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Abstract -

As for forest harvesting in Japan, machine
operators have to handle their own forest machines
on forest road with steep slope in the deep mountains.
One common hazard that they are always facing is
machine stability under different ground conditions.
This paper presents the contrivances to provide the
people concerned with low-cost Best Management
Practices (BMPs), which would be firsthand
knowledge of the harvest area being considered, and
could support the machine operators who work for
harvest operations, and logging road construction
and maintenance. First, this paper presents
visualizations of terrain attributes. Secondly, are
described methods to reduce time and effort on
collecting data required by construction,
maintenance and restoration of forest road. Thirdly,
this paper shows advance alert system pertaining to
posture of machine body during the operations, and
methods to provide the people concerned in advance
with information on the situations of the forest road
and the surroundings. Finally, remarks are
described.
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1 Introduction

A large quantity of man-made forest of Japanes 500
cedars and Japanese cypresses have been planted it
postwar Japan. The harvest operations have been i
are executed by small-scale firms of forestry contracto

Forest roads are composed of forest service roads,
logging road, skid trails and landings. The forest
service road is a type of rudimentary access road. The
logging roads are constructed to provide access to the
forest for logging and other forest management
operations. The logging roads are commonly narrow,
winding, and unpaved, but main haul roads can be
widened, straightened or paved if traffic volume
warrants it [1]. Skid trails are used to get forest products
from the woods to a landing. A landing is used to
stockpile timber for loading onto logging trucks. Forest
service roads connect the landings to existing public
roads [2].

Then machine operators have to handle their own
forest machines on forest roads with steep slopes in the
deep forest mountains. Figure 1 shows the deep forest
mountains being analyzed in this study, which lie
approximately 15 km away northeast of Kochi city in
Japan.
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and landowners. Forest managers, machine operatc
loggers, self-employed landowners, and other workers

have been and are working for the harvest operations.

Figure 1. Deep forest mountains being analyzed
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In this study, it aims to develop contrivances to Figure 3 shows histograms regarding the statistics of
provide them with low-cost Best Management Practicabe slope, aspect, TPIl, and TRI of the deep forest
(BMPs), which would be firsthand knowledge of themountain. The term of TPI is an abbreviation of the
harvest area being considered and could support th@mpographic Position Index. The TPI is the basis of the
who work for harvest operations. The contrivanceslassification system and is simply the difference
would be developed by utilizing open source softwarketween a cell elevation value and the average elevation

based on GNU General Public License [3]. of the neighborhood around that cell. Positive values
Of particular concern in this study are themean the cell is higher than its surroundings while

contrivances that aim to: negative values mean it is lower [6]. TRI (Terrain

(1) Visualize terrain attributes Ruggedness Index) is the mean of the absolute

(2) Reduce time and effort on collecting data requiredifferences between the value of a cell and the value of
by construction, maintenance and restoration of fore$ 8 surrounding cells [7].

road, The slope distribution appears bimodal, two peaks
(3) Provide operators with advance alerts pertaining ftocal maxima), and moderately skewed left. It can be
machine stability during the operations, and seen from the histogram that all over the mountains has

(4) Provide machine operators, forest managers astkep slopes more than 10 degree. The aspect

landowners in advance with information on thalistribution is bimodal, that is, easting or westing. The

situations of the forest road and the surroundings, whef@l distribution is symmetric and peaky, and has some

harvest operations would be planned and scheduled. outliers. The outliers are probably canyons or ridgelines.
The TRI distribution is somewhat like bimodal,

2 Terrain Attributes moderately skewed left, heavy-tailed at left, and has

) ) some outliers at right. It shows that some places in the
The deep forest mountains are outlined anghountains are very rugged.

visualized below. The visualizations and the statistics
presented here could be done by the R, which is a
language and environment for statistical computing an
graphics [4]. Besides, the other statics, for example
plan curvature, profile curvature, roughness, etc. coul
be also computed by the R [5]. For want of space, the!
statistics are left out in this paper.

Figure 2 shows the ground surface contour of th
deep forest mountains and the existing logging road.
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There are two evaluation criteria sets with respect to
\ terrain attributes as shown below.
133.‘612 133!614 133!616 133618 133.620 133.622 (1) Criteria SEt based on TPI and SIOpe [8]
Long 1) Canyon Bottom: TPI < -8,
2) Gentle Slope: -8 < TPI < 8 and Slope < 6°,
_ 3) Steep Slope: -8 < TPI < 8 and 6° < Slope , and
Figure 2. Ground surface contour and 4) Ridgeline: 8 < TPI ;

existing logging road (2) Landslide susceptibility [9]:
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1) Low: slope< 11°,
2) Moderate: 11° < slope < 16°, and
3) High: 16° < slope.

Figure 4 shows that there are many spots with ste
slopes more than 20 degree. Although logging roe
should be constructed with avoidance of the spots wi
these steep slopes as far as possible, the logging rt
has been helplessly constructed for commercial thinnir
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Figure 4. Visualization of slope
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Figure 5. Visualization of TRI

The grade break is a gradual break in grade on a
logging road to limit water flow by decreasing the
concentration and the velocity. The diversion swale is a
vegetated trough that carries or diverts water to reduce
the erosion and to avoid washing over the top of the
bank.

It can be said from Figure 3, Figure 4, and the above

criteria sets that this terrain has:

(1) Some canyon and ridgeline;

(2) Many spots with steep slopes, and
(3) High landslide risk.

3 Reduction of Time and Effort on
Collecting Data

It is time-consuming to gather data in order to

Figure 5 shows the TRI (Terrain Ruggedness Indexylentify dangerous spots and excessive inclined spots,
Looking Figure 5 at a glance, we can easily see that taed any damage and deterioration of the ancillary
existing road runs through the comparatively smafitructures. The dangerous spots and excessive inclined

difference in elevation of the deep mountains.

spots might be latent in logging road, and could cause

The logging road has been constructed for use akidding or rolling over of machine and make operator
year long for harvesting and transport, and has unpav&lp, trips, and fall out of the machine. The damage and
surfaces of dirt and gravels with ancillary structuregjeterioration of the ancillary structures could cause

such as:

(1) Skid trails

(2) Landings,

(3) Turntables,

(4) Turnouts

(5) Bridges,

(6) Fords,

(7) Grade breaks,

(8) Ditches,

(9) Culverts,

(10) Cross pipe,

(11) Riprap at ends of pipe or culvert, and
(12) Diversion swales, and forth

falling rocks, landslide, water flood, and so forth. The
advance alert system could be applied to reduce time
and efforts on collecting data pertaining to dangerous
spots latent in and slope of the logging road, and any
damage and deterioration of the ancillary structures.

3.1 Finding Dangerous Spots Latent in
Logging Road

Forest environments in the deep mountains are
always changing dynamically. The changes are often
unpredictable. Machine operators have to handle their
own forest machines based on their own realistic
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sensation given on their seat of pants in such severe Front and back skiddy spots, sideway skiddy spots,
environment. and severe bumpy spots have almost same position on

The dangerous spots might be caused by changestie logging road. For want of space, the sideway skiddy
operating conditions such as wash-outs, gulleys, whegiots are shown in Figure 7.
ruts, puddling, frost heaving, soil disturbance, erosion.
disruption due to water flood, sediment, and so ol
Then the dangerous spots might be latent in the loggil
roads. A

An operator could drive a light motor vehicle witt
the advance alert system on the logging road. Sev
phenomena could be detected by identifying chan
points based on existing trends of consecutive increas
or decreasing values in time series of tri-axii
acceleration responses. Finding seven consecut
increasing or decreasing values is almost the same as
probability to have a car accident in one year in Japi
Then it becomes possible to find severe phenome
related to the dangerous spots of those, for exam; .
front and back skiddy spots, sideway skiddy spots, a +
severe bumpy spots.

Figure 6 shows the time points of advance ale
“caution” that was triggered based on tri-axie 133614 113617 173,620
acceleration responses obtained by driving a li¢ e
motor vehicle on the logging roads.
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Figure 7. Sideway skiddy spots

Alert time points of Front and Back Skid

3.2 Measuring Slope of Logging Road
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Figure 6. Time points when advanced alert
“cautions” being triggered
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In order to avoid any accident of skidding or roll-
over, the advance alert system would give operators Figure 8. Light motor vehicle with
advance proximity warning during driving their forest the advance alert system
machine when entering into the proximate area of 100m
range from the dangerous spots like those. The operatorsThe advance alert system could calculate and record
could watch the advance proximity warning on the i§ross and longitudinal slopes automatically based on the
cabin monitor and would slow down the speed. static acceleration of gravity when stopping the light
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motor vehicle. The cross and the longitudinal slopes of Drive Downhill and slash disposal work on the above
the logging road are shown in Figure 9 and Figure Xeep logging road are shown in Figure 11 and Figure 12,
respectively. respectively.
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Figure 9. Cross slopes of logging road

It is said to avoid constructing logging road witt
grades in excess of 10 % [6], [10]. From these Figure
we could easily find dangerous spots with slope i
excess of approximately 6 degree, that is, grades of 10

Figure 12. Slash disposal work

' In the machine operator’s opinion, it becomes hard to
33702~ = operate forest machine at the spot in excess of 12 degree.
o . By the way, logging road should be less than 18%, that
; - is, 10.3 degree in compliance with the logging road
s § ; L4 FrontBackRake construction standard by Kochi prefecture [11].
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S By 3.3 Periodically or Rapidly  Mobile
I nspections

f
.. . . . e . .
33,696 > Generally, inspection activities are periodically
% conducted. Then inspection results are documented and
; pictures are taken as evidence of current conditions or
23694~ 42 damages or deterioration with a measuring scale or some
S ——— other reference object. Furthermore, rapid inspection
I == activities would be done for the purpose to determine if
further attention to and reconstruction of the ancillary
structures are necessary, typically following a typhoon,
earthquake, and so on.
When stopping the light motor vehicle, operator will
inspect and take pictures of current conditions of the
ancillary structures and the surroundings. The each field

Figure 10. Longitudinal slopes of logging road
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data of those is automatically tagged with time, GPS In this study, it is assumed that acceleration
locations and recorded in digital camera, mobile phorgsponses measured along cross dimension might
or tablet devices, and also manually uploaded to ttepresent sideway skid, and ones along longitudinal
database management system. dimension front-and-back skid. The advance alerts are
Automatically or manually, acquiring and recordingerived from the existence of trends such as consecutive

data as described above could reduce time consumethgseasing or decreasing values in time series of
gather field data in ordinal situation, and to narrow dov@i¢celeration responses, which are sent via wireless
and choose certain points to be watched. communication from on-board tri-axial accelerometer

Operators could also review previously the field dafied on the carriage body of machine to the in-cabin

before their timber-harvest operations. Forest mana&%‘?z\'tor syst_em.d bef e i i
could get significant information on planning and s mentioned before, seven consecutive increasing

L ; r decreasing values equals to the probability to have a
activities necessary for the forest harvesting managem?rggic accident. Furthermore the thirteen equals to the

Landowners could confirm the current conditions of the " X . . . X
logging road and the ancillary structure. probability to be killed in a traffic acmdent.ln Japan. In
the advance alert system, the former is defined as
. “Caution,” the latter “Danger,” and otherwise “Safety.”
4 Advance Alert System of Machine The advance alert system enables the operators to
Posture watch advance alert pertaining to sideway and front-

When operating forest machine at danaerous spot and-back skids, and bumping of their own machine. The
P 9 9 P itor displays numeric and graphic indicators

noted before, it is significant and required to compens tgrtaining to warnings of the colored classes such as:
operator’s realistic sensation. The advance alert sys TGreen referring to safety,

consists of an on-board tri-axial accelerometer as shot@rjl Yellow referring to caution, and

in Figure 13 and an in-cabin monitor system as shown(g) Red referring to danger.

Figure 14. Operators could watch the advanced alerts in real
time, which would compensate their own realistic
sensations given on the seat of their pants during
operation. Then, the risk latent in harvest activities
could be reduced.

5 Remarks

People concerned with forest harvesting have to
consider far-flung and different coverage problems
related to the work plan and operations, the conditions
of the work site and the logging roads, the silviculture
plan and maintenance, and so forth.

Operators have to examine many different factors in
site level decision-making regarding the following
matters [10], [11], [12]:

(1) Timber-harvest operations with suitable risk controls
as considering location of possible dangerous spots,
(2) Preferred location of log extraction, tracks and log
landings,
(3) Machine servicing,
B B e e (4) Minimization of impacts on forest resources
ji?ﬁ S | e B | e | | (5) Potential water quality,
o NW (6) Seasonal ponds,
o R (7) Soil productivity,
B T (8) Work environment information,
’ weer | (9) Latitude, longitude, and altitude,
(10) Ground surface contours,
(11) Marginal plot of across each coordinates of forest
mountains,
Figure 14. Monitor in the cabin (12) Fundamental statistics of slope and aspect, and
(13) Cross and front-and-back slopes.

STOP Offfset
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Forest manager needs to investigate and deliberagvanced alerts in real time, which would compensate

problems in decision- making regarding; their own realistic sensations during their operations.
(1) Administration of commercial timber-harvest, The operators armed in advance with information on the
(2) Number, size and design of forest access roads, work site could make a suitable plan of harvest
(3) Resource allocation, operations as considering environmentally sensitive

(4) Maintenance of forest health and productivity, and maintenance and restoration. In addition, this device
(5) Cost effectiveness on harvesting and transportatidmmowses work environment information by on-demand
and also to work on the best settings for foregirocessing of requests.
harvesting. The latter functions exploratory data analysis to
Landowners, especially, absentee ones and pers@eherate statistics being required and to visualize them,
of advanced age, want to know current conditions @nd manages data gathered and front—end devices, and
their own forest mountain at their own home for: so on. Machine operators in the cabins and a forest
(1) Commercial thinning, which would be carried out amanager on site will be able to import findings on site,
the right stands at the right time under appropriate stamdhich are related to the matters as described before, into

conditions [13], this platform from their front-end devices. The people
(2) Precommercial thinning to enhance woodlandoncerned, for example, landowners, forest managers,
productivity, can obtain information relevant to their harvest
(3) Redistribution of growth potential to fewer trees pasiperations by accessing the back-end platform.

the sapling stage, Consequently, the risk involved in harvest activities
(4) Leaving a stand with a desired structure andould be reduced.

composition,

(5) Improving the quality of the stand by removing dead,
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