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TRANSPORTATION STRATEGIES UNDER INTERACTIVE
; COMPUTER GRAPHICS

Thomas J. Corcoran and John B. Bryer

. The construction of all-weather logging roads associated with
timber harvesting operations represents a large component of the
total cost of the harvest, when such roads need to be built.s The
level of expenditure for, and the relative permanence of, a road
network necessitates the making of a sound economic decision in
regard to road placement. Two general types of road networks are
possible: roads whose spatial placement is largely in response
to topographic features, and roads which are roughly parallel and
equally spaced. When the area to be harvested is sufficiently
flat and free of significant impediments to construction, the
latter situation is probable, and is the topic of this paper

The transportation of logs from stump to road in this
instance is usually accomplished with some type of ground based
forwarding equipment such as a skidder or feller-forwarder. Two
general costs are directly involved with the spacing of parallel
roads: the cost of road construction, and the cost of transporting
(skidding) the logs to roadside. With both costs, only those
costs which are affected by the road spacing should influence the
spacing decision. Fixed per unit volume costs such as felling
and bunching can (and should) be excluded from consideratiom in
this regfrd.

The total variable cost of timber extraction (per unit
volume) can then be expressed as the sum of the road construction
cost and the variable skidding (forwarding) cost. As will be
shown later, in the event that logs are skidded not to the nearest
road, but rather to the nearest landing (located along the roads),
then a landing construction cost enters the total cost equation.

In the case of skidding to the nearest road, the spacing is
optimized when the total extractiom cost (C) is minimized. An
equation for the minimum can be determined by differentiating C {
with respect to S (road spacing), setting dC/dS = 0, and solving {
for 5. In the event that the line representing the skidding cost
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passes through the origin, the minimum occurs at the point of
intersection of the two component cost curves (Figure 1). The
resultant equation is used to determine the optimal spacing, §,
and is in the form developed by Lussier (1961), although it was
originally proposed by Matthews (1942):

Where S = optimal road spacing (100 feet),
L = average skidder load (cords),

T = variable skidding time per 100 feet
(minutes per 100 feet),

F = sinuosity factor (ratio: actual over
straightline distance),

C = skidder cost including labor
($§ per minute), and

V = volume to be removed per acre (cords).

In the case of skidding to the nearest landing (Figure 2)
there also exists an optimum landing spacing (W), as the total
extraction cost for any fixed S varies depending on W. In this
instance, the partial derivatives dC/dS and dC/dW need to be
solved simultaneously to determine the S and W values associated
with the minimum total cost.

Bryer (1981) incorporated interactive computer graphics
techniques into the methods of Corcoran (1973) and Lussier to
produce what is a component of a larger scale road planning data
base computer system, used in conjunction with timber salvage
operations necessitated by spruce budworm infestation in the
State of Maine (Phillips et al. 1980). In addition to the
standard numeric output (Figure 4) Bryer's program (CORD) allows
the user to produce a grid showing the roads and landings
associated with the optimum solution, drawn to any map scale
(Figure 5). Such output can be used as an overlay to a map or
aerial photograph in the initial stages of actual road layout.
Graphics hardware necessary to utilize CORD consists of a graphics
terminal (a Tektronix, for example) and an optional flatbed or
drum plotter.

Figure 6 is a flowchart in which the general workings of
CORD are illustrated. The manner in which the user effects
input, controls program flow, and produces output is accomplished
through interaction with the computer by means of a thumbwheel
cursor (or similar positioning device) and crosshairs, which
appear on the screen when needed. During the pause in program
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execution which accompanies the appearance of the crosshairs
user positions the crosshairs to the desired screen location

causes a resumption in program execution. The position of the

crosshairs is noted by CORD and program flow is altered
accordingly, thus inieraction is achieved.

The first substantive action taken by the user is to input
the values associated with the eight input variables: average
skidder load, road construction cost, skidder unit cost, volume
to be removed per acre, sinuosity factor, skidding time loaded,
skidding time empty, and landing construction cost (if landings
are used). For each of the variables, a scale is plotted on the

screen with sufficiently unrealistic upper and lower limits.
user then places the crosshairs along the scale at a point

corresponding to the desired values. Figure 3 shows the content
of the screen following the entire input process. Note that the
values chosen have been plotted at the right of the respective

scales,

Following the input process, the algorithm (either Corcoran's
or Lussier's) which calculates the solution is then employed,
after which the numeric solution is plotted on the screen (Figure
4). The user can then produce grids (Figure 5) drawn to scale in

either English or metric units.

Improvements to the program dealing with the attendant

assumptions (constant timber density, flatland conditions, lack
of impediments, etc.) would increase the usefulness of CORD's
output in terms of the entire road Planning process. However,

the current state of the system Tepresents a viable starting

point in the spatial placement of all-weather logging roads, with

an aim at cost minimization.
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Figure 2. Road and landing comfiguration.
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Figure 3. Terminal screen following the input process
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Figure 6. Flowchart of CORD /Cost Optimisation of
Road Density/,
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DOPRAVNE STRATEGIE PRI VYUZIT! INTERAKTIVNEJ POZfTAZOVED
GRAFIKY

Konstrukcia dopravnych ciest spojenéd s tazbou dreva pred=

‘stavuje velky podiel celkovych nékladov na tasbu dreva. Exis-
tuje také rozmiestnenie lesnej dopravnej siete, pri ktorom sa
premenlivé naklady na taibu dreva zminimalizujd. V pripade,
Ze sa nedopravujd kmene k najblizsej ceste, ale k najbliz$iemu
skladu /sklady s& rozmiestnené v rovnomernych rozostupoch poz=
dl? ciest, ktoré sa optimdlne rozmiestnené/ potom v tomto pri-
pade existuje taktieZ rovnomerné rozmiestnenie.

Uvedeny je matematicky prehYad metdd pouZitych pre stano-
venie optimélneho rozmiestnenia. Po stru&nej diskusii o pova=-
he po&itaCovej iterak&nej grafiky sa udava spdsob akym sa tie-
to techniky zaflenia do existujlGcich postupov pre optimélne
rozmiestnenie lesnej dopravnej siete, Zlepdenie systému by
zvy§ilo pouZitelnost' vystupu, avSak systém predstavuje v sa-
tasnom stave dobry zadiatok v priestorovom rozmiestneni les-
nej dopravnej sicte s cielom minimalizécie nékladov,

TPAHCIIOPTHAA CTFPATEI'MA [IPY MCTIONB30BAHWY CHCTEMH VHTEPAKTMBHOIO
TPASIUECHOTO M3CBPAEFHMA C [IOMOIBD IBM

HOHCTDYKIMA XeCOBOBHHNX JODOT, CBAZSHHAA C XIECOBArOTOBKEMM,
COCTABAAET CYNECTBEHHYD LOAD OT OOmMMX SaTPET HE SABroTOBKY Ape-
BeCHNH., CymecTEyeT TEKOe DasMEeNeHMe CeTH JeCOBOSHHNX JOpOr,Kor-
A8 NepeMemeHHEe SaTPATH HA SaroTOBKY MUHMMHBMDYDTCH. B cayuee,
ECAM XJAHCTH He TPSHCHOPTHPYDTCA K Ganxaiimef mopore, a x Ganzaft-
meMy CKA8Ay /cKABH DACHOJOEEEN B DABHOMEDHNX NHTEepBalax BHOJb
HOpOr, KOTOPHE B CBOD OYepelb pesMemeHH ONTHMAaIbHO/, TO B STOM
caydyee cymecTEyeT TEKXe M DS8BHOMEDHOE DasMemeHHe.
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[OpuBeneHN MaTeMaTHYECKHE METOIH, MCHOXESYeMHE IS ompege—
AEHAA ONTHMAXLHOIO pesMemeHHs. Hapaiy ¢ KpaTkuum paccymmesmauu
O xapakTepe rpaduYeckoro WsoSpaxeHxs ¢ NoMOmBD 3BM Eauegaprcg
OyTH HCOOXBBOBAHMA TAKOr'O PONA TEXHMKN IAd ONDPEAENEHHA ONTH-—
MBILHOT'O pasMemeHNHs CeTH AeCOBOSHHX [OPOr. YCOBepmeHCTBOBaHme
CHCTOMH MOBBOANT YAYUNNTE MCHOABBOBAHEE BHXON8, OJHEKO M B
HACTOAmee BpeMs OHA NpeAcTaBAgeT Co6oil xopomee Hayamo mas Te-
PPUTOPHEIBHOTO PBBMEMEHMA CeTH JAeCOBOBHNX HODOT € HEAbD MUHN-
MMBMDPOBEHNA 8aTPaT.

VERKEHRSSTRATEGIEN MIT DER AUSNOTZUNG DER INTERAKTIVEN
RECHNERGRAPHIK s

Die Konstruktion der Verkehrswege stellt in der Verbindung

mit der Holznitzung einen groBen Anteil an die gesamten Holz-

niitzungskosten dar, Es gibt solche Verteilung des Waldwegenet=-
zes, bei der die verandelichen Holzniitzungskosten minimalisiept
werden, Falls die Stamme nicht zum ndchsten Weg, sondern zum
nachsten Holzlager /die Lager sind in gleichen Abstanden ent-
lang Der Wege verteilt, die auch optimal angeordnet sind
/transportiert werden, so entsteht in diesem Falle auch eine
gleichmaBige Verteilung,

Es wird eine mathematische Obersicht der zup Ermittiung
der optimalen Verteilung verwendeten Methoden angefihrt, Nach
kurzer Behandlung des Charakters der interaktiven Rechnergrap-
hik wird die Methode der Eingliederund dieser Technik in die
vorhandenen Verfanren fir die optimale Verteilung des Waldwe-
genetzes angegeben, Die Verbesserung des Systems kénnte.die
Verwendbarkeit des Austrittes erhohen, Das System stellt im
heutigen Zustand einen guten Beginn fir die rdumliche Vertei-
lung des Waldwegenetzes hinsichtlich der Kostenherabsetzung
dar,



