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Anomauin. 3HenicHenHs — 00HA 3 HAUOLIBUUX eKOLO2TYHUX npodaem cyyachocmi. 3a nepioo 1993—-2020
pp. 1100cmeo empamuio 154 minvlionu eexmapie 1icie, wo Npu38eno 00 MAKUX He2amusHUX HACIIOKI8, 5K
30inbUen s 8UOLIeHHS NAPHUKOBUX 2a318, NOPYUIEHHS. B0OHUX YUKLIB, NPUULBUOWEHHs epO3ii TpYHMIs,
NopyulerHs NpupooOHUX apeanie nepedysanHs mowjo. Bueni no2o0xicyromscsa, wo €OuHUM cnocooom 60-
pomvoU i3 3HENICHEHHAM 8 U020 MenepiHix Macumadax € wmydyHe HACAONCEeHHs JICI8 — 3ANICHEHHS.
Knacuynumu memodamu 3anicHenns € pyuHe ma asmomMamu3o8ane, HANPUKIao, 3a OONOMO20K BUKOPUC-
MAaHHs KOMOAUHIB, W0, Nonpu BIOHOCHY NPOCMOMY IMAIeMeHmayii, Maiomos pso HedOiKis, AKI 3a8adica-
10Mb GUKOPUCMOBY8AMU iX OJisl eheKMUBHO20 GUpiluleH sl npoOIeMl, 30Kpemd, HU3bKY 30amHicms 00 Md-
cumabysauns. Buxopucmanna BIIJIA — Hosuill nepcnekmusHuil nioxio 0o agmomamu3ayii 3a1iCHeHHS,
AKULL OYI0 PO3POONIEHO NPOMA2OM OCMAHHIX 0eCAMUnimy. Y Oanii cmammi po3ensoaromscs 020 OCHOBHI
NPAKMu4Hi IMRIEMeHmayii Y NOPIieHAHHI 00 KIACUYHUX MemOoOi6 3aNiCHeHHs 3a0Ji NPOno3uyii HO8020,
Oinbut eghexmugHo20 Memody Ha OCHOSI ix cunmesy. V npoyeci ananizy HaagHo2o 00Ceidy imniemenmayii
3anicHenHs 3a 0onomozeoio BIIJIA dexomnonyemoca Ha mpu OCHOBHI emanu: CKAHYB8AHHs NOBEPXHI, 0OPO-
OKy Oanux ma eucaoxicysanus oepes. JJocaioxicenHs nokazano, o Ha 000ayy 00 GUKOPUCIAHHS MemoOis
Ma aneopummie MoOenI08aHHs i ONMUMI3AYIT HA NEPUIUX 080X emanax nio8uUUenHs eQexmueHocmi euca-
0J/CYBAHHSA ULIAXOM BUKOPUCTNAHHS NIO20MOBLEHUX CAONCAHYIB AHANOSIUHO 00 KIACUYHUX MEeMO0Oi8, MOdiCe
3abe3neyumu 3Ha4Ho Uy egpekmugnicms. Y Oamiti pobomi nponoHyEMbCA 30iUCHIO8AMU ABMOMAMUYHE
BUCAONCYBAHHS 3 NOGIMPSL Y MOYKU, 3HAUOEHI HA OCHOBI NOOYO08U U ONMUMI3aYLl MOOeN PO3MAULYBAHHSL
caoicanyié Ha nosepxui 3emui, 3modenvosanoi 3a donomozorw JIJAP ckanysanns. Cmamms onucye oc-
HOBHI emanu HO8020 MemoOy 3AlICHEeHHs Ma 3aK1a0ae meopemudny iU npaKmuyHy OCHO8U OJid NPoOos-
JHCeHHs1 00CAI0NCeHHs I NPAKMUYHOL peanizayii.

Knrouosi cnosa: snenicnenns, 3anicHenns, 1iconacaodicenis, nicosionosnenns, bBILIA, JIIJIAP.

Abstract. Deforestation is one of the biggest ecological challenges faced globally nowadays. From 1993
to 2020 the world lost almost 154 Mha of forests which brought about various negative consequences,
such as an increase in greenhouse gas emissions, disruption of water cycles, increased soil erosion, dis-
rupted livelihoods, etc. Scientists agree that artificial forestation is the only way to solve the problem on
its present scale. Classic methods of artificial forestation include manual and automated ones or their
combination. Despite its simplicity and comparably easier improvement, classic methods also have some
disadvantages that do not allow them to solve the problem, i.e., bad scalability. Automated forestation that
utilizes UAVs is a new promising approach that was developed in the last decades. The current paper
addresses its common implementations compared to classic forestation methods from the perspective of its
improvement possibility based on their synthesis. Analysis of the existing experience of UAV-based for-
estation consists of three stages: surface scanning, data processing and planting itself. The research
showed that in addition to the usage of modelling and optimization algorithms at the first two stages, ana-
logically to classic methods higher efficiency can be achieved by planting seedlings instead of seeds. The
present paper suggests performing planting from the air to the defined points based on the creation and
optimization of a tree situation model. Such approach requires the usage of advanced LIDAR generated
land surface modelling techniques and methods of trajectory calculation. The article describes a step-by-
step new method of tree planting automation, suggesting theoretical and practical perspectives and direc-
tions for future research.
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1. Introduction

Deforestation is an ongoing process of losing forests caused by either human activity such as
farming and construction, or by various natural hazards, for example, wildfires. The catastrophic
scale of the problem can be proved statistically. According to the FAOSTAT? from 1993 to 2020,
the world lost almost 154 Mha? of forests [1]. In other words, the area of lost forests during the
last three decades is almost equal to Ukrainian land area times 2.5 or French land area times 3. As
a result, deforestation has brought about various negative consequences, such as an increase in
greenhouse gas emissions, disruption of water cycles, increased soil erosion, disrupted liveli-
hoods, etc. [2].

Lots of scientists, researchers, politicians and other concerned people around the world
carry out numerous research, establish organizations, create policies and regulations every day
with the single aim — to stop deforestation. All in all, practically these efforts are made to stimu-
late forestation both artificially and naturally. Despite ongoing debates around artificial versus
natural forestation, it is argued that artificial invasion is required [3, 4].

There are two main approaches to artificial forest recreation. The first one is reforestation
— planting new trees on the areas previously covered with forests, and the second one is afforesta-
tion — planting completely new forests [5].

The aim of this article is to analyze automatic forestation improvement through the devel-
opment of a new tree planting method based on the fusion of classical methods with UAV-based
forestation.

2. Analysis of existing methods, models and applications for artificial forestation
2.1. Classic methods

Reviewing some artificial reforestation methods made it possible to conclude that they all can be
divided into the following two main categories: manual and automated [6, 7].

Manual methods imply the usage of human labour. Among the advantages of this method
there are its simplicity and high rate of seedling adoption achieved by 1-2 years of pre-planting
preparation; on the other hand, its main disadvantage consists in low efficiency due to the lack of
ability to scale.

Automated tree planting methods use machinery to provide better scalability. A typical
example of such automation is the use of heavy agricultural planting combines [8]. This approach
is much more efficient than the manual one, but it is still limited in terms of the applicable area
since the type of land surface in some places almost eliminates the possibility of using there ma-
chinery. Moreover, combines can be utilized only on lands which are also suitable for agriculture.
Therefore reforestation of such territories will create a ground for future deforestation.

2.2. UAV-based forestation

During the last decades, a lot of different discoveries and improvements were made in the field
UAVs® depend on. These efforts caused general technology costs reduction what resulted in
drawing attention to its application. In addition, booming development of mobile LIDAR? sensors
during recent years made UAVs one of the best platforms for the use in real-life applications [9].

! The Food and Agriculture Organization Corporate Statistical Database (FAOSTAT) is statistical data
collected and maintained by the Food and Agriculture Organization (FAO) of the United Nations (UN).

2 Million hectares.

¥ Unmanned Aerial Vehicle.

* Light Detection and Ranging sensors.
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The mentioned above factors led to more and more wide utilization of UAV-based appli-
cations in agriculture. Its main purposes are remote sensing, pesticide spreading, seed planting,
etc. [10]. Moreover, the mobility of such systems together with the existing agriculture experi-
ence could be a solution to challenges faced in forestation automation with combines.

Nowadays, around the idea of planting trees with UAVs, for example, Drone Seeds,
FlashForest, Dendra systems, etc., there have been established multiple organisations [11, 12,
13]. Despite its practical popularity, there is still the lack of knowledge from the scientific point
of view that should be filled up to achieve synergy and develop the most efficient UAV-based
tree planting method.

Analysing existing experience of the mentioned above companies, the process of UAV-
based tree planting can be decomposed into 3 stages:

1. Surface scanning.

2. Data processing.

3. Planting.

Some other existing stages such as planting material preparation or existing forests biome
analysis, which is important for achieving success in forestation, will not be mentioned below.
The main reason for such a decision is that they all are indifferent to the planting method. Moreo-
ver, they constitute an independent field for research out of the current paper.

The purpose of the first stage called «Surface scanning» is to collect required information
about the surface of the target area or other environmental conditions, such as relative altitude
and exact GPS location. The main goal of this stage is to collect enough information to build a
precise model of the environment. To achieve this goal two common techniques are used: photo-
grammetry and LIDAR scanning [14]. Formally, this step can be rewritten as some function
surfaceScanning with a list of target area frontier GPS coordinates® as a parameter and raw
data dictionary output:

CONST FRONTIER _GPS =[{x}, y:},{¢, v}, ... {xt, vi, (1)
sur face,,, = sur faceScanning (FRONTIER; ) =

:[{Xlz’ ylzi Ll’ Pl},...,{Xﬁ, yr?! I-n’ Pn}]a

where {x, '}, i=1k — latitude and longitude of i frontier GPS coordinate, X, y?, j=1n -

)

GPS coordinates of points equally distributed across the target surface area, L; — LIDAR data,
P, — photogrammetry data.

Photogrammetry is a method of surface scanning based on combining multiple camera
shots into a single 3D surface model. Lower equipment and post-processing costs are among
the advantages of this method, while on the other hand it has a priori lower accuracy compared to
the LIDAR scanning caused by its visual basis.

The main idea behind the LIDAR scanning is remote ground surface sensing by a laser.
Its core principle is to measure the time required for a piece of light to travel from the laser, then
reflect from the surface and return to the sensor. From a positive perspective, this method is
known for its extreme accuracy, but at the same time such sensors are more expensive, hard to
maintain and work with what is a downside. Moreover, the data come from the sensors as a cloud
of points each representing a single reflected laser shot. Post-processing of such information can
be much more difficult if compared to photogrammetry.

® Frontier GPS coordinates is a set of coordinates that represents the border of the planting target area.
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Despite all the challenges related to these methods, the common practice is to use both to
create colourized point clouds and then transform them into an extremely precise 3D surface
model [15].

It is worth mentioning that such remote scanning can be done from the plane or satellite
[16]. However, the precision losses due to the high altitude are the main obstacle for the advanced
planting techniques.

The second stage of UAV-based tree planting is data post-processing. The main goal of
this step is to provide planting mechanisms with a set of direct instructions based on data collect-
ed in the first stage. To put it another way, the data from the sensors should be translated into a
set of commands for the planting machine.

To achieve such results, advanced calculation and optimization techniques are required.
The first action performed in the current stage is raw sensor data processing by some function
createModel that leads to the creation of an environment model. Secondly, the model is being
optimized by the function optimizeModel to find the best possible places or areas for tree plant-
ing regarding the given set of restrictions by extracting the surface from the environment model
and solving the planting tree count maximization problem on the extracted surface. In the last
third step, the optimal planting points are converted to the GPS coordinates which are then trans-
formed into a set of direct commands for the planting machine. Formally:

env = createModel (surface _raw _data), (3)
optimal ;.. = optimizeModel (env, kwarg) = @
[, ¥7s 236 Vo 2,3,
commands = Translate(optimal _ points), (5)
where env — an environment model, kwarg - a set of optimization parameters,

{x}, ¥, 2}, | =1, m — latitude, longitude and height above sea level of points selected for plant-
ing.

The complexity of calculations performed at the data processing stage requires both ad-
vanced optimization algorithms and powerful computational facilities. This stage is usually per-
formed using ground or cloud computing stations outside the UAV.

Planting itself is the third stage of UAV-based methods. This action can be performed in
various combinations of delivery methods and planting materials.

As a plant material, there can be used either fertilized seeds or specially prepared seed-
lings. However, the common practice in UAV planting is to use fertilized seeds instead of seed-
lings that have multiple pros such as lightweight of seedlings that enable its delivery to
the ground right from the UAV and lower requirements to the precision of step two generated 3D
surface model. On the other hand, the price reflected in cons is a much lower than the seed adop-
tion rate. As it was mentioned before for the classic planting techniques, the usage of prepared for
1-2-years seedling is a common practice to achieve a great adoption rate. The neglect of such
proven practice is in the author’s opinion one of the biggest blockers for efficient autonomous
UAV tree planting.

The decision to use seeds instead of seedlings was caused by the capabilities of common
planting techniques. There are two widely used approaches. The first one consists in simple
spreading of seeds from the air. This approach is easy to implement and it requires simpler calcu-
lations. Such simplicity results in limited ability to control exact planting location that in addition
to demerits caused by the usage of seeds leads to low overall efficiency.

The second approach implies performing pneumatic seed shooting from the UAV. Unlike
the simple spreading method, it allows controlling exact planting location based on advanced
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surface modelling. As a result, this technique has higher overall efficiency. On the contrary, its
higher relative efficiency can still be improved tremendously through the use of prepared seed-
lings instead of seeds. But its weight prevents the utilization of seedlings with this technique.
Such problem can be handled only with huge UAVs that cannot be efficiently scaled to real-life
applications.

Concluding the methods review, the development of a new through-the-air automated
seedlings planting mechanism is required to provide a better autonomous forestation method.

3. A new method of forestation automation

One of the prospective solutions to through-the-air seedling planting was proposed by Lockheed
Martin company. The idea was to use «Aerial Forestationy» that consists in dropping small eco-
friendly darts with offspring from the plane [17]. Supporting this theoretical approach, scientists
from the University of Glasgow have studied an optimal design for darts [18].

On the one hand, such an approach can ensure high adoption rate of planted trees; on the
other hand, it loses precision and ability to control the location of trees. Moreover, using planes is
much more expensive. All the pitfalls resulted in the freezing of the program by Lockheed.
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Figure 1 — The generalized model of automated forestation application
using UAV and land launched darts

The foundation of the proposed method is to combine existing UAV planting methods
with a Lockheed vision of the utilization of darts by their launching from the ground using pneu-
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matic mechanisms. This approach will provide flexibility in launch mechanisms capacity, weight,
number of seedlings, etc. without planes or heavy UAVs. On the contrary, it requires more com-
plex computer models with the ability to calculate a trajectory of each dart. This challenge is
stipulated by the novelty of the approach.

The overall application based on the new method is shown in Fig. 1. The application takes
seedlings as inputs; configs, satellite and weather data as given restrictions; UAV, pneumatic
seedlings dart launcher, ground station and operator as part of mechanisms. The output of
the model is planted trees.

The proposed method consists of three stages. At the first stage (blocks 1 and 2 of Fig. 1)
the surface data should be collected with the most precise available technique to ensure high dart
accuracy, for these reasons there should be used LIDAR combined with photogrammetry.

At the second stage (blocks 3-5), a 3D surface model will be optimized to satisfy
the given restrictions such as minimum cross tree length to plant the maximum possible number
of trees. Then the model will be post-processed to calculate parabolic dart trajectories. The calcu-
lations will be performed by the ground station.

The third stage includes dart launching and planting. The feedback regarding the precision
of the strike performed should be used to correct trajectories of the subsequent launches. An effi-
cient approach that can be used is the application of ANN to build a trajectory forecasting mech-
anism and train it before planting. To find the best ANN configuration, a genetic algorithm will
be used.

It is worth mentioning that in further research an emphasis will be made on software and
optimization rather than on hardware configuration, an octocopter will be chosen as a UAV com-
ponent. The main drivers of such choice were its falling protection, potential trust value and abil-
ity to safely carry massive electronic sensors with huge power consumption.

For the dart launching purpose land-based short-range pneumatic systems will be used.
This decision is stipulated by higher safety requirements.

4. Conclusions

After conducting an analysis of the existing experience, there was proposed a new method of
UAV-based dart-seedling planting and automated forestation. In case of success, it may have
enough efficiency/cost ratio to be used for real-life scale applications to stop deforestation. It is
also worth mentioning that a pneumatic launcher was chosen because of its higher affordability
and lower usage complexity. At the same time as a seedling delivery mechanism there can be
used another robotic system, for example, advanced ground drones that still require the same pre-
cision level of situation coordinates.

The expected result of further research is to build software and hardware solution running
on ground and air stations that will automatically plant trees in the target areas based on advanced
optimization techniques. Another approach of such methodology can imply terraforming of such
large areas as deserts or planets, in defence areas — delivery of supplies or other small parcels, etc.

REFERENCES

1. The Food and Agriculture Organization Corporate  Statistical Database. URL:
http://www.fao.org/faostat/en/#data/GF.

2. WorldWildLife.Org, Deforestation and Forest Degradation. 20109. URL:
https://www.worldwildlife.org/threats/deforestation-and-forest-degradation.

3. Popkin G. Plant trees or let forests regrow? New studies probe two ways to fight climate change. The
Science magazine. 2020. URL: https://www.sciencemag.org/news/2020/09/plant-trees-or-let-forests-
regrow-new-studies-probe-two-ways-fight-climate-change.

ISSN 1028-9763. Maremarnuni Mammau i cuctemu. 2021, Ne 3 131


http://www.fao.org/faostat/en/#data/GF
https://www.worldwildlife.org/threats/deforestation-and-forest-degradation
https://www.sciencemag.org/news/2020/09/plant-trees-or-let-forests-regrow-new-studies-probe-two-ways-fight-climate-change
https://www.sciencemag.org/news/2020/09/plant-trees-or-let-forests-regrow-new-studies-probe-two-ways-fight-climate-change

4. Leighton J., Fagan M.E., Zahawi R.A. Positive site selection bias in meta-analyses comparing natural
regeneration to active forest restoration. The Science Advances magazine. 2018. URL:
https://advances.sciencemag.org/content/4/5/eaas9143.full.

5. Sivaramanan S. Deforestation causes, impacts and restoration strategies. 2014. URL:
https://www.researchgate.net/publication/268924589 Deforestation_causes_impacts_and_restoration_stra
tegies.

6. Tejaswi G. Manual on deforestation, degradation, and fragmentation using remote sensing and GIS.
FAO  Forestry  Department.  2007. URL: http://www.fao.org/forestry/18222-045¢26b711
a976bb9d0d17386ee8f0e37.pdf.

7. Tree planting. Forest Research. 2002. URL: https://www.forestresearch.gov.uk/documents/
1962/0DW1002.pdf.

8. Nilsson U., Luoranen J., Kolstrom T. Reforestation with planting in northern Europe. 2010. URL.:
https://www.tandfonline.com/doi/full/10.1080/02827581.2010.498384

9. Carter J., Schmid K., Waters K. An Introduction to Lidar Technology, Data and Applications. NOAA
Coastal Services Center. 2012. URL.: https://coast.noaa.gov/data/digitalcoast/pdf/lidar-101.pdf.

10. Sylvester G. E-Agriculture in action: Drones for agriculture. Food and Agriculture Organization of the
United Nations and International Telecommunication Union. 2018. http://www.fao.org/
3/18494EN/i8494en.pdf.

11. DroneSeed.Com, Drone reforestation. 2019. URL.: https://droneseed.com.

12. FlashForest.Ca, Automate Reforestation. 2020. URL.: https://flashforest.ca.

13. Dendra lo, Creating Scalable Restoration and Rehabilitation of Our Lands. 2020. URL:
https://www.dendra.io.

14. Wingtra.Com, Drone photogrammetry vs. LIDAR: what sensor to choose for a given application.
2021. URL.: https://wingtra.com/drone- photogrammetry-vs-lidar.

15. Parmehr E.G., Fraser C.S., Zhang C. Automatic co-registration of satellite imagery and lidar data us-
ing local mutual information. 2013. URL: https://www.researchgate.net/publication/25935
6397_Automatic_coregistration_of satellite_imagery and LiDAR_data_using_local _Mutual_Information
16. Wight A. This Start-Up Wants To Make Reforestation More High-Tech. Forbes. 2019. URL:
https://www.forbes.com/sites/andrewwight/2019/11/11/this-start-up-wants-to-make-reforestation-more-
high-tech/?sh=fcd66e43b152.

17. The Guardian.Com, Aerial bombardment to reforest the earth. 1999. URL:
https://www.theguardian.com/uk/1999/sep/02/paulbrown.

18. Stewart J. Reforestation with Aerial Darts — Let's Talk About [X]. Video. 2016. URL:
https://www.youtube.com/watch?v=cBslqoJ2gvs.

Cmamms naodiviuina 0o pedakyii 19.07.2021

132 ISSN 1028-9763. Maremarnuni mamuay i cucremu. 2021. Ne 3


https://advances.sciencemag.org/content/4/5/eaas9143.full
https://www.researchgate.net/publication/268924589_Deforestation_causes_impacts_and_restoration_strategies
https://www.researchgate.net/publication/268924589_Deforestation_causes_impacts_and_restoration_strategies
http://www.fao.org/forestry/18222-045c26b711a976bb9d0d17386ee8f0e37.pdf
http://www.fao.org/forestry/18222-045c26b711a976bb9d0d17386ee8f0e37.pdf
https://www.forestresearch.gov.uk/documents/1962/ODW1002.pdf
https://www.forestresearch.gov.uk/documents/1962/ODW1002.pdf
https://www.tandfonline.com/doi/full/10.1080/02827581.2010.498384
https://coast.noaa.gov/data/digitalcoast/pdf/lidar-101.pdf
http://www.fao.org/3/I8494EN/i8494en.pdf
http://www.fao.org/3/I8494EN/i8494en.pdf
https://flashforest.ca./
https://www.researchgate.net/publication/25935%206397_Automatic_coregistration_of_satellite_imagery_and_LiDAR_data_using_local_Mutual_Information
https://www.researchgate.net/publication/25935%206397_Automatic_coregistration_of_satellite_imagery_and_LiDAR_data_using_local_Mutual_Information
https://www.forbes.com/sites/andrewwight/2019/11/11/this-start-up-wants-to-make-reforestation-more-high-tech/?sh=fcd66e43b152
https://www.forbes.com/sites/andrewwight/2019/11/11/this-start-up-wants-to-make-reforestation-more-high-tech/?sh=fcd66e43b152
https://www.theguardian.com/uk/1999/sep/02/paulbrown
https://www.youtube.com/watch?v=cBslqoJ2gvs

