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ABSTRACT

A large EU project — Indisputable key —started int@er 2006 and is focused on traceability in thedpction chain

from the forest to the end user. The objectivehisf project is to develop methodologies and adedntechnologies that
can improve the use of wood and optimize the figre@sbod production line through the chain of tramshations while

minimizing environmental impact. The magnitudehef problem, based on an estimation of the totatlpetion of sawn
wood in Europe 2002, is that approximately 25 miilin? of wood raw material is going to waste, worth ibilis of €.

A major reason is that important information redarg the raw material, the process or the final iselot available

throughout the process.

Making information available on-line, for procesteering as well as for process evaluation, at défif¢é stages along
the forestry-wood production chain requires auttim&raceability systems. The developed systemshwibased on the
Individual Associated Data (IAD) concept. The logsards and packages are individually marked witique numbers
and data added to a database, reachable throughvthele production chain. Each time a measurememhasle or

a decision is taken the data is added to the daebdhe log is marked in the harvesting process r@ad when
forwarding, when the logs are measured and whemsaWe boards are marked after sawing and readré@eg sorting as
well as after final sorting and at the end customBEor log marking especially the use of RFID tramsgers

is investigated, including applicator and readest®ym development. Readers are installed at sel@dieds in the sawmill
production chain so that the piece can be deteatetladditional information obtained in the processinected to it in the
database. Decision-making at different points (s@wipattern, selection of processing parameters gmdduct)

is based on all data gathered up to that point.

This paper describes the project in more deta#, lenefits expected and some preliminary resulisimodd.

INTRODUCTION

Today wood is treated as a bulk material, whilereality wood is an inhomogeneous biological
material having individual quality and propertyrditites, depending on geographical origin, growing
conditions, age etc. Also the wood material itselhhomogeneous; heartwood and sapwood, butt logs
and top logs, density, moisture content, all thiestors will have an influence on the final product
appearance, durability, strength etc. As a consemuef the lack of information about individual
property aspects, end products have to be graddégkifinal stages of the process to be able tafgati
customer demands. However, accurate data suchigis of logs, location in stem, treatments
at different stages of the production chain, arected in different process steps and are avalabl
during each step, but most of the data are lost iatthe process as illustrated in Figure 1.

The core problem is to, more or less automaticadlggjuire the required data, i.e. product and
production parameters for individual items, andkeep them throughout the production chain.
The basis for having the necessary parameters rad tdnen needed is to have data associated
with each specific item — log, board or package atadthat can be followed through all steps
of the production chain. The ultimate target isuabroken traceability chain from the tree in theeg

to the end user of the wooden product.

The main objective of the EU-project ‘Indisputalbley’ is to develop methodology and technology
needed for the implementation of traceability ire tforestry-wood chain. The project aims also
to demonstrate that the technology developed lepdtential to improve material utilization, to el
the optimal raw material for each product and tooiuce a more holistic approach to environmental
and economic issues. Not to forget the possibibtyise all data collected for an item for the local
optimisation of the procedure in each unit operabased on a global knowledge.
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Figure 1. In traditional production, valuable data are produced, used and then lost. Information is aated or
recreated where it is needed in different locationsn the forest, in the sawmill's different production processes and
at the end manufacturer or user. With traceability and IAD it is possible to retrieve and use all acauulated data
instead of only the data produced at each stage.

Table 1. Participants in Indisputable key.

Participant name Country ) .
SP Technical Research Institute of Sweden SE There_ are' 29 partners from five countries —
— ~ Estonia, Finland; France. Norway and Sweden
Association Forét Cellulose FR . . . . .
, — involved in the project. These are listed in
Royal Institute of Technology SE
: : Table 1.
Centre Technique du Bois et de I'’Ameublement FR . . . .
— The partner list includes both universities,
CIRIS Engineering FR . . .
) , , i research institutes, equipment developers,
IVL Swedish Environmental Research Institute SE . . .
T — o software suppliers and companies in the forest-
otthe Industr .
— :cl — wood-chain.
Technical Research Centre of Finlan F . . .
, SP Technical Research Institute of Sweden is
TietoEnator Forest & Energy Oy Fl . . .
p——— - the co-ordinating partner for the whole project.
' There are several wood related production units
\desco Oy i represented in the list, where demonstrations of
Tampere University of Technology A certain parts of traceability chains will be
Lappeenranta University of Technology Fl implemented. The main demonstration site is
Tallinn University of Technology EE the Malda Sawmill (SETRA Group) in the
Oskando OU EE northern part of Sweden. A part of their
AS Hekotek EE production is further used for window
Skog-Data AS NO manufacturing at Norsjofénster AB — also
Norwegian Forest Research Institute N a partner. Other sawmills participating
Norsk Treteknisk Institutt NO are Raunio sawmill in Finland and ESAS
Forestry Research Institute of Sweden SE sawmill in Norway.
Sveaskog Férvaltnings AB SE Not only softwood sawmills are involved as
Ducerf Scierie FR production units_: also an oak sawmill and.a
Raunion Saha Oy i plywood factory in France and a pole factory in
Eidskog-Stangeskovene AS NG Norway gre places for. traceability mstallatlons:
Scanpole AS NO The project started in October 2006 and is
Etablissements Pierre Mauchamp S.A. FR scheduled for three years. The total budget for
SETRA Group SE the project is about 12 million euros.
Norsjéfonster AB SE
Rolpin FR

88



15th — 17th October 2007, Warsaw, Poland
COST E 53 Conference - Quality Control for Wood &vidod Products

OBJECT IDENTIFICATION BY MARKING AND READING

The Individual Associated Data (IAD) concept regsirof course that the object to which date
is associated is marked in some way so that a ernsqupling between data and the object is create
and maintained throughout the production procdsis. équally important that the mark can be rea
later on in the chain so that new data can be addethe list of properties for that object
in the database. It is obvious that both the markand reading procedures should preferably b
as automatic as possible. There is a multitude afking methods used for very different purpose:
and different items — we are all familiar with sorokethem in every day life; bar codes, printed
numerical identifications, colour markings etc.

A special attention is in this project paid to Radirequency ldentification (RFID) transponders,
especially for marking of logs, i.e. from the fdrde the saw intake. Popularly described give:
an RFID transponder an “echo” when subjected teelaotro-magnetic pulse with a predeterminec
frequency. This echo is modulated according totthesponder identity, i.e. it gives a unique numbe
to the object to which the transponder is attacliednsponders are today available in many differer
forms — from the size of a short match to thin labeand the cheapest versions cost 10 — 20 euats ce
when produced in large amounts. The realizationeddp on the frequency used, which in turr
influences the reading distance.

Development of transponders suitable for softwoogs|(Nordic countries) is a very demanding
challenge. The harvester is using about 20 secqedstree for felling, delimbing and cutting,
and produces generally two to four logs (butt, reddnd top logs). In order not to decrease
the productivity, the application of a transpondbpould be finished in seconds. Further, as a lot ¢
transponders will end up at a pulp mill — eitheredily or with chips from the sawmill — no plastics
can be tolerated. In addition the harsh harvesteir@nment — rough handling, dirt, snow and ice -
will cause problems. It will be interesting to sH#®e result from the project in this respect.
For hardwoods the situation is quite different. 8ak sawmill in France is one of the industrial
partners in the project and oak trees are normadgvested manually (chainsaw) and forwarde
as a single long log to the mill. Due to the higidue of each oak log, a much more individual
procedure is found all the way and application tbasponder should be a relatively easy task.

If the transponder marking concept fails, there atlker options such as colour marking etc
An interesting method is to use nanoparticle ifiet £xposed to IR light will fluoresce in a wayttha
can be detected through a reasonably thick layseadr dirt.

Another challenge regarding marking is the transfehe log identity to the boards sawn from thg. lo
The same problem may occur when boards are dividénl smaller pieces in a secondary
manufacturing. In some cases the boards from tiveasa brought forward in a linear, unmixed way
and the transfer of identity is easy. In other sasaeards from several logs are mixed before markin
is possible and this requires some additional madion — as an example matching of log length an
board lengths, maybe complemented by some othameders like knot structure. In this project only
centre boards are included in the traceabilityesyst

Boards are preferably marked by printing a machieadable digital code or bar code, not by
a transponder as these probably are too expemsivexample is seen in Figure 2.
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Figure 2. Code marked board ends.

It is of course important that the code can beemtly and automatically read so that the objectlman
identified later on in the chain. In some specideas all codes need not to be read; a pile ofikgs
identified (truck driver in the forest) by identifig one or a few logs in the pile. A stickered kiln
package can be identified from a few boards evahdfpackage mark is missing. However, it has
to be accepted that some marks will not be readectly, and the corresponding objects will then
cause some problems in databases etc. On thelathdyr it should be mentioned that even if the mark
iIs not read correctly, there are some methods donsgruct the information. If a 10 digit numerical
code is used then there are’®lpossible combinations. But consider that only lasstiis used where
each combination differs from all other combinatom the subset, in at least three positions.
Then even if there is a reading error in one pasjtihe original combination can be determined aith
high probability, as there is only one combinationthe subset that differs in one position from
the combination read (error correcting code pril@iprhe most important thing in this case is it
numbers put in the database are correct. If a raadencertain of a number, that number will not be
stored.

BENEFITS WITH TRACEABILITY FROM THE FOREST AND WITH IN A SAWMILL

The public may conceive traceability as a poss$ibib check whether a wooden product origins from
a certified forest or not, and other similar issu#&s much more important benefit, however,
Is the possibility to use traceability for optimisa of production procedures, product quality
improvement, waste minimisation etc.

The traceability makes it possible to calibrate tieasurement systems used in the forest to the ones
used at the sawmill. As the logs are cut to lenigtlihe forest, and the wanted log lengths are
depending on log diameter and log quality, it i€essary that the harvester's measurement system
is correct and maintained. With feed-back built tvaceability it is a simple task to compare,
log by log, the measurements made in the forest thig¢ ones in the sawmill.

One problem for most sawmills is to measure thediagneter correct, as the measurement and sorting
is performed on logs where the bark is still onnfeosawmills debark the logs before sorting).
The interesting measure is the diameter under lzar#t,that is calculated from measurement above
bark using a bark function, which is empiricallyadgdished. By knowing the logs’ diameters when
sorting (above bark) and comparing them with thanditer in the saw intake (under bark),
it is possible to improve the bark functions bothhee log sorting station and in the harvester Wwhic
will make the sorting more efficient and improve tield.

When marking logs, either in the forest or at themill’s log sorting station, it is possible to cpare

log quality with the quality of the final board. éomparison could also be made between the green
sorter and the final grading. This makes it posstbl calibrate quality models to help grade and sor
the logs and the boards to better fit the finabjoieis.

Some features are more easily detected in greedri@a) condition than they are in dry.
That is the case with some knot types where resimpticates the definition of the knot's type angesi
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after drying. A tracing between green sorting aimdlfgrading, where each grading system look
for features visible best at that place improvesdberall grading.

One major board quality problem is twist, espegiadigarding studs for building purposes. It is well
known that the basic reason for twist is spirairgrae. the fibres in the log are not aligned cosbgdy

in the direction of the log but form a helix aroutite pith. As the shrinkage properties are quits
different in the fibre direction compared to tharnsverse direction, the grain angle will cause ttwis
when the board is dried. For many species — likeldg spruce Ricea abiey— the spiral grain angle
is highest close to the pith and decreases withatial distance from the pith. The boards moshero
to twist are thus those sawn close to the pith.

If the grain angle is measured then a rather gsionate of the twist development is obtained
In an industrial environment the grain angle camisasured using laser. If a circular laser beam |
pointed at a wooden surface, the light spot willdb@ngated in the direction of the fibres (tracheic
effect).

Figure 3. The tracheid effect is shown in the pictes, where the laser point is elongated into an gke, following the
fibre direction when lit on a wooden surface, to tk left of a board and to the right of a log.

The direction of the main axis of this ellipse da measured with camera technique. This makes
possible to determine on-line if a log will giveope to twist boards or not. The measurement can |
made on the surface of the (barked) log, which ttegrewith the log diameter (log class) gives
an estimate of the twist level. This log can thenulsed for products that are not sensitive to tasist
even directed to a pulp mill. A better estimatetlod twist level for the centre boards is obtainec
by measuring the grain angle on the surface obtbek from the first saw. These centre boards ma
then be characterized as prone to twist if a highingangle is found and this information is enterec
into the traceability system.

Later on in the production chain the boards pranevist are directed to kiln packages that areqiac
as the bottom package in the kiln stack. Boards &egight during drying will show a final twistJel
that is about half of the level found for boardsefrto move during the drying process. Almost al
centre boards will twist in the same direction. &h®n this fact an improvement is obtained if the
prone to twist boards are dried in a pre-twistesitpan, i.e. twisted in the opposite direction cargd

to the inherent direction. Measures of this kind ba implemented only if the appropriate informatio
is associated with the object in question andee#ble downstream.

The majority of customer complaints are directlyiratirectly related to product moisture content anc
thus to the drying process. Traceability can beludee investigations regarding the reasons for suc
complains. If for instance too high moisture contisnfound, the history of that consignment can b
analysed; dried in which type of kiln, kiln numbéocation in kiln, drying schedule used, time
between stickering and loading into kiln, respoleskiln operator, disturbances in boiler operaibe
This kind of information will help to find and catt an accidental production flaw or to initiate
new or improve existing procedures in the produrctibain.
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Within the sawmill it is also possible to pinpoikiins in need for repair, as if the boards dried
are more cracked or distorted than boards driedhar kilns.

Boards with different features need different dgyiprograms, and should be sorted accordingly;
for instance do inner and outer boards contairecgfit amount of heartwood, and should be dried with
different drying programs. This could be solvedhwé@ marker direct after the saw and a reader
in connection with the green sorting.

It is known to saw millers that some kinds of b@aade causing problems in the production. Therg are
though, some discrepancies about which boards MVith tracing of boards, from logs, it is easy
to find out which type of boards, and from whicpéyof logs they emanate. When the problem boards
are mapped, it is possible to see to that the tay®r enter the sawmill but are sorted out at dige |
sorting station. Problems might be caused, foramst, by twisted boards or boards with a large
amount of reaction wood.

Special products, that need special treatmentreorianed for certain customers, might be traced and
steered to the right process fit for that prod@he example is boards with long internode lengths.
These boards are scanned, knots and other defectsut off, and the remaining knot free pieces
are finger jointed for making window frames. If tlegths between knots are increased, the number
of cuts and joints are reduced and the yield israwgd, both for production and material. Logs with
long distance between knots, suitable for this pebdmight be traced all the way from the forest
and kept track of through the sawmill process towlindow maker. It is also possible for the window
factory to know exactly the yield improvement, daeghe “new” board quality.

The sawmill can keep thorough track of which foiestnost suitable for which product, based on the
final grading, and thereby direct felling crew aset time for felling based on collected empiricatad
from earlier volume and quality yield. The paymeanh be based on actual yield, as it is possible
to know exactly from which supplier each log andiabis bought.

Stock management and logistics can be much imprbyeefficient traceability of logs and packages
within the sawmill's gates. One important duty oawsills is searching for “lost” packages.
With an automatic package tracer, based on GPSnulas technology, every package movement
is recorded and each package’s position is knanwthe system. The fork lifts are directed to thghti
storage place to pick up the package, whose numlread automatically to confirm picking up, and
then the fork lift is directed to the right deliyeposition, be it a kiln, another temporary storage
or another process. By this system the storage bieh@re the dryer can be known and minimised, and
cracks kept to a minimum. It is also possible towrexactly how much timber is in stock, where jt is
at each process stage, as green packages, inytdrs,das dry packages and as packages ready éor sal
and shipping.

Each harvester and harvester operator has an mgel@tel based on inner and outer conditions, such
as training, forest type machine maintenance eith Yaceability system it is possible to locateend
training level is low or machine maintenance isdegk as well as it is possible to see if certaredts

are tougher to harvest than other, due to more darnwathe logs.

CONCLUSIONS

According to the agreed plans for this EU projetidisputable key — the strategic objective is

to improve competitiveness and resource efficieoicthe European wood industry by initiating and

stimulating an industrial breakthrough of traceiépibystems for biological raw materials in general

and for wood in particular. The project will spagifdevelop, introduce, evaluate and disseminate
a powerful distributed and collaborative networkeated system for improving the use of wood raw
material and production resources. The projectlt®sull make it possible to extend the knowledge

about the usability potential of wood for differgmtoducts, greatly beyond what is realistic today
with traditional production feed-back systems.

A webpage www.indisputablekey.comis established where more information can be found
and progress followed up on how successful thelliny of the strategic objectives will be, during
the two remaining years.
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