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Abstract

Traceability of wood products is more and more relying on high technology systems. Among
them the Radio-Frequency IDentification with Ultra High Frequency (RFID UHF ) tags are
probably the most flexible and promising tools. Several studies address their use in timber
logistics, but the possibility to mark standing trees and maintain intact the information along
a whole-tree extraction system is still not explored. Under this perspective one of the main
challenges is the capacity of UHF RFID tags to survive the harsh conditions of timber harvest-
ing. Different tag models and different placement positions on the tree may lead to diverse
ratio of tags arriving intact up to the landing. Particularly extracting operations may play a
major role in damaging or removing the tags from the trees. In the present study, two tag
models and two fixing modalities were compared during three commercial hauling and one
transport operation in mountain conditions. Over a total of 239 tracked tags, just 5 were lost,
proving a good reliability for this traceability system. This preliminary result will serve for
addressing the electronic tree/log marking method in the frame of the project SLOPE, co-

funded by the EC.
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1. Introduction

In the near future, the productivity and profitabil-
ity of forest timber supply chains are expected to in-
crease rapidly by implementing the tools and methods
of precision forestry (Holopainen et al. 2014). This
trend is also expected in mountain forestry, where for-
est operations are mainly based on cable yarding sys-
tems, but the relatively low degree of mechanization
of these systems represents a potential constraint to
the application of high precision technologies (Ca-
valli 2012). This specific challenge is addressed by the
project SLOPE, co-funded by the EC, with the goal to
set up an integrated and innovative timber supply
chain in mountain areas. In the planned work flow,
different digital data sources, such as aerial sensors
and terrestrial laser scanners (LiDAR), are used for the
acquisition of georeferenced 3D data on the standing
trees. This is elaborated with dedicated software re-
turning the optimal tree bucking suggestions (Dassot
et al. 2011, Murphy 2008), which are used by the pro-
cessor for maximizing the value of the extracted tim-
ber according to the market demand. The transmission

of such data requires a traceability system that relates
the digital information generated for the single stand-
ing tree to the actual item being harvested and trans-
mits this data to the forest machines, making available
in real time the bucking instructions for each tree. The
same traceability architecture can be used to assign an
ID to each log produced and link this to all the avail-
able information (measures, quality). For this purpose
several solutions have been used for actual marking
of trees and logs in forest operations or timber logis-
tics, such as color marking, barcodes, QR codes and
Radio-Frequency IDentification technology (RFID)
(Tzoulis and Andreopoulou 2013). The latter has a
wide range of applications in the field of logistics, live-
stock and warehouse management among others (Fer-
rer et al. 2010, Zhu et al. 2012) and seems to be the most
promising tool for supply chain management, particu-
larly for the capacity to be red at considerable distanc-
es: Ultra High Frequency (UHF) RFID, operating at a
frequency of 868 MHz, can be detected at distances of
over 10 m in optimal conditions. According to the EPC
standard, RFID tags have an internal memory that al-
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lows a content of 96 bits (EPC Class 1), included in a
string of 14 characters, providing a unique ID to each
tag. Such information can be used for automatically
tagging an item (log or tree) in a database.

In forestry applications, RFID technology has been
mostly tested for control and optimization of timber
logistics (Korten and Kaul 2008). Another application
area is the traceability of timber throughout the whole
supply chain, where the use of RFID for log marking
may increase the degree of automation of the log in-
ventory, reduce the need for repeated measurements
of the timber and increase the overall efficiency, with
evident economic benefits (Hakli et al. 2010). Never-
theless, the potential of electronic marking of trees
may be extended beyond the traceability of goods,
which could be coupled with other contents aiming at
the optimization of the forest operations.

The tests performed so far with UHF RFID tags in
timber logistics prove that this technology is reliable,
and that, in the appropriate conditions, tags may be
read even at relatively long distances (24 meters).
Kaul (2010) tested the performance of several RFID tag
models both in bulk reading (e.g. a full truckload of
tagged logs) and single items identification. With the
appropriate selection of RFID tag model and reader/
antenna layout, bulk reading can return 92% of read
rates at mill gate entrance, while single log identifica-
tion in optimal conditions (e.g. at the belt conveyor of
the sawmill) provided 100% of read rate.

Bjork (2011) claims that an economic benefit can be
detected along the supply chain even with partial tag-
ging of the whole load of logs, which still allows for a
certain degree of traceability of the loads. This would
also make less critical the impact of a low automated
read rate and/or a low physical survival rate. Never-
theless, the full potential of RFID marking, particu-
larly when used for transmitting instructions, can be
expressed only if the reliability of the system is high.
This is related to the read rate, but mainly to the capac-
ity of RFID tags to survive all along the production
process maintaining intact its operational capacity. In
this sense, forest operations are a very challenging en-
vironment. In the case of cable yarding operations, the
frequent shocks, frictions and impacts of the extracted
material against ground, standing or felled trees and
piled timber make it reasonable to expect that part of
the applied RFID tags could be lost or destroyed in the
phases of bunching, extraction and landing of the
marked whole trees and the subsequent logistics op-
erations of logs.

Fig. 1 depicts the application planned, where UHF
RFID tags are first placed at breast height on standing
trees by the forester during the marking phase (1).

Survival Test of RFID UHF Tags in Timber Harvesting Operations (165-174)

Only trees to be felled are marked and related to the
digital forest database previously generated by LIDAR
technology. The chainsaw operator in charge of felling
the test site will be equipped with a light RFID reader
connected via Bluetooth to the service smartphone
(always carried for security reasons) and before felling
the tree will read the tag on it (2). This will allow him
to relate the felled tree, and the corresponding ID, to
anew tag, to be placed on the cross section surface (the
butt of the felled tree). This position is considered as
optimal for the designed supply chain, in fact it is
more protected against friction during skidding op-
erations than the tangential surface (on the bark) and
leads to an optimal reading angle (perpendicular) with
antennas placed on the cable yarder carriage and on
the processor head. By reading the RFID tag of the
tree, this latter machine will gather in real time the
cutting instructions from the digital forest database
(3), guaranteeing a precise and fast bucking operation,
and maximizing the value of timber assortments. Fi-
nally, the processor designed in the frame of the proj-
ect will apply a new UHF RFID tag to each log pro-
duced (4), linking the ID to a new database featuring
the measured dimensions (diameters and length) and
the commercial quality class assessed with dedicated
sensors (Sandak 2015). Timber would now be ready to
make part of a dedicated management system, where
the application of RFID tags may lead to cost reduc-
tions estimated in the range of 70% compared to the
current systems of industrial wood procurement
(Bjork et al. 2011).

The actual capacity of UHF RFID tags to endure
these conditions is still unexplored, particularly for the
phases of concentration and hauling of trees in the
forest. The aim of this study was to evaluate the per-
formance of two tag models and two fixing options
thorough the timber supply chain in steep terrain dur-
ing cable yarding and logistic operations. The study
also aimed at identifying the most critical stand or op-
erational parameters that could have an influence on
the survival rate of the applied tags (e.g. diameter or
length of the extracted piece; distance of concentration;
etc.) and possible mitigation actions for reducing its
negative impact on the reliability of information flow
and traceability system.

2. Material and Methods

2.1 RFID tags used

The basic structure of RFID tags is the transponder,
a metallic element built in different shapes, according
to the purpose and the manufacturer, and the inte-
grated circuit. These elements are fixed on a simple
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Fig. 1 Schematic representation of the timber supply chain process with RFID tag based transmission of information

plastic tape structure (possibly with one adhesive sur-
face for application), or protected and supported with
different type of cases, according to the final applica-
tion. Clearly, the complexity of the final RFID structure
is reflected in the size and the unitary cost.

In a previous screening phase, a large number of
commercial UHF RFID tag models had been com-
pared in order to identify the most suitable types for
the specific purposes of the project, and in general for
tree and log marking. A selection of 10 tag models had
been tested in standing tree and marking operations,
gathering the opinions and suggestions of expert pro-
fessionals. Finally, two models were selected for the

well as resistant to UV, acids and salt solutions.
This tag model was available just in a limited
number (n.=31), thus it was only used in a part
of the survival tests;

= Smartrac Shortdipole Monza 5. A logistic dedi-
cated model with long reading range. This is a
very simple tag model basically constituted by
the transponder and the relative die cut applied
in plastic colored stickers provided in reels. In

Table 1 Main characteristics of the RFID tags tested

= B =
actual survival test over the whole production process 2 g =
(Table 1): = £ . £ < _ §
= Wintag Flexytag UHF D7040S. This tag model = £ |EE |38 5
was selected because it was considered particu- = £ g3 g 2 5
larly suitable for the forest environment. In fact s g T 558 €
it was originally designed for laundry uses, with = 2 S8 (€88 <
a waterproof polyurethane cover (IP68) de- Wintag Flexytag UHF D7040S | 47x13 64x45 2-3 49
signed for maintaining the operative capacity at ‘
. ° ° Smartrac Shortdipole Monza5 | 93x11 120x25 10 1.1
temperatures ranging from —40°C to 80°C as
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order to make it suitable for the purposes of tim-
ber traceability this model was modified by ap-
plying a PET EVA plastic cover with thermal
treatment (110 °C).

The selected UHF RFID tags are designed for being
manually fixed on the trees or logs by means of a com-
mon mechanical stapler deploying 6 mm long alumi-
num staples. This system was chosen for its simplicity,
cost effectiveness and the negligible effect of the alu-
minum staples in case of impact with the sharp tools
at the sawmill. Furthermore, the selected tags have
very low unitary weight, an important aspect consid-
ering that at the sawmill the tags are discarded to-
gether with the external parts of the log, which enters
the stream of industrial residual wood. This raw mate-
rial is commonly used for pulp or energy production,
and in both cases the share of impurities (plastic and
metal of the tags) should be reduced to a minimum if
this system is to be accepted by end users.

The second treatment was the method of RFID tag
fixing on the logs:

= A double stapling was regarded as the standard
solution, being theoretically more reliable, given
the double grip of the staples on the wood and
the tags and the total adherence of the tag on the
log surface, reducing the risk of being caught
and ripped by branches and slash;

= Single stapling was compared because it pres-
ents two potential advantages:

v’ stapling the tag on a single spot, instead of
two, simplifies greatly the application of the
RFID tag on the log, particularly when this is
automation system for tag placing on a proto-
type timber processor head,

v apparently the preliminary tests conducted in
more controlled conditions (timber yard) sug-
gest that, by not adhering completely to the
wood surface, the tag becomes more readable
because the antenna results are less exposed
to the loss due to the dielectric constant of
wood (Ghahfarokhi et al. 2011). In this sense,
it should be taken into consideration that, by
adopting this solution, it will not be possible
to fully control the reading angle in the fol-
lowing automatic operations, thus a circular
antenna and direction insensitive transpon-
ders are to be used if this solution is preferred.

The combination of RFID tag model and fixing sys-
tem resulted in three treatments: Wintag RFID tag
with double stapling (DW), Shortdipole RFID tag with
double stapling (DS) and single stapling (SS). Due to

Survival Test of RFID UHF Tags in Timber Harvesting Operations (165-174)

Fig. 3 Marking method with Shortdipole RFID and single stapling
(SS), note the uplifted position

the limited number of Wintag RFIDs available, these
were not tested with the single staple (Fig. 2-3).

Electronic reading was performed by means of a
hand held UHF RFID reader CAEN gID 1240 with
in-built double perpendicular antennas. The reader
was interfaced via Bluetooth to a mobile phone, re-
turning the ID of identified tags, and the average num-
ber of tags red per second. Power settings were ad-
justed to low level (140 mW) for avoiding the risk of
multiple tags return signal. In case of difficult access
to the log pile, it could be set to maximum power
(500 mW), allowing in the better cases a reading dis-
tance of about 80-60 cm in operative environment. The
same reader was used in laboratory for testing the tags
to be used prior to the field study.

In the forest, the trees and logs were measured and
marked before extraction. A progressive number was
assigned to each tree and log painted with forest spray
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Table 2 Parameters collected in the forest prior and during cable
yarder operations

Measured parameters Description

Tree/log parameters

Tags were applied at the butt of the felled tree
or at the main diameter side of logs and the

Maximum diameter, | corresponding diameter measured. If this was

cm not accessible, measurement and tag
application were performed on the minor
diameter side

Length, m Measured or estimated

Species, descriptor | The tree species were noted

Log (processed)

Type of section Top (with branches)

descriptor

Whole tree
Load parameters
Top of the tree or minor diameter
Choker position of the log/tree section
descriptor Butt of the tree or main diameter

of the log/tree section

Hauling distance, m | Distance travelled by the carriage loaded

Concentration Distance from the original position to the
distance, m vertical of the carriage
Single item per load
Type of load o
descriptor I\/Iultllple item per load (two or mare trees,
sections or logs)
Electronic marking parameters
DW, Flexytag fixed with two staples
Tag type descriptor DS, Shortdipole fixed with two staples

SS, Shortdipole fixed with one staple

color and a RFID tag was applied. Tag model and ap-
plication type was varied randomly. During extrac-
tion, a further set of parameters were recorded, de-
scribing each single load (Table 2). Notes were taken
for any particular event, such as impact of the tagged
area against standing trees or friction with slash and
ground.

Such descriptive and numerical parameters were
considered as the most representative for a following
factorial analysis of the results.

2.2 Cable yarder extraction

The capacity to endure the operations of lateral
yarding and extraction of RFID tags was tested in three
commercial cable yarding operations in the Italian
Apennines (Table 3). In a properly planned and con-
ducted cable crane extraction, the trees are felled in a
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direction almost opposite to the position of the cable
line, with an angle facilitating the extraction of trees.
In this layout, the operator fixes the tree or the tree
sections by applying the chokers to the butt of the
plant. This position reduces the effort for the cable
crane to concentrate by skidding or partial skidding
the tree close to the line, where it is finally lifted and
transported along the corridor. This work condition
minimizes the damage to the remaining trees (Marchi
etal. 2014) and, given the reduced impacts, should also
be the less dangerous for the RFID tags survival.

All the hauling operations studied were per-
formed in conifer dominated stands, but differed for
anumber of details, among which the dominant was
related to species. In all cases the conditions were
particularly challenging compared to a common op-
eration, and a high number of factors affecting the
reliability of the tagging system could be evaluated,
while in case of high rate of survival, the robustness
of the system could have been confirmed:

Site 1: was a mixed forest dominated by fir (Abies
alba Mill.) with occasional Austrian Pine (Pinus nigra
Arnold) and broadleaves (beech, chestnut, maple,
cherry). The silvicultural work was partially an emer-
gency operation due to storm damage on an already
planned selective cut, with the dominant layer of co-
nifers (broadleaves were processed and extracted
only in case of damage). Most of the trees were felled
over two months before the extraction operations,
which were postponed for weather conditions
(snow). The terrain presented a regular profile and
slope. All the activities were performed by a crew

Table 3 Main characteristics of the cable yarding lines studied
during the tests

Croat. j. for. eng. 36(2015)2

Site 1 Site 2 Site 3
Area Firgnzuola Montepiano Fin_enzuola
(Firenze) (Prato) (Firenze)
Altitude above sea level, m 953 843 1079
Coordinates of the cable N44 06.719|N44 05.830|N44 08.887
yarder tower E1116.721 |E11 09.572|E11 19.353
Average slope, % 35-45 30-40 40-50
Average mainline height, m 12 6-8 14
Direction of extraction Uphill Uphill Downhill
Average extraction distance, m 185 235 215
Average concentration length, m 12.3 15.4 12.6
Average log/tree diameter, cm 4 37 42
Minimum log/tree diameter, cm 27 22 20
Maximum log/tree diameter, cm 56 57 80
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Fig. 4 Landing of cable yarder with limited operational size. In such
conditions post extraction handling may cause further impacts on
the tagged surfaces

experienced in forest harvesting and cable yarder ex-
traction (also operating in site 3).

The unloading area was limited, posing a further
challenge to tag survival, since the probability of col-
lision among trees unloaded or handled and the piled
timber is higher (Fig. 4). This also led to a more com-
plicate control of RFID tags survival with the hand-
held reader. For this reason, it was not possible to
check electronically all of the trees, even if the tag and
the tree number was visible. In these cases, the pres-
ence of the tag, the apparent condition (damaged or
not) and the relative tree number were recorded.
Clearly, this issue would not occur if forest machines
equipped with RFID readers will be used, since each
tree would be grabbed and read individually.

Fig. 5 Cable yarder concentration in a storm damaged forest is very
challenging for the survival of tags due to the abundance of debris,
deadwood and uprooted stumps, which could rip or damage the
transponder (the white arrow indicates the position of the RFID tag
on the log)

Survival Test of RFID UHF Tags in Timber Harvesting Operations (165-174)

Site 2: was a pine dominated site (Pinus nigra Ar-
nold) of a final regeneration cut for facilitating the
natural renovation of broadleaves. Very few standards
were left, reducing the interference with the concentra-
tion of trees. This area was not affected by storm dam-
age. The terrain profile had an unfavorable convex
slope, which led to a low average height of the skyline
in spite of the three intermediate supports installed.
The crew was composed of professional chainsaw op-
erators, but inexperienced in the use of cable yarders
for timber extraction. For this reason, most of the loads
were skidded for almost 50% of the distance, with logs
completely lying on the ground, in conditions very
similar to winch extraction. In several occasions, the
butt of the tree impacted against standing trees, pro-
truding stones, already processed logs and the abun-
dant slash left on the ground.

Site 3: The site was dominated by fir (Abies alba
Mill.) with occasional beech. The whole area had been
affected by a wind storm, which damaged over 50%
of the original standing trees (completely uprooted to
partially damaged by the fall of other trees), and the
forestry activity can be described as an emergency in-
tervention. Terrain profile was quite irregular, with
two changes of convexity/concavity over stretches. In
such conditions, trees were hooked to the chokers ei-
ther at the butt or the top, according to their position
and the easiest solution for untangling trunks and
crowns. This made the lateral yarding quite difficult,
with frequent scratching against standing and lying
trees (Fig. 5). For the same reason, the specific work
conditions of this forest operation were considered as
challenging for the survival of tags, which were ex-
posed to additional frictions and shocks compared to
a properly planned extraction.

2.3 Intermediate Transport of logs by tractor

In timber logistics, the most critical conditions for
the survival of RFID tags are expected to occur during
log handling, mainly represented by loading and un-
loading operations. The endurance of tags to these ac-
tivities was observed in a single commercial operation
at the previously mentioned site 1, where timber was
transported from the landing area of the cable yarder
to an intermediate storage area over a distance of ap-
proximately 300 meters on a steep downbhill forest
road. The tractor towed a small single axe forest trailer,
with tilting unloading system, which was loaded at the
cable yarder landing by the processor in grapple mode.
Before loading, the dimensions of each log were mea-
sured by the crew, involving additional handling.

On the timber piled at the landing, RFID tags were
applied on the log side facing the road, while loading
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Fig. 6 Unloading was performed by tilting the trailer against already
piled logs, causing further impacts potentially lethal for the tags

on the trailer was made in order to optimize and make
stable the load, thus the tagged sides were randomly
distributed in front and on the back of the trailer. At
the storage area, logs were unloaded by tilting the
trailer and sliding the load against the timber piles.
Also in this case, the work conditions were particu-
larly challenging for the survival of tags (Fig. 6).

In this test, only DS and SS tagging systems were
used. Not all of the logs in the pile were marked, either
because below the diameter of 24 cm, set as minimum
threshold, or because not safely accessible.

G. Picchi et al.

Logs with a diameter lower than 24 cm were not
considered for the study (not tagged) but counted on
the load since their presence could be one of the factors
influencing the survival of tags on the marked logs. In
the study, 7 round trips of the tractor followed, trans-
porting a total of 198 logs, of which 86 carried a UHF
RFID tag.

3. Results

3.1 Extraction operations

The general performance of RFID tags along the
extraction process of trees or logs was positive (Table
4). Overall 5 RIFD tags were lost during the extraction
of 153 marked items, resulting in a mortality of 3.3%.
None of the tags arrived at the landing had been made
inoperative, even when the whole of the hosting cross-
cut area presented evidences of shocks, abrasion or
impacts. In some cases, the tag was not visible for the
adherence of mud or soil on the crosscut section, but
still it was possible to detect it with the dedicated
reader. A partial removal was observed for 2 DS tags,
i.e. one of the stapling areas was ripped, while the
other still kept the tag more or less firmly. In any case,
these tags were successfully read at the landing, and
thus accounted within the survived. Given these
proofs of resistance, the 6 RFID tags that could be
checked only visually by the operator, and presented
no signs of damage, were added to the total of success-

Table 4 Results of the reading test at landing (cable yarding) and at the storage area (tractor transport)

Electronic/visual control Just visual control’
Cable yarding RFID tag type Marked
Operative Removed Destroyed | Not damaged | Not visible
SS 19 16 0 0 3 -
Site 1
DS 23 20 0 0 3 -
DW 16 16 0 0 - -
Site 2 SS 19 19 0 0 - -
DS 18 18 0 0 - -
DW 15 14 1 0 - -
Site 3 SS 23 21 2 0 - -
DS 20 18 2 0 - -
TOTAL 153 142 5 0 6 -
SS 44 32 0 0 8 4
Tractor transport
DS 42 31 0 0 8 3
TOTAL 86 63 0 0 16 7
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fully landed tags. It should be emphasized here that
in the work system envisaged, each RFID tag will be
read automatically by the processor when grabbing
single trees, thus averting the case of tags out of reach.
In any case, even if the tags out of reach for manual
reading are excluded from the analysis, the mortality
rate increases just to 4.3%.

Due to the very low number of lost tags, it is not
possible to perform a statistical analysis of the results
against the recorded parameters. On the other hand,
this is per se a result, proving the high reliability of the
system.

3.2 Transport of logs

The results for the transport test have to be consid-
ered as preliminary for the relatively reduced number
of logs. Nevertheless, due to particularly harsh condi-
tions, the results can be regarded as particularly en-
couraging. In fact, over the fully verified tags (visually
and electronically), none had suffered damage or was
removed. A part of the tags was visible under the pile,
but not reachable by means of the RFID reader. Two
tags had visibly suffered an impact during unloading.
Electronic check (by means of the RFID reader) was
possible just for one of these (single stapling), which
resulted unharmed and perfectly operating. It is thus
reasonable to add the tags (visually identified) among
the survived tags, since during all of the trials the
event of a tag still attached but made inoperative by
shocks never occurred, and it can be considered as
extremely unlikely in tags that do not even show sign
of impacts or scratches. In any case, even considering
this last tag as destroyed, the overall survival rate
would be above 98%.

4. Discussion

4.1 Extraction operations

Considering the factors evaluated and the direct
observations of the operators, it is possible to identify
the main cause of tag removal: the position of choker
with respect to the crosscut section, where the RFID
tag is applied. Of the 5 missing tags, 4 were placed on
the side opposite to the choker position. Furthermore,
all of the missing tags were lost in site 3, the most af-
fected by storm damage. This forced the operators to
set the chokers at the most accessible position, rather
than the most appropriate for the cable yarding extrac-
tion itself. As a result, over 31% of logs/trees were
hooked from the top or minor diameter end, opposite
to the RFID tag position. However, this factor alone
cannot explain the tag removal since in sites 1 and 2

Survival Test of RFID UHF Tags in Timber Harvesting Operations (165-174)

the hooking position opposite to tag placing occurred
in 19 and 17% of cases, respectively. When the tags are
lost, the choker setting position appears to combine
with other factors, the main being the specific layout
of the cable line. In fact, the extraction in Site 3 was
performed in downbhill direction, and the combination
of skyline height and terrain profile caused the hang-
ing trees/logs to brush violently and repeatedly against
the ground with the crosscut surface hosting the RFID
tags. This happened mostly at the landing, but also
occurred in other spots, according to the length of the
extracted trees/logs. This combination of factors (loads
hooked from the minor diameter or the crown and a
convex unloading area) can be regarded as quite un-
usual and particularly unfavorable to RFID survival.
Nevertheless, the survival rate for this specific site was
still above 90%, confirming the reliability of the tag
marking system.

The RFID tag model and the method of application
seem to have no influence on the final survival rate. In
fact 2, 2 and 1 were lost, respectively, of the types DW,
SS and DS. In this scenario, the method SS, represent-
ing the simplest UHF RFID tags and the fastest ap-
plication system, should be preferred.

4.2 Transport of logs

The test suggests that no difference can be found
in single or double stapling fixing of the tags, thus the
first should be preferred. This result is particularly
encouraging for the development of an automated
RFID tag application system to be installed on the tim-
ber processor. In fact, the possibility to fix the tag with
just a single staple simplifies greatly the design of the
machine.

By observing the operations, the loading phase
does not appear to be a dangerous operation for the
tag survival in the specific tested position, even if ac-
cidents, such as impact against other logs or the trailer
posts, do occasionally happen. On the contrary, in the
given case unloading seems to be a particularly chal-
lenging operation, since logs are landed by tilting the
trailer, thus sliding down the timber, which poten-
tially hits the ground with the radial face or the pile of
logs previously unloaded.

It is important to note that all along the logistics of
logs, the position of the tagged extreme cannot be cer-
tain. The RFID tag is necessarily applied to one ex-
treme of the log: during loading and unloading op-
erations this extreme can be positioned on the loading
cage of the trailer/forwarder/truck and on the pile in a
casual position. As a result, the tags will be partly fac-
ing one side of the arrangement and partly the oppo-
site side. This issue shall be taken into account when
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designing the following traceability systems for auto-
matic detection of UHF RFID tags in the load, and
particularly when planning the position of fixed an-
tennas for bulk reading.

5. Conclusions

The results of the test are very positive. The overall
survival rate of RFID tags in forest operations and tim-
ber logistics was close to 98%. Considering just the
cable yarding operations, the survival rate decreased
slightly to almost 97%. In the single cable yarding
operation, where RFID tag casualties were recorded,
the survival rate was 91%, while 100% of tags success-
fully arrived at the landing in the other two sites ob-
served.

Tractor transportation and timber piling led to no
detectable damage or losses to the RFID tags, never-
theless, due to the limits of the manual RFID reading
system used for this test, 28% of the tags could be
verified just visually, or the tagged area could not be
found at all in the piled timber, leaving a degree of
uncertainty. This would not happen in the fully mech-
anized reading system under development, since each
tag would be automatically red during extraction and
processing of the trees.

The study confirms that large RFID tag models,
with longer read range, can be used without incurring
a higher risk of information loss. Furthermore, a single
stapling position is enough to assure a stable grip on
the crosscut surface, simplifying the tagging opera-
tions in forest (manual) and in the subsequent auto-
mated processes.

It can be conclude that simple RFID tags fixed on
the trees with common aluminum staples can be re-
garded as a reliable tool for tracing or transmitting
information all along the extraction process of timber
from the forest to the landing and from there to the
end user. This system provides a powerful and rela-
tively inexpensive device for control and optimization
of forest operations and timber logistics and its ap-
plications should be further tested in different work
conditions and extraction systems.
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