VSN

&

{;ED ROUTE GENERATION FOR LOGGING TRUCKS
. '/ CONSIDERING

1 7‘.“:.‘

RVATURE HILLINESS AND INTERSECTIONS

Gun'har Svenson and Patrik Flisbe‘rg
Forestry Research Institute of Sweden
|kael ROnnqvist, Umversﬂe Laval, Canada

..‘*

T.
oY '\. N v A
& .B~ -
o, L2 . v \:‘\"‘-
= 4 N
v d x‘“‘-’“ fi‘
2 »
5 ="~
e i : —
. p ,~g’ £e
N

,...

"-:';'s ,(kt.l;'

)
',\} ” ;‘i..,',v ) : )
e oo &



Calibrated Route Finder
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Driving
time




1300 key-routes
Best practice agreed between
forest and transport
companies




The weight setting process

e No. of arcs in network 4.6 million
e Many features describing each arc

e Shortest path — standard function

e Challenge to balance more than one feature
e NVDB — The National Road Data Base

* |nverse optimization

e Weights describing the resistance



Road features used in CRF

Bearing Capacity Road Owner
Terrain Class Timber Route
Functional Road Class Passing Route
Maximum Speed Curvature

Road Width Hilliness
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ASUNs Of LS8










Distance (km)
Time (min)

Total resistance (points)

Shortest path Fastest path CRF

84.3

85.8

105.6

74.7
2094

72.6

2407

87.1
1492




Implementation of features describing perceived hilliness
and curvature




Hilliness feature
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Hilliness feature

L

Gradient of road, % Gradient factor Proportion of roads, %

-6 -0.4 6.60

-6--4 0.4-0.5 5.43

-4 - -2 0.5-0.7 10.13

-2-0 0.7-1.0 21.46

0-2 1.0-2.34 30.71

2-4 2.34 - 3.67 10.61

4- 6 3.67 -5.01 6.00

6- 5.01 - 8.20



Curvature feature




Maximum speed in a curve

2

R >

0(0.28e ™ +E)

curve radius (m)

velocity (m/s)

R:

Vo

V : velocity (km/h)
E : super elevation (%)
g:

gravitational acceleration (9.82 m/s?)






Consequences of different types of
intersections

Functional Road Class Delay Time, seconds
. : Average speed Of_ Proportion  Turning  Going Turning

Entering Leaving incoming speed, if stoppina. %  Left Straight  Right

not stopping, % PpIng, 7o g g
Stop 7 1 Always stopping 100 60 60 10
Give Way 8 4 40 60 5 5 0
Traffic Light 3 3 50 50 10 10 5
Roundabout 5 5 40 50 5 5 5
Primary Route 4 4 100 0 0 0 0



Fuel consumption as a result of acceleration




Results, intersections

Aspect/Case Ref. || Time/Fuel (100%, 200%) | [ Time (50%, 200%, 400%)
Distance (km) 88.81 89.78 90.74 89.75  89.79 89.89
Fuel Consumption (I)) 47.2 46.5 46.6 46.5 46.5 46.5

Time (min) 93.6 93.2 93.8 92.8 94.0 95.6



FUTURE DEVELOPMENT AND ANALYSIS

* Include the objective to reduce emissions as akey component

* Analyze new proposed government tax on public roads

* New weight standard of 74 and 90 tonnes

* New transport agreements between transporters and forest companies

» High resolution data from LIDAR and real time traffic update
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