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Abstract

With recent technological development, photo-optical measurement systems in mobile devices 
have been increasingly used for automatic wood volume estimation because of their ease of use 
and efficiency. This study aimed to evaluate the use of photo-optical mobile apps for measuring 
solid wood volume of the stack in Turkish forestry practices. For this study, 21 log stacks were 
measured using the traditional technique and two photo-optical mobile apps – iFovea Pro and 
Timbeter. A strong correlation was found between the traditionally measured solid wood vol-
ume of the stack and the volume estimated using both photo-optical apps, the number of logs 
in the stack, and the mean diameter of the stack. The estimated number of trees from the two 
apps and manual measurement were not statistically different. However, statistical differences 
were observed between all three measurement approaches for the mean diameter of the stack. 
Also, statistical test results indicated mixed results for estimated solid wood volume in the 
stack. In addition, the study tested whether both apps correctly measure the diameter of the logs 
in the stack. Thus, manually measured diameter of the randomly selected 50 trees within 21 
stacks was compared to the log diameters measured automatically using both mobile apps. The 
results indicated no statistical difference between the three measurement approaches. The study 
results are promising for using photo-optical mobile apps in Turkish forestry in terms of tran-
sition to digital forestry. However, there are still opportunities to improve the capabilities of 
the method through further analysis of estimating stack volume using the image from both sides 
of the logs considering different quality and diameter classes with bark conditions.

Keywords: machine vision, photogrammetry, stack volume, solid wood volume, photo-optical 
mobile apps

1. Introduction
In general, the methods to calculate the solid wood 

volume of the stack are divided into two main groups: 
conventional and automatic. The conventional meth-
od includes different approaches to estimate solid 
round wood in the stack. The first one is the use of 
measurements of the height, length, which is gener-
ally constant for specific assortment, and width of 
stacks to estimate solid round wood that includes split 
wood used for fuelwood, some special products, and 
a single log of large-size wood (Knyaz and Maksimov 
2014, Hohmann et al. 2017, Berendt et al. 2021). The 
second is one-by-one log measurement in the stack, 
starting with measuring the diameter from both ends 
or the middle of the log and the length of each log. 

Then, the solid wood volume is estimated by applying 
diameter and length based empirical equations. Cal-
culating the solid wood volume of every single log 
with a manual one-by-one measurement method can 
provide the most accurate volume estimation (Knyaz 
and Maksimov 2014). However, with a limited num-
ber of experienced operators in a limited time, this 
procedure leads to human-caused errors and lower 
accuracy. Error from the manual one-by-one method 
can reach up to ±10% (Janák 2005, Knyaz and  
Maksimov 2014, Mitrofanovs and Cekule 2019). An-
other method used in estimating wood volume in the 
stack, the weight sampling method, is applied by 
weighting the wood by the scale at the mill, then ob-
taining the green density of the wood (Fonseca 2010, 
Meyen and O'Connell 2012, Melkas 2018).  
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Furthermore, the water displacement method, consid-
ered the most precise method, has been employed for 
measuring the actual volume of the log (Keepers 1945). 
Although these conventional methods of measuring 
the solid wood volume in the stack are considered ac-
curate inventory methods, they are significantly labor-
intensive, time-consuming, and costly depending on 
the number and size of stacks (Kärhä et al. 2019).

Measuring the harvested wood accurately and fast 
is an essential task in the wood supply chain regarding 
economic aspect. In particular, estimating log volume 
from round wood measurement is one of the most 
important issues in price-fixing besides log quality 
(Pásztory et al. 2019, Cremer et al. 2020, Berendt et al. 
2021). Round wood, including split wood used for 
firewood and some specialty products, is usually 
stacked in many countries and the volume of the 
round wood in the stack can often be measured using 
two relevant parameters: stack volume and solid 
wood content. Stack volume is usually calculated from 
a cubic area occupied by a wood stack that multiples 
the length, width, and height of the stack (Fonseca 
2005, Kärhä et al. 2019). There are two main measure-
ment units for stack volume: cord and stere. The cord 
is used in North America and is defined as a unit of 
measure of stacked wood, occupying a space of 3.63 m3 

(128 ft3), while stere is used in regions outside North 
America and is defined as a unit of measure of stacked 
wood occupying the space of 1 m3. The dimension of 
the stacked wood shows differences between the 
countries. The widely used stacked length is 1, 2, and 
3 meters in Europe and 2.44 m (8 ft) in North America 
(Pásztory et al. 2019). Also, the suggested stack height 
in Europe is no more than 3 m to produce lower error 
in the stack height measurements (Kärhä et al. 2019) 
because these factors impact the accuracy of the stack 
volume measurement.

Solid wood content can be determined as the ac-
tual round wood volume by summating the volume 
from each measured log in the stack. This method 
(called manual or traditional), measuring the logs one-
by-one, is the most accurate technique. However, it is 
not feasible, especially for huge volumes of round 
wood purchases due to time and cost (Fonseca 2005, 
de Miguel-Díez et al. 2021). Hence, solid wood volume 
(i.e., net volume) is estimated from stack wood volume 
by multiplying with a conversion factor, which de-
pends on tree species, the assortment length, the bark 
thickness, and wood defects (Fonseca 2005, Berendt et 
al. 2021). The solid wood volume in the stack ranges 
between 50% and 80% depending on some factors, 
including but not limited to the size of the log, bark 
condition, branchiness and limping of logs, crooked-

ness, tightness of the stacking, and shape of the logs, 
and taper amount. It is suggested to use log types 
specified solid wood conversion factor for estimating 
the solid wood content (Fonseca 2005, van Laar and 
Akça 2007).

As an alternative to conventional methods, thanks 
to technological developments, automatic methods 
have offered innovative solutions to the markets  
(Pásztory et al. 2019). These methods are composed of 
computational and technical backgrounds. For exam-
ple, electro-mechanical harvesting technology (har-
vester measurement) has been used as one of the ear-
liest automatic measurement techniques in the 
estimation of the solid wood content in the stack. In 
this technique, the harvester unit includes a measure-
ment device that measures the diameter and length of 
each log during the harvesting process and registers 
the data automatically. However, this method also re-
quires continuous calibration of the systems depend-
ing on log conditions to acquire valid data. Many stud-
ies have been conducted to evaluate the accuracy of 
the harvester measurement (including diameter, 
length, volume, and position of the log) worldwide 
(i.e., Europe, North America, New Zealand, and  
Australia) (Moller 1998, Anderson and Dyson 2002, 
Murphy et al. 2005, Murphy et al. 2006, Rasinmäki and 
Melkas 2006, Leitner et al. 2014, Pásztory et al. 2018, 
Noordermeer et al. 2022). The studies mainly showed 
that, with properly calibrated harvesters, the error of 
the harvester measurements for log diameter, length, 
and volume are not worse than traditional standing 
tree inventory. Some European countries, particularly 
Germany and the Czech Republic, have partially used 
this measurement method for a long time but are not 
allowed to use the system legally for billing purposes 
(Hohmann et al. 2017).

Another automatic method for measuring stack 
volume relies on modern image-based techniques us-
ing photogrammetry and 3D reconstruction. For ex-
ample, the solid wood volume of logs in piles  
(Kruglov and Chiryshev 2017) and trucks (Sosa et al. 
2015, Acuna and Sosa 2019) were measured using 
multi-view photogrammetry and 3D reconstruction. 
The results of these studies demonstrated a great po-
tential for operational implementation of these tech-
niques in forestry. With the development and im-
provement in technology, photo-optical measurement 
systems have also become more popular in many dis-
ciplines, such as automatic inspection, robot, and pro-
cess guidance industry, or security monitoring  
(Snyder and Qi 2010, Davies 2012, Kärhä et al. 2019, 
de Miguel-Díez et al. 2021). This method includes im-
age and signal processing, machine vision, analysis, 
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and Dietz et al. (2019) tested many photo-optical ap-
plications and systems measuring log piles volume. 
The findings pointed out that all tested apps and sys-
tems are user-friendly and produce satisfying results 
compared to the conventional method. Moreover, 
Borz at al. (2022) conducted a study to test LiDAR-
embedded mobile app in log measurements and their 
results pointed out that phone-based photo-optical 
log measurements have a high potential for replacing 
the traditional log measurements.

In Turkey, the stack volume measurement units 
stated as stere are only used for round wood. It gener-
ally means split wood used for fuelwood and some 
specialty products (DBH <18 cm), including fuel-
wood, pulpwood, fiber-chip wood, other industrial 
wood and thin pole (OGM 2019). The dimensions of 
the stacked wood for the stere unit in Turkey could 
show differences compared to Europe. Instead of di-
viding the stack into sections for measuring the vol-
ume, the wood stack is prepared using a 1 m (length) 
x 1 m (width) x 1.05 m (height) section at the begin-
ning. Then, the measured stack volume as stere is 
converted to the cubic meter by multiplying the con-
version factor (0.75) for estimating solid round wood 
volume in the stack (OGM 2015). Besides, the most 
common measuring method for solid wood volume 
in the stack is the one-by-one log measurement in 
Turkey. The dimension of stacked wood is similar to 
that used in Europe. The length is 1.5, 2.5, and 5 me-
ters but can change based on the demands of the mar-
kets. Also, round wood can be stacked based on the 
quality, DBH class, length, or product types (i.e., log, 
mine pole, pole, wooden pole, industrial wood, pulp-
wood, and fiber-chip wood). According to the Forest 
Production and Marketing Department under the 
General Directorate of Forestry (OGM 2019), standard 
solid wood volume measurement in the stack is per-
formed with one-by-one log measurement method. 
In general, the middle DBH of every single log in the 
stack is measured by operators, and solid wood vol-
ume in the stack is estimated using the empirical for-
mula, Huber formula being widely used. Another 
empirical formula called the Smalian formula, requir-
ing top and bottom DBH measurement of the log, can 
be used to measure solid wood volume in the stack. 
Thus, studies were conducted to evaluate these vol-
ume formulas for accurate and precise volume esti-
mation (Carus 2002, Özçelik 2006, Durkaya and 
Durkaya 2011).

Although these conventional methods for measur-
ing solid round wood volume in the stack offer ac-
curate inventory, it is not time and cost-efficient. In 
the course of the fast digitalization process in  

and modeling (Snyder and Qi 2010, Davies 2012, 
Kärhä et al. 2019). Recently, the machine vision-based 
photo-optical method has been integrated into for-
estry to measure the stack volume. In this method, a 
mobile system, usually a smartphone or a tablet, uses 
its standard camera along with the apps to capture the 
images of each stack. Then, the processing of the im-
ages, using statistical image analysis methods in Hue, 
Saturation, and Value (HSV) colors (Pásztory and  
Polgár 2016), is performed within the app automati-
cally. Thus, with the automatically processed image, 
every single log in the stack can be detected to measure 
some of the stack parameters (i.e., the diameter of every 
single log, mean diameter of the stack, number of trees, 
and volume). Several commercial mobile measuring 
applications, including but not limited to AFoRS,  
LogStackPRO, LogStackLIDAR, iFovea Pro, Logsize, 
sScale, Timbeter, and Trestima Stack, have been devel-
oped and are now being used by large forest companies 
in the European markets. These listed applications 
(apps) are mobile tools for smartphones and tablet de-
vices, except sScale. These apps often require referenc-
es, such as a stick or manual measurement of stack 
length, for scaling and calculating stack parameters (i.e., 
mean diameter of the stack, stack volume).

The continuous improvements in mobile phone 
cameras and apps and the integration of advanced 
technologies into mobile phones, such as LiDAR 
(Light Detection and Ranging) technology and  
Augmented Reality (AR), increase the demands for 
the use of these applications in forestry. Many studies 
have been conducted to examine the accuracy and 
efficiency of using mobile photo-optical stack mea-
surement apps, especially in Europe. The study by 
Kärhä et al. (2019) was conducted to determine the 
accuracy and time consumption of a mobile machine 
vision application (Trestima Stack app) in measuring 
log stacks in Finland. In total, 60 log stacks were mea-
sured, 32 being in terminal and intermediate yard, 
and 28 in roadside landing. The result of the study 
indicated that the overall accuracy of log stack vol-
ume from the app was +2.7%. The result was better in 
terminal yards (+0.7%) than that obtained by the con-
ventional stack volume measurement method. How-
ever, there was a statistically significant difference 
between these two methods. The average effective 
total measurement time consumption for the app was 
less than that of the conventional method. Berendt et 
al. (2021) also examined the reliability of photo-opti-
cal measurements of log stack gross volume using the 
iFovea app and found that the photo-optical measure-
ment app provided similar results as conventional 
methods in larger log stacks. Jodłowski et al. (2016) 
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forestry, new approaches have been tested in a lim-
ited number of studies in Turkey. For example, Eker 
and Aydin (2020) used UAV-based images to measure 
stack volume in forest enterprise depots. The round 
wood volume in the stack was estimated from the 3D 
model of the pile that was generated from the combi-
nation of UAV-based images and the Structure from 
Motion (SfM) algorithm. The findings pointed out 
that the estimated volume for round wood from UAV-
based images was relatively similar to recorded 
stacked measurements, calculated by the convention-
al method (one-by-one log measurement method).

The increase in digitization integrates Industry 4.0 
into forestry practices. Many applications have been 
developed for wood supply chains worldwide, in-
cluding remote sensing data in forest inventory, har-
vest planning and operation, transport and logistics 
of logs, the use of machine vision and the Internet of 
the things for data generation, information flows, and 
monitoring goods and services (Muller et al. 2019, 
Kemmerer and Labelle 2020). For example, the ma-
chine vision mobile photo-optical stack measure-
ments app is an attractive alternative to manual mea-
surement and is widely used in European forestry. 
The concept of Forestry 4.0 has begun to integrate into 
the wood supply chain in Turkish forestry practices, 
as well. For example, recently, OGM, the only govern-
ment agency authorized to manage forest areas in 
Turkey, has started to use the barcode application, 
which allows buyers to monitor logs from the forest 
stands to the final destinations in some pilot areas. 

Based on the feedback from the users and buyers, the 
barcode application will have the potential to be more 
common for forestry practices in Turkey due to its 
ease of use, along with its time and cost-effectiveness. 
However, these kinds of innovative applications re-
quire continual research and examination. Hence, the 
aim of this study was to evaluate the usability of the 
machine vision photo-optical measurement method 
for measuring solid wood volume in the stack in the 
forest enterprise depot (terminal yards) compared to 
the conventional measurement method. It will help 
to understand how these existing apps are suitable 
for the volume measurements or how they need to be 
adjusted for the wood supply chain in Turkish for-
estry.

2. Materials and Methods

2.1 Data of the Study
For this study, in total, 21 log stacks were mea-

sured at a forest enterprise depot which belongs to 
Kemalpasa Forest Enterprise unit located in the east-
ern part of Regional Forest Directorate of Izmir,  
Turkey (Fig. 1). The measured stacks comprised logs, 
industrial wood, and pulpwood of only softwood 
tree species, including (14) Turkish red pine (Pinus 
brutia) and (7) European black pine (Pinus nigra). 
These wood products in the stacks are classified 
based on the diameter, quality, height, tree species, 
and demand of the markets.

Fig. 1 Location of the study area and map view of the forest enterprise depot (terminal yard) from iFovea Pro app
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apps; the third person only helped to measure stack 
length and take notes related to the study. The two 
people, who used apps for the measurements, have 
had experience with conducting similar studies on tree 
measurement using close-range photogrammetry,  
LiDAR, and mobile apps. Before starting the stack 
measurement study, these two people conducted a 
test measurement for training purposes to make sure 
about the procedure. Also, each person used the same 
mobile app during the entire measurement process.

iFovea Pro is a machine vision-based mobile app 
developed by German technology (SDP Digitale 
Produkte GmbH) for measuring the volume of logs 
stack from the images taken by smartphone or tablet 
devices (https://www.fovea.eu/). In this study, the 
iFovea Pro app was employed within an iPhone X 
(Apple Inc.), which contains a 12-megapixel rear cam-
era system equipped with dual optical image stabiliza-
tion and a 14.7 cm (5.8 inches) super retina display. 
Overlapped photos of the front of the log stacks were 
taken and then combined to create a single image of 
the stack. In the calculation of the log volume within 
a stack, the app allows to use images taken from both 
side of the stacks, but in our study, the stacks in forest 
enterprise depot (terminal yards) were arranged so 
close to each other that it was impossible to capture 
the photos from both sides of the stack (Fig. 1). There-
fore, the images obtained from the single available side 
of the stacks were used to calculate the log volume.

For achieving optimal results, the instructions de-
veloped by the company were followed. According to 
that, the photos were taken at approximately 2 to 4 m 
distance from the log stack with at least 60% overlap 
and the log stack height needed to cover 85% of the 
photo height. In addition, the user manuals of the app 
provide detailed information related to photo-optical 
measurements and functions of the app (i.e., holding 
position of the device, lightning conditions and adjust-
ment, woodpile dimensions). Fig. 2a shows accurate 
photo capturing with 60% overlap. After the image-
taking process was completed, the length and depth 
of the stack were measured manually and recorded to 
the app for scaling and estimating the volume. The 
solid wood volume in the stack can be estimated by 
defining contour of the stack front automatically or 
detecting diameter of every single log. For this study, 
the latter option was used to allow user to detect every 
single log and extract diameter for each of them (Fig. 
2b). The iFovea Pro app offers three methods (Cylinder, 
Polish and Japanese) for calculating solid wood volume 
of the log within the stack. The cylindrical method is 
suggested for the cases where logs have been stacked 
with mixed ends. Also, it is the dominant method used 

2.2 Measuring the Stack with Conventional 
Methods

In Turkey, the stacks in the forest enterprise depot 
are generally composed of logs (without bark), piled 
parallel to each other based on similar parameters 
such as tree species, length, quality, product types, 
and diameters. The volume (Vm) of the stacks was mea-
sured all year around (January 2021 – December 2021) 
at the depot based on the code by Forest Production 
and Marketing Department under the General Direc-
torate of Forestry. According to the code, standard 
solid wood volume measurement in the stack is per-
formed with the conventional measurement method 
that measures logs in the stack one-by-one. First, the 
middle DBH of every single log in the stack is mea-
sured by forestry workers, and then solid wood vol-
ume in the stack is estimated using the Huber formu-
la (Briggs 1994):
  Vm = f × MED2 × LL (1)
Where:
ƒ 0.00007854 for metric units (cubic meters)
MED diameter from the middle of the log
LL length of log.

Also, number of trees, length of the log (divided 
into two classes: short (1.25 – 2.5 m) and long (>2.5 m 
– 5 m)), quality, diameter class (divided into two class-
es: thin or thick) and product types were recorded dur-
ing conventional stack logs measurements. In this 
study, the total solid wood volume without bark (lat-
er: m3), number of log (NoL), and mean diameter (MD) 
(cm) of the stack obtained from the records of Kemal-
pasa Forest enterprise depot were used as reference 
data. Some of the logs in the stack were piled in differ-
ent directions, and the cameras did not capture them. 
Therefore, these logs were subtracted from reference 
data and the reference data were corrected. The refer-
ence data volume was also recalculated using the 
mean diameter and number of the logs laid diago-
nally.

2.3 Measuring the Stack with Photo-Optical 
Stack Measurements Apps

The measurement of the stack was performed with 
two widespread photo-optical apps: iFovea Pro ver-
sion 2.5.2 and Timbeter version 3.0. Both apps show 
similarities in the estimation of the stack volume due 
to using machine vision technique, but there are some 
differences in the application procedure of the apps. 
Also, these two apps are not free, but both provide free 
use for a limited time. Three people performed the 
measurements in the depot. Two of them used mobile 
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in most of the European continent (https://www.tim-
beter.com). Thus, the cylindrical method was employed 
in iFovea Pro app to calculate net solid wood volume 
without bark within the stack. Moreover, the app also 
enables users to report the number of logs within the 
stack, average diameter, classified volume based on 
quality, tree species, and diameter class.

Another machine vision-based mobile app, called 
Timbeter, was used to estimate solid wood volume of 
log within the stack. The Timbeter app was developed 
by the Green ICT program (Norway – Estonia) as a 
digital log measurement tool that uses machine learn-
ing technology and artificial intelligence for accurate-
ly detecting and measuring the log in the stack (https://
timbeter.com/). The app was downloaded and in-
stalled on a Nokia 8 smartphone with a 13 MP camera. 
In general, the Timbeter app has a similar procedure 
as iFovea Pro in image taking process. The photos 
were taken from one side of the log stacks with at least 
60% overlapping, then combined into one panoramic 
image. Alternatively, the Timbeter offers an automat-
ed panoramic mode option for calculating the solid 
wood volume of the log within the stack. The Timbeter 

requires the use of a 1 m scaling stick, which should 
be positioned as in Fig. 3. In this study, a 1 m stick was 
used with yellow and brown colors in each 10 cm sec-
tion. As in iFovea Pro app, after capturing the photo 
of the entire stack, every single log was detected auto-
matically, and then the diameter of the logs was deter-
mined. The Timbeter offers ten methods to the users 
for volume estimation. In this study, the cylindrical 
method was selected to calculate net solid wood vol-
ume of the stack without bark as in the iFovea Pro app. 
In addition, the number of trees and average diameter 
of the stack were recorded automatically and will be 
used in the evaluation of the methods.

Both apps allow users to post process data, which 
is necessary to avoid common mistakes, such as false- 
or non-detected logs. For example, due to color of the 
wood, diameter of the log can be detected smaller or 
bigger, or the app can incorrectly mark the logs from 
a second wood stack in the background. With post 
processing, diameter circle can be adjusted (i.e., delete, 
add, move circle or increase/decrease circle size), and 
incorrectly marked logs can be removed. According 
to a study by Boberg and Lilja (2016), adjusted data 

Fig. 2 Flowchart of iFovea Pro mobile app and view of the app during measurement (Fovea 2021)
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with post processing was significantly different than 
unadjusted data. Thus, before the volume estimation, 
post process (adjust the data) was applied in this 
study. Also, the apps can synchronize the result with 
Forest Management System (FMS) cloud that is a free 
and online platform, including maps and accounting 
functions.

2.4 Evaluating Automatic Extraction of Log 
Diameter by Mobile Photo-Optical Apps

The primary purpose of the study was to compare 
the net solid wood volume of the logs and the number 
of trees within stacks, and the mean diameter of each 
stack, which were obtained by using two machine 
vision-based mobile apps (iFovea Pro and Timbeter) 
and conventional method. However, the reference vol-
ume was calculated using middle diameter of the log, 
while both apps used the diameter from one side of the 
log for volume estimation of the stack. Using diameter 
obtained from a different part of the logs might cause 
a difference in comparison of volume estimation. 
Therefore, the diameters of randomly selected 50 trees 
from the 21 log stacks were measured manually on a 
diagonal way twice. Then, the calculated average value 
from these two measurements for each log was com-
pared to the log diameters extracted automatically by 
using both mobile apps (iFovea Pro and Timbeter).

2.5 Statistical Analyses
A repeated-measures ANOVA (Analysis of vari-

ance) was used to examine the effects of measurement 
techniques on the stack-level parameters (including 
the number of trees, volume, and mean diameters) and 
randomly measured diameters of fifty trees within the 
measured stacks. A repeated ANOVA method tests the 
equality of means of the more than two groups to de-

termine whether at least one group is statistically dif-
ferent from the others, as with any ANOVA method. 
However, repeated-measures approaches are used 
when numerous measurements are made on the same 
subjects over time or when all measurement are per-
formed under different conditions (Hill and Lewicki 
2006). In this study, 21 log stacks and diameter of 50 
individual trees within these stacks were measured 
using three different devices. Also, this approach is not 
restricted by the homogeneity of variance assumption 
of ANOVA if the assumption of normality and inde-
pendence are met. Instead of assumption of homoge-
neity of variance, sphericity or circularity assumptions 
must be met in repeated measures approach when 
applying the test. If the sphericity assumption is not 
met, various corrections can be employed to produce 
a valid F-ratio.

In this study, we first tested whether each set of 
mobile photo-optical stack measurement apps  
(Timbeter and iFovea) and traditional (one-by-one log) 
measurements for stack parameters, including the 
number of logs (NoL) in the sctaks, Volume (V) and 
mean diameter of stacks (MD), were normally distrib-
uted. Also, normality of randomly measured diame-
ters of fifty trees within the measured stacks was 
checked. According to Kolmogorov-Smirnov,  
Shapiro-Wilk, Skewness and Kurtosis tests, and His-
togram and Q-Q plots, sets of measurements for the 
number of trees and volume were normally distrib-
uted, while mean diameter and randomly measured 
diameters of fifty trees within the measured stacks 
were not normally distributed. The ANOVA test is not 
affected by violations of normality when working with 
large samples. The ANOVA test produces highly ac-
curate p-values in violation of normality even when 
the sample size of each group is reduced to 15 (Green 
and Salkind 2014). For normally distributed stack  

Fig. 3 View of Timbeter mobile app and view of the app during measurement (Timbeter 2021)
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parameters (NoL and V), repeated measures ANOVA 
was applied after testing if the condition of the sphe-
ricity was met using Mauchly’s test in SPSS. For the 
mean diameter and randomly measured diameters of 
fifty trees measurements, which did not meet the nor-
mality assumption, Friedman test was used as a non-
parametric alternative for a repeated-measures ANO-
VA. Using the repeated-measures ANOVA and 
Friedman tests, the following hypotheses were tested:

H0:  There is no difference between the parameters 
measured with different approaches (Timbeter, 
iFovea and Traditional)

Ha:  There is a difference between the parameters 
measured with different approaches (Timbeter, 
iFovea and Traditional)

If the null hypothesis is rejected, post-hoc com-
parisons (Bonferroni for repeated measures ANOVA 
test and Wilcoxon signed rank test for Friedman test) 
were used to examine the statistical significance of the 
differences between means of measurement ap-
proaches.

3. Results

3.1 Results of Stack Volume Measurements with 
Mobile Photo-Optical Apps

Table 1 shows the summary of the statistic for the 
number of logs (NoL), volume (V, m3), and mean di-
ameter of the stack (MD, cm) estimated for 21 log 
stacks. The NoL in stacks estimated using both mobile 
apps produced almost the same results with reference 
data in every measured stack, except stack 14 and 16, 
in which both apps did not estimate correctly, and 
stack 18, where iFovea Pro did not count accurately. 
The mean volume and mean diameter of the analyzed 
log stacks suggested that the solid wood volume in the 
stacks and mean diameter of the stacks estimated us-
ing both Timbeter and iFovea Pro were smaller than 
the reference solid wood volume and mean diameter 
of the stacks. Also, it seems that the mean volume and 
mean diameter of stacks estimated using the Timbeter 
mobile app produced values closer to the reference 
mean volume and mean diameter of the stacks. 

Table 1 Summary statistics of number of log (NoL), volume (V, m3), and mead diameter of the stack (MD, cm) from 21 log stacks

Stack
number

Number of Log (NoL) Volume, m3 Mean Diameter, cm

Ref. Timbeter iFovea Pro Ref. Timbeter iFovea Pro Ref. Timbeter iFovea Pro

1 295 295 295 36.90 44.27 37.31 25.24 27.33 25.00

2 97 97 97 37.54 40.19 37.06 44.40 44.40 42.00

3 9 9 9 4.46 5.33 4.93 35.53 37.67 37.00

4 281 281 281 33.67 34.47 31.56 24.70 24.66 24.00

5 156 156 156 23.50 21.88 22.03 39.17 35.67 36.00

6 90 90 90 30.24 26.76 28.04 41.36 38.19 39.00

7 101 101 101 12.17 10.35 10.24 35.04 30.89 31.00

8 104 104 104 13.92 13.28 12.76 26.11 25.34 25.00

9 141 141 141 51.68 50.88 46.78 43.21 41.30 40.00

10 192 192 192 32.78 30.28 29.19 41.70 38.26 37.00

11 91 91 91 27.23 25.78 22.13 39.04 37.43 34.00

12 141 141 141 44.12 42.50 38.92 39.92 38.59 37.00

13 421 421 421 35.78 31.59 29.41 29.42 26.70 26.00

14 214 212 212 31.26 27.89 25.16 38.58 35.00 33.00

15 152 152 152 46.27 44.23 38.46 39.38 37.90 35.00

16 286 287 287 38.35 38.80 34.76 26.13 25.90 25.00

17 35 35 35 9.16 9.29 8.37 36.51 36.10 34.00

18 316 316 315 40.42 37.08 36.69 25.52 24.10 24.00

19 146 146 146 58.75 42.51 47.22 45.27 37.50 40.00

20 190 190 190 46.81 47.03 41.32 35.42 34.20 32.00

21 41 41 41 10.97 12.56 11.13 36.92 37.90 36.00
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Also, when reference measurements of NoL, V, and 
MD were compared to the estimated measurements 
of NoL, V, and MD obtained by Timbeter and the iFo-
vea Pro, the slopes ranged between 0.84 and 1 and R2 
ranged between 0.89 and 1 (Fig. 4). Also, it seems that 
the mean volume and mean diameter of stacks esti-
mated using the Timbeter mobile app produced val-
ues closer to the reference mean volume and mean 
diameter of the stacks. On the other hand, the iFovea 
Pro app had smaller variation and error for NoL, V, 

and MD measurements compared to the results from 
the Timbeter app and conventional method.

3.2 Results of Statistical Analyses
Based on the repeated measures ANOVA test re-

sults, the Sphericity assumption was met (p>0.05) for 
NoL, and there was no significant difference between 
the measurements obtained from two different mobile 
photo-optical apps and conventional techniques (p-
value: 0.534 or p>0.05). For the volume estimation, the 

Fig. 4 NoL (A), Volume (B) and MD (C) comparison between reference data, Timbeter and iFovea Pro
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Sphericity assumption was not met (p<0.05). Thus, the 
Greenhouse-Geisser row in Tests of Within-Subjects 
Effects was used (p<0.05). The null hypothesis was re-
jected, and a significant difference was observed be-
tween calculated solid wood volume in the stack using 
mobile photo-optical apps and conventional tech-
niques. Therefore, a post-hoc (Bonferroni) test was 
performed to examine which set of estimated volumes 
was significantly different. When examining Bonfer-
roni pairwise comparison, no significant difference 
was observed between reference volume and volume 
calculated using the Timbeter app. However, a sig-
nificant difference was observed between reference 
volume and volume estimated with iFovea Pro, and 
estimated volume using Timbeter and estimated vol-
ume using iFovea Pro.

For the comparison of mean diameter (MD) mea-
surements within 21 stacks, the Friedman test, a non-
parametric alternative for a repeated-measures ANOVA, 
was performed because the normality assumption was 
not met. The test result showed that at least one of the 
measurement approaches was different (measure-
ments from two mobile photo-optical apps and refer-
ence data). Hence, a post-hoc test (Wilcoxon signed-
rank test) was performed to examine which pair was 
statistically different between measurement approach-
es. It was found that MD measured using mobile pho-
to-optical apps and traditional methods were signifi-
cantly different from each other (p<0.05).

3.3 Results of Automatic Extraction of Log 
Diameter by Mobile Photo-Optical Apps

The mean diameter of randomly selected fifty trees 
in section 2.4, measured with two mobile photo-opti-
cal apps and the traditional technique, was compared. 
In Turkish forestry, the middle diameter of the log is 
used to calculate solid wood volume in the stack (ref-
erence volume). However, photo-optical apps use one 
side end diameter of the log in volume calculation. 
Hence, we wanted to evaluate whether volume differ-
ence between mobile app measurement and reference 
data could be due to the diameter. The mean diameter 
of randomly selected fifty trees were 29.09 cm,  
29.65 cm, and 28.92 cm for reference, Timbeter and 
iFovea Pro measurement, respectively. The results of 
reference measurement and Timbeter were relatively 
comparable (SE was 1.63 for reference measurement 
and 1.64 for Timbeter measurement). Notably, the 
iFovea Pro app produced smaller variation and error 
(SD: 1.53 cm) compared to the other two measure-
ments of 21 log stacks. Similar to the mean diameter 
(MD) comparison, the Friedman test was performed 
due to not meeting the normality assumption. How-

ever, the results indicated that there is no difference 
between the three measurement approaches (p>0.05).

4. Discussion and Conclusion
Accurate and fast solid wood volume estimation 

in the stack is of the highest importance in forest in-
ventory due to its direct relation to log pricing. Thus, 
this study aimed to evaluate the usability of machine-
vision-based photo-optical mobile apps for measuring 
solid wood volume in the stack in Turkish forestry 
practices as a more practical and affordable alternative 
to conventional volume measurements of the log in 
the stack. For this study, 21 log stacks were measured 
in total using the traditional technique (one-by-one log 
measurement) and two photo-optical mobile apps – 
iFovea Pro and Timbeter. The results of the study 
showed that there is a strong correlation between the 
traditionally measured solid wood volume of the stack 
and the volume estimated using both photo-optical 
apps (iFovea Pro and Timbeter). These findings are 
similar to the recent Cremer et al. (2020) study, where 
the photo-optical measurements app (iFovea) pro-
duced comparable results with manual measurements 
of stack volume in Germany.

Also, the statistical test result from comparing 
solid wood volume measurements of the stack using 
traditional and photo-optical apps techniques indi-
cated mixed results. No significant difference was ob-
served between the volume estimated with the Tim-
beter app, and the volume measured manually 
(reference data). In contrast, the estimated stack vol-
ume obtained from the iFovea Pro app is statistically 
different from the reference volume and the volume 
estimated with the Timbeter app. This difference 
could be related to features of the apps even though 
the two apps have quite similar interfaces and show 
similarities in the process of estimation of solid wood 
volume in the stack, starting from the image-taking 
process to reporting the results. However, iFovea Pro 
does not allow users to make the decimal measure-
ments, which can affect the accurate and precise esti-
mation of solid wood volume in the stack.

Although the researchers cautiously followed the 
instruction of the app user manual for image taking 
process, used the same volume estimation formula 
(cylindrical) along with the conversion factor, and 
chose the same or similar quality class for the stack to 
avoid bias between the two apps, the use of two dif-
ferent smartphones that have different camera fea-
tures might have an indirect impact on volume estima-
tion. For instance, the distance to wood piles might 
vary due to the camera angle. Boberg and Lilja (2016) 
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noted in their study that the distance to log piles af-
fects the accuracy of the solid wood volume estimation 
in the stack when using a photo-optical measurement 
app (Timbeter).

Additionally, external factors such as weather and 
light conditions might affect the accuracy of the mea-
surements due to shadows or darkness on the bottom 
of the log, which may cause wrong detection or mea-
surement of diameter. Although our study did not 
focus on which factor has an impact on the accuracy 
of the measurement, the data were collected in similar 
environmental conditions considering weather and 
light conditions (Acuna and Sosa 2019, Pásztory et al. 
2019, Berendt et al. 2020). On the other hand, Berendt 
et al. (2020) evaluated the impact of factors (weather, 
light conditions, tree species, and stack length and 
quality) that affect the accuracy of the photo-optical 
measurements. The findings showed that weather and 
light conditions did not significantly impact the stack 
volume estimation accuracy measured with the mo-
bile apps. In contrast, log stack length, quality, and 
tree species significantly affect the accuracy of volume 
estimation. Hence, the observed large deviation in vol-
ume estimation in this study (i.e., stack 19, 18, 14, and 
9) might be due to log stack quality because these 
stacks were classified as pulpwood, using the lowest 
quality logs.

Moreover, the number and diameter of the log 
within the stack estimated by traditional methods and 
photo-optical mobile apps were compared to under-
stand how accurately the apps determined the bound-
ary of the wood piles and diameter of every single log, 
directly related to volume estimation. Many studies 
(i.e., Lepoglavec et al. 2019, Cremer et al. 2020, Berendt 
et al. 2021) evaluated the use of the photo-optical apps 
for volume estimation of the log stack, but they did not 
test how accurately these two parameters were esti-
mated by using the photo-optical apps. Our findings 
showed that the NoL estimated with iFovea Pro and 
Timbeter apps were almost the same as the reference 
data. Although MD estimated using mobile photo-
optical apps was highly correlated with MD estimated 
with the traditional method, statistical test results 
pointed out a significant difference in measurement of 
MD between using mobile photo-optical apps and tra-
ditional techniques. The difference might be related to 
the human-caused error, such as wrong tape reading, 
missing some of the logs within the stacks, or using 
diameter reading from different log parts in photo-
optical techniques. For example, for reference data, 
MD is calculated from the diameter measured from 
the middle of the log. However, both photo-optical 
apps have used the diameter obtained from the image 

of one side of the log to calculate the MD. It was fur-
ther analyzed whether variation in volume estimation 
between reference and photo-optical app measure-
ment could be related to inaccurate diameter measure-
ment obtained by the photo-optical mobile app. There-
fore, the diameter of the randomly selected fifty logs, 
measured with the traditional method and two photo-
optical mobile apps (iFovea Pro and Timebeter), was 
compared. In contrast to MD, the results showed no 
difference between the three measurement methods 
(reference, iFovea Pro and Timbeter).

In general, it was observed that both photo-optical 
mobile apps (iFovea Pro and Timbeter) underestimat-
ed the mean solid wood volume in the stack compared 
to the reference volume obtained by the traditional 
measurement method. On the other hand, it was not-
ed that the estimated solid wood volume of the logs 
in the stack using the iFovea Pro and Timebeter mobile 
apps was highly correlated with reference volume. 
Also, the results of the Timbeter app showed no sta-
tistical difference from the reference volume. The re-
sults were quite similar to previous studies that indi-
cated that the volume estimated using photo-optical 
mobile apps was compatible with traditional stack 
volume measurement technique (reference data)  
(Jodlowski et al. 2016, Dietz et al. 2019, Kärhä et al. 
2019, Cremer et al. 2020, Berendt et al. 2021). Although 
time consumption in the stack measurement was not 
compared in this study, it was clearly observed that 
measuring the largest stack took about less than 10 
minutes, including data adjustment.

With technological development, this kind of ma-
chine vision-based mobile app use has increased due 
to being easy to use and handy, providing accurate 
and fast results, and requiring less time and cost. Thus, 
many European countries have used these mobile 
apps in forestry practices. With this study, it was eval-
uated whether photo-optical mobile apps can be con-
sidered for estimating solid wood volume of the stack 
in Turkey. The results are promising, but further anal-
ysis needs to be conducted, such as estimating stack 
volume using the image from both sides of the logs 
and testing mobile apps in different quality and diam-
eter classes with bark conditions. Also, these two apps 
have been developed based on the conditions of  
European forestry. If it is considered to use these apps 
in Turkish forestry practices, it might be recommend-
ed to modify some of the app interfaces.
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