contractors, loggers, or
landowners to feel confident about changing thewizational structure of their log
transportation system, the DSS must demonstratdisant savings to make up for

the time and money invested as well as providefiisrer all parties involved.
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7.2 The Organizational Structure of the Log Transpation System

The majority of previous decision support syst@8%) implementations for
log truck scheduling and dispatching outside ofliinééed States have had one
common goal: to satisfy the mill's demand for l@gshe lowest possible
transportation cost. If log trucks are managedieynill to satisfy their own demands,
less change is needed in the organizational steigthen implementing a DSS.
Management will likely remain the same in termsvbb performs the scheduling and

dispatching.

However, the organizational structure of the fonegustry is different in the
Pacific Northwest and may not lend itself as easilthe implementation of a DSS for
log truck scheduling and dispatching. Here, thd goi pickup and deliver all the
loads demanded by a logging contractor at the lbaest possible. Mills do not
explicitly state their demands for log sorts; ratthey offer a price per unit volume for
a given sort. Therefore, many logging contractersdseach sort to the mill that offers
the best price while other logging contractors rhayontractually obligated to serve
certain mills. If mills receive an excess supplyadort, the price per unit volume for

that sort will likely decrease.

It may be more difficult to implement a DSS in tacific Northwest because
it is not clear who would be responsible for makiing investment in the DSS and
administering it. Since mills do not typically ovnucks in the Pacific Northwest, the

interested parties for implementing a DSS may bdahdowner, the logging
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contractor, the trucking contractor, or a combmatihereof. In order for a DSS to be
successful, a central dispatch needs to be creagsgbign schedules to trucks or

dispatch trucks to service individual loads in +ixale.

Currently, few schedules are actually developed bgntral dispatch in the
Pacific Northwest. A fleet dispatcher usually assig fixed number of trucks to a
logging contractor each day. After the truck reade landing, the loader operator
serves as the pseudo-dispatcher and informs therd the destination for each load
and if they are to return for another. It is ofemsumed that the loader operator will
have enough loads to keep the driver busy for #ye i the driver is instructed not to
come back for another load, the fleet dispatch#ras in charge of finding the driver

work for the rest of the day and dispatches acogti

The logging contractor prefers to have contraheftruck movements to
ensure that their harvesting productivity remaimgstant; therefore, it may be
difficult for them to relinquish control of the ks if a DSS is implemented. In order
for logging contractors to feel more comfortableatallowing a central dispatch to
control truck movements, the DSS needs to be aldehedule or dispatch trucks in
such a way that each loader operator receivesatne tevel of service as before or
better. This can be achieved by assigning time awsdfor each load. Time windows
that are regularly met through proper schedulirdy@spatching can help loader

operators plan the best use of their time whileksLare en route.
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7.3  Obtaining Accurate Information about Supply ithe Forest

The success of a decision support system (DS$ddruck scheduling and
dispatching depends heavily on the accuracy ofinédion related to the supply at
each landing. This information is best known byltgging contractor and/or the
landowner. Currently the loader operator requesitsed number of trucks from the
trucking contractor for the following day basedlmw many loads they predict to

need serviced.

Since it is in the logging contractor’s best ietrto control the truck
movements, the DSS needs to generate schedulezbttatby the logging
contractor’s time windows. The cost savings from glgstem could be shared with the

logging contractor as an incentive to do their bestccurately predict supply.

Even if the loader operator is willing to relinghicontrol of the trucks to a
central dispatch, it is still difficult to accurateredict supply with certainty,
especially if the supply must be predicted the nizgfore to create the following
day’s schedule. Based on the supply, the loaderatpealso needs to decide where
the sort is to be delivered. Two things make ificlift to predict the supply and the
load destinations: (1) the variability in the hastvproduction rate and (2) the type of

logs being harvested.

If the production rate is faster than anticipatedre loads may need to be
serviced by the trucks than were previously inctlishethe schedule. If the production

rate is slower, fewer loads will need to be seribg the trucks. In addition to



106

predicting the number of loads, the destinatiosasfh load also needs to be known

with certainty in order to create a useable scheedthe log sort (species, grade, and
planned use) is one of the major deciding factoidetermining the load destination.
Log sorts can change throughout the day as therlgggew moves to different areas

within the harvest unit, depending on stand valitgbi

If the log sorts coming to the landing change,ltiaeler operators may have
overestimated or underestimated supply for cettajrsorts which in turn may affect
the destinations they had predicted for the ing@dedule. Moreover, the owner of the
wood is always trying to get the most for theirgwot. Therefore, if a mill changes
their prices for sorts the following day, the lamah@r may require the logging

contractor to send the sorts to different destomesti

The inability to accurately predict the numbetazds and associated
destinations makes it difficult to generate scheslthat can be used for the entire day.
Therefore, the forest industry in the Pacific Naréist may benefit more from
dispatching systems that use the real-time locatadrirucks and supply information

at landings to assign available trucks to avail&imels.

7.4 Demonstrating Benefits to Drivers

Interviews with industry professionals made itacléhat the changing the
organizational structure of the log transportasgatem would not be well received by
many truck drivers. It is important that driverg agreeable to the new administration

if the decision support system (DSS) is going telbecessful; largely because there is
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strength in numbers. In discussions with Longviamier, the resistance from truck
drivers prompted the landowner to discontinue dgbelog truck scheduling DSS
after the company restructured, despite increastifleet’s loaded efficiency from

40% to 60%.

If control of the truck movements is relinquish®dthe loader operators,
drivers must transition from being scheduled byaierioader operators, whom they
become comfortable with over time, to being schedlllly a central dispatch. Aside
from new management, the system may also schedutsito service landings with
new loader operators or with loader operatorstibae poor working relationships
with the drivers. A system should have the capigtiiti implement constraints that

prevent schedules pairing these drivers and |loaplerators if necessary.

Perhaps the most difficult subset of drivers tspade to use these systems is
the individual truck contractor, i.e. owner-operaterom the owner-operator’s
perspective, it is not advantageous to work undmardralized dispatch because it
hinders their ability to compete. Owner-operatemmain competitive by working
longer hours and picking up more loads. This peemlly true in operations where
owner-operators bid on hauling contracts. Some B&& a work-balancing system
that tries to evenly distribute loads or hourslt@avers in the system, thus,
decreasing the competitive advantage of the owperator. It is presumed that this
could be remedied by allowing an exception in tystesn for these drivers to work

more hours, but this may be seen as unfair to drithet are part of a fleet. In Chile,
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ASICAM incorporated a balancing scheme where alledls were privileged to the
same opportunities to ensure fairness and to keegrsl from fostering an overly

competitive environment (Weintraub et al., 1996).

In the Pacific Northwest, it is important for logick drivers to remain
competitive because of the recent difficulties iaking a decent living, especially
owner-operators. A publication of survey resporisethe University of Washington
and Washington State University (2008) indicatet #8% of log trucking companies
lost money, 50% broke even, and 21% made profie. Mhjority of these companies,

64%, are independent owner-operators.

The demographics suggest that the industry isggmimave a hard time
finding new drivers in the future. The average afj@ Washington State log truck
driver is 55 years old and the average experiehaedover spans 27 years. If this
trend continues, there could be a serious shodfdevers in the near future as the
survey showed that 51% of the drivers were lookaetire or leave the industry.
This appears to be happening already and is swgapbyt the fact that 87% of survey
takers reported that it is very difficult to findédkeep skilled truck drivers and 99%
reported that skilled drivers are harder to findiapthan 10 years ago (2008). The
pending shortage of drivers may be one factoreghaburages adoption of DSS in the

log trucking industry.

Decision support systems may be able to helprlozktdrivers by increasing

their loaded miles and the number of loads theyseamice. While fewer drivers may
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be needed in a system using DSS, the driversenadin will realize the benefits of
more efficient scheduling and dispatching. In additthe timing for implementing
this new technology may never be better as oldeed retire and younger

generations of drivers, more comfortable with texbgy, begin entering the industry.

7.5 Finding Backhaul Opportunities

Another challenge to the success of decision stiggstems (DSS) in the
Pacific Northwest forest industry is the abilityfiod backhaul. As demonstrated in
the example in Chapter 4, it is imperative to redthe unloaded miles traveled in
order to increase the loaded efficiency of tru@ackhaul opportunities are often
limited in forestry for two reasons: (1) truck amdiler configurations and (2) the

arrangement of sources and destinations.

The most popular log hauling configuration in Beific Northwest is a truck
with a stinger-steered trailer (Figure 14). Thisamethe trailer is articulated and is
guided by an extension of the truck frame calleddtinger. The stinger-steered trailer
develops less off-tracking around curves than aeotional 8" wheel trailer.
Conventional % wheel trailers can be considered as a specialafabe stinger-
steered trailer; however, stinger-steered traileferestry do not have flat-bed decks
like conventional semi-trailer combinations. Theetice of a flat-bed deck limits the
types of loads that can be handled and reducestopgees for backhaul of other

commodities besides logs.
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Figure 14:Stingersteered log truck trailer mounted on truck traétomreturn to the

forest

In addition to reduced ctracking, the stinger-steereailer can bemounted
on the truck tractor for return to the foreThis configuratiorallows trucks to climt
steeper grades and to turn around more ¢. Thesdrailers have loer unloaded

travel costs thastandard trailes and weigh less.

Aside fromthe truck and trailer configurationsackhaul isofter limited in log
transportatiorbecause of thspatial arrangements sburces and destinatic. In
common freight movement, trucks aegularlyable to pick up freight from oth:
supply points on thevay back to their point of orig, increasingheir loadec
efficiency.Due to the spatial arrangementdandings and milln forestry, itmay be
difficult for dispatchers to constrt routes that have backhatome landowners mz
not have ownership idifferent regions with wood flow traveling in botlirections.

Collaboration between landowners, which is seldeensn this industry, woul
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significantly increase the number of opportunif@sbackhaul through more

promising spatial arrangements of sources andrigsins.

7.5.1 Opportunities in Collaborative Logistics andShared Log Transportation

Services

Collaboration between landowners via sharing partation services is one
way to increase the loaded efficiency of trucksa DSS serves several landowners,
better routes can be created because the DSS madandings and mills to choose
from when creating schedules. In shared transpaontaervices, landowners, trucking
contractors, and logging contractors would poatkeuand information regarding
logistics. The problem being solved is still thg touck scheduling problem, but the
loads and trucks from each stakeholder are coresidarthe scheduling. By pooling
loads and trucks, more efficient trip sequencesbeascheduled and deadhead travel

times for the first and last loads of the day camddluced.

In order to see significant increases in savingsistry-wide, it is thought that
a network of private landowners and carriers nedgktinvolved. A single company
with a consolidated ownership has less to gain tipanating across several
ownerships. Ideally, the network of private landewswould have overlapping land
areas. With a large network of trucks and overlagpand ownership, there would be
more opportunities to increase the loaded effigrasfahe trucks through backhaul.
Carlsson and Ronngvist (2007) propose a tactieadrphg model that indicates the

supply and demand points between which backhaidingtimal. Using this
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methodology, managers may be able to identify atberpanies in the area that

would be interested in collaborating to increasekhaul opportunities.

In discussions with Forest Capital Partners LLt@yas estimated that
transportation costs could be reduced by approxin&@o using DSS for log truck
scheduling (not including the cost of buying anghliementing the DSS). This
estimate was based on simulation using historiatd tbr their company only. It is
likely that a larger percentage of the total tramtgtion costs could be reduced if this

company were to share transportation servicesamtther landowner.

McDonald et al. (2001) describe operations ingbigthern United States
where a fixed number of logging trucks are assigneailogging contractor regardless
of the transportation distance. This can lead tess trucking capacity when haul
distances are short and insufficient capacity whea distances are long. If there is
excess capacity, there is more likely to be dat&tpduced into the system as queues
form at the landings and mills. When there is ifisight capacity, a logger’s
productivity may suffer as wood accumulates onldéineing; creating bottlenecks. In
some cases, logging contractors may not be algettall of their loads serviced if
there is insufficient capacity. It is thought th@nsportation needs can be balanced by
sharing trucking capacity; resulting in less trubkeng needed and fewer unloaded

miles traveled.

For the non-collaborative situation in Figure & logger on the left has

insufficient trucking capacity because of the Idvagil distance and the logger on the
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right has excess capacity because of the shortdistahce. If the loggers were to

collaborate, the transportation needs could benbatl reducing queue times and

increasing equipment utilization.

Non-Collaborative

Collaborative

Figure 15: Collaboration between stakeholders ditierent haul distances

While balancing capacity needs between loggindractors with different

haul distances can lead to gains in efficiencyjlamnesults can also be achieved by

collaboration from loggers with equal haul distasmcErucks often pass each other

unloaded on major highways in the Pacific Northwestause they are only serving

single logging contractors. If different loggingnttactors on opposite sides of a

region were to collaborate, there would presuméablynore opportunities for loaded

return trips.
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Consider Figure 16 where the logger on the ledtthie logger on the right
have similar haul distances. As shown by the dabhesd, trucks often pass each other
empty on their return trips to their respectivegeg Long unloaded trips decrease the
loaded efficiency of the vehicle for the day. le @tollaborative situation, the trucks
serve both loggers; creating backhaul and redutieginloaded miles traveled by

each truck.

#*—__:E}

Non-collaborative Collaborative

Figure 16: Collaboration between stakeholders witthilar haul distances

Several collaborative efforts using shared trartgion services in the forest
industry have been documented. McDonald et al.{ppérformed simulations where
20-30% more wood was hauled with the same numbkeucis by sharing
transportation services. Murphy (2003) used aftdger programming formulation to

optimize log truck schedules for two case studieNew Zealand and found that it
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was possible to deliver the same number of loangyudswer trucks. In the two efforts
documented, the number of trucks needed was redyc2d-50% and costs were

reduced by as much as 47%.

Mendell et al. (2006) evaluated the potentiald@SS administered by a
central dispatch to improve the loaded efficientiracks in a pooled log
transportation network. In comparing the actualitesrom the field study to the
simulated results by the DSS, the simulated resutteased the loaded miles per day
by 4.27%, reduced the loaded miles per day by 6&spand reduced the hours
worked per day by 0.92 hours. Most importantly, BIi#%S was able to dispatch trucks

to service all of the loads requested by the loggontractors.

Audy et al. (2007a) explored the benefits of dmdiative logistics through a
case study using a scheduling DSS called Virtuah3portation Manager (VTM)
developed in a joint effort by FPInnovations anel HFORAC Research Consortium.
VTM is designed to be managed by a third partyeip lsonsolidate and manage
transportation data from several companies to ingtbe efficiency of scheduling.
The trip sequences are built by heuristics in tlvages. In the first phase, an
optimized set of routes is developed and the sepbade constructs an itinerary
consisting of the phase one routes. A dispatcheually implements the planning
solution. The average cost savings through colktimr was 4.55% and the average

reduction in traveling distances was 7.25%.
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Collaboration between companies regarding logisicseldom witnessed in
the Pacific Northwest. By nature, the forest indust competitive and secretive.
Many stakeholders are uncomfortable sharing sersitformation about their
businesses (profits, costs, log origins/destinalidor other reasons beyond antitrust
issues. Some companies do not want competitorsdw kvhere their logs are being
sent, in fear that other companies will send lagghé same destination and drive

down the price being offered for sorts.

Due to the general lack of trust between compstitine best solution in the
Pacific Northwest may be to hire a third party &fprm the scheduling and
dispatching for collaborative scenarios. A thirdtpavould help dispel any notions of
unfair scheduling or cost sharing as well as adlevconcerns related to the sharing of

sensitive business information with competitors.

7.6 Paying For the System and Sharing the Savings

The cost of a decision support system (DSS) wally differ depending on its
function. A scheduling system is cheaper in congoarito a real-time dispatching
system because it requires fewer components. Skhgdystems typically only
require the DSS software and a computer while latirea dispatching DSS requires

these components plus other hardware.

Real-time dispatching DSS require GPS trackinga#svin each truck so that
the optimization engine can use real-time locatems other information to assign

available trucks to available loads. In additidig trucks need to be equipped with
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reliable wireless communications devices so thiaeds can receive instructions from
the dispatch at a moment’s notice. This may contherform of a mobile phone or an
electronic interface installed in the cab of theck: If real-time information
concerning supply is necessary, the log loadeheranding will require computing

equipment to relay this information.

Large timberland owners, especially real estatestment trusts (REITSs) and
timberland investment management organizations dsMwould be more likely to
purchase these systems because they have thd tapitaorb the cost of investing in
a DSS as long as the benefits are satisfactotyemoing run. In addition, large
landowners often own a fleet of trucks and/or emptacking subcontractors.
Depending on the price of purchasing and adminmgighe DSS, however, it may be
more cost effective to hire a third party that usd€3SS to schedule and dispatch their

fleet.

It is unlikely that smaller forest landowners waide willing to pay for one of
these systems, unless returns were guaranteedyguclkditionally, the size of their
operation may not even warrant a DSS. Mendell.€28D6) suggest that specialized
software is not necessary for systems with less 48850 trucks based on their Excel-
based solver and visits with different dispatchtogpanies. They spoke with one
logging contractor who participated in an operatiothn a dispatching firm to manage
24 trucks at a cost of approximately $200 per &y Chasers, a dispatching service

for owner-operators located in Creswell, Oregomrghs 3-5% of trucking revenue



118

for their administrative costs (Mendell et al., BDOAccording to information
obtained in their research, the cost of adminisitgest DSS for truck scheduling and

dispatching could vary from $200-450 per day.

Assuming DSS are able to schedule trucks in ddaghat ensures a steady
rate of production for each logging contractor, plagty most affected by this
transition would be the drivers. Naturally, thevers will want to see a share of the
profits as an incentive to participate in the neg transportation system. This may
come in the form of higher wages. If paid by thedpthe drivers may see the benefits

immediately from the ability to service more loddsough increased backhaul.

Collaboration between multiple stakeholders usiigSS for shared
transportation services complicates how the sysi@mbe paid for and how the
benefits can be shared. It is easier to quantifstwiie savings could be if
collaboration were to occur, but more difficultdetermine how to share the savings
and pay for the system. Paying for the system edondiked at from a number of
business perspectives. Audy et al. (2007b) proposdifferent business models for
implementing a DSS for log truck scheduling angadishing in a collaborative effort.
In this work, the different stakeholders involvede purchase and use of the DSS
form a coalition. The business models, as theyapeto the Pacific Northwest, may

include:
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. A'landowner led coalition. Example: a forest landewaims to lower their log
transportation costs by taking using DSS to didphtxkhaul loads provided

by other landowners.

. A trucking contractor leads the coalition. Examerucking contractor aims
to maximize their profits and reduce costs by usiigSS for transportation

management.

. A third party leads the coalition. Example: a compaolely interested in
transportation management provides scheduling ampétthing services for

all the other stakeholders by using a DSS for partation management.

. All the landowners share the leadership of theittoal Example: several
landowners team up to minimize transportation cbgtsooling resources and

using a DSS for transportation management.

. All the trucking contractors share leadership @f ¢tbalition. Example: several
contract haulers team up to increase their prbfitpooling resources and

using a DSS for transportation management.

. The trucking contractors and the landowners strerdetadership of the
coalition. Example: trucking contractors and landevs aim to minimize the
transportation costs by pooling resources and uwsiD&S for transportation

management.
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Each of these business models is investigated tisur different sharing
methods to allocate costs and allocate savingsdagt\stakeholders. Audy et al.
(2007b) express the need for more research oniffieestit coalition building
processes and business models in order to furthey the effects that each model has

on the incentive for the leader of the coalition #me savings that could be achieved.

7.7 Technological Challenges

Many truck scheduling and dispatching solutionhods have been developed
for decision support systems (DSS) that have thenpial to achieve quality results
using little computing time. While there will alwspe a need to continually improve
the quality and timeliness of solutions, thereatreer technological challenges that
need to be addressed to ensure the success of.aVMa8$ of these challenges pertain
to real-time dispatching systems because of theéiaddl software and hardware

components needed.
7.7.1 Communication Availability

Due to the unpredictable nature of the forest stiguwith equipment
breakdowns, changes in production rates, weathdrtraffic congestion it is
necessary for the dispatch to be able to communigdh drivers. Furthermore, if a
company expects to gain maximum benefits throughuie of real-time dispatching,

the dispatcher needs to be able to communicatethgtlrivers quickly.
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If operating under a central dispatch, it is asstittat there is a single fleet
being scheduled. In the Pacific Northwest, sevesatract haulers may be needed to
service a single landowner. For some systems, twdeact haulers would be
required to outfit their trucks with the same conmigations equipment required by
the DSS to act as a coordinated single fleet, astinacase with Longview Timber’'s

implementation of ORTEC’s DSS.

A major difference between longhaul trucking ihatindustries and the forest
industry is the ability to communicate with trucktsall times. In common freight
transportation it is generally a simple task fapditch to communicate with drivers
via CB or cellular phones. Unfortunately, commutiarais not as reliable by these
methods in the forest industry. It is common fawelrs to be out of cellular reception
for extended periods of time. CB radio is anoth@ion; however, range is limited so
this would only be viable for short distance opiers. The most reliable option would

be satellite phones, but they are expensive cordgareellular phones.

A possible solution to this problem is if vehickr® equipped with tracking
technology so that their locations can be seerahtime by the dispatch. Once the
driver has reached the landing and received a lbadoften too late to reroute the
driver until the load has been delivered to thepramill destination. Therefore,
dispatch can inform drivers of new instructionsasn as the driver has entered a

known reliable communications range for their ead.
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7.7.2 Geographic Information Systems

In order for dispatchers to make the best decsspwssible, they need tools to
assist them. A geographic information system (@&%)tool that allows dispatchers to
see an electronic map of the regions in which tb@mpany operates. The most
important feature that should be included in th& SIthe road network. This allows
the dispatcher to see the location of landingdsiraind drivers (assuming integration

with GPS) to aid in better decision making.

An important feature in GIS is the ability to appltributes to features. For
example, it may be beneficial for dispatchers tckabn a landing and view attributes
such as the number of loads available, the sa@aoh load, the average loading time
for a log truck at that landing, and the destinafiar each load. As supply at the
landing changes, the GIS should have the abilitypate in real-time. Ronngvist and
Ryan (1995) emphasize this concept in their reaétdispatching approach. This
capability has been demonstrated in Finland wit@ E#ere the loaders, harvesters,
and forest foreman are equipped with computergr@amgmit information about wood
piles back to the central dispatch (Linnainmaa,5)98 the Trimble Blue Ox system,
each loader is equipped with an onboard computerevthe operator can enter
information about available loads. The optimizatmyine on the server then assigns

trucks to loads, which the loader operator canosetheir GIS interface.
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7.7.3 Personal Navigation Systems

Another challenge to implementing DSS for log treckeduling and
dispatching is having the ability to provide drigavith directions to reach their
destinations if they are needed. Schedules geidebgt®SS may require drivers to
travel to new forested areas that they may notbeliar with. Therefore, it may be
important for drivers to have turn-by-turn directso Even more importantly, the
directions provided must be tailored for log trusksce some roads do not allow log
truck travel. Personal navigations systems haverbeavidely available in the last
decade; however, most of these personal navigatistems only include public road

networks.

Private forest road networks are not includedniy @ad databases provided
by commercial personal navigation systems. Evémeife private networks were
included, they are subject to change as new tirsdles are put up for harvest. In
some operations, roads are constantly being beldtjilt, decommissioned,
maintained, and/or abandoned. This presents aecigglfor transportation managers
to constantly update road databases in order f@opal navigation systems to

provide accurate directions on private forest noatvorks.

Paper maps could be useful for drivers to adsesnhtin navigating to the
harvest sites and are much cheaper; however, dokythe ability to get fixed
locations of vehicles in real-time or give voiceeadtions to guide the driver. Some

dispute the efficiency and safety of electronic ma@rsus paper maps. Lee and Cheng



124

(2007) carried out a study with the purpose of ssiag the effects of using a personal
navigation system compared to a paper map in tfferdnt driving environments.

The results indicated that drivers using a papegy required longer time and covered
greater distance to reach a given destinationhEurtore, the results showed that car
stability and control were improved when a navigasystem provided visual and

voice guidance information during the driving task.

One clear advantage to voice guidance systerhatishe driver is not required
to take their eyes off of the road and studies Hiaurd that the addition of voice
messages reduces the time spent glancing towairidsvahicle display (see Kishi, H.,
& Siguira, S. 1993, Burnett, G.E., & Parkes, A.N98B, Lansdown, T. 1997). These
systems may be advantageous to a log truck driheseattention needs to be on the

forest road, which often do not have the same coctsbn standards as public roads.

Private forest road networks also need to be dedun the navigation system
to estimate travel times for the DSS to optimizeesiuling and dispatching. For
example, if the navigation system is only ableréak the vehicle up to the point
where the truck exits on to the private networl, sistem needs to know how long it

will take the driver to reach the landing or théjziroad if coming out loaded.

The average travel time from the public road ®Il#nding can be empirically
derived; however, the effectiveness of the optitmzaengine may depend on an
accurate approximation of the location of the vighie the network. Using the

average travel time is similar to using dead reckpmwhen satellites are unable to get
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position fixes on vehicles for extended periodsirok. In dead reckoning systems, the
last know position of the vehicle and the travedespis used to estimate the current
location of the vehicle on the road network urité satellites are able to re-establish

position fixes.

7.7.4 Updating and Repairing the Schedule

While efficiencies can be gained by creating optisthedules to begin the
day, schedules are only optimal until the firstidgan in the scheduling period
occurs. Each deviation creates a ripple effectphgppagates throughout the
scheduling period. Therefore, it is essential &6 have a solution method that

achieves quality solutions in a time sensitive nesinn

Currently, most dispatching is performed manulifyan experienced
dispatcher. Often dispatchers have few tools tsaissdecision making; let alone
tools to help them evaluate the quality of thecid®ns. Some of the efficiencies lost

by human error can be recaptured with real-timpathing systems.

A real-time dispatching system needs to have dipalaility to quickly identify
the locations of all trucks, the current supplgath landing, and the destinations for
each load so that an optimization routine can gegadhe next solution for
dispatching. Unlike the scheduling problem whemgetis not as important as the
quality of the solution, the dispatching problerguiees that a solution be generated in
a matter of seconds or minutes. Because of the toegeherate solutions quickly there

will likely be a slight decrease in solution qualiResearchers have been working on
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developing new hybrid methods that incorporate iséas and exact methods to

improve the solution quality of dispatching methods

7.7.5 Software Interoperability

Another challenge for software developers is angdDSS that are
interoperable with other software. Interoperabitigjers to the ability of two or more
systems to work together to accomplish a commoatiom, usually through some
type of electronic data interchange (EDI). Whertays are interoperable, it allows
the different parties to exchange information ughgysame file formats and
protocols. Professionals in the forest industryehexpressed the need for
interoperable DSS that can link to weighbridge sraling systems, accounting
systems, and office software for the productiomarfous reports for managers (see

Cossens, 1993).

7.8 Inertia

A major factor that determines how quickly a ngistem will be adopted is
inertia, the tendency of an object to resist amgnge in its velocity. In the case of
decision support systems (DSS), the velocity is#éte at which new systems are
being implemented in an industry or in a compang/ttfe number of DSS used in the

industry increases there is less of a tendencggistrthis motion.

Currently, there are few DSS for log truck schedpbnd dispatching in the

United States. The lack of widespread adoptiomh@ade some interested parties
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skeptical; however, each successful implementatimuld decrease the tendency to

resist adoption if it has been proven to produceshts.

The fact that there has been continued reseaocimdithe world over the last
two decades on log truck scheduling and dispatcisiegidence that there is interest
in these advanced systems. Furthermore, as tegyafa solution methods become
more effective over time, these systems will becomoee efficient and capable of
meeting the forest industry’s needs. Each implaatem will help shape the policies
for cost sharing and savings allocation as wefiraside guidance on how to

construct the proper business model for all stakins.
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Chapter 8 — Conclusions and Future Research

Decision support systems (DSS) for log truck sdiad and dispatching have
the potential to reduce transportation costs byeed) the number of trucks needed
and the total vehicle miles traveled to servicdamer loads. Research has shown that
the cost reductions expected from implementing BD&8d be 5% or more for some
companies. Additional savings can be achievedikedtolders collaborate and use
shared transportation systems. Despite potentslreductions, there have been few
implementations of DSS in the United States forttogk scheduling and dispatching.
Many companies continue to schedule and dispatickgrmanually, relying heavily

on experienced dispatchers.

This project identified the opportunities and ¢tradjes for implementing DSS,
evaluated existing technologies for log truck schied and dispatching, explored the
unique characteristics of the forest industry eslab freight transportation and

management, and assessed the current availabiid$ s for log transportation.

Currently, there are only a handful of off-the{§lSS available for the forest
industry; however, they have shown promise in eagiementation documented.
There are a number of factors that have sloweddloption of DSS in the Pacific
Northwest including the culture of the industrye tbrganizational structure of the log
transportation system, technological challengesnemies of scale, arrangements of
sources and destinations, trust between partigpant inertia. In discussions with

industry professionals, changing the culture ofitluistry appears to be the largest
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challenge facing adoption. For decades, compamies ised the same transportation
models and business structures with success antheoenfortable with the idea of

changing the business structure unless benefitguamanteed quickly.

While it may take time for DSS to become parthaf industry culture, there
are still technological challenges that can be esllrd by software developers in the
mean time. Transportation models differ acrossdgtroperations; therefore, a DSS
that works for some stakeholders (landowners, loggontractors, trucking

contractors) may not work for another if its paréeng are too rigid.

There is a need for systems that can be tailaredeet the requirements of
different business arrangements and add constispetsfic to the supply-chain
characteristics of a particular operation. Depegdin the system, there may be a need
for technological capabilities to ensure relialdenmunications, data transmission,
accurate positioning, driver navigation, and sofeMateroperability. In addition,
there is a need for systems that are able to updatpair the schedule and dispatch

guality solutions quickly.

The lack of favorable spatial arrangements of ggmiand destinations for
some landowners may also be preventing implementati some instances. The
arrangement can significantly affect the qualityaites that can be generated by
DSS. If arrangements are not favorable, opporesdre limited for reducing
unloaded miles and the total miles traveled byflgwt. Collaboration between several

stakeholders through shared transportation sermegsincrease these opportunities.
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Depending on the relationship between stakehgldéfsrent business models
may need to be used. It appears that a promisisigéss model for companies in the
Pacific Northwest may be to hire a third party timrck scheduling and dispatching.
Since collaboration is rarely seen in this indudtinys business model may help
alleviate concerns about sharing sensitive busiméssnation and represent the

fairest form of business structure to distribute slystem benefits.

More research needs to be done to understandtygeaof business models
and organizational structures would best beneditstakeholders as a whole and
individually. In addition, more research needséadone to identify what
opportunities for collaboration are available iraific regions of the Pacific
Northwest to help build trust between stakeholdeastly, there also may be an
overall misunderstanding of these systems. Fuesgearch needs to be focused on
investigating what different stakeholders actuahpw about DSS for log truck
scheduling and dispatching and if education alluegd systems can help dispel any

apprehensions and promote adoption.
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