769. Wood products automatic identification based o
fingerprint method

Ahti Példer, Mart Juurma, Mart Tamre
Tallinn University of Technology (TUT), Dept. of Mbatronics, Ehitajate tee 5, Estonia
E-mail: ahti.polder @ttu.ee

(Received 10 September 2011; accepted 14 May 2012)

Abstract. This paper introduces utilization of improved fingént method based on wood
surface visual parameters for increasing wooderymis identifiability for instance in wood
industry and especially for automation lines.

Usually the traceability of the objects in the potlon chain is achieved by using
identification code based systems, for examplealisndes, which are marked in one position
and are read by a machine vision system in angtbeition. In many cases the possible
maximum readability can be quite hard to achieve wumarking problems or code background
visual problems.

In wood industry traceability case it is possiteeikploit the fact that wood is a biological
material and therefore its surface is quite vaatéach code background is unique. The
parameters describing the wood branches, graiome sother specific features can be used for
matching for example the saw material in differendbduction line positions. Presuming the
conditions for the vision system in the consecupesitions are similar and no processing is
applied to the traceable objects between thosdigus; then it is possible to match most of the
objects and therefore increase automatic tracéaldlnd identification of the products in
different positions of the production chain.

Keywords: identification, traceability, production automatjomachine vision, fingerprint
method, wood products, saw material.

Introduction

Monitoring of products and materials, tracing, iesiion and respective control of the
production processes gains increasing importancéodiay’s production where the energy
efficiency and reducing carbon footprint is of manportance alongside quality of the products.
At consumer goods production and even for instanametal working industry the principles
are well adapted. In renewable materials indusky Wwood industry the principles are only
gaining attention recently. Considering the wooddpiction sector the target to implement the
abovementioned principles is to investigate thentjtative measures of performance of the
wood supply chain and quantification of the potangffects on the performance. Products and
materials automatic or semi-automatic traceabdhguld support finding tools and methods for
holistic supply chain management, optimization ardle-off analysis by combining product
quality and process economy with environmental ichdeom life cycle perspective, which
could provide a new dimension to decision suppgstesns in the industry and would avoid sub-
optimization due to its holistic nature [1].

With this kind of traceability system the inforn@tiloss can be avoided and decisions can
be made according to knowledge, not only by expegeIn order to gain information, a data
acquisition infrastructure is needed and the dedmised has to be sensibly selected according to
the business needs.

One important part of the wood supply chain is @sglthe traceability of saw material. The
saw material is marked with Data Matrix ECC200 bdeessince it has good error correction and
redundancy and the information density is much éighan traditional bar codes. The marked
codes were read automatically in following prodogtchain positions by vision system.
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From the sawmill test runs it appeared that itasdhto achieve high code readability on
automated lines and therefore material traceabityer 95 % due to different problems
regarding to material surface and marking quasitynachievable.

Since wood is a material characterized by an unpgitern of the surface the readability can
be improved by implementing a specific technologjlizing additionally the fingerprint
method, which is easy to automate in machine visioth which describes the objects specific
parameters in parallel to reading the marked cotliés approach is not as straightforward as
identification code based system, but it can bed use a supplementation for this system.
Fingerprint method is used in several differendevhere biometrics can be used [2, 3].

In our paper [4] the board end surface histogram uged as a unique parameter. It appeared
that histogram is quite sensitive to condition e brightness changes, board end size,
defocusing and rotation. Lots of visually quitefelient board ends had similar histograms and
that resulted in mismatches. One downside of hiataguse is that the information gained has
no position specific information, meaning that twdferent board ends can have similar
histogram. Therefore the histogram based fingerpniethod is in some respects acceptable but
needs to be improved.

Board endx andy direction luminance linear averages

One way to improve the histogram based approati mseasure luminance linear averages
of the board end. Linear averages on x and y axéctibn are the arrays of mean luminance
values of each pixel line in the image region ¢éiast (ROI). The positions of different objects
on the board end like code or branches are reflectethe directional averages making this
method more unique than histogram only. To usectimeal averages for matching the board in
different positions it is necessary to ensure that board end is aligned horizontally. The
algorithm was developed in LabView Professional &@epment System.

The measuring algorithm consists of image loadb@ard end finding and rotating. After
that the linear averages, inandy direction, are calculated of the rectangular REIg(1.).
From the averages plots it is possible to aim tleation of the code. The application measures
each image and no comparison takes place in thiseph

Fig. 1. Y axis averages (vertical plot) ardixis averages (horizontal plot)

The comparisons of measured parameters are mabi \@itother algorithm where linear
correlation is used for comparing tkendy axis averages and histograms [5, 6]. In the curren
case, when comparing two images of the same boaddfrem the different positions (or
modifications), the correlation approaches to Since linear correlation coefficient is
independent of both origin and scale of the samplessnot necessary to rescale the measured
values. That means a small unified change in lghtloes not have effect on the comparison
results.

To find the match of a certain board from one dsample it is necessary to find the
correlation between that sample and all the sanfpdes another data set where the data from
images of the different position (modification) iBhe highest of the resulting correlations is
probably the match if the conditions are acceptalplé the conditions in reading positions are
similar.
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Correlations between images acquired in single pdgin

To evaluate if it is possible to match the imagebéatween the different reading positions it
is first necessary to estimate in what range theetations between unmatching images are. For
that two test were made where images from oneipositere compared with each other.

In the first test 500 images of marked board eadguired from saw line, were measured
and correlations between all the measurement seswdtre calculated (124750). The results
show that thec axis linear averages correlation coefficientsdistributed around 0.5. None of
the correlation coefficients are in interval rarfgem 0.95 to 1 (highest correlation is 0.94)
indicating thatx axis linear averages are potentially good candiétat fingerprint matching. In
they axis case the coefficients are distributed ardwedand 355 coefficients (about 0.3 %) are
in range from 0.95 to 1. The averagex@ixis are calculated around 3 times smaller amotint
data thery axis meaning that y axis averages are not thaitsento small differences on the
board ends.

In the histogram case the number of correlatiorffimdents that fall into the range is over
8000 (about 6 %). That indicates that lots of lyjsdons are similar to each other. That again
indicates that the histogram is not very good patamfor comparison. Still, histogram can be
used for pre-checking or for supporting some offaameter.

By multiplying x andy axis linear averages correlations we can desdridik axes at the
same time. In this case histogram peak is arouted005 and no close matches exist, hon of the
multiplied correlation coefficients fall in the rgm from 0.9 to 1 (highest is 0.874). Therefore
this parameter seems to be a very good candidateh& comparison. When multiplying
multiplied correlation ofx and y axis with histograms correlation then the corietat
distribution histogram is even narrower, indicatthgt this parameter can probably give better
differences in between matching images and othag@s correlation.

In the next test same sequence were followed onirB88es of board ends without marked
code (39621 comparisons). The results were simidaprevious test indicating that same
approach can be used with the unmarked boards. Kraxis linear averages none of the
coefficients fall in the range from 0.95 to 1, frgntinear averages 111 ones fall in that range
(again about 0.3 %). In histogram case the cormipg values are 2283 and about 6 %. On
multiplied x andy averages correlation distribution none of the galtalls in the range of 0.85
to 1 (maximum correlation coefficient is 0.8417)dawhen multiplying that value with
histograms correlation coefficient the values ifaéven narrower set of bins.

Based on those tests results it is possible tonagtiin what range the correlation values of
one position most frequently fall and that thersasne space (in the range from 0.9 to 1) for
matching the images.

Correlations between original and modified images

To evaluate how the changes on the board ends ehhagorrelation between the original
images and modified images (or images from diffepasition) one random image was selected
from the both image groups and several modificatimere generated from it. The image size
was decreased and increased by 5 % to 15 %. Intdgjetriess was decreased and increased.
Also the dot was painted on the board end and athan case left half of the image was
darkened; those images were used to test how thegel in the image structure affect the
correlation coefficient.

Similar test were run as described before and lingarages and histograms of images were
measured. Then all the modified images measurednmers correlation coefficients with
original image parameter were calculated.

In general the images which brightness is changak tighest multiplied correlation,
depending on amount of change, when images withgdthsize. For example when looking the
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images with marked code, images with changed brag# of 1 level gave the highest multiplied
correlation coefficient 0.998, change of 2 levedsgy 0.996 and change of 3 levels was lower.
Same trend responds to images without marked cbiikt. means the slight change in image
brightness has minimal effect on matching resilkés only applies when the images brightness
is changed evenly on the whole board end. Wherhéifof the board end is darkened the
multiplied correlation is lower (no codes: -0.0Xdawith codes: 0.697) because the correlation
is nonlinear.

Changes in the image sizes gave worse resultsh©marked boards it results multiplied
correlation values in between 0.211 to 0.512. énadhse of unmarked boards it had not so strong
effect (0.685 to 0.949). When there is no codehenbioard ends andy linear averages are more
likely within a smaller range and when the datawsize changes (board end size changes) the
trend remains and correlation is still quite hig¥then there are some strong changes in linear
averages values (in a case of marked code), thgehia the array size has much stronger effect
on the correlation.

In the case of images with added dot or half imdgekened, the multiplied correlation
dropped with images without codX¥.andy averages of images with code had already some
strong value changes and therefore an additionahgd does not have so strong effect in
correlation (added dot: 0.581 and half darkeneg®7).

Therefore the correlation coefficients when comparthe image with the modified image
fall in the range mainly above 0.8. Thereby if itmages from a real processing line have similar
changes it is possible to match them.

Interpolating comparable data

To improve the correlation between the original amatlified image the effect of the image
size has to be decreased. One way to improve magtcesults is to interpolate the measurement
data before finding correlation coefficients. Sittlse data sets only needs to be comparable and
are used for comparison the linear interpolatiomfva used. The smaller array is interpolated so
that it has the same number of elements as majay and the first and last element value
remains the same. When the differences betweeneisnegnfine only in changes of the board
end size on the image, the shapes of both arrayal@ost identical [5, 6].

On the figure (Fig. 2.) the thin graph indicates thsized images data array (left) which is
smaller. On the right the smaller array is integp@ll and it is has same amount of data points
and it is easily comparable with the other one.

Y axis linear averages Y axis linear averages
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Fig. 2.Y axis linear averages of two images with code,iaigleft) and interpolated (right)

After implementing interpolation the same tests eveun (one random image from both
volumes of images, 13 modifications). It appeareat the interpolation had strong positive
effect on correlation between the original image # modifications. Most of modifications
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had correlation coefficient with original image ov@.9. Modifications with added dot and
partial darken images were exceptional (since asiag of those images were identical only the
representation of pixels were changed) and bagicdidl not change. Image with code
modification which was brightest had correlatiomglsily below 0.9. With correct reading
system setup this drastic brightness change isalnféose results are only a good base for
following tests and learning how different setups @ffect the results since the images were
manipulated.

Final test

Finally two comparison tests were made. In the fiest 13 modified images of an image
with no code were added to the group of 282 ancetaifons between images were found. The
highest multiplied correlation between images dfedént board ends was 0.83. The value of
next multiplied correlation was 0.93. This andthi higher coefficients belonged to randomly
selected image and its modifications. Some of tireetation coefficients in between the image
modifications fall below 0.4 but in those casesdbmparisons were made between images with
half darkened or added dot. Therefore in from thss it is quite easy to match the images of the
same board end.

In the second test same approach were used witkethamages. On figure (Fig. 3.) left
histogram indicates results without modified imagesl right histogram shows results with
modified images. In this case the matches betwleerotiginal and its modifications are more
widely distributed; all values above 0.86 belong nandomly selected image and its
modifications. The highest correlation between pti@ matching images is 0.85.

X*y averages correlation distribution, X*y averages correlation distribution, mod
interpolated img added
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Fig. 3. Distribution of multiplied correlations withoutefit) and with (right) modified images

Therefore it is possible to match the images ofréband modifications if the number of
comparable objects is small. In real applicatioat ttan be much more complicated since the
number of images are probably larger and the diffees in between comparable positions can
vary more. In described tests the comparable imagge modified manually and the actual
differences in between the positions can be monepbex.

Problems regarding to linear averages fingerprint nethod

Since reliability and readability (false matchee groblematic) of described approach can
vary and probably decrease proportionally to ineeeaf comparable boards it can be used for
matching relatively small amount of boards or asupport for the identification code based
system for matching the boards which identificattode was not readable.

It is necessary to link this system with code duadivaluation system. By doing that is
possible to evaluate if it is necessary to meath@g, y linear averages. For example if the code
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was read in first position and the board end gu#ditgood then the probability that this code is
read in the following positions is higher than inase when the quality parameters are low.

Other sorts of problems arise when something is\@bd on the board end. For example
some additional dirt is applied or existing icanslted or some process (like kiln) has affected
the visual properties of board end. In this casecileed method probably does not give
correlation good enough to make reliable matchessamething more complex have to be used.

Therefore if the reading/measuring positions areremtly setup and the amount of
comparable objects is small the probability of eotrmatches is high. On the other hand it is not
tested on real production line and therefore cdrbaalaimed.

Conclusion

The main scope of this paper is to give a proafasfcept to simple fingerprint method based
on linear averages for increasing the readabifitthe codes marked on the board ends which is
an essential problem for wood production automalites.

Several tests were run using images acquired fl@nréal production line. Some random
images were selected and modified by image maripualasoftware to simulate the possible
changes on the images between different produditienpositions. In the real production line
case this approach can have some drawbacks anefdieerit needs to be tested in real
production environment. In future a check methotl mé added to the system to eliminate the
possibility that in a high correlation case theealt§ are actually not matching.

The histogram based comparison together with samaedbvisual quality parameters can be
used as a preliminary control, if they indicate passible match then the linear averages are
compared for verification. Therefore it is possilbdeclassify the measured data and increase
processing speed.
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