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Abstract
Deforestation is a problem that is in the focus of current research in Bulgaria and many other countries. In recent
years, Bulgarian forests have experienced various phytosanitary problems. The national forest information system
SYSYTEM.IAG.BG registers forest stands' damages of different types and levels. Conducting analysis of the state of
forests and assessing tree health require accurate and current data. In this publication, we propose the use of data from
unmanned aerial vehicles (UAV). Photogrammetry and remote sensing provide the necessary methods for mapping
damaged forest stands and assessing their state. The aim of this study is to extract accurate data about forests affected
by biotic factors using NDVI indices from processing of multispectral images. The specialized software ERDAS
provides methods for automated analysis and mapping of problematic forests. The results of using up-to-date and highresolution UAV images provide timely operational information on the current state of forest areas. The obtained spatial
data allow a complex analysis of the biotic and abiotic causes of forest areas damages. The results of the analysis can
enable adequate decision-making regarding the protection and conservation of forest areas.
Keywords: remote sensing, unsupervised classification, thematic mapping, UAV

INTRODUCTION
The study of forest health status has economic and social importance. Scientific research in this area can help protect
the economic, ecological, and protective functions of the forest and can help ensure the forest resilience in the face of
current and future climate change impacts. The general state of forest areas in Bulgaria is good: according to the data of
the Executive Forest Agency (EFA) diseases and pests significantly affect only 1% of the overall forest surface. Reports
from the last seven years from the respective institutions in Bulgaria show that damages by insects (bark beetle) at the
coniferous forest of Scots pine (Pinus sylvestris L.) and damages by pathogens at the plantations of Austrian pine (Pinus
nigra) have had the biggest impact on forest health [7], [8].
Desiccation of Pinus nigra plantations due to fitopathogen fungi appeared in Bulgaria in the last six-seven years. The
desiccation process has had various intensities and was observed mainly in plantations growing at 700m altitude and 2060 years old.
Immediately after discovering the first cases in the Plovdiv District, experts from different institutions (EFA, Forest
Research Institute – Bulgarian Academy of Science, and University of Forestry) performed forest pathological
examinations of the affected areas. As a result, urgent administrative and organizational measures have been taken to
limit the spread of the disease. Despite these activities, the health problems of the pine plantations have intensified: the
desiccated territories increase every year and now cover various parts of Bulgaria [9].
With the advances in remote-observation sensors technology, experts can now receive current and more accurate highquality data, allowing for: rapid detection of newly damaged areas; successful resolution of phytosanitary forest
problems; selection of activities that counter diseases and pests and ameliorates damages. With all these improvements,
the forest activities on the field should be more timely and reduce the volume of the damages and economic losses.
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We performed remote extraction of precise data on the health status of pine (Pinus nigra) plantations affected by
pathogens. We used NDVI indeces and automatic processing of color and multispectral images from UAV. We took
advantage of specialized software (ERDAS, Pix4D) to provides us with automatic analysis and mapping of affected
areas as well as assessment of the damage level.

METHODOLOGY
Spectral Indices for vegetation analysis
Spectral indices of the vegetation have a wide range of applications in vegetation analysis and status assessment (Table.
1). Besides the most popular NDVI (Normalized Difference Vegetation Index), a number of other known indices are
used in the determination of quantitative indicators and for the reduction of soil, atmosphere, and topography
influences.
Every index is expressed by a formula for mathematical operation that involves data (from various spectral channels
such as water content, chlorophyll, pigment, etc.) which contain two or more different wavelengths. That data reveals
specific quantitative characteristics of vegetation. When the operation uses data from multi-temporal images from the
same channel, the index helps track changes in vegetation and the dynamic of its development. Some of the other
vegetation indices are DVI (Difference Vegetation Index), Simple Ratio (SR), Ratio Vegetation Index (RVI), and
Perpendicular Vegetation Index (PVI). NDVI is in a different group with the indices that make up for the influence of
atmosphere, cloud, soil, and topography. The NDVI formulas includes different combinations of data from the Red,
NIR (near infrared), and occasionally Red-Edge and Green channels. Chlorophyll in plants absorbs highly in the visible
zone (Red channel), whereas the cellular structure of leaves strongly reflects in the NIR zone. When plants become
dessicated, sick, or affected by pests or other kinds of stress, they absorb more in the NIR zone instead of reflecting it.
Observing the changes in NIR (0.70-1.10 μm) compared to the Red zone (0.58-0.68 μm) gives an accurate indication of
the presence of chlorophyll, which correlates with the health of the vegetation. The use of Red Edge in NDVI indices
helps to assess the stress state of vegetation.

Figure 1. Surface reflectance at the thematic bands Red (Band 3) and NIR (Band 4) [12]
When conducting automated vegetation analysis using spectral indices, we have to choose values that are in the same
spectral range for the respective channel, regardless of the type of sensor used. SAVI is a vegetation index for
minimizing the influence of soil. The ARVI index is adapted to account for atmospheric factors (such as water vapor
and aerosols) and to be sensitive to topographic elements. The improved EVI index is intended for the simultaneous
correction of NDVI for the influence of atmospheric factors and soils in forest areas. This index's values for healthy
vegetation range from 0.2 to 0.8 [4]. The GCL index is used to assess the content of leaf chlorophyll in vegetation.
Stressed plants show decreased levels of chlorophyll; therefore the index can help assess the health of vegetation.
However, the better assessment of the amount of chlorophyll is achieved by GCI using sensors with near infrared zone
(NIR) and green visible zone (Green) [10]. The SIPI index is suitable for analyzing vegetation with variable canopy
structure. It evaluates the ratio of carotenoids to chlorophyll. Large values of SIPI (increased carotenoids and decreased
chlorophyll) are often an indicator of plant disease, which is associated with the loss of chlorophyll. The index is useful
for monitoring the health of vegetation in regions with high variability in the canopy structure or leaf area index (LAI),
for early detection of plant diseases or other causes of plant stress. The NBR index expresses the normalized ratio of
values in the near and middle infrared zone (NIR and SWIR). It is suitable for studying areas affected by fires. Healthy
vegetation shows high reflectivity in the NIR zone, while recently burned plant areas reflect strongly in the SWIR zone.
The NBR index has become very important in recent years because extreme weather conditions significantly increase
forest fires and destroy plant biomass [2].
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Table 1. Review of vegetation Indices
Name/Reference
Difference Vegetation Index
Difference Vegetation Index
RatioVegetation Indices (Band Ratios)
Greenness Index Le Maire et al. 2004
Simple Ratio (SR) 800/550 Le Maire et al. 2004
Simple ratio (SRB1) 800/550 Pigment specific
Blackburn 1998
RatioVegetation Index (RVI)
Datt 2 Datt 1999
Perpendicular Vegetation Index
PVI (Perpendicular Vegetation Index)
Normalised Difference Vegetation Index
NDVI John Rouse 1973 Tucker 1979
Green NDVI Gitelson, Merzlyak 1997
Red-edge Index (NDRE) Barnes et al. 2000
Red-edge Green NDVI Buschmann, Nagel 1993
Red-edge NDVI Ortiz et al. 2013
ARI2Anthocyanin reflectance index 2Gitelsin 2002
NDVI Huete et al. 1997, Goward et al. 1985
SAVI Huete
ARVI Kaufman и Tanré
EVI Huete et al. 1997
ERVI (i) Goward et al. 1985
GCI Green Chlorophyll Index
SIPI Structure Insensitive Pigment Index
NBR Normalized Burn Ratio Keeley, 2009

Formula
[10], [1], [11], [5]
DVI = NIR – Red
GI = Green / Red
SR = NIR/ Green
SRB1 = NIR/Red
RVI = NIR/Red
DATT 2= NIR/Red_edge
PVI = 1 / SQRT((a2 + 1)*(NIR – a*NIR + b))
NDVI = (NIR – Red)/(NIR + Red)
NDVI = (NIR – Green)/(NIR + Green)
NDRE = (NIR – Red_edge)/( NIR + Red_edge)
NDVI = (Red_edge – Green)/( Red_edge + Green)
NDVI = (Red_edge – Red)/( Red_edge + Red)
ARI2 = NIR * ((1/Green) – (1/Red_edge))
NDRI (i)= NDVI * (R800/R680) (i) 680 nm
SAVI = ((NIR - Red) / (NIR + Red + L)) x (1 + L)
ARVI = (NIR - (2 * Red) + Blue) / (NIR + (2 * Red) + Blue)
EVI = 2,5 * ((NIR - RED) / ((NIR) + (C1 * Red) - (C2 * Blue) + L))
ERVI (i)= EVI * (R800/R680) (i)
GCI = (NIR) / (Green) - 1
SIPI = (NIR - Blue) / (NIR - Red)
NBR = (NIR - SWIR) / (NIR + SWIR)

Vegetation Indices in ERDAS IMAGINE 2020
The index models that can be applied via ERDAS IMAGINE environment are pre-configured and editable. Vegetation
index formulas, recorded in the ERDAS IMAGINE modules include - DVI, MCARI2, MSAVI2, MSR705 MTVI2,
NDVI, NDVI705, RDVI, RVI, SARVI, SAVI, TNDVI, VOG1, WV-VI, Wolf 2010 [10].
Automated image processing with ERDAS IMAGINE
There are two main approaches for multispectral image classification: fully automated unsupervised and supervised.
Unsupervised classification entails analysis of pixel brightness and pixel assignment to spectral classes (naturally
forming groups of pixels with similar spectral qualities - clusters in the space of measurements). The individual classes
must be well separated. Their identity is initially uncertain, so the interpreter must compare the results of the
classification with existing data for the study area and perform a field check to determine the information classes (or
interpretation classes) [3].

STUDY SITE AND EXISTUNG DATA
The survey was conducted over a part of the forest territory of the State Forestry Enterprise (SFE) "Elin Pelin" (Sofia
district, Bulgaria). The study selected a site covering forest stands affected by the action of biotic factors. The SFE team
signaled the problem in April 2019 at the National Information System SYSTEM.IAG.BG [6] and the Forestry
Protection Station (Sofia) performed field inspections.
The areas with desiccated forests and deteriorated phytosanitary condition are located in 6 settlements (Eleshnitsa,
Potop, Gorna Malina, Sarantsi, Chekanchevo and Osoitsa) in a total of 27 forest stands (subcompartments) with an area
of 203.4 ha. Pure and mixed plantations of Austrian pine (Pinus nigra) aged 35-85 years, relative stock 0.7-0.9, stand
height 13-23 m, located at an altitude of 600-850 m are affected. The land of the village of Sarantsi, where the forest
stands are most intensively affected by pathogens (Dothistroma septosporum and Laphodermella), was chosen as study
site. The studied site covers 12 subcompartments with an area of 72.7 ha (Figure 2).
The study used existing vector, raster, and attribute data for the selected site (Figure 2). The vector and attribute data for
the forest stands are extracted from the forest management plan (FMP) of SFE “Elin Pelin", effective since 2012. Data

719

Proceedings Vol. 1, 8th International Conference on Cartography and GIS, 2020, Nessebar, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

for the forest areas affected by biotic factors are extracted from the information system SYSTEM.IAG.BG. Raster data
from the Google Earth Pro platform was used for preliminary analysis and planning of the image-shooting activities.

Figure 2. Study site - affected forest stands according to data from SYSTEM.IAG.BG

TECHNICAL EQUIPMENT
To achieve the aim of the research, digital images with an unmanned aerial vehicle system (UAV) have been specially
made. The shooting of the selected area (Figure 2) was performed in May 2019 with two types of cameras - a standard
high-resolution camera and a multispectral camera with an infrared channel.

Unmanned aerial vehicle system
The study site was surveyed with the Swiss Unmanned Aerial Vehicle System WingtraOne with vertical takeoff and
landing (VTOL), allowing the implementation of missions in hilly and forest areas. WingtraOne allows working with
professional cameras. In February 2018, the WingtraOne PPK system was launched - a combination of VTOL with a
Sony RX1RII 42 MP camera and PPC (Post-Processed Kinematics) - a Septentrio module, which achieves high
accuracy and a new standard for photogrammetric processing of drone data with 1 cm absolute accuracy. The flight
setting time is less than 5 minutes, and no additional GCP points are required for orthorectification. A Lenovo
Thinkstation B30 K1 Pro professional workstation with 128 GB RAM was used for data processing.

Sensors
Due to the specifics of the subsequent computer spectral analysis, the examination was performed with two different
cameras in two consecutive flights (Figure 3):
•

Sony RX1RII 42 MP color camera with high resolution and range. The obtained images allow the generation
of a detailed 3D model and orthomosaics of the entire captured area;

•

MicaSense RedEdge M multispectral camera with a range in five spectral zones, including the near infrared
zone. The images are suitable for studying vegetation and extracting accurate geometric and qualitative
information about the vitality and health of forests.

Figure 3. Technical equipment - WingtraOne, Sony RX1RII 42 MP и MicaSense RedEdge M
The multispectral camera used has five spectral channels (Table 2) - Blue, Green, Red, Red Edge, Near IR, with a
resolution of Ground Sample Distance 8.2 cm / pixel (per band), altitude 120 m (400 ft), max shooting speed 1 capture
per second (all bands), with 12-bit RAW Spectral Bands.
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Table 2. Characteristics of the spectral channels of MicaSense RedEdge M
№
1
2
3
4
5

Band
Name
Blue
Green
Red
Near IR
Red Edge

Center Wavelength
(nm)
475
560
668
840
717

Bandwidth FWHM
(nm)
20
20
10
40
10

Band Range
(nm)
465 - 485
550 - 570
663 - 673
820 - 860
712 - 722

Flight plan and Image Data from UAVs technology
Wingtra Pilot software was used for the planning of both flights, through which the calibration of the cameras and the
planning of the air flight were performed. The studied object is defined based on a KML file under the existing vector
data about the object (Figure 2). According to the flight plan, the shooting on both flights has a flight altitude of 120 m,
covered area of 120 ha and duration of 48 minutes, 814 out of 964 images calibrated (84%), 5 blocks.

Software
Initially, information about the presence of forest plantations affected by desiccation was extracted from signal sheets
submitted by SFE "Elin Pelin" in the information system SYSTEM.IAG.BG. Vector and raster data in Google Earth Pro
environment were used for visualization and preliminary study of the studied site (Figure 2). The flight plan was
compiled and implemented using the Wingtra Pilot software. The primary processing of the obtained images from both
fields was performed with the software products Pix4D Mapper and Pix4D Fields. The automated image classification
is made by the ERDAS IMAGINE and Pix4D modules.

RESULTS AND DISCUSSIONм
Primary image processing
The images obtained from the Sony RX1RII 42 MP were processed into orthomosaics using Pix4D Mapper. As a result
of the processing, color images with high spatial resolution in natural colors of the affected areas from pathogens
diseases were obtained.

Visual analysis of color images
Forest standards have been developed to decipher the level of damage by color images, using 5 levels - unaffected, 1/
low, 2/ medium, 3/ high affected (depending on the change in color, size of crowns and manner of distribution), and 4/
completely damaged (the crowns are of small diameter, the branches oppose each other, and are gray in color).
1 / low affected

Individual tree crowns can be
discerned within the canopy cover
by difference in coloration (or
discoloration).

Degree of damage
2 / medium affected

Over 30% of tree crowns in the
canopy have an altered coloration
and a crown projection (i.e.
defoliation).

3 / high affected

Multiple damaged or completely
dessicated trees in the plantation;
the tree crowns have an altered
coloration (discoloration) and a
reduced size (defoliation).

Figure 4. Degree of damage assessment by color images
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Automated analysis of the obtained raster data via Pix4D Fields
After processing the raw data, a 3D image of the captured area, high-quality TIF orthoimages with an accuracy of 1 cm,
a KML file for Google Earth Pro and a digital terrain model were generated.
Multispectral analysis of the images obtained with MicaSense RedEdge via a portable computer system with Pix4D
Fields installed was performed on the field immediately after the flight and the shooting of the studied object. The result
and the specialized map are ready for use about 30 minutes after the drone lands.

Figure 5. Result of multispectral analysis by NDRE index and assessment of the degree of damage, thematic map on the
phytosanitary condition of the site
A comparison was made between the result obtained from the automated multispectral analysis of three classes and the
preliminary visual interpretation of the color images (Figure 4) and the determination of the degree of damage. A
thematic map of the phytosanitary condition by level of damage has been compiled.

Image processing using ERDAS IMAGINE 2020
Analysis of the input orthoimage
For the visualization of the study site a color composition of channels 3, 2, 1 was used (Table 3) (Figure 6 and 7) by
ERDAS IMAGINE. A combination of 4, 3, 2 with the NIR infrared channel in false colors is also made, necessary for
automated analysis (Figure 6 and 7). Image quality is good for interpretation purposes. The histogram has a normal
distribution of the function and is suitable for the next process of automated analysis forest plantations status.

Figure 6. Color compositions and image metadata

Figure 7. Visualization of orthoimage for the study area in natural colors (3, 2, 1), false colors (4, 3, 2), NDVI
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Vegetation analysis by NDVI
For the purpose of the research, we use an NDVI algorithm in the ERDAS system (Figure 8), and a factory-set sensor
type with bands similar to the multispectral camera bands (Table 3). In this case, QuickBird-2 TM sensor type was
chosen (https://directory.eoportal.org/web/eoportal/satellite-missions/q/quickbird-2).
Table 3. Compliance of the spectral range of bands
Sensor
QuickBird-2 Multispectral
MicaSense RedEdge M

Blue
450 - 520
465 - 485

Green
520 - 600
550 - 570

Red
630 - 690
663 - 673

Near IR
760 - 900
820 - 860

The obtained result clearly highlights the required forest stands affected by pathogens, visualized in black color and
expressed as separate structural elements (Figure 9).

Figure 8. Vegetation index model and result after applying of NDVI

Other Indexes (DVI, GNDVI, RVI)
Different vegetation indices were applied as follow - NDVI, GNDVI, DVI and RVI (Table 1). The three of them
achieved the positive results (Figure 9). They demonstrate sharping at the affected tree crowns. NDVI, DVI and RVI are
used for the following classification.

Figure 9. Results of applied indices (NDVI, DVI, RVI) with a positive results and color image
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Unsupervised classification with function K-means and ISODATA
The result after applying the NDVI (Figure 8 and 9) is a subject of processing under the two main methods – automated
unsupervised classification and supervised classification.
Unsupervised Classification includes analysis of the brightness of the pixels in the image and their assignment to a
certain number of spectral classes (naturally occurring groups of pixels with similar spectral qualities - clusters in the
measurement space). The individual classes must be well separated. Their identity is initially uncertain, so the
interpreter must compare the results of the classification with the existing data for the study area and perform a field
check to determine the information classes (also called interpretation classes). In the unsupervised classification, two
algorithms were applied in the analysis - cluster analysis (K-means) 3, 10, 36 classes (Figure 10), and ISODATA 10
classes (Iterative Self-Organizing Data Analysis Technique). Unsupervised classification is a preliminary step in
determining the number and location of spectral classes in the measurement space required to apply the supervised
classification method [3].

Figure 10. Unsupervised classification K-means with 36 classes, based on DVI index

CONCLUSIONS
The dessication of the forest stands of Austrian pine (Pinus nigra) is a fairly recent problem in Bulgaria. The current
study presents a fast and effective remote method for discovery and analysis of forests, damaged by fitopathogenic
fungi.
We propose a combined method for decoding and computer interpretation of color and multispectral images from UAV.
We make use of a variety of platforms suitable for mapping the problematic forest areas and assessment of the level of
damage.
The usage of various NDVI spectral indices of vegetation provides us selecting the best basis for automated
classification of images and extraction of accurate data on the health of forest stands.
When executing the algorithm of NDVI, it is crucial to match the spectral range of the multispectral camera to the
factory settings for channels of the sensors in ERDAS IMAGINE. Specifically, the exact match must be established
between MicaSense RedEdge M and QuickBird-2 TM.
After the experiments with different indices and algorithms, we can offer optimization of the sequence of procedures.
The main factor for this is the extraction of spectral signatures for the spectral classes after the applied K-means
algorithm and direct usage of those signatures in the process of supervised classification and production of a thematic
map.
The suggested technology assures the easy of discovery of individual trees or parts of the forest stands affected by
fitopathogenic fungi. The technology facilitates the assessment of the damage on a 5-level scale and the mapping of the
tree health state of the forest.
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