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Abstract 
 

Felling trees, which is the basis of forestry activities, is dangerous and difficult work that needs to be performed 

carefully. These activities can affect forest workers’ safety, damage the remaining forest, or reduce the value of the 

extracted product. Most of the accidents and injuries in forestry operations occur due to the trees not falling in the 

desired direction. Directional mistakes in tree felling processes or underestimating the criteria negatively affect the 

felling process, which may increase the damage on the product.  In terms of life safety and property quality, not only 

the felling direction but also the safe escape route for the crew should be determined during tree felling. If these issues 

are ignored due to incomplete information or carelessness, they can cause serious safety problems. However, work 

safety can be improved through training programs. The primary purpose of this study was to develop a training tool, 

called “DEViR”, to assist loggers for determination and visualization of the optimal tree felling direction. "DEViR" 

software was specifically designed to determine the ideal tree felling direction, as well as the escape route for the 

crew, and dangerous work zone according to safety rule of two tree in a 3D virtual environment. The sample 

application of the software was run considering artificially placed trees in a study area located in the city of Erzurum 

in Turkey. The findings of the sample application indicated that the use of this computer-aided simulation systems 

can provide felling direction solutions with high accuracy and details that cannot be done by a logger’s decision.  The 

results indicated that as the Digital Elevation Model (DEM) and orthomosaic resolution increases, "DEViR" can 

perform more realistic modeling and accurate calculations, but computation time and hardware requirement increase 

with increasing data size. Also, it was found that "DEViR" software is a good training tool as it presents visual 

material, animates the tree felling process interactively, and reflects the result of every decision to the user. Thus, it 

has great potentials to increase the performance of the loggers in training and daily felling operations.     
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1. Introduction 

Determining directional felling of trees in forests is 

very important decision in reducing residual stand 

damage (Naghdi et al., 2016) and avoiding unexpected 

accidents (Blomback, 2002; Tavankar et al., 2013; 

Newman et al., 2018; Nagao and Yamada, 2019; Tobita 

et al., 2019). “Directional felling” term refers to “felling 

towards a pre-determined lay, hence referred to as 

desired lay. Important objectives of directional felling 

include avoiding damage to potential crop trees, 

facilitating hauling, and avoiding damage to the tree 

fell” (Cedergren et al., 2002) Due to poor or incorrect 

decisions of practitioners, a tree can fall toward an 

unintended and unforeseeable felling direction. Being 

unable to predict which direction the tree will fall plays 

a significant role in many fatal accidents in forestry. 

Also, increased demand for logging and decrease in the 

number of trained crew due to aging, pose forest 

managers to train new crew within a short time.  Thus, 

majority of the fatal accidents and tree damage occur 

while harvesting trees (Suhurtana and Yuniawati, 2019; 

Nagao and Yamada, 2019; Tobita et al., 2019). 

Forestry work is more exposed to accidents than other 

industries due to rough terrain and difficult conditions 

(Garland, 2018).  Due to high number of accidents, the 

most dangerous operation in forestry activities is tree 

felling. The main cause of fatal accidents in felling 

operations is the poor judgments on felling directions. 

This is the cause of a significant number of fatal 

accidents regardless of the size of the operations 

(Lindroos, 2006). Although safety in forestry activities is 

increasing day by day, the frequency of accidents 

remains constant. For example, a study conducted by 

Nagao and Yamada (2019) with 1000 forestry workers 

showed that the accident frequency was 30%, which was 

12.5 times higher than all other sectors. Also, it was 

pointed out that 33% of fatal tree accidents occurred due 

to unpredictable felling direction. According to Tobita et 

al. (2019), between 2000 and 2014 in Japan, fatal 

accidents by chainsaw felling were 41-69% of all fatal 

accidents annually in forestry. In developing countries, 

tree felling was almost half of the all forestry accidents 

(Blomback, 2002). In the U.S., rate of fatal injuries for 

logging workers was 136 out of 100.000 workers in 2016 

(Newman et al., 2018). Furthermore, it was reported that 
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tree felling is also closely related to numerous other non-

fatal accidents (Lindroos, 2006). 

Factors affecting tree felling with a chainsaw are 

crucial while analyzing fatal accidents. Tobita et al. 

(2019) determined 14 factors causing fatal accidents 

during tree felling. Five factors among others namely, i) 

contact between the felled tree and surrounding trees, ii) 

tree falling in an unexpected direction for any reason, iii) 

tree prevented from falling to the ground by obstacles, 

iv) felling performed in dangerous areas with insufficient 

distances for escape, and v) errors in judgment related to 

“escape position” and the delay in escaping factors 

reason for 65% of all fatalities (total 835 fatalities). 

Those factors are mainly related to determining felling 

direction and precisely guide escaping direction in case 

of necessity. 

Tree felling and skidding works can cause severe 

damage to both log and the forest stand; thus, it is crucial 

to operate in the right direction and with the right 

technique in terms of continuity of productivity 

(Suhurtana and Yuniawati, 2019). In order to control the 

damage to the felled tree itself and the residual trees, 

maximum attention should be paid to determining felling 

direction in the planning phase (Cedergren et al., 2002). 

One of the key points to be considered in felling trees is 

felling trees toward the closest skidding path. That is 

important for persistence, an essential value in forestry 

operation. For the persistence, logging operation has to 

be with minimum damage to both soil and residual trees 

(Naghdi et al., 2016; Suhurtana and Yuniawati, 2019). 

Reducing the skidding time by felling trees towards the 

skidding path with a felling process in the right direction 

prevents significant damage to the residual trees, young 

generation, and the environment (Naghdi et al., 2016). 

Residual tree damage increases with increasing 

diameter at breast height (DBH) of the felled trees 

(Jackson et al., 2002). Residual trees with smaller DBH 

is exposed to the damage mostly due to skidding of felled 

trees (Naghdi et al., 2007). Shormag (2009) reported that 

in a felling operation, as the first step in wood 

production, proportion of the damaged residual trees 

were about 17 to 20% (on average) and 33% of these 

trees were 50 to 70 cm in diameter. According to 

Bruening (2017), the damage level to the residual stands 

could be reduced by using the correct felling method and 

planned directional felling angle (Naghdi et al., 2016). 

Directional felling error (DFE) have been studied 

recently by many researchers (Krueger, 2004; Naghdi et 

al., 2016; Bruening, 2017; Nikooy et al., 2013). DFE 

occurs when actual direction of felled trees is not 

compatible with planned direction (Cedergren et al., 

2002). In a study conducted in Sarawak-Malaysia, 26% 

of the felling operations went out of the desired direction. 

It has been observed that DBH causes about a quarter of 

these DFEs (Bruening, 2017). The findings of the similar 

studies conducted by Krueger (2004) and Naghdi et al. 

(2016) also support this argument.   However, Cedergren 

et al., (2002) stated that the combination of “tree size” 

with “ground inclination” parameters explain 54% of 

DFE.  

Since many workers in the forestry sector have little 

or no training (Garland, 2018), a 3D simulation software 

that can be used to improve workers’ skills will increase 

the quality and permanence of training activity and help 

visualization and therefore better understanding of the 

process. Also, live monitoring of the intervention to be 

made and observing the result after the procedure will 

affect decision-making success and prevent potential 

loss of life and property. McGaughey (1997) has 

established a stand visualization program suggesting that 

3D visualization will provide significant benefit in the 

training of forest workers and the implementation of 

forestry operations. Afterward, although there were a 

few more attempts in this direction, most of the known 

stand visualization software was not available, and many 

of them were canceled or remained inadequate in terms 

of technology or functionality.  

In this study, 3D interactive software, called 

“DEViR”, with advanced graphics quality was 

developed to apply tree felling operations using a real 

coordinate of the field. Apart from calculating the most 

appropriate felling direction, it presents the damage level 

for all directions, the escape route, the risk zone 

according to the two tree rule, and the animated felling 

moment with gravity effect animation. It provides 

detailed information about the felled tree, and extracted 

and residual volume of the trees in the stand. The 

software is straightforward to use and understandable 

with a simple interface. It also helps the user to select the 

tree to be felled, as it interactively displays the 

information, such as diameter, height, species, age, 

crown width, and volume of the trees on the screen. 

 

2. Material and Methods 

The software developed in the study was introduced 

in six sub-stages using a sample application. In the 

application, "DEViR" was run with a data set consisting 

of artificially placed trees with real world coordinates. 

The sample field studied was taken from the province of 

Erzurum in Turkey using drone and photogrammetry 

techniques. While generating data set, attention has been 

paid to the details encountered in practice. Accordingly, 

there were details in the field such as road network 

(highway) and stream where the trees are not preferred 

to fell over.  

 

2.1. Introducing the “DEViR” Software 

DEViR was designed for training tree felling crew 

and forestry students to perform felling operations 

correctly and safely, to simulate operations with 

computer graphics, identify risks, design necessary plans 

and precautions. The developed program includes tools 

to analyze all the directions where the tree can fell, to 

determine the escape route of the crew who cut the tree 

and to determine the area that is in danger during the 

felling process. 
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"DEViR" was developed in Python programming 

language using basic libraries such as "numpy, pandas" 

which are open source code, without using any paid 

APIs, libraries, programs, or tools that require a license. 

It is an independent software developed for the Windows 

operating system, consisting of many interconnected 

script files, functions and data structures (such as stored 

data for trees, color settings, and triangulated irregular 

network data). The external intervention should be 

simplified as much as possible to make its complex 

structure easy to use and understand. For this purpose, 

many calculations / transactions in the program 

(Explanations about background processes will be made 

in the next sections) were automated for the user. A 

simple workflow was presented to the end-user with a 

simple GUI (Figure 1).  

 

 

 
Figure 1. Work flow chart realized through GUI 

 

The software is ready to run after installation. With 

"Devir.exe", the software is run, all necessary precursor 

modules (e.g., analysis, file reading, import tools) are 

activated, and the GUI is started. In the first stage of the 

program, the GUI has buttons to start data entry and 

analysis, and informative text section for warnings and 

reminders, and an indicator bar for process status. The 

interface, simple and user-friendly, has been designed 

with the precaution that will not allow user-error as much 

as possible (e.g., doing the operations sequentially) 

(Figure 2). 

The screen for the data selection was generated as a 

standard file selection system. The data table containing 

the required tree information, DEM, and orthomosaic 

(Figure 3) is selected with the help of this selection 

system in the GUI. 

 

 
Figure 2. GUI main screen 



 Türkay and Aydın 

4 
 

 

 
Figure 3. The orthomosaic data (a) and DEM (b) used in the sample application 

 

Selected DEM and orthomosaic data should have 

".tif" extension and the table containing tree information 

should have ".csv" extension. The orthomosaic and DEM 

data must be digitized and in the same projection. The 

software also supports using image data of any format 

(jpg, png, etc.) instead of orthomosaic but it is 

recommended to use orthomosaic to model the same 

appearance as the terrain. However, the quality of the 

DEM/orthomosaic used directly affects the surface 

appearance/quality and processing/computation 

precision. Thus, it is suggested that the DEM resolution 

should not be more than 2 m. 

During the analysis period beginning with the “Start” 

button, information about the data and the calculations is 

presented to the user in the information panel. The 

completion of the process is followed by the options 

screen (Figure 4). On this screen, it can be selected 

whether the area to be worked on is real or artificial, from 

how many points the felling tree will touch the ground 

(for collision analyzis), risky slope threshold definition, 

and draw negative felling points (NFP). 
 

 
Figure 4. Option screen 

 

After saving the settings (for temporarily in the RAM), 

the next process is to create the surface and tree models 

and visualization of the 3D environment. At this stage, 

two screens appear (Figure 5), one is the simulation 

screen and the other is the information screen. With the 

opening of the simulation screen, the analysis can be 

starts and four outputs, Info, 2 Tree rule, Dir. Rank, and 

Escape Route, can obtained as a result (as shown in 

Figure 1). "Dir. Rank" in the workflow presents the risk-

hazard level of the directions. All operations are 

performed on simulation screen while the information 

screen provides general picture for the species, species 

name, diameter, height, age, volume and crown 

information about the selected tree (appears as maroon 

on the screen after the tree is selected) (Figure 6). 

For various reasons, there may be areas where it is not 

desired to fell the tree (NFP). These regions must be 

specified before starting the felling analysis. It can be 

specified by drawing with the tool developed for this 

process. If there is more than one NFPs for the felling 

process, user can determine location of multiple NFPs by 

drawing. The operation of this tool, explained in the 

sections 2.4, can be seen in Figure 7. The volume 

information of all trees in the field can be calculated 

automatically by the software. Thus, by removing the 

tree to be felled, the volume information of "extracted / 

residual material" can also be presented in the 

information text section.  

 

 
Figure 5. The main simulation screen and information panel 
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Figure 6. View of the selected tree on the stand 

 

 
Figure 7. Drawing of special obstacle areas by hand and 

extracted/residual material 
 

After all the procedures are done, RFD (ranking for 

felling direction) analysis is performed. Then the result 

is visualized and the user has an opportunity to choose 

the direction of the felling (Figure 8). If the user prefers, 

this selection can also be made by the “DEViR”. At this 

stage, the user can see both the optimum felling direction 

and the most unfavorable felling direction. The result of 

the risk area analysis based on the safety rule of two tree 

is displayed in Figure 9. 

The escape route analysis, which is designed for 

workers to escape from the field with the least risk during 

tree felling and the view of the felled tree, is shown in 

Figure 10. Escape directions are shown in blue and the 

risk zone in red in “DEViR” screen. With the interaction 

of the mouse and keyboard, “DEViR” allows to travel in 

the forest as desired, to look from the desired angle or 

from the desired location, to take cross-section and 

screenshot, and to present the remaining forest view by 

deleting the felled tree from the field. 

 

2.2. 3D Terrain Model and Stand Visualization 

In order to perform tree felling operations, forest and 

terrain model must be generated in a 3D computer 

environment. For this reason, the developed software 

needs the orthomosaic and DEM data of the working 

area. The requested DEM selected in the first phase of 

the software and must be in .tiff format. The height 

information of each point of the terrain was extracted 

from DEM. 

 
Figure 8. Indication of the obstacle-risk levels of the 

directions 

 

 
Figure 9. Risk zone analysis in the field according to the two 

tree rule 

 

 
Figure 10. Escape route and visualization of felled tree 

 

X and Y position information was added to this height 

information via DEM data and stored as a matrix in ram 

as points that can be located in 3D space. In this way, 

depending on the size of the DEM, a large point matrix 

(point cloud) is produced. Next, triangulated irregular 

network (TIN) was produced by combining the points in 

triangular, and the terrain surface with similar to real one 

was generated by placing the orthomosaic data on this 

TIN. 
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After the terrain surface was produced with DEM and 

orthomosaic, virtual forest stand should be developed. In 

order to generate the stand, the data table in ".csv" format 

containing the information of the trees must be given by 

the user. The information requested in the data table are 

as follows; “x, y” (m-float, it refers coordinates of trees), 

“species” (str), “diameter” (cm-int, at breast height), 

“height” (m-int), “age”(int), “crown width”(m-float). 

Then, the software reads and analyzes the table, designs 

the tree model according to its species and 

characteristics, and placed to the corresponding area on 

the 3D terrain surface according to the location 

information in the data table. Visualization is provided 

by drawing them to the screen with the help of a graphic 

card.  

 

 

 

2.3. Selecting Tree to be Felled 

In order to access the information of each tree on the 

3D terrain or to perform a felling operation on a tree, the 

tree must be first selected. Since the tree selection 

process is basically a mouse interaction, it is appropriate 

to use the 3D object interaction logic. In the tree selection 

process, the user moves the mouse cursor to the tree and 

selects the desired tree with the mouse by left click. In 

order to distinguish the selected tree, the color matrix of 

the tree is transformed with a 1X4 matrix containing the 

values [0.9, 0.0, 1, 1] as in Figure 11. In the figure, "B" 

stands for blue, "G" for green, "R" for red, and "A" for 

alpha. Alpha, red, green and blue band values are in the 

0-1 range. The color appears according to the 

composition of these bands. After this process, only the 

color of the selected tree is changed, which makes the 

selection process more understandable. 

 

 
Figure 11. Color data rearrangement depending on selection 

 

With the selection of the tree; the information of the 

related tree taken from the data table (user provides these 

data in the first phase), the volume information 

determined as a result of the calculations and the picture 

about the species are displayed simply on the new 

opened screen (information screen). This information 

screen consists of diameter (at breast height), height, age, 

volume, crown width, species name, and a sample 

picture. The volume of the selected tree (Vtree) was 

calculated based on the Equation 1.  

𝑉𝑡𝑟𝑒𝑒 = 𝜋(
𝑅/100

2
)2𝐻 ∗ 𝑓                                 (1) 

 

where R is diameter in cm provided by the user, H is the 

height in meters provided by the user, and “f” represents 

the shape coefficient (taken as 0.5). The total volume of 

the remaining in the stand (Vremain) was calculated by 

using the formula in Equation 2 where (Vextracted) is the 

volume of the tree to be felled and (Valive) is the 

individual tree volume in the stand. 

𝑉𝑟𝑒𝑚𝑎𝑖𝑛 = (∑ (𝑉𝑎𝑙𝑖𝑣𝑒)) −𝑉𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑
∞

𝑛=1
           (2) 

 

2.4. Determination of Negative Felling Points (NFP) 

The tree selected for felling should be determined in 

the directions that it is desired not to fell over. The 

directions that are not planned for tree fell are named as 

negative felling direction/point. Areas where trees are 

not to be fallen on the stand are generally regeneration 

areas, protected areas for any reason, and artificial areas 

such as areas where energy transmission lines are 

located. The developed tool marks the places where these 

areas are located. In the working principle of this tool; 

two points selected by mouse interaction are saved in a 

list, then a line called "boundary line" is drawn between 

these two points. This line represents negative felling 

points, in other words restricted directions that are not 

preferred to fell over, and it can be used in many forms 

such as square and triangle. 

 

2.5. Ranking for Felling Direction (RFD)  

After generating NFPs, it should be calculated and 

checked whether the tree to be felled will come into 

contact with at least one of the NFPs during the felling 

operation. Also, the tree to be felled must not touch the 

trunk and crown of the trees remaining in the stand that 

can be found in the direction of the fall. This is important 

for the quality of the product to be extracted, reducing 

the damage of trees remaining in the stand, and for the 

safety issues, directly affecting worker’s safety. Hence, 

the directions of the tree to be felled without hitting other 

trees needs to be determined. A "Collision Detection 

System" (CDS) has been designed to prevent the felled 

tree from hitting the remaining trees. 

CDS is a system used in computer graphics, from 

physics simulations to computer-based designs (Jimenez 

et al., 2001). In collision detection, the distance between 

the tree to be felled and the remaining tree should be 

checked and determined (Equation 3). In the distance 

control formula, x⃑, y⃑, and z⃑ represents the difference 

between the x, y, and z values of the two trees. Distance 

control is also performed for the tree to be felled and 

NFPs. 
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𝑥 =  √𝑥⃑
2

+ 𝑦⃑⃑
2

+ 𝑧⃑⃑
2
                  (3) 

 

After determining the distance, the crash occurs when 

the height of the tree to be felled is equal to or longer 

than the calculated distance. Otherwise, tree crash will 

not occur. This analysis is made with the "Equation 4" 

where, 𝑇ℎ𝑒𝑖𝑔ℎ𝑡  represents tree height and 𝑝𝑥𝑤  shows 

horizontal pixel resolution. 

𝑥 ≤ 𝑇ℎ𝑒𝑖𝑔ℎ𝑡 + (
𝑝𝑥𝑤

2
)                  (4) 

 

The directions that comply with the Equation 4 output 

are declared as restricted directions (the direction in 

which the tree is not intended to fell). The direction of 

the relevant tree with respect to the tree to be felled 

should be determined in terms of angle. This process is 

calculated according to the Equation 5. 

𝐻 = 𝑎𝑟𝑐 tan(x⃑ , y⃑) ∗ (
180

𝜋
)                (5) 

 

In determining the situation of whether felled tree hits 

the branches of the residual trees or not, the approach to 

determining the case of hitting the trunk is applied. The 

"H" angle in this analysis (analysis of whether felled tree 

hits the branches of the residual trees or not) is calculated 

differently from the "H" angle in the approach used to 

detect the felled tree hitting the trunk of the remaining 

trees. In order to calculate this angle, the branch 

boundaries or the crown boundary in the plan view are 

taken into calculations. The area of 1.5 times the distance 

of the crown boundary to the trunk was determined in the 

angle calculation in order to determine the danger zone, 

and then the position values were calculated. A 1.5 

coefficient is used for generating a safe buffer zone 

(Figure 12). 

 

 
Figure 12. The danger zone as 1.5 times safe buffer zone 

 

There should be no abrupt changes in inclination that 

may cause the tree to break in the felling direction. The 

maximum acceptable slope limit (threshold value), 

which will not cause the tree to break, can be adjusted 

from the settings screen. If the user does not specify a 

maximum acceptable slope limit, this value is taken into 

calculations as 20° degrees (Figure 13). 20° degrees is 

the default value defined in the program for this 

calculation of slope changes. 

 
 

 
Figure 13. The effect of slope fracture on a felling tree ('a' 

refers to slope) 

 

Detection of abrupt slope change starts with 

determining the points (it is taken as "points" because 

tree touches the surface in one direction at more than one 

point) where the tree’s trunk to be felled can touch on the 

ground according to the Equation 6. The tree is divided 

into a number of sections, determined by the user. Thus, 

it is determined whether each section touches the ground 

in the relevant direction at the end of the felling. The 

main criterion for the user to determine the number of 

sections is computer power. The user can specify as 

many sections as he/she wants according to the computer 

power. These sections are positioned at equal intervals 

according to the height of the tree. In the Equation 6, H 

represents the total length of the tree (from data table in 

".csv" format), and 𝐾𝑡𝑒𝑠𝑡 how many tests (sections) is to 

be made, and k represents which test is to be performed 

at that time. İℎ𝑒𝑖𝑔ℎ𝑡 indicates the length / height of the 

relevant section of the tree. Then, the  𝑥 is calculated for 

the distance between the surface point and the tree using 

Equation 3 is evaluated in Equation 7. Equation 7 is used 

to determine the relationship between a slope 

information or a slope-related surface point and the 

relevant section of the tree.  

İℎ𝑒𝑖𝑔ℎ𝑡 =
𝑘

𝐾𝑡𝑒𝑠𝑡
∗ 𝐻                                      (6) 

İℎ𝑒𝑖𝑔ℎ𝑡 + (
𝑝𝑥𝑤

2
) ≥ 𝑥 ≥ İℎ𝑒𝑖𝑔ℎ𝑡 − (

𝑝𝑥𝑤

2
)         (7) 

 

  According to Equation 8, the values obtained from the 

slope calculation made with the place where the tree 

might touch are evaluated as a whole. If threshold value 

exceeded between sections, the direction of the relevant 

place relative to the tree is calculated with Equation 5 

and defined as the “improper felling direction”. When 

the tree is divided into sections, the slope of the point 
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where the upper limit of each section intersects on the 

ground is calculated with the formula in Equation 8. In 

this formula, first, the elevation of the tree's top above 

sea level is determined by the height of the tree added to 

the ground elevation of the tree then, the aforementioned 

z⃑ value is found by subtracting the elevation of the 

relevant ground from the elevation of the top of the tree. 

In the same formula, x⃑ defines the distance between 

relevant ground and tree.  

Apart from the abrupt change in slope, the general 

slope of the surface is also analyzed for to calculate the 

entire slope of each direction in which it may fell over. 

If the overall calculated slope for the surface is above or 

equal to the threshold slope value chosen by the user, the 

surface in this direction is defined as dangerous (See 

Figure 13). 

𝑠𝑙𝑜𝑝𝑒 = 𝑎𝑟𝑐 tan(z⃑ , x⃑) ∗ (
180

𝜋
)                (8) 

 

After the analysis is completed, all dangerous 

directions were combined and scored. Each hazard 

situation was scored separately (e.g., if the tree to be 

felled in the calculated possible felling direction will 

touch 3 trees, the hazard score for all three trees is taken 

into account). Therefore, having more than one danger in 

one direction increases the score of the relevant 

direction. Since the trunk is the main factor and the 

damage to the trunk will also damage the crown, the 

contact point to the trunk was scored as two, while each 

remaining element was given one point. The direction 

with the highest total points indicates the most 

unfavorable direction for the tree to fell. 

After the RFD analysis, the danger score of the 

directions was determined and visualized. Accordingly, 

when there is no dangerous element in the direction to be 

felled, and, when the danger score is "0", the relevant 

direction is shown in blue. When the danger score is 1, it 

is shown in green, when it is 2, it is shown as red, and 

when it is 3 and above, it is shown in black by default. In 

this representation, a circular chart is created and the 

decision-making process of the user is supported. The 

user can choose the direction intended the tree to be 

felled by clicking. Based-on the user’s preference, it is 

possible to choose the direction of felling with any 

danger score. 

 

2.6. Escape Route Determination and Risk Area 

Visualization 

It is important to plan the escape routes of 

practitioners to avoid a possible danger during the felling 

phase. The 90° degrees right and left of the planned 

(determined) felling direction of the tree and 45° degrees 

left and right of the angle opposite to the felling direction 

are defined as the high-risk zone (Anonymous, 2016). 

The remaining directions should be planned as an escape 

route (Figure 14).  

 

 
Figure 14. Escape route (Anonymous, 2016) 

 

Except for the crew (worker) who will fell the tree, 

nobody else should be present in the area covering two 

tree-length radius for safety reasons (Anonymous, 2016). 

As a rule, the tree to be felled is considered the center, 

and the area at a tree-height distance is a high risk zone. 

The area that is twice the height of the tree to be felled is 

a medium-high risk zone, but if possible, nobody should 

be present (Figure 15). In the figure, “1” represents one 

tree height and high risk zone, “2” represents two tree 

height and medium-high risk zone. With “DEViR”, the 

risk area has been visualized by showing the whole field 

within the distance of a tree height in red and the field at 

the distance of two-tree height in blue. 

 

 
Figure 15. Two tree rule (Anonymous, 2016) 

 

3. Results and Discussion 

In this study, “DEViR” software that enables tree 

felling applications and analysis in 3D environment was 

developed. While the study by Cedergren et al. (2002) 

showed that directional felling can be used even in steep 

sloping tropical rainforests to save trees from damage 

caused by felling, our study also aimed to maximize the 

benefit of directional felling and its analysis and 

presentation in the most effective way.  

3D visualization technique with orthomosaic has 

been thought to be the most effective method because; 

with computers add a new dimension to the visualization 

world (Strong and Smith, 2001), 3D visualization started 

to spread rapidly and the use of real pictures in computer 

graphics has attracted great attention as it provides more 

advanced photo-realistic image synthesis (Naemura et 

al., 2001). In the sample application made in this study, 

it was seen that the surface model produced with 

orthomosaic was very realistic. In addition, the case 

study has shown that this realistic visual also facilitates
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perception and enables to create more accurate plans. 

According to a study, the average increase in knowledge 

was 40% higher in the visualized class than in the class 

with plain text (Lis, 2014). Despite the advancement of 

technology, few studies have explored the possibility of 

using 3D visualization techniques to represent real data 

of forest structure (Kantartzis, 2018). Previous studies 

showed that very few software could be implemented in 

forestry for visualization, such as "Stand visualization 

system” (McGaughey, 1997). However, these systems 

only offer general designs that represent the field, do not 

visualize every point the same as in the real field with 

real data, and the graphic quality is insufficient.  

“DEViR” software is able to produce high graphic 

quality images, depending on the quality of the DEM and 

orthomosaic, and can achieve a considerable success in 

tree felling operations. Thus, it has been seen that 3D 

visualization will provide great benefit for the training 

and practices of forest workers. However, even trained 

fellers perform felling operations with a deviation from 

the planned direction, and they ignore the slope, residual 

damage and possible effects. In general, although 

operations are performed with basic logic and 

assumptions or based on experience, these may not 

always give accurate results. In this case, a deviation due 

to incorrect direction planning will negatively affect the 

result. Visualizations of silvicultural operations provide 

important feedback in the forestry operations and help 

convey the applied procedures to the authorized persons 

(McGaughey, 1998). Similarly, the "DEViR" software 

ensures that the calculations are made correctly by 

understanding the felling operations better. Thereby, it 

reduces the aforementioned probability and gives an 

advantage in explaining the planned transaction to 

someone else. 

It would be mistake to use a single mathematical logic 

in the tree felling operations. For example, the fell of 

single trees or the fall of edge trees is different from the 

fell of the rest of the trees within the stand. Therefore, 

the calculation of their felling directions will be complex 

and show differences mathematically, as well. The 

examining the relation between the trees in the stand 

individually and collectively with the tree to be felled 

becomes important, increasing the accuracy of the 

decision. According to Cedergren et al. (2002), when 

considering the effect of the deviation due to ground 

slope and tree size, more care should be taken while 

felling trees on slopes.  If the slope is steep and tree size 

are very large, it should be considered not to fell the tree. 

This shows that the slope and its fractures are very 

important in the felling process, but it is not paid enough 

attention in practice. It is not possible to calculate many 

alternatives in detail without computer support. Since 

one of the main parameters in the "DEViR" software is 

analyzing aforementioned slope relationships, the 

obtained results are more precise and accurate. Extreme 

obstacles (NFP) in the felling area can also affect the 

felling, so additional work is required. However, in 

practice, the relationship between the tree to be felled and 

extreme obstacles cannot be fully resolved due to the 

application of observational decision-making logic. In 

the "DEViR" software, due to generating a drawing tool 

to show the extreme obstacles (NFP), the relation of the 

obstacle or problem with the tree is calculated more 

accurately and included in the parameters. 

Most of the mistakes in tree felling are caused by 

insufficient/poor quality in training and planning. 

According to the study of Cedergren et al. (2002), 

although felling operations deviating from the planned 

direction is a major safety problem, there is an 

opportunity to improve occupational safety through 

training.  The "DEViR" software, developed with this 

aim in mind, is a good training tool as it provides visual 

material for use, performs the felling operations 

interactively, and reflects the result of every decision to 

the user. The development and use of such 3D virtual 

training or practice software are essential for increasing 

the knowledge and skill of interest groups in forestry 

applications.  

The software developed so far for visualization 

purposes is generally not designed for forestry 

operations, including tree felling, but are generally 

developed for determining the capacity of forest stand or 

land and their visualization. Some of the software that 

has been developed since 1995 are Utools, Uview, and 

Truflite (Ager and McGaughey, 1995; Adamiker, 1997). 

Apart from these, there are some initial applications 

related to forestry that are still accessible, such as "smart 

forest visualization tool" (Uusitalo and Kivinen, 2000), 

"Stand Visualization System-SVS" (McGaughey, 1997). 

In addition, most of the developed software does not 

offer the opportunity to visualize the forest or felling 

trees on a 3D terrain in real-world coordinates. They 

cannot produce quality tree models along with the terrain 

model, and the positions cannot be matched precisely 

with the actual area. In none of these studies, the felling 

process cannot be performed with the environmental 

evaluation based on the aforementioned parameters on 

the real earth model and the tree with real location. 

 

4. Conclusion  
Tree felling is at the core of forestry activities. These 

activities, which are made for production and maintenance 

purposes, need to be done carefully. Determining the 

direction of felling in cutting operations is critical for the 

safety of life and property. Therefore, the primary 

expected outcome of this study is to develop a decision 

support mechanism to determine the direction of felling. 

"DEViR", a software developed for this purpose provides 

a 3D virtual forest environment with DEM, orthomosaic 

and tree information (coordinate, species, diameter, 

height, age, crown width). "DEViR" is a Python software 

specially developed for determining the ideal (optimal) 

felling direction in trees. The software calculates and 

visualizes the damage level of all aspects valid for the tree 

to be felled by identifying and scoring hazard/risk aspects
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 with the NFP and RFD stage, respectively. In this way, 

the user is able to make a decision by predicting the 

possible results after the felling. "DEViR" also uses the 

rule of two-trees to identify and visualize hazardous areas 

for those working in the field where tree will be cut. After 

determining the danger zones in the whole area, it is also 

important to determine the escape route for the fellers to 

escape while the tree falls in the felling area. The escape 

route is determined in a way that 180° for the felling 

direction of the tree and 90° intervals for the opposite 

direction are dangerous. When examining the results of 

this study, it is observed that making plans and training 

with this software ensures an increase in work and fellers 

safety, prevents damage to the residual / felled trees. 

Besides, using the software as a training tool has great 

potential for associating theoretical information within 

practice. Therefore, based on the promising results of the 

“DEViR” software, it is recommended to be used in 

training, theoretical and practice stages. 
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