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Key message 

The TreeTrace_Douglas database includes images and measurements at several stages of the processing of Douglas 
fir logs, from sawmill logyard to machine grading and destructive testing of boards, and is suitable for research on 
quality assessment and traceability. A total of 52 long logs, 156 short logs, 208 wood discs, and 346 boards were 
analyzed. The image data includes RGB images of log ends and board ends, RGB images and CT slices of strips, and 
a set of images of the boards (RGB, laser, and X-rays) obtained with an industrial board grading machine. The meas‑
urements include wood density, growth ring widths, pith and board location in the logs, heartwood and sapwood 
areas, mechanical properties of each board obtained by vibratory and static testing, and visual grading of the boards. 
Dataset is available at https://​doi.​org/​10.​15454/​YUNEGL and associated metadata are available at https://​metad​ata-​
afs.​nancy.​inra.​fr/​geone​twork/​srv/​fre/​catal​og.​searc​h#/​metad​ata/​d9eef​6e4-​f195-​41f4-​b6c2-​2ab46​adc63​7e.

Keywords:  Image analysis, RGB images, Computed tomography, Wood density, Sapwood, Growth ring width, 
Mechanical properties, Lumber grading, Strength grading
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1 � Background
The TreeTrace_Douglas database mainly provides RGB 
images, X-ray images, and wood quality measurements of 
logs, discs and boards, at several steps of the processing 
of Douglas fir logs, from the forest to the sawmill logyard, 
and from the sawmill logyard to the machine grading 
and destructive testing of boards. An effort was made to 
provide images of untreated log-ends (i.e., freshly sawn 
without any further preparation like sanding). The data 

were collected in the framework of the TreeTrace project 
(ANR-17-CE10-0016).

Increasing the use of wood requires improving the 
organisation and competitiveness of the forest-wood 
chain and developing a circular bioeconomy (European 
Commission 2017). There is a challenge to better charac-
terize and trace the wood all along the chain. With the 
increasing amount of imaging devices installed at saw-
mills, the opportunity of using these data for optimizing 
the use of wood material and for increasing revenues in 
the wood processing industries is growing.

The database was created for three purposes:

•	 Wood traceability along the forest-wood chain on 
the basis of intrinsic characteristics of logs or boards 
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(biometric methods like for fingerprint or iris recog-
nition) by image processing of cross-sections only.

•	 Extraction of wood quality characteristics by pro-
cessing images of cross-sections, applicable in the 
forest, on a log sorting platform or at the sawmill.

•	 Development of strength grading algorithms such as 
that of Viguier et al. (2017), Olsson et al. (2018), and 
Rais et al. (2021) since the dataset includes the main 
measurements made by current industrial board 
grading machines: RGB images, fiber orientation 
data, X-ray local density maps, and vibratory testing. 
The location of the boards in the log can also be used 
in models like that of Lukacevic et al. (2019) and Hu 
et al. (2018).

The characterization and traceability of logs between 
the forest and industry are major issues today because 
they aim to guarantee the origin of wood, fight against 
illegal logging, contribute to maintaining a local and 
sustainable resource for the industries present, and 
optimize the flow of material and the transforma-
tion of this resource by taking better account of its 
characteristics.

In the literature, very few references propose algo-
rithms for image processing of untreated log-ends. 
Some algorithms exist for images of sanded and pol-
ished cross-sections in the context of dendrochronology 
but these algorithms are not suitable to process images 
of rough cross-sections. A first pre-processing of 
untreated log-end images is to segment the wood cross-
section in the entire image. The method proposed by 
Schraml and Uhl (2014) to segment wood cross-sections 
of spruce is a similarity-based region growing algorithm 
and requires pith location (Schraml and Uhl 2013). The 
final objective of the authors was then to trace logs from 
the forest to the sawmill (Schraml et  al. 2015). More 
recently, neural networks were used to perform this task 

(Wimmer et  al. 2021). Another application in the field 
of wood quality is to discriminate heartwood and sap-
wood in cross-sections. Raatevaara et  al. (2020) devel-
oped a method based on region growing techniques 
followed by a post-processing to segment heartwood 
on images of rough cross-sections of pine. For further 
processing it is often needed to locate the pith in cross-
sections. For example, Norell and Borgefors (2008) esti-
mated the pith location in order to further detect tree 
rings (Norell 2011). Kurdthongmee et  al. (2018) also 
proposed an algorithm for the pith detection in images 
of untreated cross-sections. And more recently, deep 
neural networks were trained in order to address the 
problem of the pith detection in cross-section images of 
logs (Kurdthongmee 2020) and within boards from their 
longitudinal faces (Habite et  al. 2021, 2022). The work 
already carried out with the TreeTrace_Douglas data-
base is listed in Section 6.

2 � Methods used for the main sampling
This sampling campaign was carried out in January 2020 
in a sawmill of Bourgogne-Franche-Comté region.

2.1 � Sampling and measurements on the logyard
Four harvesting sites were selected to provide the sam-
ples. In each stand, 13 trees were harvested and analyzed 
in details for wood quality. These trees were representa-
tive of what is usually processed at the sawmill. Since no 
details were available about the stands, they were named 
here A, B, C and D. Figures 1 and 2 illustrate the differ-
ences between the four sites due to stand management or 
site itself.

From these 52 trees, 52 long logs (about 12.5 m 
long) were transported to the logyard. An esti-
mated breast height diameter (D130Logyard_cm) 
was measured on the long logs. Measurements on 
wood discs sampled at 0 m and 4 m were used to 

Fig. 1  Characteristics of the four stands with respect to some tree-level variables: the number of rings (on the left) and the mean ring width (in the 
middle) at breast height (i.e., at 1.30 m high), and the tapering of the long logs by using the variable slenderness12 (on the right)
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interpolate at breast height (1.30 m): the log diam-
eter (D130Interpolated_cm), the heartwood diameter 
(DHW130_cm), the number of annual growth rings 
(nbRings130), the number of annual growth rings in 
the heartwood (nbRingsHW130), the mean ring width 
(ringWidth130_mm), and the air-dry density (air-
DryDensity130_kgpm3). A slenderness coefficient 
(slenderness12) was computed as:

where D0 (m) is the log diameter at 0 m and D12 (m) is 
the log diameter at 12 m.

All the tree-level data are available in the file 
TreeTrace_Douglas/tables/trees.txt.

For each long log, three short logs were cut (Fig. 3). For 
example, B07c refers to the top log of tree #7 from site B. 
The length of each short log was measured (length_cm). 
The lengths of the bottom (logs #a), middle (logs #b), and 
top (logs #c) logs were in average 4.16 m, 3.66 m, and 4.18 
m, respectively. For each short log, a frequency (frequency_
Hz) was registered with the Fakopp Log Grader for Android 
(Divos 2014, https://​fakopp.​com/​en/​produ​ct/​rlg/).

(1)slenderness12 = 12/(D0 − D12)

In the same time, four wood discs (#a, #b, #c and #d) 
per long log were sampled (Fig.  3). For example, B07c 
refers to the wood disc sampled at the large end of the 
short log with the same name, B07c. And B07d refers to 
the wood disc sampled at the small end of the short log 
B07c.

For each of the three short logs, one image of the 
large end was taken on the logyard, with the log gen-
erally held by the harvester, before cutting the corre-
sponding disc (Fig. 4 on the left). A chainsaw was used 
for some of the bottom logs #a when the diameter 
was too big for the harvester (Fig. 4 on the right). For 
the last short log (log #c), one image of the small end 
was also taken before cutting disc #d. Images on the 
logyard were taken with an iPhone X (f/1.8 aperture, 
focal length 4 mm). Two hundred eight RGB images (12 
MPx, 4032 × 3024 px) are available as “4 sites × 13 trees 
× 4 discs” (+ 208 images with labels) on the data repos-
itory in TreeTrace_Douglas/logs_and_discs/color_
images/discs. A 25-cm-long calibration scale was used 
to calibrate spatially each image. The pixel widths in 
millimeters for these images are given by the variable 

Fig. 2  Characteristics of the four stands with respect to some log-level variables: log frequency (on the left) and mean air-dried density (on the 
right). Mean air-dried density of logs was obtained by weighting disc densities (see Section 2.3) by disc areas at both log ends

Fig. 3  Cutting diagram for short logs and discs. Cross-section images were taken of the areas circled in red (on the logyard) and in green (at the 
sawmill line). The black arrows indicate the side that was photographed for each cross-section image

https://fakopp.com/en/product/rlg/
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pixelWidthLogyard_mm. In some cases, the photos 
were poorly framed and the wood cross-sections could 
be incomplete. A variable incompleteAreaUBLogyard 
indicates whether the section was significantly incom-
plete ( = 1 ) or complete or nearly complete ( = 0 ). For 
each image, a manual processing was done to locate 
the pith (pithX_pixel and pithY_pixel) and to delineate 
the outline of the wood cross-section under-bark and 
the outline of the heartwood (Fig. 5 on the top-right). 
The segmented images are available in TreeTrace_
Douglas/logs_and_discs/segmented_images/discs. For 
each image, the under-bark area of the wood cross-
section was computed (areaUBLogyard_cm2) as well 
as the area of the heartwood (areaHWLogyard_cm2).

In total, 156 short logs were cut and 208 wood discs 
were collected to be analyzed for wood quality (see 
section  2.3). For simplicity, the heights of the bot-
tom of short logs (bottomHeight_m) and of wood discs 
(height_m) were estimated at 0 m, 4 m, 8 m, and 12 m, for 
the levels #a, #b, #c, and #d, respectively. All the log-level 
data are available in the file TreeTrace_Douglas/tables/
logs.txt and all the disc-level data are available in the file 
TreeTrace_Douglas/tables/discs.txt.

2.2 � Sampling at the sawmill line
The objective here was to automatically take images 
of large log-ends on the sawmill line. The camera was 
installed just after debarking, before the main saw unit, at 

Fig. 4  Large ends of logs A12d, B05c, C04b, and D04a (from left to right) at the logyard. The image of log D04a was taken directly on the long log; 
the others were taken with the log held by the harvester. The 25-cm-long scale was used to calibrate each image

Fig. 5  Images of log C04a: Painted small end and large end images taken on the logyard, and corresponding manually segmented image (first 
row); large end image taken on the sawmill line and corresponding manually segmented image (second row). On the segmented images: The 
white area is the sapwood located between heartwood and bark; the red area is the heartwood
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the top of the wood log loader. For the triggering, a laser 
telemeter was used.

The selected camera was a BASLER ACE acA5472-
5gm/gc (20 MPx, 5472 × 3648 px). Its sensor width was 
13.1328 mm and its focal length was 16 mm. A custom 
software to manage the camera, the telemeter, and the 
data was developed by a software application engineer 
from AMVALOR.

The distance between the camera and the log-end 
(logDistance_m) arising from the laser telemeter used to 
trigger the log end capture was used to compute the pixel 
size (pixelWidthSawmill_mm) in the images as follows:

where imageWidth_mm is the width in millimeters of 
an object placed at logDistance_m from the camera that 
would occupy the entire width of the image.

From the 156 short logs, 4 were not sawn and kept to 
be processed by rotary peeling (A03b, B10b, C13b, and 

(2)
imageWidth_mm = 13.1328∕16 × logDistance_m × 1000

pixelWidthSawmill_mm = imageWidth_mm∕5472

D12b) and to manufacture laminated veneer lumber 
as described in Duriot et  al. (2021a, b). A variable not-
Sawn was added to the corresponding data file to iden-
tify these four logs. The 152 remaining logs were sawn. 
For a sub-sample of 32 short logs (4 sites × 4 trees × 2 
logs per tree, logs #a and #c), boards were collected to be 
analyzed for quality at Arts et Metiers Institute of Tech-
nology (LaBoMaP). The sawing pattern was designed to 
produce a single board size of section 55 mm × 160 mm 
with one or two stacks of boards depending on the log 
diameter and optional edge boards. Figure  6 illustrates 
a sawing pattern with two stacks of six boards each and 
two additional edge boards. The variable nbBoards indi-
cates the number of boards collected for each log. A 
total of 346 boards was obtained from the 32 short logs 
(some edge boards were not collected). The small end 
of these 32 logs was painted so that they could be rec-
ognised during the sawing and that the location of the 
sawn boards could be reconstructed (Fig. 5 on the top-
left and Fig. 6).

Fig. 6  Manual positioning of the board end images on the end images of a log: example of log C04a at the top of the figure (large end on the left, 
small end on the right), and illustration of how the position of a board is analyzed in these images at the bottom of the figure
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The logs external envelops measured by a laser scanner 
(Optilog from Sovilor) were used to estimate log volumes 
(volumeUBLaserScanning_m3). A log volume named 
volumeUB_m3 was also estimated from the log length 
(length_cm) and the under-bark areas measured on the 
images of both log ends (in the sawmill or on the logyard 
depending on the case).

RGB images were acquired by the camera on the line. 
One hundred fifty-two RGB images are available as “4 
sites × 13 trees × 3 logs − 4 rotary cut logs” on the data 
repository in TreeTrace_Douglas/logs_and_discs/color_
images/logs/large_ends. The same manual processing 
of images as the one described in Section 2.1 was done 
and segmented images (Fig.  5 on the bottom-right) are 
available in TreeTrace_Douglas/logs_and_discs/seg-
mented_images/logs. The log-level data file contains 
for these images the pith coordinates (pithX_pixel and 
pithY_pixel) and the under-bark area of the wood cross-
section (areaUBSawmill_cm2) as well as the area of the 
heartwood (areaHWSawmill_cm2).

2.3 � Measurements on wood discs
The wood discs were sawn in the freshly cut state to 
get four radial strips (about 8 cm thick in the tangen-
tial and longitudinal directions). The strips were num-
bered 1 to 4, always starting from the longest radius. 
A total of 810 samples was obtained, some of the discs 
being too damaged to provide all four strips. After sev-
eral weeks of air-drying, the radial-tangential surface 
of each strip was sanded and scanned in 400 dpi (i.e., 
pixel width about 0.06 mm). These RGB images are 
available on the data repository in TreeTrace_Douglas/
strips/color_images. The samples were then air-dried 
several months and processed for density measure-
ments by a medical X-ray CT scanner (General Elec-
tric Brightspeed Excel). The scanner settings were as 
follows: 80 kVp, 50 mA, “DETAIL” convolution filter, 
and 1.25 mm of slice thickness. One CT slice only was 
collected for each wood disc, with all strips stacked 
together, with a pixel size of 0.98 mm × 0.98 mm. The 
images were calibrated using the protocol described by 
Freyburger et  al. (2009) to compute wood density for 
each pixel. These original images in DICOM format 
and the calibrated images in TIF format are available 
on the data repository in TreeTrace_Douglas/strips/
xray_images.

The ImageJ software (Schneider et  al. 2012) was 
used to record on each strip a radial profile of den-
sity (TreeTrace_Douglas/tables/strips_density_pro-
files.txt). The Plot profile function of ImageJ was used 
to draw a 10 pixel wide line from pith to wood/bark 
boundary and to record the density values at each pixel 

position along the line (averaging 10 pixels in the per-
pendicular direction).

Most of the ring-level data for the radial strips 
(TreeTrace_Douglas/tables/strips_rings.txt) were meas-
ured on the RGB images using the Windendro software 
(WinDendro 2021). Cambial age (cambialAge), growth 
year (growthYear), distance to pith (externalRadius_mm), 
and ring width (ringWidth_mm) were recorded for each 
ring of each radial strip. The radial profile of ring widths 
was coupled with the radial profile of density to assess 
the mean density of each ring (airDryDensity_kgpm3). 
The coupling algorithm consisted first in establishing 
from the density profile of each sample a linear interpola-
tion function of the air-dry density in any relative radial 
position. Then, for each annual ring, 100 relative radial 
positions from the beginning to the end of the ring were 
considered to generate 100 interpolated density values. 
The mean of these 100 values was assigned to the ring 
density.

The ring-level data from the orthogonal radial strips 
were then averaged to obtain the ring-level data for the 
discs (TreeTrace_Douglas/tables/rings.txt). The annual 
ring widths of a disc (ringWidth_mm) were obtained by 
subtraction of successive quadratic means of the meas-
ured radii (i.e., root mean square of external radii of a 
given ring minus root mean square of internal radii of the 
same ring). The mean density of each ring (airDryDen-
sity_kgpm3) was obtained by weighting the ring density 
by the area represented by the ring on each radial strip.

The ring-level data on the radial strips were also used 
to compute strip-level data (TreeTrace_Douglas/tables/
strips.txt). The number of rings (nbRings), the average 
ring width (ringWidth_mm), the number of heartwood 
rings (nbRingsHW), and the distances from pith to sap-
wood (lengthHW_mm) and from pith to bark (length_
mm) were calculated. The mean density of each strip 
(weightedDensity_kgpm3) was computed by averaging 
the pixel values weighted by their theoretical representa-
tive area, i.e., by the area of a one pixel wide ring of radius 
equal to the distance to the pith. The unweighted mean 
density of the pixel values (rawDensity_kgpm3) was also 
computed.

Then, the average ring width and the average wood 
density of the discs were computed as follows and added 
to the disc-level data (TreeTrace_Douglas/tables/discs.
txt). The average ring width (ringWidth_mm) of each 
disc was computed as the arithmetic mean of all annual 
ring widths. The average density (airDryDensity_kgpm3) 
of a disc was computed as the average density of the 
strips (weightedDensity_kgpm3) weighted by the disc 
area represented by each strip using the strip length (i.e., 
π × length_mm2).
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2.4 � Measurements on boards
All board-level data are available in the file TreeTrace_
Douglas/tables/boards.txt.

In this section, for a better reading of the equations, 
easy-to-read symbols have been associated to some of 
the variable names recorded in the data table. They are 
described in Table 1.

The 55 mm × 160 mm boards sawn from the logs 
were dried and then planed to a nominal cross-section 
of 45 mm × 145 mm. A reference end was chosen for 
each board, which was the end corresponding to the 
large end of the log from which it came. A “Top” face 
was arbitrarily chosen for each board, and the top left 
corner, when looking at the side of the reference end, 
was named A, and defined as the origin of the board 
coordinate system (A, �x, �y, �z) (Fig.  7). As shown in the 
Fig. 7, “Left,” “Right,” and “Bot” (abbreviated from bot-
tom) faces were defined relatively to the Top face when 
looking at the reference end side. The board number 
was handwritten on the reference end, always readable 

from left to right when Top face is upside. In addition, 
the board number was printed in white on black on 
adhesive paper, and affixed on the Top face on the side 
of the reference end, always readable from left to right 
when left face is upside (i.e. board defined top left cor-
ner “A” placed in the top left corner when looking at the 
Top face). The board number was printed several times 
on this adhesive paper in the following manner: “#253”, 
as seen in the example of Fig.  7. This is the boardID 
recorded in the board-level data table.

2.4.1 � Recording the position of boards within logs
The log ends were photographed on the logyard for the 
small ends (painted faces) (Fig. 5 on the top-left), on the 
sawmill feeder for the large ends (Fig. 5 on the bottom-
left). After processing, the 346 boards were stacked into 
five piles that were also photographed in the fresh state 
(thus prior to planing) on both sides, with the board 
numbers handwritten on the unpainted side in the order 
of arrangement of the boards (Fig.  8). After several 

Table 1  List of main symbols and corresponding variable names in data Tables

Variable name Variable symbol Variable description Unit
(in data tables) (in equations)

length_m L Board length measured manually with a tape m
−→
x    Lengthwise direction of the board

width_m w Board width measured manually with a caliper m
−→
y    Crosswise direction parallel to the width of the board

thickness_m t Board thickness measured manually with a caliper m
−→
z    Crosswise direction parallel to the thickness of the board

massManual_kg mboard Board mass measured manually with a scale kg

boardDensityManual_kgpm3 ρM Board density measured from weight measured manually kg m −3

boardDensityXRays_kgpm3 ρXR Board density computed from X-ray data kg m −3

cwDensity12pc_kgpm3 ρCW Clear wood density of the small clear wood sample at 12 % moisture content kg m −3

mcCWBendingTest_pc utestCW
Moisture content of the small clear wood sample at the moment of the destructive 
bending test

%

firstAxialFreq_Hz fa,1 Board first axial resonance frequency Hz

dynMoEAxial_Pa Ea,dyn Board dynamic modulus of elasticity obtained from the first axial resonance frequency Pa

dynEWBendFreqN_Hz fb,N Board N th edgewise transversal frequency Hz

dynEWBendMoEBernoulliN_Pa Eb,dyn,N Board dynamic modulus of elasticity obtained from N th edgewise transversal frequency Pa

dynEWBendMoETimoshenko_Pa Eb,dyn Board dynamic modulus of elasticity obtained from Timoshenko bending theory Pa

dynEWBendShearMoE_Pa Gdyn Board dynamic shear modulus obtained from Timoshenko bending theory Pa

lload Distance between loading heads in the 4-point bending test m

supportSpan_m l Span of the 4-point bending test m

startloadMoE_N F1 Load to which board static modulus of elasticity starts to be calculated N

endLoadMoE_N F2 Load to which board static modulus of elasticity ends to be calculated N

localStatEWBendMoE_Pa Em,l Board static local modulus of elasticity as defined by EN 408:2012 Pa

globalStatEWBendMoE_Pa Em,g Board static global modulus of elasticity as defined by EN 408:2012 Pa

maxLoadStatEWBend_N Fmax Ultimate load in 4-point bending N

strenghtEWBend_Pa fm 4-point bending strength of the board Pa
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months of air-drying, the boards were planed and new 
images of the piles of boards were taken. The images are 
available on the data repository in TreeTrace_Douglas/
boards/piles.

The images of the board piles taken in the fresh 
state were used by an operator to manually segment 
both ends of each board on the pile images (assum-
ing that the section was rectangular and parallel to the 
image edges). Then, by scaling, rotating, and translat-
ing these board images, their positions on the log end 
images were found (Fig. 6). This work was done with the 

open-source software LibreOffice Draw (https://​www.​
libre​office.​org/) which allows to display the coordinates, 
dimensions, and rotation angle of each object in the 
page. The 2D coordinates were transformed to be rela-
tive to the bottom left corner of each image. The dimen-
sions in millimeters of the scaled images of board ends 
at fresh state on the large end side of the log (abbrevi-
ated “LE”), freshWidthLE_mm and freshThicknessLE_
mm, and the rotation angle of the board in the log large 
end image (rotationAngleLE_deg) were recorded in the 
board-level data table. The scale of the corresponding 

Fig. 7  Schematic representation of a board with its relative coordinate system and corresponding position in the log

Fig. 8  A pile of boards at the sawmill: Small ends covered with paint on the left, large ends with board numbers on the right. The 25-cm-long scale 
was used to calibrate the images in size

https://www.libreoffice.org/
https://www.libreoffice.org/
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log end image scaleLE_pixelspmm was also given. The 
coordinates of the top left reference corner, named A as 
in Figs. 6 and 7, were given (axLE_mm and ayLE_mm). 
In addition, the coordinates within the log end image of 
the three other corners of the board end image (named 
B, C, D clockwise, see Fig. 6 and 7) were computed and 
provided in the board-level data table. The same vari-
ables were recorded for the small end side (abbreviated 
“SE”), but for letters A′’, B′, C′, and D′ as shown in Figs. 6 
and 7, with coordinates named axSE_mm, aySE_mm, 
bxSE_mm, etc.

2.4.2 � Dimensions
Each board length (symbol L in the equations, name 
length_m in the data table) was measured with a meas-
uring tape (length 5 m, precision 0.5 mm). Since boards 
were not cross cut in length after sawing, the tolerance of 
the boards length can be up to 1 cm.

Thickness (t, thickness_m) and width (w, width_m) 
dimensions were measured with a digital caliper (resolu-
tion 0.01 mm, precision 0.01 mm) in three positions near 
the center and at the two ends of the boards. Their aver-
age values were immediately calculated and recorded. It 
should be noted that despite the planing, some boards 

could exhibit 2 mm of width variation along the length, 
which has been reported in the column observations.

The global mass of each board ( mboard , massManual_
kg) was measured with an OHAUS numerical balance 
(resolution 0.01 kg) at the moment of the non-destructive 
tests. As this measurement was done manually, it is sub-
ject to errors, and thus boards #75 and #102 had wrong 
mass informations which were recorded as NA.

2.4.3 � Scanning
An industrial scanner was used to analyze the boards. By 
conveying the boards longitudinally, this scanner pro-
vides different images of the four long faces of the boards, 
as well as local density and local orientation of the fibers. 
The principle of board scanning is presented in Fig. 9. All 
the boards were fed in the scanner with the board refer-
ence end first, printed number on the top. All the boards 
were successfully scanned; however, it should be noted 
that for board #206, a small foreign object appears in the 
top images and in the X-ray data.

In the scanner, there are successively between two 
conveyors, for each of the four faces of a scanned 
board: a white LED lighting, a row of near infrared (830 

Fig. 9  Illustration of board scanning with side view on the top of the figure, and top view on the bottom of the figure, corresponding to left and 
top faces of the board, respectively. In the detail view, dashed lines represent a line of pixels which is recorded by the cameras while the board 
is conveyed longitudinally, and the grayed area with dotted line contour represents the region of interest used in the camera to treat ellipses 
information



Page 10 of 21Longuetaud et al. Annals of Forest Science           (2022) 79:46 

nm) laser dots, and another white LED lighting. There 
is a first row of four monochrome matrix cameras (one 
for each board face), and then a second row of four lin-
ear RGB cameras, all of them with the top of the field 
of view facing toward the entrance of the scanner. The 
monochrome cameras of the first row are sensible in 
near infrared region. Finally, there is a X-ray source 
and a X-ray detector to measure the local density in the 
(�x, �y) plane of the boards.

Although the first row of cameras were matrix cam-
eras, they were mainly used as linear cameras, with sev-
eral regions of interest (ROI) consisting in single lines of 
pixels. These ROI are shown in the detail view of Fig. 9. 
The images were obtained by the longitudinal ( �x direc-
tion) displacement of the board during the scanning at 
the speed of 62 m min−1 . As a result, the reconstructed 
images of the four sides of the boards appeared as shown 
in Fig. 10, with the board coordinate system shown on it.

The longitudinal resolution depends on a roller encoder 
(not represented in Fig.  9), so it is the same for all the 
data: 1.00 pixel mm−1 . A roller presser ensures that there 

is no slipping. The resolution in the transverse directions 
(�y , �z) has been determined for each variable and is given 
in the following.

Since the positions of the cameras relative to the dif-
ferent faces were not exactly the same, adjustments have 
been made to the reconstructed image data in order that 
the longitudinal position of the board for each image is 
the same in all the data. As a result, for each board, all the 
images obtained from the cameras have the same number 
of pixels in the longitudinal direction of the board, and 
the longitudinal position of a pixel is in the same position 
physically in the board coordinate system whatever the 
data considered. Conversely, in the transverse directions 
of the boards, firstly the transverse resolution change 
depending on the position of the ROI in the field of view 
of the cameras and their angle relative to board surface, 
and secondly, boards that were not perfectly straight, 
boards that were not fed perfectly in line in the scan-
ner, and vibrations of the boards induce many regions of 
black pixels (with 0 value) in the images (see Fig. 10). As 
a result, the number of pixels varies from one source of 

Fig. 10  To the left: Illustration of the images that are obtained when scanning the four side faces of the board example of Fig. 7. The board 
coordinate system is shown on it, highlighting the need to flip the image if one want to make a three-dimensional representation. To the right: 
actual RGB images obtained on a portion of board #253. Note that the resolution is not squared and different between large and narrow faces, 
which induces a different aspect ratio than in reality
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image to another. The images have been cropped so that 
there is the minimum of unnecessary pixels; however, 
this is a problem that remains to be solved if one want to 
make a perfect three-dimensional representation.

The images and data obtained from the scanner for 
each board are stored in the data repository TreeTrace_
Douglas/boards/faces in several images and text files 
named as “boardboardID_variableName.png” or 
“boardboardID_variableName.txt,” each of the variable-
Name corresponding to the variables detailed in the fol-
lowing and represented in the detail view of Fig. 9.

•	 Gray level images grayTop, grayBot, grayLeft, and gray-
Right correspond to the reconstructed images of the line 
of pixels located in the middle of the white LED lighting 
in the NIR cameras for the top, bottom, left, and right 
faces, respectively. The measured corresponding resolu-
tions are 4.30, 4.29, 8.61, and 8.57 pixels mm−1 for the 
top, bottom, left, and right faces, respectively.

•	 laserDot data are tabulated text data resulting from 
laser dots detection and processing. For each board 
face, a 830-nm laser dot is diffracted in several laser 
dots thanks to a diffractive optical element, resulting 
in lines of dots spaced of 4 mm. Due to anisotropic 
light diffusion properties of wood, the observed light 
from a laser dot on the surface of wood resembles 
the shape of an ellipse. In the literature, this phenom-
enon is called the “tracheid effect,” because it was 
first studied on softwoods (Nystrom 2003; Simonaho 
et al. 2004). The major axis of the observed ellipse is 
oriented in the same direction as the fiber orienta-
tion, or more precisely in the same direction as the 
projection of the fiber direction on the surface of the 
board (thus, there is no information about the div-
ing angle). In the near infrared cameras, the region of 
interest including the line of dots shown in the detail 
view of Fig. 9 was binarized with the same threshold 
for all four faces. The contour of the binarized ellip-
ses were directly recorded during scanning. Then, 
these data were post-processed and the contours 
were fitted to an ellipse equation in the least square 
sense. The reader can refer to Besseau et al. (2020) for 
more details about this subject. The post-processing 
step provides for each ellipse, in each laserDotTop, 
laserDotBot, laserDotLeft, and laserDotRight table:

•	In first column: The transverse position of the 
center of the fitted ellipse in pixels, with a trans-
verse resolution of 4.24, 4.23, 8.58, and 8.58 
pixels mm−1 for the top, bottom, left, and right 
faces, respectively;

•	In second column: The longitudinal position of 
the center of the fitted ellipse in pixels, in the 

coordinate system of the other images and thus 
same resolution;

•	In third column: The angle in degrees of the 
major axis of the fitted ellipse relatively to the 
image coordinate system as shown in Fig.  10, 
thus the angle should be multiplied by −1 on 
Left and Bot faces if ones want to be in the same 
board coordinate system for all four faces;

•	In fourth column: The length of the fitted ellipse 
major axis, in pixels;

•	In fifth column: The length of the fitted ellipse 
minor axis, in pixels.

•	 rgb images rgbTop, rgbBot, rgbLeft and rgbRight cor-
respond to the reconstructed images of the line of 
pixels located in the middle of the white LED light-
ing in the RGB cameras for the top, bottom, left, and 
right faces, respectively. The corresponding resolu-
tions are 3.79, 3.75, 10.84, and 10.65 pixels mm−1 for 
the top, bottom, left, and right faces, respectively.

•	 Local density was determined by means of a source 
emitting X-rays across the large face of the boards 
and a line sensor recording the photons having gone 
through the thickness of the board on the opposite 
face while each board was conveyed longitudinally. 
This scanning resulted in a two-dimensional map of 
8-bit (0-255) gray levels in the (�x, �y) plane, G (follow-
ing board coordinate system as defined in Fig. 9). This 
raw data has been converted into local density maps, 
named xRaysDensity_kgpm3, by using Beer-Lambert 
law with a calibration made on the boards for which 
the mass was available (all but two): each board mass 
per unit of surface can be written as a linear function 
of the average of the logarithm of the pixel values: 

 where a and b are linear calibration coefficients 
obtained after fitting a linear regression curve. 
ln(G) is the average computed only for pixel val-
ues included between 10 and 240; this thresholding 
allows to take into account only the area where there 
is wood material without voids. The calibration curve 
is presented in Fig. 11 and gives a = −27.12 kg m −2 
and b = 145.03 kg m −2 . The local density map xRay-
sDensity_kgpm3 was computed for each thresholded 
pixel of each board as: 

 The measured transverse resolution is 2.93 pixels 
mm−1 . The pixels removed from the computation 

(3)
mboard

w × L
= a ln(G)+ b

(4)
xRaysDensity_kgpm3 =

−27.12 ln(G)+ 145.03

t
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because of the threshold are given a NaN value. The 
density data maps have been saved in 16-bit images 
with the gray level value (theoretically between 0 and 
65,535) being directly the rounded density values in 
kg m −3.

2.4.4 � Boards global density
The global mass measured for each board and its dimen-
sions measured manually allowed to compute the global 
air dried density of each board, boardDensityManual_
kgpm3 (symbol: ρM ) as:

Because of missing values in mass and incertitude in the 
board lengths, this density value was not used and the 
density obtained from boards X-Rays scanning is pre-
ferred. For this purpose, for each board, the average of 
non-zero local density contained in xRaysDensity_kgpm3 
maps has been computed to obtain the air dried average 
density of the whole board, boardDensityXRays_kgpm3 
(symbol: ρXR ), which is recorded in the board-level data 
table.

2.4.5 � Vibratory measurements
Every board has been subjected to an axial vibratory test 
and a transversal (bending) vibratory tests in edgewise 

(5)boardDensityManual_kgpm3 = ρM =
mboard

Ltw

direction, i.e., (�x , �y) plane. The boards were put on two 
elastic supports to simulate free-free conditions (dis-
tance between the supports 207 cm). Vibrations were 
generated by a hammer impact on the reference end 
side of each board, and a microphone recorded the 
vibrations at the other end. BING®software (Paradi 
et  al. 2017) was used to record the full signals and to 
detect the resonance frequencies. The full temporal 
signals are available for each board and type of vibra-
tory test in separate text files in the data repository 
TreeTrace_Douglas/boards/grading/vibratory_tests. 
The text file TreeTrace_Douglas/boards/grading/vibra-
tory_tests/readme.txt give some details about those 
data. The bending, axial, and shear moduli of elasticity 
(MoE) were computed as explained in the following and 
recorded in the board-level data table.

The dynamic MoE for axial vibrations dynMoEAxial_
Pa (symbol: Ea,dyn ) of a board was determined by using 
the first compression longitudinal resonance frequency 
( fa,1 , firstAxialFreq_Hz) as:

This equation comes from classical board theory, sup-
posing the board to be homogeneous and on free-free 
boundary conditions. Both the frequency and the MoE 
computed from this equation are recorded in the board-
level data table.

(6)dynMoEAxial_Pa = Ea,dyn = 4L2ρXRf
2
a,1

Fig. 11  Calibration of the local density from X-ray measurements
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For edgewise bending vibrations, the four first bend-
ing frequencies were recorded (name dynEWBend-
FreqN_Hz, symbol fb,N  with N replaced by 1 to 4). The 
Bernoulli model was first applied to compute the cor-
responding dynamic Bernoulli MoEs in edgewise bend-
ing, named dynEWBendMoEBernoulliN_Pa (symbol: 
Eb,dyn,N  ) following the equation:

By supposing the board to be on free-free boundary con-
ditions, PN is a parameter obtained when solving the 
equation cos 4

√
PN sin 4

√
PN = 1 , giving 4

√
P1 = 4.73004 , 

4
√
P2 = 7.85320 , PN = (2N + 1)π/2 . Each frequencies 

and Bernoulli MoEs were computed from this equation 
and recorded in the board-level data table. A NA value is 
provided when the frequency was not observable (fourth 
frequency of board #12). Bernoulli theory assumes pure 
bending; thus, there is no effect of shearing, which is a 
very approximative assumption, especially for higher 
order modes.

Timoshenko bending theory, which accounts for 
shear effects, can be used to determine the dynamic 
Timoshenko MoE in edgewise bending ( Eb,dyn , dynEW-
BendMoETimoshenko_Pa) and shear modulus in edge-
wise bending ( Gdyn , dynEWBendShearMoE_Pa) by 
using several vibration modes. Brancheriau and Bail-
leres (2002) solution of the vibrating board’s equation 
of motion at the first order can be applied as:

where K is the shear factor ( K = 5
6
 for a rectangular 

cross-section) and xN and yN are parameters that depend 
on the N th vibrational mode frequency (see Brancheriau 
and Bailleres (2002) for details). Therefore, Eb,dyn and 
Gdyn can be calculated by using linear regression, know-
ing the different points of vibrational mode frequency. 
The coefficient of determination r2dynEWBendMoETi-
moshenkoCalculation is provided in the board-level data 
table along with these moduli. According to Brancheriau 
and Bailleres (2002), the deviation of the equation is less 
than 1% if the sample’s length/depth ratio is between 10 
and 20. Here L/t is about 29, thus inducing a higher error. 
Most importantly, the most heterogeneous boards do not 
fulfill the homogeneous assumption thus implying low 

(7)

dynEWBendMoEBernoulliN_Pa = Eb,dyn,N = 4�2L4�XR ⋅
Af 2

b,N

IGz
PN

with : A = tw

IGz =
tw3

12

(8)yN =
Eb,dyn

ρXR
−

Eb,dyn

KGdyn
· xN

r2dynEWBendMoETimoshenkoCalculation value and/or 
incoherent Gdyn value (some of them are negatives).

2.4.6 � Visual grading
Visual grading is a straightforward method to grade tim-
ber allowed by European Standards. Each board has been 
graded according to NF B52-001-1 (2018) visual grading 
standard. There are 19 criteria based in this standard, 
although growth ring width and knot size are usually the 
most restrictive and essential. These two parameters have 
been measured and recorded, along with some other 
characteristics of the boards which are described below.

•	 Board end grain pattern varies according to the posi-
tion of the boards in the logs and the way the log saw-
ing is carried out. Although it is not a parameter to 
take into account following NF B52-001-1 (2018), it is 
related to the orientation of knots into the board and 
may induce differences in mechanical behavior. Four 
different sawing patterns were recorded after visual 
observation: the C letter in boardEndGrainPattern 
refers to boards for which the pith of the tree was 
visible wherever possible along the board (“coeur” 
in French); D was for flat sawn type end grain pat-
tern (dosse in French), when both ends of the board 
exhibited growth rings almost parallel to the wide 
faces of the board; Q was for quarter sawn type end 
grain pattern, when both ends of the board exhibited 
growth rings almost parallel to the narrow faces of 
the board; FQ was for false quarter or rift sawn type 
end grain pattern, when at least one end of the board 
exhibited growth ring not parallel to the faces or the 
sides of the board.

•	 Growth ring width was measured according to NF 
B52-001-1 (2018) at a board end by measuring the 
longest perpendicular line to the growth rings (shift 
25 mm from the pith if it is included in the board) 
and dividing it by the number of crossed growth 
rings. The mean growth ring width growthRing-
Width_mm was then calculated for each board as 
the average growth ring width between the two 
board ends.

•	 Knot size was measured using a digital caliper (reso-
lution 0.01 mm, precision 0.01 mm) according to NF 
B52-001-1 (2018), i.e., perpendicularly to the board 
longitudinal axis. The size of the largest knots on 
wide and narrow faces according to this definition 
was recorded. Considering the fact that the largest 
knot could be located close to the end of the board, 
it may happen that this knot cannot technically be 
loaded in the bending test. As a result, for wide faces 
on one hand and narrow faces on the other hand, two 
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types of largest knots were recorded: the largest knots 
in the whole board (of size knotSizeWideFaceW-
hole_mm and knotSizeNarrowFaceWhole_mm), and 
the largest knots in the loadable area (of size knot-
SizeWideFaceTested_mm and knotSizeNarrowFaceT-
ested_mm), defined as the central part of the boards 
excluding 101 cm to the ends (chosen as seven times 
the width of the board as regard to the geometry of 
the bending test).

•	 Knot type is defined as the way the knot looks. When 
knots are grouped, NF B52-001-1 (2018) allow to 
consider them as a single weak point and it provides 
rules to measure the corresponding knot size. The 
knot type “single” or “group” was recorded as “S” or 
“G”, respectively. Knots can also be observed as (0) 
healthy or sound, (1) non-adhesive or unsound, (2) 
leaving a hole, (3) encased, (4) stopped by pruning, 
and (5) decayed. As an example, a “S0” knot is a sin-
gle sound knot and “G3” refers to a group of encased 
knot. For each knotSize variable corresponds a knot-
Type variable.

•	 The weakest loadable zone was determined depend-
ing on the size of the largest knots on the wide and 
narrow faces, in the loadable area of the boards. NF 
B52-001-1 (2018) provides different rules for wide 
and narrow faces knots; thus, the most restrictive 
case was used to determine the weakest zone in the 
loadable area of the board. The location of this weak-
est loadable zone was recorded as the distance from 
the reference end of the board, named weakPointx_m 
(see Fig. 12).

•	 Other visual observations have been recorded in the 
variable observations, for example cracks, large resin 
pockets, wane, bark inclusion, and global deformation.

According to these visual measurements and the rules 
of NF B52-001-1 (2018), each board was graded in 

ST-I, ST-II, or ST-III visual grades, or rejected. The cor-
responding value in the dataset are 1, 2, 3, and 4 for 
gradeNFB52001Whole and gradeNFB52001Tested varia-
bles, which imply the same distinction as before between 
the grade of the part of the board that can be loaded in 
the bending test and the whole board. ST-I corresponds 
to C30 class, ST-II to C24 class, and ST-III to C18 class of 
EN 338 (2016) standard.

2.4.7 � Bending tests
All boards were subjected to four-point edgewise bend-
ing tests according to EN 408 (2012). In accordance with 
this standard, the maximal descent speed of the loading 
heads was set to 0.003 times the board’s height in the 
test (that is w) per second, which gives 26.1 mm min−1 . 
The bending test geometry is defined in the board coor-
dinate system as shown in Fig.  12. The support span 
supportSpan_m was set to 18 times the nominal width 
of the board of 0.145 m, which gives 2.610 m, while the 
distance between the two loading heads loadingSpan_m 
was set to 6 times the nominal width of the board, which 
gives 0.87 m. Four Teflon pads were installed on the con-
tact surfaces of the loading heads and bottom supports in 
order to minimize the static friction with the board per-
mitting the pure bending stress to be applied in between 
the loading heads.

A 200 kN load cell was used to measure the force F 
applied to the loading heads. The maximum load in N is 
recorded as maxLoadStatEWBend_N (symbol: Fmax ). A 
rope line displacement sensor was positioned at center of 
the span to measure what is called the global deflection wg . 
This deflection was measured thanks to a hook that was 
attached at the board’s neutral axis (see Fig. 12). A linear 
displacement sensor was used to measure the local deflec-
tion between the loading heads wl on a distance of 5 times 
the nominal width of the board, which is 0.725 m (see 
Fig. 12). F, wl and wg were recorded with time in a text file 

Fig. 12  Bending test scheme with the different variables given in the board-level data file
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stored in the data repository TreeTrace_Douglas/boards/
grading/static_tests. The text file TreeTrace_Douglas/
boards/grading/static_tests/readme.txt give some details 
about those data.

Following EN 384 (2016) standard, the expected weak-
est point was positioned between the loading heads, where 
the board’s bending moment was constant and maximum 
so that the board’s bending strength was actually measured. 
However, the boards were not always positionned exactly 
such as the distance from the board reference end to the 
center of the test, denoted centerTestx_m, was equal to 
weakPointx_m. Indeed, in some cases, for example if the 
weakest point was close to the end of the board or if there 
were two very similar weak points, it was chosen to posi-
tion the board in a manner so that all the weak points were 
subjected to the maximum bending. Even by doing so, the 
failure did not always occurred between the loading heads. 
A variable named bendingTestSuccess indicates if the bend-
ing test succeeded, i.e., if the failure occurred between the 
loading heads and if all the data was successfully recorded 
(sensor recording failed a couple of times). The distance to 
the reference end of the observable failure, failurex_m, was 
also recorded. Right after the test, a picture of the failure 
was taken for each board. These pictures are stored in the 
data repository TreeTrace_Douglas/boards/grading/static_
tests. Note that pictures are missing for boards # 92, 247 
and 266.

The local MoE localStatEWBendMoE_Pa (symbol: Em,l ) 
and the global MoE globalStatEWBendMoE_Pa (symbol: 
Em,g ) were computed for each board following the formulas 
of EN 408 (2012) standard, i.e., as:

and

and where startLoadMoE_N (symbol: F2 ) and 
endLoadMoE_N (symbol: F1 ) are respectively the start 
and end load values in between the MoE were comput-
ing, corresponding most of the time to 0.1× Fmax and 
0.4 × Fmax respectively, unless if the coefficient of deter-
mination between the load curve and the linear fit was 
greater than 0.99; in these very rare cases, the load inter-
val has been reduced.

(9)

localStatEWBendMoE_Pa = Em,l =
a × 0.7252

16IGz

⋅

F2 − F1

wl(F2) − wl(F1)

(10)globalStatEWBendMoE_Pa = Em,g =
3al2 − 4a3

4tw3
⋅

wg (F2 )−wg (F1 )

F2−F1

with : l = supportSpan_m

a =
supportSpan_m− loadingSpan_m

2

Each board strength in four-point edgewise bending 
( fm , strenghtEWBend_Pa) was computed as:

2.4.8 � Moisture content and clear wood density
Moisture content was measured for each board by differ-
ent means and at different times of the experiment.

At first, the moisture content was measured non-
destructively by a Testo 606-2 pin-type moisture meter 
(resolution 0.1 %, precision 1 %) at the time of the 
visual grading and vibratory tests. It was measured 
at the location of the weakest zone (mcPinNDTest-
WeakPoint_pc) and at the reference end of the board 
(mcPinNDTestBoardEnd_pc).

Then, it was measured with the same device at 
the time of the destructive bending test (these tests 
lasted several weeks), but only at the location of 
the weakest zone which is recorded as the variable 
mcPinBendingTestWeakPoint_pc.

To determine precisely the moisture content at the 
time of the bending test, the EN 13183-1 (2002) stand-
ard was applied. A small clear wood sample of the full 
width of the boards (whenever possible) was cut in the 
nearest zone possible to the failure zone, and its mass 
was measured right after the bending test with a KERN 
EMS 300-3 electronic scale (resolution 0.001 g, preci-
sion 0.002 g), and recorded as massCWBendingTest_g 
(symbol: mtest

CW  ). Then, these samples were oven dried for 
at least 90 h at 103 řC and weighed again with the same 
scale to obtain what is supposed to be the mass of the 
sample at 0% moisture content, which was recorded as 
massCWOvenDried_g (symbol: mdry

CW  ) (no data available 
for boards #1, 150, 202, 296, and 305 because of lost/bro-
ken samples during the experiment). The moisture con-
tent of clear wood in the failure zone at the time of the 
bending test, mcCWBendingTest_pc (symbol: utestCW  ), was 
thus computed as:

The same clear wood sample was then used to deter-
mine clear wood density ( ρCW  , cwDensity12pc_kgpm3), 
apart for boards #1, 150, 202, 296, and 305 for which a 
second sample has been used. Since the sample shapes 
were not perfectly squared, their volume was determined 
by drowning the samples into water and measuring the 
resulting buoyant force. First, the mass of each sam-
ple at the time of this measurement, massCWDensity_g 

(11)strenghtEWBend_Pa = fm =
3aFmax

tw2

(12)mcCWBendingTest_pc = utest
CW

=
(mtest

CW
−m

dry

CW
)

m
dry

CW

× 100



Page 16 of 21Longuetaud et al. Annals of Forest Science           (2022) 79:46 

(symbol: mρ
CW  ), was measured; then, it was drowned into 

a container of demineralized water with a device main-
taining it underwater. The container being positioned on 
a scale set to zero, the scale gives a mass corresponding 
to the buoyant force; mb . It is used to compute the clear 
wood density at 12% moisture content in the failure zone 
as:

where ρw is the density of the demineralized water 
taken equal to 1000 kg m −3 and mcCWDensity_pc is the 
moisture content of the small clear wood sample at the 
moment of density measurement. The correction applied 
to take account of this moiture content comes from EN 
384 (2016) standard.

(13)cwDensity12pc_kgpm3 = ρCW =
m

ρ
CW

mb/ρw
× (1− 0.005× (mcCWDensity_pc − 12))

3 � Methods used for the preliminary sampling
This dataset was collected at the beginning of the pro-
ject to develop the protocol for the main sampling. Three 
trees were harvested in the Besle forest (Fig. 13) in Octo-
ber 2018. Several logs were cut in each tree by the har-
vester (four logs for tree #D01; two logs for tree #D02; 
two logs for tree #D03; Fig. 14). Images were acquired in 

the field with a Panasonic FZ45 Lumix camera. For each 
tree, several images of the stump were taken. Then, sev-
eral images of the large log ends were done. For exam-
ple, D01-L4-3.jpg refers to the third image of log #4 (large 
end) from tree #1. D01-S-2.jpg refers to the second image 
of the stump of tree #1. And D01-L4-label.jpg refers to 
the image of the large end of log #4 after stapling the 
label. In total, 57 RGB images are available in this “forest” 
sample ( + eight images with labels).

The logs were then transported to the sawmill several 
days later, where other images of the same eight log ends 
were taken with a Huawei smartphone by an employee of 
the sawmill after removing the labels stapled in the field. 
In total,  32 RGB images are available in this “logyard” 
sample ( + eight images with labels).

One aim of this preliminary sampling was to test the 
feasibility of the traceability of logs from the forest to 
the sawmill. Figure 15 presents the tree stump and cor-
responding log-end images taken in the forest and at 
the sawmill.

The pith coordinates were manually recorded on all 
available images. Some images were then manually seg-
mented with ImageJ software to identify wood (i.e., the 
limit between wood and bark) and heartwood areas Fig. 13  Douglas fir trees harvested in the Besle forest

Fig. 14  Diagram for image sampling. Cross-section images (of the stumps or large log ends) were taken in the areas circled in red
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(Fig. 16): 11 images for the “forest” sample (one for each 
of the eight log ends + 3 stumps) and 8 images for the 
“logyard” sample.

All images (taken in the forest, on the logyard and 
segmented) are available on the data repository in 
TreeTrace_Douglas/logs_besle. All the Besle data, among 
others, pith coordinates (pithX_pixel and pithY_pixel), 
wood cross-section (areaUBForest_cm2 and areaUBLo-
gyard_cm2), and heartwood (areaHWForest_cm2 and 
areaHWLogyard_cm2) areas, are available on the data 
repository in the directory TreeTrace_Douglas/tables.

4 � Access to the data and metadata description
The images and the database (Longuetaud et  al. 2022) 
are available at Recherche Data Gouv repository: https://​
doi.​org/​10.​15454/​YUNEGL. Associated metadata access 
is at https://​metad​ata-​afs.​nancy.​inra.​fr/​geone​twork/​srv/​
fre/​catal​og.​searc​h#/​metad​ata/​d9eef​6e4-​f195-​41f4-​b6c2-​
2ab46​adc63​7e.

The arborescence of the TreeTrace_Douglas direc-
tory was detailed in the previous section and is sum-
marized in Fig.  17. In practice, due to limitations of 
the downloading software, the data files are available 
as compressed files, one for each top-level directory: 
boards.zip, logs_and_discs.zip, logs_besles.zip, strips.
zip and tables.zip.

The main numeric data are in the TreeTrace_Doug-
las/tables directory. There are 10 tables, all in the 
form of an array with variables in columns and a first 
line indicating the variable names. Each data table is 
accompanied with a variable table (with the same name 
followed by _variable) describing each variable. For the 
main sampling, the data tables are the following with 
the different levels of measurements:

•	 The trees table contains 52 lines, one for each long 
log, and 10 columns. Most variables were interpo-
lated at breast height from disc measurements to 
provide a description of the trees.

•	 The logs table contains 156 lines, one for each short 
log, and 17 columns. Some of the measurements 
were performed on the logyard. Others were per-
formed on images of the log ends taken on the saw-
mill line. And some other variables were computed 
from measurements made on images or discs from 
both ends of the logs.

•	 The discs table contains 208 lines, one for each 
disc, and 14 columns. The measurements were per-
formed directly on the discs at the lab or on images 
of the log ends taken on the logyard.

•	 The strips table contains 832 lines, one for each radial 
strip, and 13 columns. The variables were computed 

Fig. 15  Example of images of log #1 from tree #2 with: one stump image on the left; one corresponding image of the large log-end taken in the 
forest; one image of the same log-end taken on the logyard at the sawmill several weeks later. The 25-cm-long scale was used to calibrate each 
image

Fig. 16  Raw RGB image of log #1 from tree #1 taken in the forest (on the left) and the corresponding manually segmented image (on the right). On 
the segmented image: The white area is the sapwood located between heartwood and bark; the red area is the heartwood

https://doi.org/10.15454/YUNEGL
https://doi.org/10.15454/YUNEGL
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https://metadata-afs.nancy.inra.fr/geonetwork/srv/fre/catalog.search#/metadata/d9eef6e4-f195-41f4-b6c2-2ab46adc637e
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from ring widths measured on RGB images and den-
sity profiles issued from CT images.

•	 The strips_density_profiles table gives the raw air-
dried density values with one line of data per pixel 
along the profiles.

•	 The strips_rings table contains 37,856 lines, one 
for each annual growth ring of each strip, and 8 
columns. The variables were computed from ring 
widths measured on RGB images and density pro-
files issued from CT images.

•	 The rings table contains 9464 lines, one for each 
annual growth ring, and 8 columns. They are almost 
the same variables as in strips_rings but averaged 
over the values of the four orthogonal strips.

•	 The boards table contains 346 lines, one for each 
board collected, and 83 columns. The measurements 
include the mechanical assessment of the boards and 
the location of board end images in log end images.

Data tables are also available for the preliminary sam-
pling of Besle:

•	 The logs_besle_forest table contains variables 
measured manually on log end images taken in the 
forest just after harvesting.

•	 The logs_besle_logyard table contains the same varia-
bles but measured on images of the same log ends taken 
on the logyard after transportation to the sawmill.

Fig. 17  Organisation of the data files
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5 � Technical validation
All measurements were carefully checked by graphical 
analyses with R software. The ring measurements were 
controlled by using a binocular magnifying glass when 
in doubt, and by checking for consistency between ring 
profiles from the four strips per disc and the four discs 
per tree. The X-ray CT scanner used to measure wood 
density is controlled and calibrated by the manufacturer 
three times a year. A specific calibration procedure (Frey-
burger et al. 2009) was used to convert Hounsfield Units 
to wood density. Scales, load cells, and displacement sen-
sors used for board testing have been controlled and cali-
brated by the manufacturer no more than 3 years before 
the tests. Board scanner resolutions were measured 
by using a ruler glued on the faces of a given board and 
counting the pixels.

6 � Reuse potential and limits
All data tables are in plain text format with tabulations as 
separator. They can be imported easily with R or with any 
spreadsheet software. The RGB images are in standard 
JPEG or PNG formats. A scale (black and white check-
erboard) included in each image allows to perform spa-
tial calibration except for the images taken on the sawmill 
line and board face images where another system was 
used. In all cases, pixel size (mm pixel−1 ) or image resolu-
tion (pixel mm−1 ) is given for each image.

The CT images (original images in DICOM format and 
calibrated images in 16-bits TIFF format) can be read 
with ImageJ. Sometimes information is missing for some 
variables, which is translated in “NA” value in the tables.

The TreeTrace_Douglas database is suitable for 
the development of image processing algorithms for 
untreated log cross-sections with two main purposes: 
traceability of logs from the forest to the sawmill and 
during their processing up to the boards; wood quality 
assessment directly in the forest, on the logyard or on the 
sawmill line before sawing. Both were objectives of the 
TreeTrace project.

We give below some examples of past uses of the 
database.

Pith detection algorithms were developed (Decelle 
et al. 2019, 2021a, c) because they often serve as a basis 
for the detection of other characteristics and because 
pith position provides information on the severity of the 
eccentricity potentially related to the presence of com-
pression wood for softwood species.

A neural network algorithm to automatically segment 
the wood cross-section in the entire image was also 
developed (Decelle and Jalilian 2020). This work has also 
led to the development of original algorithms in the field 
of mathematical morphology (Decelle et al. 2021b).

Several Master students worked in the project: for 
automatic reading of the black and white calibration scale 
(Delconte 2019), for automatic repositioning of individual 
board faces in the log cross-section (Barthélémy 2020), 
for board machine grading (Ge 2020), and board destruc-
tive testing (Mancini 2021; Guillaume 2021).

Moreover, some of the studied logs were peeled into 
veneers that were used to study and manufacture lami-
nated veneer lumbers (Duriot et  al. 2021a, b); thus, a 
comparison with the mechanical properties of the boards 
of the present dataset may be performed.

In addition to the past uses, further works are in pro-
gress for segmenting heartwood area and measuring ring 
width. Such algorithms can be developed and validated 
with this database providing raw images and ground 
truth for each characteristics (pith location, cross-section 
area of wood, heartwood area, annual ring widths, board 
coordinates).

The high resolution RGB images of strips (four orthog-
onal strips per disc) could be used to develop new image 
processing algorithms for applications in dendrochronol-
ogy. These images are provided with the corresponding 
annual growth ring readings.

The data can also be used to analyze some wood quality 
characteristics of Douglas fir and to estimate the amount 
of information that can be recovered from the analysis of 
log ends. For instance, a study is underway to analyze the 
relationship between tree growth and wood density at the 
ring level from the database. Indeed, an automatic detec-
tion of ring widths associated with a ring width – ring den-
sity model would provide relevant quality information.

It would also be possible to link the properties of the 
logs (ring widths, wood density, juvenile wood area, 
heartwood and sapwood amounts, pith eccentricity) to 
the mechanical performances of the boards obtained 
from these logs.

Another possible application is the development of 
strength grading algorithms such as that of Viguier et al. 
(2017), Olsson et  al. (2018), and Rais et  al. (2021) since 
the dataset includes the main measurements made by 
current industrial board grading machines. The location 
of the boards in the logs can also be used in the models 
like that of Lukacevic et al. (2019) and Hu et al. (2018).

The main difficulty in such studies performed in an 
industrial context is that very few information is avail-
able on the sites and trees sampled since the logs were 
selected on the logyard.
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