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Abstract— The traceability of products is an ever growing
demand of quality for many areas. In the manufacturing pro-
cess, traceability is required to follow-up all the production cy-
cle of the product. Consequently, product traceability can re-
sultin a great control of the production process, thus allows im-
proving control of production tools and reacting to their defi-
ciencies. For wood industries, implementation of current iden-
tification techniques is not easy, due to the extremely variable
nature of the wood and the particular features of the manufac-
turing process. In this article, we implement a traceability tool
within a manufacturing process using the intrinsic character-
istics of the wood product. The goal is to achieve an individual
identification of products. We use a microwave sensor to ob-
tain a unique signature of the product and then we develop its
identification. Thus, the identification process on the basis of a
numerical product signature can be considered as a discrimi-
nation problem as for the nearest neighbor method. We evalu-
ate the error rate of identification by a Monte Carlo simulation
of the process. This work shows the high potential of devel-
oping an identification system based on the use of the intrinsic
characteristics of product.

Key Words—wood product, automatic identification, trace-
ability, k-nearest neighbors

I. INTRODUCTION

ability. However, the lively nature of wood and the type of
manufacturing processes met does not allow an easy use of
labeling techniques of each product, except in some specific
production steps with an often important cost.

In this article, we are interested in the feasibility of a
traceability tool. It consists in the identification of a wood
product inside a manufacturing process, using its internal
characteristics. The goal is an individual identification to-
wards an increase of performances of the production system.

In a first part, we describe the concept of the wood signa-
ture, by highlighting that the heterogeneous nature of wood
can be finally turned to our advantage in an identification
goal. Then we present the potential integration of the sys-
tem in the manufacturing process.

In a second part, the measurement system is specified.
We develop the choice and the description of a microwave
sensor, and also the methodology to perform the identifica-
tion.

Finally, we expose the experimentation on a specific step
of the manufacturing process. We conclude on the perfor-
mances obtained and the future works.

Il. W OOD AND ITS SIGNATURE

The traceability of products is a demand of quality that
has increased, notably in sanitary and food areas. Gener- Wood is a heterogeneous and anisotropic material. It has
ally, in the production process, this demand of traceabilityan important variability in its structure that industries take
is required to trace back the production cycle of a producinto account for its transformation. Precisely, it's observed
or to finely lead the production policy into enterprises by athe presence of features such as the knots, pitch pockets and
sharp management. The traceability of products brings toross grain. Each product presents all or some of these vari-
the mastery of the production process and therefore to a bestions and has its own variations even if it comes from the

capacity of controlling and reacting on production tools.

same log [2]. These variations come from growth conditions

Many technical solutions have been achieved to realizef the tree and also from sawing conditions of logs.
this traceability. We know about sticky labels and bars codes We make the assumption that each wood product presents
that allow a good identification of products and their trace-ts own characteristics that differentiate it from others [3].
ability, when the information system of the enterprise is cor-These characteristics can be used as a signature. The interest
rectly defined and maintained. But, this technique inducesf this approach is that the product identity is not lost since
the use of "consumable” whose cost can become importarthe means to identify it are embedded within. That is not the
according to the type of manufacturing process and prodease with identification systems like bar codes or electronic
ucts. This solution stays grandly appreciated in the foodags. Moreover, the addition of consumable on the product is

area.

not compatible with some manufacturing steps like planing,

In the manufacturing production area, we find electronianoulding or wood impregnation process.
tags whose decreasing costs render them more interesting, Our approach can be compared to the solutions presented
even if it remains costly. Nevertheless, possibilities conin ([4],[5]) in biometrics applications. There exist few ref-
sidered by Chaxel in [1] shows that possibilities are moreerences on this field applied to the wood products. The only

important thanks to their capacity of data storage.

reference for wood products is Chiorescu [6] where the iden-

The wood industry does not escape the demand of tracéification is based on a measurement system of the external



2 log B. Identification process
B The identification system will be placed at the input and

the output of each step of the process breaking the FIFO
@ (First-In First-Out) sequence. The product signature mea-
sured in the output of the process at each step will be com-
pared to products signatures already entered in the produc-

b) slicewood

———— o1p tion tool.
o dHodk When the wood transformation is only superficial like in
e the sanding process and in the stocking, the input and output
C_ 1 ¢)end jointing lumber signatures are directly projected in the same referential in
8 ==—=—== 1) glued-thin strips carrelets order to be compared for identification of the product.
s === g moulding squares When the transformation is deeper as in the moulding
I process with a reduction of thickness and/or change of shape
i fi B)fixed sash window of the product, the input signature is projected in the referen-
—\ [ tial of the output, by modeling the transformation made by

the process. Fig. 2 shows the architecture chosen to accom-
Fig. 1. Divergent and convergent flow production plish the production follow-up by products identification in
the manufacturing process.

envelope of the logs. V. | DENTIFICATION SYSTEM

. . . . . Many kinds of sensors have been used in wood manu-
The study of the identification system is carried out in . :
facturing processes that cover the scale of electromagnetic

the fram-ework of th.e improvement qf manufacture follow- wavelengths ([7], [8], [2]). Our concept is based on the mea-
up for windows business. The goal is to be able to managseurement of internal properties of products obtained by non
the manufacture cycle of a window by knowing the totality prop P y

. . e destructive techniques in transmission mode fikeys, X-
of its components, thanks to an identification process. .
rays, microwaves or ultrasound. However, the cost and the

complexity of the implementation of the two first techniques
are damning factors.

Wood transformation processes are particular because The microwave technique is employed in our laboratory
they present a divergent flow of materials, then a convergerfince a few years. The initial application is the detection
one (Fig. 1). Moreover, no predefine order of appearance isf knots and the estimation of the mechanical properties of
met in the first steps of the production process because th@ood products [10]. Itis naturally the sensor which supports
operator chooses subjectively the material according to sizeur concept. The ultrasound technique is also appropriate
criteria, quality and equipment. The initial decision does notand constitute a future way of research.
take in account the final product, unless a follow-up system The acquisition of the signature is obtained on a test bed
is implemented. The identification at each production step ias shown on Fig. 3. The microwave sensor is composed of
then an efficient means to the realization of this follow-up. an emitting part {0 GHz frequency,100 mW power) and

The complete follow-up of products will help in the im- 16 aligned receivers. The product circulates between the
provement of the performances of the process that is netransmitter and receivers. The signature is digitized to be
essary in the traceability context. The implementation ofprocessed on a computer. Two photoelectric cells allow the
identification technology is not easy due to the convergendietection of the product and its length is known thanks to
and divergent character of the product flow, the diversity othe addition of an encoder. The lengthways resolution of the
products and the usual loss of the FIFO order. sampling has been fixed fomm.

Windows manufacturing consists in the transformation of Microwaves interact with the material according to its di-
semi-finish products like moulding carrelets to the fixed saslelectric properties [11]. The humidity, the temperature, the
and leaf of windows according to the process described bgsositioning and even vibrations are going to modify the sig-
low. nature signal of the product received by sensors. Some of

The production is launched on the basis of a client orthese factors will be able to be limited and others will have
der that defined the type of windows desired in dimensionto be taken into account. Moreover, relative dimensional
species, tint and hardware. Moulding carrelets are taken imodifications to the manufacturing process will have to be
stocks according to their section and lengths and are trantaken in account for an effective identification to each stage
formed into manufacturing stages. The identification allowsof the process.
knowing the client specifications. The magnitude of the signal (Fig. 4) is a numerical value

A. Manufacturing process



X oo Work-in- . Finished
Fined Sazh Soming Wodem- | Fnition | settinger -
Stock process stock [process sock hardrre products M

stock

pACEERES) hleazure

Local DB of
signafures

Local DB of
zignatures

DEB: DataBase

Fig. 2. Instance of manufacturing process and its follow-up architecture

Microwawe emitter
Photoelectric cdls : (10 GHz, 100 mW)
Product

Conveyor belt system
icrowave receiver
) o

)

Direction of transfer

| Encoder

—_——

= . ‘ Fig. 5. Acquisition path centered on the piece

Acquisifion system |
Signature of product

B. Identification

The identification by a signature of characteristics of an
individual or an object is a classic pattern recognition prob-
lem ([12],[13],[14]). The identification process consists in

Edge effect the association of a signature of characteristics whose iden-
/ \ tity is unknown, linked to a set of characteristic values, to
a reference identity. The identification process exploits the
bijective function between attribute values and identities by
the reconciliation of object attribute values with unknown
identity to those of attributes of reference objects.

If we possess only one signature of reference per object,
each signature is the unique prototype of the class of iden-
B eginning Piece length End tity. We are then in a discrimination context like one nearest
neighbor.

This method is well known in pattern recognition prob-
lems. The performances of the identification process are
contextual since it depends on the kind of signatures avail-
characterising the power of the wave received after its pagble, and also on the choice of attributes [15]. This choice
sage through the product. Fluctuations in the beginning an@epends on available measurement systems, modifications
the end of a measurement correspond to edge effects due@battribute values consecutively to a products transforma-

Fig. 3. Microwave test bed

Magnitude

Knots presence

Fig. 4. Example of a rough microwave signal

changes of air-wood medium. tion and technical or economical constraints (production
For economical reasons, the study has been conducted &€, computing time, cost of the sensor ....).
the use of only one receiver among th& The receiver is Manufacture follow-up by individual products identifica-

placed in central position as shown on Fig. 5. Indeed, th&ion will be efficient if one defines invariant attributes to en-
same area of wood has to be analyzed in input and output puntered transformations. Unfortunately, there is no clear
a production step with the same receiver even if the produdtlle for this definition.

has been turned. As we have specified it in the previous paragraph, the
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choice of a microwave sensor is natural in the wood manu-
facturing area and presents the interest to show deep char & 1Y

acteristics of the product. Transformations of surface have ‘,\ ,f‘/ \\/\N\ Y
LA {\ B
Y

a less significant effect on measures obtained by microwave ., | !

transmission through the product. But, deep transformations% !

will ask specific studies. = 10 ‘_j-; A —
From measures taken on products to form signatures, two )\ G [f. "\! \_/A‘/' g

approaches can be used. The first approach consists of th " VU / U Y

extraction of numerical characteristics from measured sig- I

1000

natures [16]. One finds usually descriptions of signals (av- 50 100 essure pornumoer 280 300

erage, standard deviation, slope ...) or characteristics of

physical structure (number of knots, length ...). This stangig 7. Measurement of a signature of warped product by its op-

dard approach has the advantage to reduce the quantity of posed faces

information and concerns problems where the number of

products is important. This is not our case. In addition, char-

acteristics have to be invariants to transformations operatec —

on products and the information filtering that they realize on I —° ‘

signals does not have to create more ambiguity. The sec- M ) P\ A
¥

ond approach consists in using the numerical signal directly A =
obtained by the microwave sensor as characteristics. Ther(% | ;
is no filtering of information but an important mass of data. = n ¥ \ 1 V'(N vy\v
This is not a problem here since the production stocks con- 2 Hf—y
tain a limited number of products. :

Finally, some signal transformations can be used \
(Fourier, Hadamard, wavelets ...) to provide a more appro- % 700 150 700 750 300
priate representation thanks to invariance properties (shift, Hhasurepemnmbet

rotation, scale .. .).
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Fig. 8. Corrected signals
V. EXPERIMENTATION AND RESULTS
Experimentation has begun with the digitization &if

boards of Pinus sylvestris with the following dimension
25 x 110 x 1500 mm. The feasibility of identification can be

Sproximately through the same part of the board. The sec-
ond reason concerns the orientation of the internal structure

demonstrated with a time transformation that is a stockiné’]c the product as regards to the transmission axis. So, we

process and some variations in board orientations. As defincl:(jﬁn mﬁke couple ,Of sgnalsi W|t_r|]hor|entat|ons (A-fC) and (E"
before, the goal of identification is then to find the identity ) without reversing signals. ere are some factors that

of an output signature from the input signatures database. induce variations in signals appearance. The signal recep-

tion level depends on the distances between the receiver and

A. Signals the board and between the board and the receiver. More-
S . over, warped pieces cause an important variability in mea-
Considering the length of products and the longitudi-g o5 near board edges. Fig. 7 shows this variability on a

na! resolution, each product S|gnat_qre is constitute8l16f warped product measured on its opposite faces (A-C).
points of measure. The repeatability of the measurement

system depends both on the microwave sensor and the con- We note that the general curvature of a warp board is ob-
veyor belt system. For the first, the reliability has beenservable on signals and is different according to the face ob-
shown from the first applications of this system [17]. Forserved. This curvature is not a significant characteristic of a
the second, we are going to see that it has its importandgoard and should be removed by a signal processing treat-
according to the measure, as stocking steps do not assurerteent. A first low-pass filter allows eliminating the inherent
measure the product on the same face and the same orientaeasure noise of the microwave sensor. A second process-
tion (Fig. 6a). We have four possible signals for a producing consists of subtracting the general curvature estimation
as shown on Fig. 6b where all signals have been turned to lif the measurement signal in the least square sense by a
put in correspondence. polynomial of degre&. This degree has been heuristically
As the microwave measurement works by transmissiochosen from the general curvature observation of signals
- projection, signals of measure are close to each other fanet in the database. After correction, signals are straight-
two reasons. The first reason is the positioning of the sens@ned and centered dras shown on Fig. 8. We can see that
at the middle of the board. In this case, even if the boargignals measured on faces A and C become closer but stay a
turns to another orientation, the microwave flux goes aplittle bit different. So, it may produce identification error.
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B. Discrimination !

. . . 0.9
Corrected signals are used as characteristic signatures

The discrimination in the nearest neighbor sense is used by
computing a distance between the different signatures rep-
resented by a point in a space with0 dimensions corre-
sponding to the number of measure points. In many works os
on pattern recognition, general Euclidean distance is used 50 0 estre soint number =0 e
The following equations define two kinds of computation:

0.8

Weighting coefficient value

Fig. 9. Curve of weighting coefficients

310
dyy = (Z (zi —yi) M (z; — yz)> ()
=t guity degree in Bayesian decision rule [18] and allows us to

310 evaluate the risk of confusion in the decision taken.

oy = > |(x: = yi) M| @)
=1 . .
. . D. Simulations
wherez is the unknown signature angda known one
among those of reference; is thei*" characteristic o, v; To experiment the feasibility of individual product iden-
thei*" of y and M is a weighting matrix. tification, we have collected signals abdit boards on a

According to the value of\/, relation (1) takes differ- stocking process. In order to test the feasibility of individual
ent names. The identity matrix defines the Euclidean disproduct identification, we worked with th&l boards dig-
tance, the inverse of the variance-covariance matrix defingtized with the orientations A and C. Different simulations
the Mahalanobis distance and a heuristic choice in the dihave been made according to:
agonal values conducts to the pondered Euclidean distance.. the orientation of the unknown signature and the orien-
Another way to compute the distance betweeandy is tations contained in the reference database,
the general Manhattan distance also called the city block « the definition of the nearest neighbor space.
distance defines by relation (2). We have tested these two Through these simulations, the performance of the iden-
weighted forms in order to ponder the distance in the edge&gication is evaluated. An error rate is computed at the end
of the measurement signals. The values have been chosgfeach simulation. It is the ratio between the number of

in relation with our confidence in the measurement procesgcorrect identifications and the total number of identifica-
in these parts of the board. The weighting coefficients arggns.

defined according to the curve shown on Fig. 9. Our first simulation consist in characterizing each sig-

nal by its average, standard deviation, slope, minimum and
maximum value and the number of knots. All combinations
In the nearest neighbor method, the identity attache@f characteristics have been tested and the best error rate is
to the less distanced signature is the most probable idemboutd.5% when testing signatures in way A only. The er-
tity. After sorting by increasing distances between the eachor rate grows t@1% when identifying signatures in way C
known signature and the unknown one, it's possible to evaland a database of signatures in way A.
uate a confusion degree by computing the ratio of the two A second simulation has been done with the nearest
smallest distances. This ratio allows us to know if the deneighbor applied to the Fourier Transform of each signal.
cision making to the nearest neighbor is done with a greatVhen comparing signatures in way A to them, the error rate
risk of error. This confusion degree is the well known ambi-is about30%.

C. Confusion coefficient



characteristics of the product that we consider as a signature
of its identity. The identification process is the well known
nearest neighbor method and shows an acceptable perfor-
mance for the problem of traceability in wood manufactur-
ing industry.

The application on the stage of non-FIFO stocking has
been chosen for its usual presence in production process.
The product has been considered according to different ori-
entation as in the some real process. Nevertheless, we have

- a
LN

Number of points
g0 O

[
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B i 0.8
confusion degree

to continue the work by taking into account the product
Fig. 10. Histogram of confusion in decision making, Manhattantransformations.
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Fig. 11. Histogram of confusion in decision making, Euclidean[6]
distances

The last simulation consists in using directly signals ofl7]
measured points. The identification of signature in way A
with themselves has been tested because it naturally con-
ducts to0% of error rate. The error rate has been evaluatedsl
with signatures in way A as references and signatures in way
C as unknown signatures. It represents the most unfavorable
case in this part of the process. By using the Manhattan dig9]
tance, we have obtained an error rate close.’§ and a
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