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Introduction 

The integration of Unmanned Aerial Vehicles (UAVs), commonly 

known as drones, represents one of the most significant 

technological advancements in modern forestry management 

and conservation. Traditional forestry practices have long relied 

on labour-intensive field surveys, limited aerial photography and 

satellite imagery with inherent resolution constraints (1). The 

emergence of drone technology has revolutionized these 

approaches, offering unprecedented capabilities for data 

collection, monitoring and management of forest ecosystems. 

Drones provide forestry professionals with a versatile platform 

capable of capturing high-resolution imagery and precise 

measurements across various spatial and temporal scales (2). 

From fixed-wing models designed for extensive area coverage to 

highly manoeuvrable rotary-wing units equipped with 

sophisticated sensors, these aerial systems have dramatically 

reduced the time, cost and logistical challenges associated with 

forest assessments (3). The technology bridges the critical gap 

between ground-based observations and satellite imagery, 

delivering detailed data that was previously unattainable. The 

applications of drone technology in forestry are remarkably 

diverse. Forest managers now employ UAVs to create detailed 

Ortho mosaic maps and digital elevation models, conduct 

accurate forest inventories, monitor canopy health, detect early 

signs of disease and pest infestations and support precision 

forestry operations (4, 5). Advanced sensor technologies-

including multispectral, hyperspectral, LiDAR and thermal 

imaging-have further expanded these capabilities, enabling 

comprehensive analysis of forest structures, species composition 

and ecosystem health (6). Beyond operational efficiency, drones 

are proving instrumental in addressing pressing environmental 

challenges. They enhance biodiversity monitoring (7), assist in 

tracking invasive species (4), provide critical data for wildfire 

management (8) and support community-based conservation 

initiatives (9). In regions where illegal logging threatens forest 

ecosystems, drone surveillance offers a cost-effective solution for 

enforcement and protection (10).  
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Abstract  

The rapid growth of Unmanned Aerial Vehicles (UAVs) or Drones have significantly revolutionized the methodologies of modern 
forestry. Traditional methods being dependent on low resolution satellite data and labour-intensive field work are now being 

substituted by high resolution drone-based data offering real time monitoring and increased operational efficiency. This review 

examines the extensive role of UAVs in modernising various forestry practices and its associated challenges. Different types of drones 

namely, fixed-wing, rotary-wing and hybrid models along with advance imaging systems and sensors such as multispectral, 
hyperspectral, thermal and LiDAR sensors. These technologies have been proven as inevitable source of forest inventory, health 

monitoring, wildfire detection and suppression, biodiversity assessment and precision forestry. UAVs Provide high resolution 3D 

Modelling, early disease detection and pest monitoring and improved seed dispersal through precision techniques. Apart from that 

usage of machine learning and deep learning technologies have enabled the usage of drone swarms enhancing large scale 
autonomous operation like real time environment monitoring. Despite their extensive advantages UAVs also have some minor 

disadvantages including regulatory constrains like lack of data processing, sensor limitation and high investment cost. In the Indian 

context though drone regulations are evolving there are some lacks on policy enforcement and legal framework. The review insists 

upon the need for unified legal frameworks, improved data-sharing methodologies and open-source software to support the wider 
adoption of UAVs in forestry. As drone technology continues to advance with blockchain interpretation, energy harvesting and user-

friendly systems, its role in sustainable forest management is set to expand. UAVs are emerging as indispensable tools for efficient, 

responsive and ecologically responsible forestry practices. 

Keywords : canopy mapping; drones in forestry; forest monitoring; LiDAR and multispectral imaging; remote sensing; UAV regulations 

and challenges; wildlife monitoring 
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Fundamentals of drone technology 

Classification of UAVs 

We consider fixed wing UAVs as a class of UAVs that have 

airplane type structure that gives high gliding efficiency while 

flying through air. Because they consume little energy for large 

distances, they are generally used for long range missions. 

However, they depend on runways for take-off and landing and 

thus, tend to be inflexible from operational point of view (11). A 

highly manoeuvrable and capable of VTOL type rotary wing 

UAVs are quadcopters. As such, they are very suitable for 

hovering and precise activities such as surveillance, inspection 

and search and rescue. Quadcopter is one of the most common 

classes under this category, it is easy to use and effective for 

many applications (12). It is a UAV hybrid with fixed wing and 

rotary wing design, which thus allows for long range flight and 

VTOL. Nevertheless, these UAVs have gained popularity and 

they offer a higher flexibility and perform more, generally, other 

than the usual UAVs without limiting them (11). Various classes 

of UAVs are depicted in Fig. 1. 

Categories of UAVs based on propellers 

Typically, these are fixed wing UAVs which make a single 

propeller thrust. They are efficient for travel long distances but 

need runways at take-off and landing (13). Dual-Propeller UAVs 

come in the form of Coaxial Configurations, or dual propeller 

setups which allow to increase load capacity without propeller 

diameter grow. Such a configuration is suitable for applications 

with higher lift needed (for example, rescue) (14). The 

quadrotor UAVs are quite often available with four propellers. 

They are stable and manoeuvrable and thus suitable for such 

applications as surveillance and delivery. Furthermore, their 

mobility is inherently underactuated (15). These UAVs are 

hexacopter and octocopter UAVs that have six and eight 

propellers, respectively. Quadrotors are very unstable and have 

limited arm payloads. Redundancy of the additional propellers 

is required for reliable applications, like in rescue missions (14). 

Some of the common drone features are summarized in Table 

1 and various drone power sources are mentioned in Table 2. 

Types of cameras in drone 

Drones are fitted with hyperspectral cameras that capture the 

detail of spectral information recorded over certain 

wavelengths. These include a palm size 2D spectroscopic 

imager for mid-infrared lights and the thumb size 1D snapshot 

hyperspectral camera which enables high time resolution and 

simple optics without mechanical movements (16). 

Underwater drones are also used to capture images 

horizontally, using cameras that have panoramic capabilities, 

such as 360°. When fisheye lenses are used in these cameras, 

the images at a fixed sampling density provide a complete view 

that is necessary for tasks with wide coverage or detailed 

environmental monitoring (17). Moreover, drones are identified 

using drone detection systems, in which fisheye camera are 

used to monitor wide sky areas, increasing the number of 

rotational axis to be able to track and detect aerial objects (18). 

Low latency, event camera sensors that provide bioinspired, 

low latencies, required for dynamic obstacle avoidance with 

drones are provided. As such, these cameras do not capture 

traditional images but rather return a stream of asynchronous 

events corresponding to intensity changes, which allow drones  

 

Feature Electric drones Internal combustion 
drones 

Suitability for remote 
sensing 

Higher Lower 

Economy Higher Lower 
Vibration Lower Higher 

Feature Fixed-wing drones Rotary-wing drones 

Take-off/landing Horizontal Vertical 

Coverage area Higher Lower 

Stability Lower Higher 

Spatial Resolution Lower Higher 

Table 1. Common drone features Table 2. Drone power supply 

Fig. 1. Classification of UAVs based on their rotors. Source Ref. (61). 
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to quickly react to a fast-moving object (19). For drones, depth 

cameras, which are usually used with tracking cameras, are 

essential for 3D mapping and indoor navigation. With the help 

of these cameras, it is easier to capture point clouds and keep 

the drone's pose stable for the purpose of more accurate 3D 

reconstructions of environments (20). Drones that use thermal 

infrared cameras are used to monitor wildlife and to carry out 

population studies. As these cameras can distinguish one 

species from another based-on body measurements and 

recognize, the animal and follow it from a great height these 

cameras are useful for ecological research and the 

conservation work (21). Typically, in drone detection and 

tracking systems, standard video cameras are used and 

sometimes with wide angle lenses. For enhancing the 

robustness and accuracy of the detection system through 

sensor fusion, they are integrated as a part of multi sensor 

setups, such as thermal and fisheye cameras (18, 22).  

Types of sensors in drones 

These drones are sound detectable, they shall be identified by 

acoustic sensors adding the possibility of other type of sensors 

(18). For real-time anomaly inspection in drones, the MEMS 

(micro electromechanical system) accelerometers are used, 

like ADXL335 and ADXL345. They are good in identifying faulty 

conditions which may not be visible to one’s naked eyes (23). 

For indoor positioning, the positioning is done through inertial 

measurement units and sonar sensor that give the orientation 

and distance of drones to objects (24). Simultaneous 

localization and mapping are the purposes of these, especially 

because it helps drones to navigate in a complicated 

environment by creating a replica of its surrounding (24). The 

indoor drone positioning provided by UWB sensors is realized 

by triangulating the drone location using multiple anchors (24). 

Long distance detection is done and against weather 

conditions, the frequency modulated continuing wave (FMCW) 

radar sensors are robust. For comprehensive area coverage, 

they belong to the sensor networks (25). Located on the drone, 

these sensors provide high coordinates accuracy in 3D space 

for the drone landing and take-off, without even relying on the 

GPS (26). Passive radio frequency imaging has SDR sensors that 

offer continuous coverage on top of intelligent anti-drone 

systems (27). Various types of sensors are compiled in Table 3. 

Application of drone technology in forestry 

Drones are cheap and flexible platform for remote sensing and 

data collection to fill the data gaps left by other remote sensing 

methods, such as manned aircraft and satellites (1, 3). Drones 

are used for surveying forests, mapping canopy gaps, 

measuring canopy height, tracking wildfires. With the 

increasing use of UAVs for monitoring the forest health, they 

offer high spatial, repetitive and timely data which is critical for 

specifying forest health. This is especially relevant to detecting 

biotic or abiotic stressor affecting forests (5). Drones aid forest 

management in creating canopy height model, mapping forest 

gaps, as well as intensive management. Also, they are used in 

inventorying the resources, mapping the diseases and fire 

effects (2, 3). Small drones are low cost and detail the 

monitoring of forests; they are feasible for community-based 

forest monitoring. This approach helps local management and 

conservation efforts especially in tropical areas (9). Its potential 

uses according to its types has been gathered in Table 4 and 5.  

Applications of drones in forest monitoring 

However, considering that drones deliver low-cost data of a 

high resolution, they can enhance gathering canopy variables 

and assist biodiversity assessment (28). Recce UAVs are used to 

capture high resolution images of forest health to monitor 

physiological stress in trees even in early stages of disease 

outbreak (4, 5). However, they are especially useful for 

evaluating individual tree health and pattern of mortality (29). 

For example, small drones are a feasible tool for community-

based forest monitoring and provide data on details of forest 

loss, degradation and regrowth - essential for REDD+ activities 

(9). Continuous surveillance of forests using drones for the 

purpose of detecting changes like encroachment or fires helps 

in conservation and maximizing the response time (10) (Fig. 2). 

Table 6 covers the major issues faced when drones are used for 

forest monitoring. 

Applications in forest biometrics 

With photogrammetry and structure from motion techniques, 

drones make it possible to map individual trees to build 3D 

models of forest stands. This method offers one of the 

advantages: speed, as it is particularly helpful in structurally 

complex forests, for which the traditional methods could fail 

UAV type Primary application Advantage Limitation Reference 

Fixed-wing Large Area Mapping, Biomass 
Estimation 

High coverage per flight Requires large take off/
landing space 

(20) 

Rotary-wing Forest Health Monitoring, Tree 
Species Classification 

High manoeuvrability, detailed imaging Limited flight duration (18) 

Hybrid (VTOL) Mixed Applications                                  
(Mapping & Monitoring) 

Combines benefits of fixed & rotary-wing UAVs More complex technology, 
costlier 

(19) 

Table 5. UAV types and their applications in forestry 

Application Description Benefits 
Forest mapping Creating detailed maps of forest areas Saves time, cost, labour 
Precision forestry Assessing forest parameters like canopy cover and tree volume Improves decision-making for forest management 
Canopy gap mapping Identifying gaps in the forest canopy Provides insights into forest disturbances 

Forest health monitoring Detecting pest infestations and assessing forest vitality Early detection of problems, saves time and 
money 

Measuring forest canopy  
height 

Determining canopy height using LiDAR or other sensors More efficient and cost-effective than traditional 
methods 

Table 4. Applications of drones in forestry 

Sensor type Spectral range Application in forestry Example UAV model Reference 
RGB Camera Visible General Mapping, Tree Counting DJI Phantom 4 Pro (19) 
Multispectral VNIR Vegetation Health, Pest Detection Parrot Sequoia (17) 
Hyperspectral VNIR-SWIR Species Classification, Disease Monitoring Headwall Nano-Hyperspectral (18) 
LiDAR Active (Laser) Canopy Structure, Biomass Estimation DJI Matrice 600 with LiDAR (19) 

Table 3. UAV sensor technologies used in forestry 



MADESH  ET AL  4     

https://plantsciencetoday.online 

(30, 31). Drones have also been used to differentially identify 

canopy and understory trees. To discriminate these sites, it is 

necessary to differentiate these sites (31) (Fig. 3). 

Drones in precision forestry 

These are a relatively low-cost alternative to maned aircraft 

and satellite systems and they have high degrees of flexibility in 

the control over spatial and temporal resolution (1, 3). Drones 

are robots are ideal for collecting highly concentrated data 

without human crew risk, while it has been also mentioned 

that robots are a perfect fit for such high degree data collection 

(1, 3). Drones can easily fill these data gaps quickly and 

relatively inexpensively if they are able to collect high 

resolution imagery quickly and at a relatively low cost. This can 

enable such applications as for forest mapping, canopy height 

measurement or wildfire tracking (1, 3). As UAVs are very 

recently ‘adopted’ as an analysis tool for forest health 

monitoring purposes due to the rapid and repetitive 

acquisition of high-resolution data, the importance of UAV use 

for augmentation is significant. It is essential that such biotic 

and abiotic stressors affecting forest health are detected (5). 

Precision seeding using drones includes targeting microsites to 

improve success rate of seed establishment and decrease 

costs. This approach is more efficient than existing blanket 

seeding methods (32) (Fig. 4). 

 

Fig. 2. Precision and overall performance of drones in canopy monitoring. 

Issue Description 
Small payload Limits the quality of imaging sensors 
Low spectral resolution High costs of high spectral-resolution sensors 
Poor geometric and radiometric performance Affects the possibility of accurately georeferencing the imagery acquired 
Low software automation Complex analyses can be done faster by organizations and end-users 
Sensitivity to atmospheric conditions Fog, heavy rain and strong and variable winds can hinder their operation 
Short flight endurance Should not be a major constraint for CBFM unless a community’s territory is very large 

Possibility of collisions Poses a significant risk to small drones and warrant the need for training and 
acquiring expertise on flight path setting and manual manoeuvring when needed 

Potential problems for repairs and maintenance May significantly increase the operating cost and loss of flying time 

Dependence on external assistance and funding Communities would be very dependent on initial training and continued funding from 
partner organizations or government agencies 

Ambiguous or cumbersome regulations for flying small 
drones 

Impede their use, particularly in the case of non-commercial models 

Safety and security issues 
May pose significant threats to the security of the drone operators, other community 

members and even the partner organizations' personnel involved in the CBFM 
program 

Debatable relevance for community conservation and 
socio-economic development 

Would not be relevant and could be antagonistic for communities that do not want to 
engage in externally driven conservation programs and development projects on 

ideological grounds 

Potential social impacts 
Drone technology usage might lead to community segmentation by widening the 

knowledge gap amongst technology users and other community members (younger/
older, male/female) and by altering the existing internal power dynamics 

Ethical issues The most immediate ethical concern is the possibility of privacy violations and the 
requirements for free, prior and informed consent (FPIC) 

Table 6. Key disadvantages of a drone-assisted community-based forest monitoring approach 

Fig. 3. Abundance of various UAV’s used in forestry. 
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Benefits of drones in forest conservation and biodiversity 

monitoring 

With high resolution cameras, drones have the added 

capability of taking detailed photos and data to do precise 

mapping of the ecosystems, evaluation of canopy health and to 

observe distributions and biodiversity of species (7, 29). They 

can enter difficult areas, or those dangerous such as when hit 

by natural disasters, without endangering people. The 

capability described here is particularly useful for the 

monitoring of remote or hazardous sites (10, 33). Information 

from the data collected by drones can lead to a better decision 

by forest managers about the forest dynamics, species 

interactions and effects of changes on the environment (7, 9, 

28) (Fig. 5 and 6). 

Usage of drones in forest fire 

Capturing the images in real time, drones equipped with 

optical cameras and CNNs offer a reliable system for early fire 

detection. Due to this system space authority can be informed 

by this system with alert along with detailed information about 

fire’s location and regional conditions, making the fire 

detection more efficient and precise (34). Furthermore, drones 

that are fitted with thermal imaging cameras can recognize 

fires and send the data to rescue officers and the image also 

has a wide viewing angle and real time streaming to 

smartphones (35). With that in mind, drones not only detect 

but also have a strong role in fire suppression. They have 

developed systems to drop the fire extinguishing bomb inside 

the fire zones to extinguish the fire at a low cost and rapidly. 

Fig. 4. Accuracy of tree species differentiation through drones. 

 

 

Fig. 5. Comparison between orthophoto and elevation calculated through UAV’s. 
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 Vertical towers supply these drones with extinguishing 

materials so as these drones can conduct a continuous and 

repeated fire suppression efforts (8). In addition, drone swarms 

can produce a continuous flow of liquid for extinguishing, 

thereby creating ‘rain’ over the area that has caught fire-all 

machines can work simultaneously and this is thought to be 

highly effective on low intensity burns (36). This is especially 

important for managing drones with blockchain technology, as 

they are involved in firefighting operations and are operated in 

remote regions that have yet to be developed. Such an 

integration (8) enables a smooth exchange of data as well as 

alleviates challenges pertaining to the spatial distances 

between a system and its dependent systems. In addition, 

drones may utilize swarm intelligence and nature inspired 

algorithms to autonomously detect and extinguish distributed 

(concentrated in space as opposed to time) fire spots from any 

given location that optimizes coverage of the area and energy 

consumption (37). Various types of drones and their 

application with respect forest fire is mentioned in Table 7. 

Wildlife monitoring and habitat assessment through drones 

Drones help in conservation management in protected areas in 

a costless and novel way. Operational and analytical challenges 

remain but they are used for wildlife monitoring, ecosystem 

assessment and even for law enforcement (38). Rapid and 

extensive coverage of large areas and the ability to collect 

highly accurate and precise data often beyond the capacity of 

human observers, also enables them to provide high quality 

data, in some cases of higher accuracy or precision (39). This 

comes from machine learning algorithms integrated with 

drones for the semi or complete automated detection of 

wildlife, like it is faster and sometimes more accurate than 

manual evaluation (39, 40). The development of sophisticated 

methods of wildlife monitoring is now made possible due to 

recent advancements of drone technology and machine 

learning. For example, the SE-YOLO model that contains 

channel self-attention mechanism is one of the model 

performances that can detect small wildlife targets in drone 

imagery (41). Additionally, our findings are in line with previous 

studies, where thermal infrared (TIR) cameras equipped on 

drones are used as a reliable source of observation of species in 

unproductive forested areas for ungulates (42). 

Early detection of invasive species using UAVs 

 In the past studies have used machine learning 

algorithms such random forests, neural networks and support 

vector machines to classify and detect invasive species out of 

the multi and hyperspectral data acquired from UAV (43). These 

methods were able to identify high rates of the invasive species 

phragmites australis and Dendroctonus valens as the source 

said spectral and hyperspectral sensors fitted to dual camera of 

the UAVs can be used to differentiate the invasive species from 

the existing vegetation (4). 

Applications of multispectral drones in forestry 

In fact, multispectral drones can specially detect physiological 
stress of trees caused by biotic and abiotic factors. At the tree 

level, they can perceive stress and not satellite values (4, 5, 44), 

while they will pick up on stress in clusters of trees, as opposed 

to the tree level. Such multispectral sensors can be provided in 

drones to make high accurate tree species measurement and 

Fig. 6. Comparison between flight duration within different types of UAV’s. 

UAV Model Type Sensor Used Application Reference 

DJI Matrice 210 RTK Rotary-Wing IR Camera (XT) & 
RGB (X5S) 

Real-time Fire Detection, Smoke Analysis (22) 

ALTi Transition VTOL Hybrid EO/IR Camera Long-Term Monitoring, Thermal Analysis (22) 

DJI Matrice 600 Pro Rotary-Wing Dual Sensor Close Inspection, Fire Perimeter Assessment (33) 

Table 7. UAV-based forest fire detection systems 
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classification with classification of biomass estimation. To get 

the detailed spectral data from the drones, advanced machine 

learning algorithms such as deep neural networks are used 

(45). For instance, Multispectral drones can be used to conduct 

surveys of very large and heterogeneous areas that were 

destroyed by things like fires to assess their recovery, such as 

vegetation. The imagery obtained from such imagery has much 

higher spatial detail than imagery from satellite imagery (46). 

Multispectral data combined with drone’s 3D point clouds 

effectively classifies and evaluates the intensity of insect 

damage in trees by the vertical distribution inside a tree (6)               

(Fig. 7). 

Applications of drone swarms in forestry 

Drone swarms can be deployed to extinguish a wildfire by 

resembling rain, by constantly delivering a constant flow of 

extinguishing liquid to fight the wildfire. It is most effective on 

low intensity fires and can work with existing firefighting 

methods (8, 43, 44). Real time detection and monitoring of 

wildfires is achieved using swarms. What they achieve is 

continuous telemetry and mapping to assist in studying tactical 

plans, cutting costs with better resource allocation (46, 47). 

Drones’ swarms using advanced algorithms can autonomously 

detect and extinguish fire spots, find their paths based on 

utilizing their fire extinguishing coverage and energy 

consumption with calculative values as much as possible (48). 

Dense forests are prone to being plagued with unauthorised 

human presence and drones themselves would be unable to 

identify these anomalies due to their scale and complexity, but 

ultra-high efficiency, ultra-high speed swarms of drones 

equipped with advanced imaging technologies can be utilised 

and programmed to search for and track anomalies. The 

capability of detecting humans is vital for security operations 

and for environmental monitoring (49, 50). Swarms of 

autonomous drones can autonomously plan and execute their 

traversals of the complex forest environments, plan their 

obstacle avoidance, coordination between swarm drones that 

maintain efficiency and safety (50, 51). The operations of 

several drones working in a swarm should be organized by 

sophisticated algorithms to enable effective coordination and 

reduce the cognitive load on the human operators (52, 53). In 

remote forest areas, energy use and resource usage are critical 

for prolonged operation of drone swarms (54). 

Current  legal framework about drones in India 

In India, the drone operations are primarily overseen by the 

Directorate General of Civil Aviation (DGCA). There are Civil 

Aviation Requirements (CAR) guidelines by the DGCA that 

addresses the operational restrictions, documentation 

requirement and zones designated for the use of drones. The 

purpose of these guidelines is to fulfil the march of technology 

keeping in view the safety, privacy and national security 

concerns (55, 56). However, there are yet several challenges 

that persist. In India UAVs regulations are spaced according to 

the air space, there are three fly zones namely green zone (no 

permission required up to 400ft), yellow zone (permission 

required i.e., areas within 8-12 km of airports) and red zone (no 

fly zone) (56, 57). The industry growth has outpaced the current 

legal structures as all the big players are racing to get in on the 

drone market and they are finding holes in the policy. Some of 

the significant concerns are still issues like safety, privacy and 

data protection. Furthermore, national and international 

regulation is not harmonized which makes cross border drone 

operations difficult (58). Its drone regulations are compared to 

those of other countries in need of a unified global framework. 

With such a framework, it would standardize practice, promote 

collaboration across borders and enable the safe and effective 

use of drones across the globe (58, 59). 

Challenges and considerations in implementing drone 

technology in forestry 

Currently, the full potential of UAVs in forestry applications is 

restrained due to the lack of using advanced sensors such as 

hyperspectral and LiDAR (5, 7). Commercial software, that is 

Fig. 7. Area covered by various UAV’s in a single flight. 
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being relied on for data processing presents a barrier to the use 

of open-source tools that can improve flexibilities and 

accessibility of data such as the GitHub (19). Standardized 

workspace is not shared, which results in an inconsistent use of 

data collection and analysis, influencing the reliability of results 

(19). Weather conditions and challenging terrains can limit UAV 

operations from carrying out data acquisition and influencing 

operational efficiency (60). Challenges of UAV supported forest 

regeneration are low (seed) survival rate and future forest 

diversity. UAVs furthermore have low operational costs; 

however, their initial setup and maintenance are still cost 

intensive, particularly in case of community-based monitoring 

programs (30). While traditional methods of planting by hand 

may help to maintain the emotional and cultural links of people 

to the land, the use of drones will serve to sever these ties (34). 

 

Conclusion 

This seminar paper gave a complete review of the current use 

and prospects of drone technology in the forestry by 

highlighting advantages and disadvantages of the technology. 

Now, drones are being used for a variety of purposes such as 

mapping, precision forestry, forest heath monitoring and post 

fire recovery. Application of drones in forestry has great 

potential for revolutionising how traditional forestry practices 

have been done in that it offers accurate and timely data, 

reduced the cost and makes this process efficient. Finally, with 

projecting far ahead, drone technology in forestry seems to be 

a promising prospect. Machine learning, deep learning and 

energy harvesting advancement are expected to increase the 

capability of drones so that there will be smarter and more 

efficient, drones capable of autonomous intensive tasks. Novel 

antenna designs will be developed and aerial blockchain 

technology integrated to further improve communication, 

security, data integrity in drone forestry operation. Besides, 

with ease in accessibility and affordability of drones and the 

advancement of user-friendly software with standardized 

regulations, drone use in the forestry sector is now on the rise. 

With the advancements of the drone technology, its 

application is predicted to be extended to more areas of the 

forestry fields including forest dynamics, species detection and 

forest disturbance evaluation. 
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