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Abstract

We present a movel method for photogrammetric
wood pile surveying, which runs on mobile devices as
well as on desktop computers. The demand for mea-
surement techniques for wood piles has strongly in-
creased in the last years. Unlike existing methods, our
method is not limited to a single image and uses 3D re-
construction techniques on a set of images taken with
a smartphone or digital camera. The reconstructed 3D
model is then used to identify individual wood logs and
perform photogrammetric surveying of the entire wood
pile. An extensive evaluation is conducted on 246 data
sets (7655 images) from the publicly available HAWK-
wood database. For the wood log detection benchmark a
true positive rate of 98.8% with a false positive rate of
0.7% 1is achieved. The volume computation showed an
average absolute difference of 2.2% (contour volume)
and 5.6% (solid wood volume).

1 Introduction

Wood piles are defined as stacked wood logs of a
certain wood type, length, and quality. When trees
are harvested, they are piled up on the side of the
road to be counted, measured, sold, and dispatched. In
order to determine cost and time efficient logistics for
trucks to pick up and distribute the wood logs, forestry
rangers must first gather information about the wood
piles, which include the following for each pile:

e wood type and quality

e wood log length

e number of wood logs

e wood pile contour volume (figure 1(a))

e solid wood volume (figure 1(b))

While the first two parameters can be quickly deter-
mined upon visual inspection, the counting of the wood
logs and the measurement of the wood pile contour vol-
ume, and the solid wood volume are error-prone, time
consuming, and thus costly. Our novel method is capa-
ble of accurately determining these quantities by using
multiple view reconstruction techniques with the wood
pile width as a scale reference.

The largest obstacle for wood pile surveying is a
varying wood type, wood quality, and especially vary-
ing geometric parameters of the wood pile, such as the
arrangement of the wood logs and vegetation covering
the front surface. State of the art methods focus on
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Figure 1. Wood pile.

(a) Contour volume (green).
(b) Individual wood logs / solid wood volume

image based wood log detection and wood log location
estimation but do not consider the wood pile itself as
a meta-object. In this paper we use these methods as
a foundation to reconstruct and measure wood piles.

When applying our method it is crucial for the user
to receive immediate feedback on the measurement
process. With no mobile internet available in many
remote forestry areas a cloud service cannot be used.
Our method works on handheld mobile devices, such as
smartphones and tablets, and does not require a data
connection of any kind.

2 Related research

Wood log detection has been an active area of re-
search for over a decade. The fundamentals of wood
log surveying were established by Fink [2]. Much re-
search is based on the idea to perform wood log de-
tection first and then use this information for detailed
segmentation. For single images Gutzeit and Voskamp
[3] show how individual wood logs can be detected and
segmented by combining Haar-like features [10] and
graph gut segmentation. A statistical model is built
from the initial classification, which is then used to
separate foreground from background. The approach
still constrains the centroid of the wood pile to be lo-
cated in the image center in order to correctly compute
the statistical model.

Gutzeit and Voskamp’s method [3] is further im-
proved by [4] who extend this approach by an iterative
classification, segmentation, and statistical modeling
method. An initial model is built from a subset of
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Figure 2. Method overview

wood log faces, which is then iteratively refined and
used to detect the remaining wood logs.

While all these methods consider two dimensional in-
formation only, [5] uses camera calibration techniques
[9] combined with a wood log detection method [4] to
locate wood logs in 3D space and approximate their
relative locations. This is achieved through quadric
filtering and back projection of the detected two di-
mensional objects to 3D space. In our work we use
this method as a basis for three dimensional wood pile
reconstruction (see figure 2, initialization).

We evaluate our approach on the new publicly avail-
able HAWKwood database [6] (Multi-Image Bench-
mark, M.1-M.3). Tt includes 354 data sets in total
with 7655 images, of which we use 246 data sets (6376
images). There exists a dedicated benchmark for each
of the three parameters that we wish to compute: num-
ber of wood logs, wood pile contour volume, solid wood
volume. For each data set the wood pile width and
wood log length are given.

3 Wood pile as a meta object

Previous research has considered wood logs as indi-
vidual objects. In our work we are interested in han-
dling the wood pile as a meta object, meaning that we
propose to handle the wood pile as a unit, which con-
sists of wood logs, the space between wood logs, and
parameters connected to the surroundings of the wood
pile. By choosing this representation we can include
additional information from the meta object, such as
the front surface normals, and three dimensional ori-
entation in our reconstruction and measurement.

By forestry convention we only measure the front
of the wood pile, as it is considered to be representa-
tive for the entire wood pile when stacked according
to forestry standards [7]. While the number of wood
logs is a well defined quantity, the wood pile contour
volume V. and the solid wood volume V are explicitly
defined by forestry conventions [6][7].

k
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The contour volume is denoted as V.. Equation 1
shows its definition [6][7], where w,, is the width of the
wood pile, [ is the wood log length, and h; is the height
of the ith wood pile section. The section height h; is
determined by dividing the wood pile in equal sections

Ve = wpl (1)
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and measuring the height in the center of the section
(see [6] for a visual representation).

To compute the solid wood volume only, equation 2
uses the number of wood logs IV, the wood log diameter
d; and the known, constant wood log length {. We can
see that V; is defined as the sum of all single wood log

volumes.
di\?
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4 Method
4.1 Contributions

1. Our method provides a simultaneous solution for
the determination of the number of wood logs, the
wood pile contour volume, and the solid wood vol-
ume.

2. The proposed method is the first multiple view
wood pile surveying technique.

3. All algorithms are specifically optimized for the
use on mobile devices.

. We provide results of extensive testing on several
hundred data sets.

4.2 Proposed method

For each wood pile we compute a 3D reconstruction,
consisting of a sparse point cloud and camera calibra-
tion data (obtained through structure from motion [9]).
Furthermore we receive the 3D location and circular
approximation (with radius r) of the wood log front
faces through the method described in [5]. We denote
the point cloud as @ and the camera poses as P; with
i =1...m and m being the number of registered im-
ages. The detected 3D objects (wood log faces) are
defined as the set O, where each O; = {x;,y;, 2,7}
with the 3D center location [z;,y;, z;] of the wood log
face and the radius ;. The 3D wood log faces are
used as an initial approximation of the wood pile front
surface.

Structure from motion performs extrinsic calibration
up to a scale factor only, which is usually unknown.
Our experiments have shown that the scale of the wood
pile is best recovered by the largest measurable length



Figure 3. (a) 3D reconstruction. (b) Ortho-
graphic projection and detected objects. (c)
Orthographic projection and contour volume V,

(green)

of the object. In our case this is the wood pile width.
The accuracy of the wood pile width measurement is
discussed in section 5.

In our method the first step for scale recovery is the
computation of the concave hull of the wood pile, rep-
resented by the vertices of the wood log faces (see fig-
ure 2). For this we choose a k-nearest neighbor based
method proposed by Moreira and Santos [8]. From an
initial guess of k = 3, we iteratively refine the param-
eter k until a single concave contour is found, which
consists of 3D vertices. The resulting concave hull is
denoted as C. The points with the largest distance be-
tween them (p_x and piyx) are considered the left and
right edge of the pile. The Euclidean distance between
pP_x and p.y in R? is denoted as d = |pyx — P_x]|

For wood piles it can be generally assumed that the
front surface is not strictly, but approximately planar
(quasi-planar). Furthermore a wood pile always ex-
hibits a width larger than its height or depth. We
can determine the surface normal n of the quasi-planar
front plane through a RANSAC-based plane fitting ap-
proach. The obtained n can be used to align the 3D
front surface to the z-y-plane so that n ~ z, where
z = [0,0,1]7 is the z-axis and ~ denotes equality up
to scale.

By performing principal component analysis (PCA)
of the detected objects distribution in 3D, we can com-
pute the eigen vector Y, which is the eigen vector with
the largest eigen value A\. The vector Yy corresponds
to the horizontal axis of the wood pile and may thus be
used for alignment of the wood pile to the z-axis. From
the rotated and scaled wood pile object a 2.5D mesh
is created via delaunay triangulation [1] and texture is
mapped onto it from the original images.

In [5] it is shown that the wood log detection rate
(true positive rate) is approximately 98.0% with a false
positive rate of 0.5%. Hence some wood logs may not
be detected. A user needs to be able to add or remove
wood logs from the three dimensional reconstruction.
To prevent projective ambiguities, we perform ortho-
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graphic projection of the wood pile along the z-axis
(see figure 3(b)). This image can then be used as a
visual representation for user input.

While it is trivial to remove falsely detected wood log
faces from the reconstruction, the process of adding ob-
jects is more complex. [5] proposes to perform quadric
filtering to determine a subset of vertices, which lie in
the proximity of the true 3D location. In our case the
filter parameters are determined through the size (r)
and 2D location (x, y) of the object in the orthographic
projection.

After the user finished editing, the pipeline is run
again and the contour volume V. and solid wood vol-
ume Vs are computed. The contour volume is deter-
mined via the orthographic projection of the 3D recon-
struction. It is defined as the area of the projection of
the front surface A. (see figure 1(a)) multiplied with
the known depth of the wood pile. Given the contour
of the orthographic projection of the concave hull Cy,,
the area surrounded by this curve A, can be deter-
mined through Green’s theorem in equation 3, where
f(z,y) and g(x,y) must be chosen explicitly. The con-
tour volume V, is defined as the multiplication of the
known wood log length [ with A..

A= [faa- /C U gy )

V. = A (4)

The last parameter of the wood log pile, that we are
interested in, is the solid wood volume V. As shown
by [6] and [7] Vs is defined as the sum of all wood log
faces multiplied with the wood log length. Since we
use a circular approximation for wood log faces, we
can define the face area according to equation 5 and
Vs through equation 6.

N
Ay = E 71'7"1-2
i=1

Ve = Adl

(5)

(6)
5 Experiments

Our method is based on [5], where experiments are
performed on 65 data sets to determine the wood log
detection rate. We extend these experiments to per-
form surveying on the wood pile as a whole. Experi-
ments are conducted on the HAWKwood database [6],
which consists of a total of 354 data sets and 7655 im-
ages for three different benchmarks, one for each of the
parameters we wish to determine.

5.1 Number of wood logs

The detection of the number of wood logs is the ba-
sis of our proposed method. For our evaluation we use
the 246 data sets with high overlap from the HAWK-
wood M.1 benchmark, which are provided specifically
for multiple view reconstruction. For 4 of these data
sets results could not be obtained, as multiple view re-
construction failed, due to insufficient overlap of the
images. For comparability we show results for fully
automatic detection without interactive editing.



The detection rate tpr (true positive rate) and false
positive rate fpr are defined by the following equa-
tions, where Ny, is the number of correctly detected
wood logs, Nfqise is the number of falsely detected
wood logs, and N is the ground truth number of wood
logs.

rue N altse
tpr= = fpr= =L (7)
| =z s
tpr | 98.8% 1.3%
for | 0.7% 1.1%

Table 1. Automatic wood log detection results

We can see from table 1 that the ¢pr and fpr are
very close to the results reported in [5].

5.2 Scale reference

As we mentioned previously, the width of the wood
pile is the largest accurately measurable length of the
object, and will thus be used as a scale reference. To
determine its accuracy we have conducted 200 mea-
surements of different wood pile widths by five differ-
ent forestry rangers. It resulted in a very low standard
deviation of s, = 0.12% for wood piles in the range of
4.1m to 35.3m.

5.3 Solid wood volume

For the computation of the solid wood volume we
use the automatic detection results combined with the
interactive editing by the user. We can thus assume a
tpr of 100% and a fpr of 0% for the evaluation of the
contour volume and solid wood volume. The results for
the HAWKwood M.2 benchmark (71 real and 40 syn-
thetic data sets with high overlap) show a lower drift
for the real data than for synthetic data. Both results
are suited for practical use, as the drift of the mean
and the standard deviation are well within the limits
specified by forestry conventions. When measuring by
hand, the difference to the real value, according to [7],
is usually up to 8%.

| =z 5
real -5.6%  3.4%
synthetic | -7.0% 3.2%

Table 2. Vj results (difference to ground truth)

5.4 Contour volume

Similar to the solid wood volume, the computation
of the contour volume was performed after interactive
editing to ensure tpr = 100% and fpr = 0%. The
HAWKwood M.3 benchmark provides 246 data sets
(206 real and 40 synthetic) with high overlap, for which
ground truth is provided by forestry standards for the
real data sets and computed ground truth for the syn-
thetic data. Table 5.4 shows that our method accu-
rately computes the contour volume for real as well as
synthetic data. It tends to slightly underestimate the
volume in both cases, while the average difference for
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synthetic data is smaller due to a better segmentability
for foreground and background.

| = 5
real 22% 1.8%
synthetic | 0.62% 0.05%

Table 3. V. results (difference to ground truth)

6 Conclusion and perspectives

We have presented a novel method for automatic mo-
bile wood pile surveying. The approach uses multiple
view stereo techniques in combination with an existing
3D object detection approach to obtain the 3D loca-
tions of the detected wood log faces and derive the con-
tour volume and solid wood volume. Extensive exper-
iments have been performed on 246 data sets for three
different benchmarks. We have proved our method to
be suitable for real world applications with an average
difference of 2.2% for the contour volume and -5.6%
for the solid wood volume.
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