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ABSTRACT: Drone-aided systems have gained popularity in the last few decades due to their stability in various commercial sectors and military 

applications. The conventional ambient air quality monitoring stations (AAQMS) are immovable and big. This drawback has been significantly 

overcome by drone-aided low-cost sensor (LCS) modules. As a result, much research work, media information, and technical notes have been 

released on drone-aided air quality and ecological monitoring and mapping applications. This work is a sincere effort to provide a comprehensive 

and structured review of commercial drone applications for air quality and environmental monitoring. The collected scientific and non-scientific 

information was divided according to the different drone models, sensor types, and payload weights. The payload component is very critical in 

stablility of the multirotor drones. Most study projects installed inexpensive sensors on drones according to the avilibility of the space on drone 

frame. After reviewing of multiple environmental applications the common payload range was 0 gm to 4000 gm. The crucial elements are 

addressed, including their relation to meteorological factors, air isokinetics, propeller-induced downwash, sensor mounting location, ramifications 

etc. As a result, technical recommendations for AQ monitoring assisted by drones are addressed in the debate part. This work will help researchers 

and environmentalists choose sensor-specific payloads for drones and mounting locations. Also, it enables advanced methods of monitoring 

parameters that help policymakers to frame advanced protocols and sensor databases for the environment and ecology. 
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1. Introduction

In most of the world’s populated towns, tracking air quality and analyzing peripheral environments have become regular tasks 
[1,2]. According to the World Health Organization, air pollution is responsible for one in nine fatalities, and 92% of the population 
surpasses the WHO-set limiting values [3]. In most places, pollution levels rise above legal boundaries, influencing the world’s 
forests, wildlife, and green spaces [4,5]. This is due to climate change and urban growth [6,7]. Checking the concentration of air 
pollutants numerically and qualitatively in various settings in accordance with the permitted national boundaries of air pollutants is 
known as “air quality monitoring”. The dispersion of dangerous contaminants in the air disrupts the equilibrium of the atmosphere, 
draws numerous diseases to living things, and harms the natural environment [8,9]. 

The danger posed by polluted air to both humans and the environment is well known. Additionally, air pollution worsens the 
surrounding ecosystem and offers a means for bacteria, viruses, etc. to disseminate airborne diseases over long distances. The 
elevated levels of carbon monoxide can result in cellular hypoxia, lethargy, headaches, vertigo, disorientation, and other unpleasant 
symptoms. Ozone causes airways inflammation, wheezing, and painful or scratchy throats, making the lungs more prone to 
infection. In contrast to carbon dioxide, which contributes to global warming, ammonia produces alveolar oedema and bronchiolar 
irritation [1]. Nitrogen dioxide has been linked to the development of asthma. 

In recent years, numerous studies on air pollution and ecology have clarified the effects of air pollutants on local vegetation, 
fauna, historical places, and ecology. [10] Sophisticated data loggers and monitors create connections and prediction models 
concerning the local ecology and weather. Air contaminants are changing because of weather, wind, topography, plant zones, 
atmospheric temps, industrial sources, population growth, etc. Consequently, pollution and the its impact zone are constantly in 
raising day by day. 

© 2023 The authors. This is an open access article under the Creative Commons Attribution 4.0 International License 

(https://creativecommons.org/licenses/by/4.0/).
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1.1. Air Pollutant and Protocol 

Areas with harmful and dangerous air quality can be found using the Air Quality Index. Carbon dioxide (CO2), carbon 
monoxide (CO), nitrogen dioxide (NO2), nitric oxide (NO), ozone (O3), sulfur dioxide (SO2), volatile organic compounds (VOC), 
suspended particulate matter (SPM), respirable suspended particulate matter (RSPM). Other contaminants are all prevalent on the 
earth’s surface. Based on recommendations from the World Health Organization (WHO) and the United States Environmental 
Protection Agency (US-EPA), national organizations like the Central Pollution Control Board (CPCB) have given the limiting values 
of different contaminants. The air quality indicator is a tool for converting pollutant-weighted values into a single or group of figures. 

The air quality index is intended to assist local government, stakeholders, and policymakers in addressing issues related to air 
pollution, making decisions, ranking locations according to their air quality, raising public awareness about these issues through 
scientific research, and tracking changes in air quality. The sub-index approach technique has led to the development of an algorithm 
to calculate the air quality index (AQI). One should use the correct methods for collecting air contaminants from ambient air to 
determine the AQI of a given area. Standard air pollution monitoring tools and stationary sensors were among the conventional 
tracking techniques. 

These tools are commonly regarded as the pinnacle of state administration. For instance, 122 National Ambient Air Quality 
Surveillance (NAAQMS) sites are working in India, as a growing nation. Multiple pollutants can be simultaneously collected and 
identified using these instruments. The NAAQMS locations have used conventional (CPCB and EPA-approved) and gravimetric 
methods for PM (Purohit et al., 2019). These things cost a lot of money, require a lot of upkeep, are stationary, and only show 
ground-level pollution levels. They are uncommon because they need a lot of energy and are expenses to keep working 24×7. Many 
times it is tough to indetify the sudden increase of pollutant levels in ambient environment via such expensive setups. 

1.2. LCS for Air Quality 

These instruments are frequently evaluated as the highest form of state control. For instance, India, a developing country, has 
122 National Ambient Air Quality Monitoring (NAAQMS) locations. These tools are capable of concurrently gathering and 
detecting multiple pollutants. The conventional (CPCB and EPA-approved) and gravimetric technique for PM have been 
implemented by the NAAQMS sites. These devices are costly, need a lot of maintenance, are not movable, and only measure 
pollution at the ground level. They are rare because they are costly to maintain and use a lot of electricity. 

The beer-Lamberts law states that the quantity of gas present instantly affects how much light it absorbs, is the basis for the 
IR-absorption sensor. These gadgets use an IR (Light Emitting Diode) LED or a similar source. The PID tracking can be used to 
measure temperature, humidity, MQ gas, and electrochemical sensor concentrations. To detect a variety of pollutants, low-cost 
monitors such as CO2, CO, NO2, NO, O3, SO2, VOC, etc. can be used. They support the detailed analysis of the air quality 
monitoring at various locations. For example, MQ-135 has a weight of 4 gm, and the cost is 1.70 USD; MQ-7 has a weight of 2 g, 
and the cost is 7.24 USD; Figaro TGS2442 has a weight of 2 g, and the cost is 18.19 USD, and cost of the temperature sensor LM35 
is INR. 49 [11]. However, the LCS are normally used for qualitative analysis of the air pollutants, the repetability of the sensor and 
detection limit is important in order to choos any sensor. The recent trands in electrochemical and optical sensor are showing these 
sensors can be used for quantitative analysis of the pollutants provided calibration frequency should be more. The minimum 
sampling time of the low cost sensor is in 1 s. Therfore, a minor spike or change in the concentration of air pollutant could be 
detected by using such LCS modules. The machine learning algorithm, background factors cab be embedded in the the sensor data 
processing unit manually.The recent advancement in the LCS has improved the lifetime, reliability and accuracy of these modules 
and made them robust for longterm application of 1–2 years. The calibration with the standard was one the expsensive and complex 
tast in these sensors. However, in the last few decades this problem has been overcome due to availibity of standard gases in the 1 
lit canister option. Due to this facility the user can perform a multipoint calibration on site also. 

1.3. Drone for Air Environment 

One of the research work [12] showed how drone technology has advanced for business use. Applications in the fields of 
ecology, environment, water quality analysis, air, municipal solid waste (MSW), energy, and other sectors, such as health care, 
materials, and mining, have been compiled and categorized according to the range of applications by [12]. The primary goal was to 
review the different drone applications that have been created in the environmental domain. 

Drone technology has advanced for commercial uses, as shown by applications that have been gathered and divided according 
to the scope of service and have been demonstrated in the fields of ecology, environment, water quality analysis, air, Municipal 
Solid Waste (MSW), energy, and other sectors, such as health care, materials, and mining, among others. Therefore, the main goal 
of this study was to review the different drone applications deveoped in the environmental domain. The fixed-wing was used for 
carbon dioxide measurement, and the rotary can be used for both methane and carbon dioxide measurements [13,14]. 

The work done by [15] used a plastic sheet that is readily replaceable to mount sensors on drones. The quadcopter was employed 
to measure methane levels in oil areas. 2019 had measured gas both laterally and vertically using a fixed wing and a quadcopter, 
respectively. Subsequently, [16] have used a SHARP GP2Y10 optical sensor with quadcopter was observed to describe dust clouds. 
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Also, [14,17] have used a DJI S900 platform-based drone called the SAV-ES UAV for air surveillance. Monica’s cargo, which includes 
the CO-A4 for measuring CO, NO2-A43F for measuring NO2, and O3-A43F for measuring O3, was used. It has been observed that 
the quadcopter had a load of 400 g but could sustain 510 g, which is 28% heavier than the payload of drones. In [11] paper, they had 
observed using quadcopters with 400 g payload in exploration and data collection needs. The sensors used were MQ-135, MQ-7 Figaro 
TGS2600, Figaro TGS2602, HM-10 (Bluetooth), ESP8266 (WiFi). Moreover, at [18], they used a quadcopter that had a maximum 
load of 1000 g. The weight of the sensor node attached to the drone was 540 g. Somewhere, they also used DJI Inspire 2 drones [19] 
with 4000 g weight and used a payload of 1900 g. Further to this , [20] have used low-cost Mini-drones of the carolo family to measure 
temperature and humidity where manned air vehicles were restricted. Take-off weight of M2AV was 5000 g. Though, they [21] have 
loaded CO2 measurement device in payload box, The maximum payload of the kite plane used is 4000 g. In one work, [22] used two 
different kinds of payloads. First was of 1500 g which was used for measuring SO2. 

The Mini Gas payload is located at the side of the UAV to estimate the parameters like temperature, pressure, humidity, SO2, 
H2S, and CO2. Research [23,24] also used simulation (Computational Fluid Dynamics (CFD) simulation of a quadcopter). Work of 
[16,25] shows aerodynamic studies to understand the influence of the air in lab-level experiments. The measurement of quadcopter 
airflow is done to conclude that the location for sensors on drones should be the center of the top side of the quadcopter. They 
initially considered two options for establishing sensors, one centered at the top and the other outside the quadcopter. The first 
option is simple and does not alter the center of gravity of the UAV. They conducted an experiment with and without active 
propellers and concluded that airflows would not significantly influence the sensors in the first option. The work [26–29] have 
considered three different schemes for the location of sensors: above the UAV, under the UAV, and using exceptional support 
outside the UAV. Figure 1 depicts the different drone mounted based air quality systems that helps us to choose multiple mounts 
or sensors as per the payload capacity of the drone. According to the analysis given in the article, scheme one and scheme two have 
the same impact of airspeed on gas measurement because the airspeed is lesser at the centre and its exterior. There is less turbulence 
impact on the first scheme but less on the third scheme. Therefore, locating sensors outside the frame is the best if turbulence impact 
is considered, but scheme three is more complex, and scheme one is simple.  

Figure 1. Drone-assisted Air Quality Systems. 

2. Materials and Methods

The drone-related technical research material from the environment and ecology field was gathered from various scientific 
research papers and case studies from 2005 to 2021. The keywords from the collected publications are separated into a single 
keyword bank. Then the Google Cloud tool was used to highlight the essential keywords in the reviewed research articles. Then the 
data was further segregated as per air, water, MSW and ecology components.  

Over the last decades, numerous studies have been done on the market available low-cost sensors. The studies were segregated 
as per the drone type, model, application domain and payload to understand the standard range of attachments for AQ and ecological 
monitoring applications. While collecting the data of various drone-aided applications, the sensors and camera locations were 
emphasized for designing the standard method and fixed sensor mounting location to conduct drone-aided environmental 
monitoring activity. 

3. Results

3.1. Analysis Using AI Toolbox 

Figure 2 depicts the results of Google Cloud, which helps understand the current research trends in the specific domain. The 
Microsoft Office toolbox word cloud was used for graph plotting the data. The keywords highlighting air pollution are more in the 
drone-aided systems. This type of pre-scan using advanced tools like cloud platforms is always essential to understand the initial 
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research direction and objectives behind the latest technologies. This shows now in environmental sectors many reserachers are 
applying their knowledge to develop a drone aided environmental sensing application. 

Figure 2. Google Cloud Output. 

3.2. Payload for AQ 

Payload refers to a drone’s weight and any sensors, cameras, or other devices affixed to it. Drones, such as sensors, cameras, 
trackers, sniffers, etc., can have various payloads connected to them [30]. The flight duration of battery-powered drones is inversely 
correlated with the shipment. As a result, the load used for air quality monitoring is always an essential component of experiments 
using drones to help with monitoring [10,31]. Table 1 presents a systematic list of the different drone types used for air quality 
measurement. Recent papers and research show that only multirotor drones have been used as a platform for air quality monitoring 
in the last ten years. The primary goal of this work was to evaluate all R&D studies that used air quality and environmental sensors; 
as a result, the applications of photogrammetry were not covered. The EPA [32–35] and National Pollution Control Board agencies’ 
recommended sampling methods, sampling protocols, and sensor protocols are all important aspects of environmental sampling in 
process engineering. The creation of different 2D and 3D maps using RGB cameras catalyzed the use of drones in environmental 
surveillance. The use of the camera as a sensor is expected in photogrammetry. In Table 1, the different ecological sampling 
applications are listed. 

Table 1. Usage of Drone for Environmental Sampling: (Air/Water/MSW/others). 

Sr. No. Author Link Type of Payload Applications Sampling Category 
1. [36] WQ sensors Monitoring Fishery Water Water 
2. [37] Spectro radiometer Monitoring harmful algal blooms in water Water 
3. [38] WQ sensors Water Quality Monitoring Water 
4. [39] Monitoring nearshore and offshore water 
5. [40] WQ sensors Monitoring lake water Water 
6. [41] Gas sensors Solid waste Monitoring MSW 
7. [42] Gas Sensors Solid waste landfill site MSW 
8. [43] Gas sensors MSW height and surface temp measurement. MSW 
9. [44] WQ sensors Water Quality Monitoring Water 
10. [45] Camera Photogrammetric application of drones Ecology 
11. [46] Camera Methane Flux, CO2 Air 
12. [47] AQ sensors Air Quality Monitoring Air 
13. [48] AQ sensors Air pollution profiling. Air 
14. [49] AQ sensor Air monitoring system to measure CO Air 
15. [50] AQ sensor Measure disaster, urban emissions mapping, and data collection. Ecology 
16. [51] AQ Sensor Using drones to monitor CH4 over oil fields. Air 
17. [52] AQ sensors Method for the approach of blasting plumes. Air 
18. [53] AQ sensor Measure the plume of fire. Ecology 
19. [54] AQ sensor Find the spot of the gas source Air 
20. [48] AQ sensor Collect data of dust from sensors on drones. Air 
21. [55] AQ sensor Air Quality monitoring Air 
22. [56] AQ sensor Air Quality Monitoring Air 
23. [57] AQ sensor Measurements of black carbon and PM2.5 Air 
24. [58] AQ sensor Measuring air and data collection Air 
25. [5] AQ sensors Observe trend of PM2.5 Air 
26. [59] Multispectral Camera Vegetation analysis Ecology 
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3.3. Type of Drones for Environmental Parameters Monitoring 

The two main categories of drones are fixed-wing and multi-rotor (tricopter, quadcopter, hexacopter, octocopter, etc.). Their 
use changes depending on the drone’s fame type. As a result, the gathered study articles and disclosed applications were divided 
according to the kind of drone. The type of drone and its intended uses are shown in Table 2. 

Table 2. Types of Drones and their Application. 

Sr. No. Author Link 
Type of Drone 
(Fixed Wing Vs. Multirotor Drones) 

Application 

1. [60] 
(i) Multirotor 
(ii) Fix Wing

Methane monitoring device 

2. [47] Fixed-wing Development of Meteorological Mini Aerial Vehicle (M2AV) 
3. [48] Multirotor Development of modular drones for air pollution profiling 
4. [49] Multirotor Design of air monitoring system to measure CO 
5. [61] Multirotor Measure disaster response, urban emissions mapping and data collection 

6. [51] 
(i) Fixed-wing 
(ii) Multirotor 

Using drones to monitor CH4 over oil fields 

7. [52] Multirotor A methodology was developed for a precise approach to blasting plumes 
8. [53] Multirotor Measure the plume of fire using ENEA MONICA and drones 
9. [54] Multirotor Three methods were used to find the spot of the gas source 
10. [48] Multirotor Collect data of dust from sensors on drones 
11. [62] Multirotor R2 = 0.91 was observed for 10 min average result obtained from sensors 
12. [56] Multirotor The system is designed for the collection of data in 3D space 
13. [61] Multirotor Measurements were taken for black carbon and PM2.5 
14. [58] Multirotor This drone uses FTC for measuring air and data collection 
15. [54] Fixed-wing Use of drones to observe the trend of PM2.5 

3.4. Location of Sensor Interface 

As evidenced by numerous articles that have been published, the location of the sensors’ mounting points varied depending 
on the operator’s needs and considered a variety of variables, including turbulence, wind effects, the drone’s structure, and 
practicality. However, there was no established protocol used to interface or install drone sensors. While some publications placed 
the sensors below the drone, others attached them to the top of the drone. During the attachment of the sensors to the drone, very 
few components conducted Computational Fluid Dynamics (CFD) analyses or comparable downwash studies. Therefore, we have 
segregated the data into different categories depending on the sensor’s location attached to the drone. The sensor type and location 
play a critical role in the air quality monitoring process. Nature teaches us how to develop any strategy for monitoring of 
environmental parameters. Various sensors need to be attached to these drones to acquire data remotely. How to connect and where 
to attach such sensors is always a challenging task for environmental engineers. Generally, air quality sensors have a cross-
sensitivity effect with meteorological parameters like temperature and humidity, wind, etc. Most of the the drone’s designs are 
biomimetic designs. In most applications, data was collected using a simple sensor and its moon; however, very few studies have 
understood the sensor’s attachment to the drone. Table 3. Depicts the various studies that reveal the sensor mounting locations 
during their experimental work. 

Table 3. Sensors Mounting Location. 

Sr. No. Sensors 
Location of Attachment 
(Top/Bottom/Using Extension) 

Author 

i. PM, NO2 Under the drone frame (bottom) [62] 

ii. CO, CO2, CH4, PM Under the drone frame (bottom) [63] 

iii. CO, CH4, SO2 or NO2 Center of the top side of the quadcopter (bottom) [23] 

iv. H2O, CO2, CH4 The nose of the copter [64] 

v. Temperature, humidity, barometric pressure Top and bottom [65] 

vi. Methane, Temperature, Humidity 
(i) Fixed-wing-measurement platform 
(ii) Hexacopter-outside of the multipass cell 

[66] 

vii. CO2 Bow of the Kite Plane [21] 

viii. Ammonia, hydrogen sulfide, toluene, ethanol and hydrogen, NH3, NOx, 
alcohol, benzene, smoke and CO2, CO, temperature, humidity 

Underneath the drone [11] 

ix. NO, CO, CO2, NO2 Alongside the drones [67] 

x. PM sensor, temp, RH Below the frame of the drone [55] 

The graph depicts in Figure 3 the preference for the location of sensors on a drone. It can be attached to an extending gimbal, 
in front of the drone, under or above the drone [32,33,68,69]. We see here that the majority prefers using an extended gimbal or 
attachment. Many have also chosen to attach sensors under the drone, considering wind, turbulence, and other factors. The exciting 
information from the reviewed paper is that 43% of studies have attached the AQ sensors using attachments/extenders or telescopic 
arms to get accurate data from the air quality sensors [70,71]. 
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Figure 3. Attachment of Sensor Module with Drone. 

3.5. Payload Attached to the Drone 

In addition, the payload weight depends on the intended purpose. The sensor technologies are trying to make the sensor smaller 
and lighter with a variety of wireless features [28,72]. The user is now able to gather data from far-off locations without the 
interference of humans thanks to technologies like Internet of Things (IoT) and Long-Range Radio (LoRA). Such developed 
systems are adaptable to mounting on a variety of drones with an air-payload capability. The initial sensor payload from the different 
air quality monitoring studies was separated from the takeoff payload [73]. Table 4 lists the sensor payload details and the different 
types of detecting techniques used in the system under development. 

Table 4. Payload used (Sensor’s weight and parameter) [25,74,75]. 

Sr. No. Author Sensor/Parameter Method of Measurement Weight Accuracy Year 
1 [66] CH4, Temp, humidity wavelength modulation spectroscopy (WMS) ~2100 g Low 2017 

2 [46] GHG and methane Flux 
off-axis Integrated Cavity Output Spectroscopy 
(OA-ICOS), Non-Dispersive Infra-Red (NDIR) 
for CO2 

2500 g High 2015 

3 [76] CO2, Particle Counter NDIR, Met One 237A optical sensor 510 g High 2016 

4 [11]
CO2, Ammonia, Sulphur, Benzene,
CO, VOCs, Ammonia, H2S 

MOS sensors, Electrochemical Solid-state 
sensors, 

400 g Low 2017 

5 [77] CO2, temperature, humidity NDIR, MOS, 1000 g High 2020 

6 [19] PM10, CO,CO2,NO2 sensor 
Laser dust sensor, Electrochemical sensor, optical 
sensor 

~1900 g Moderate 2019 

7 [20] 
Temperature and Humidity, Wind 
sensor 

Electrochemical, Ultrasonic 1000 g Moderate 2006 

8 [21] CO2 NDIR 3500 g High 2006 

9 [23] 
Temperature, humidity, luminosity, 
and CO2 

MOS, NTC temp sensor >100 g In cm level 2015 

10 [22] CO2, SO2 Flux UV & IR Spectrometer, 
(i) 1500 g 
(ii) 3000 g 

High 2008 

11 [67] CO2, CO, NO2 and NO, Electrochemical, NDIR >2000 g Moderate 2016 

12 [11] 
Temperature, pressure, RH, SO2, and 
H2S sensor CO2 sensor 

Electrochemical, NDIR 2000–5000 g Moderate 2015 

13 [26] PM, CO, methane, LPG, MQ sensors MOS sensor 500 g Low 2019 

The study’s economic implications depend on instrumentation, software and workforce utilized to conduct any experimental 
work. Therefore, the cost of the sensors mounted on a drone is important [13,15,16]. The sensor cost is mentioned in Table 5 to 
understand the commercial viability of LCS-enabled monitoring devices. 

Table 5. Cost of Sensors. 

Sr. No. Author Sensors Used Cost of Sensor 
1. [78] Alpha-sense sensors (CO-B4, NO-B4,NO2-B43F,OX-B431) ~200USD 
2. [79] Electrochemical sensors € 20 to €100 

3. [80]
DHT22, DHT11, 
LM35(Temperature sensors.) 

DHT22–₹410.00 
DHT11–₹225.00 
LM35–₹49 

4. [5] Mosaic sensor 23 dollars 

21%

36%

43%

SENSOR ATTACHMENT PLACE 
Top Bottom Varying
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In demand were fixed-wing drones from 2004 to 2021. For use in the air, fixed-wing drones require a distinct airstrip, a skilled 
pilot, a sizable infrastructure, and cutting-edge software. After that, multirotor drones for aerial surveys were developed. Figure 4 
shows a pie graphic with multirotor and fixed-wing drones [14]. The fixed-wing drone has only been used for purposes. But this 
air quality tracking application. The percentage of research that used multirotor drones is shown in the pie chart below at 73.3%. 
This demonstrates the researchers’ preference for multirotor UAVs due to their broad range of possible applications. 

The payload used on the drones in different articles is shown in the graph below, which is depicted in Figure 4 [81–83]. It has 
been noted that most trials used drones with payload capacities of under 4000 g. These drones have been used because of their high 
endurance, ample payload capability, lengthy flight times, and simplicity of operation in any environment [84,85]. The cargo comprises 
low-cost sensors, microcontrollers, GPS, and other components. Most tests have been conducted with sensor modules weighing under 
4000 gm. As depicted in Figure 5, the 0–4000 gm is the sable range of operation for the AQ ad sensor-enabled drones. 

Figure 4. Application of Multirotor Drones in Environmental Monitoring. 

Figure 5. Payload used for AQ Monitoring Applications. 

4. Discussion

4.1. Role of Meteorological Parameters during AQ Monitoring 

The sensor’s output is affected by meteorological parameters such as temperature, humidity, moisture, wind speed, wind 
direction, dew point, air flow rates, and light conditions. Amongst these, the sensors are sensitive to the propeller’s downwash effect 
[82,86–88]. If the sensor is exposed to high wind conditions, the resident time for the pollutants in a detection chamber will always 
be less. In such cases, the monitoring results of contaminants, such as PM, VOC, CO, NO2, etc., will differ from the actual results. 
This deviation can lead to false AQ data generation [25,75,89]. Therefore, the flow chamber is required for any air quality 
monitoring experiments.  

Similarly, during photographic applications, the gimble of the camera drone plays a critical role in data acquisition. The gimble 
part works as the neck of the camera, and it is always sensitive to high wind conditions and dust particles. The low light zone affects 
the image resolution and histogram for large-area surveys. Hence, ecological surveys using LIDAR/multispectral cameras of forests, 
wetlands, etc., should be conducted during winter or sunny days. 
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4.2. Sensors and Camera Mounting Locations 

The inexpensive MOS, electrochemical, and optical instruments are perceptive to factors such as wind, humidity, and 
temperature [90–92]. For the different drone-assisted air quality systems to provide accurate data, this sensor attachment is an essential 
component. However, many researchers simply attach the air quality sensors without first knowing the kinematics of the air and how 
propellers interact with it. The studies show that 35.7% of studies have the sensor modules attached to the drone’s bottom edge 
[88,90,94,95]. Therefore, as depicted in Figure 6, it is recommended that the AQ, Gas, or any sensor should be mounted away from 
the drone. The location of the sensor mounting should always be at the top side of the drone to avoid air turbulence and propeller 
interference [96–98]. The top position of the AQ sensor also so as not to get disturbed during the sampling and monitoring instances. 
Hence, it is the best position for a multirotor UAV to attach the sensors. The camera needs stability while collecting the vertical 
(45° to 90°) images. Hence, RGB, multispectral, and LIDAR kinds of payloads should always be mounted at the drone’s downside. 

Figure 6. Fixed location for mounting of environmental Sensors. 

4.3. Limitations of Drone-Based Environmental and Environmental Monitoring 

The inexpensive MOS, electrochemical, and optical instruments are perceptive to factors such as wind, humidity, and 
temperature [31,99,100]. This sensor attachment is an essential component for the different drone-assisted air quality systems to 
provide accurate data. The government has restricted drone flying locations and updated the guidelines for sensitive zone and 
airports. Therefore, in certain experiments, the user may not be able to collect the AQ and data. Certain locations, like sensitive 
zone and forest zones, have restrictions on drone flying time. The user can conduct mapping and monitoring in such an area after 
the approved authority’s permission. These guidelines are formulated to protect biodiversity and ecology from foreign entities like 
human beings and machines.The flight time due to battery is also one of the limited due to type of battery, metrial, its qulity etc. It 
is observed in most of the studies that the flight time was around 20–25 min. The tread off between flight time and payload was 
observed in most of the studies. The battery life is generally observed upto 280–300 cycles. However, more advance options like 
fuel cell power batteries, Li-ion batteries are increasing the battery life and flight time of the drone.  

4.4. Future Trends in AQ and Relevant Monitoring 

The AI-ML algorithms are making these devices more intelligent and more automated so that they can complete any job that 
is inaccessible to humans, such as monitoring volcanoes or conducting a penguin census [2,71,101]. Drones with advanced features 
like waterproof and amphibian capabilities can partially address the issue of marine surveillance. Due to the widespread acceptance 
of their designs and sizes, mimic bio drones and micro drones will become more prevalent in the area of ecology [84,102–104]. 
Future uses like planting and pollination may make use of the micro drone. 

AI-driven drones like SWARM drones can target any mission using the automated protocol [85,93,105–107]. The activities 
such as pollination, pollutant tracking, and killing of specific bacteria can be achieved by using such drones in the future [85,90]. 
These technologies will connect the machine with human beings to protect nature and predict future threats. Therefore, more 
research in AI-driven drones is required to convert such applications into products. 

5. Conclusions

A detailed and systematic review of drone-aided AQ and ecological monitoring systems has been conducted. It is observed 
that the sensors used for such complex air quality monitoring in 3D space need various calibration checks and standard protocols 
of sensor attachments. Different air quality sampling and environmental monitoring methods are more applicable in multirotor 
UAVs/drones. The poor spate-temporal stability in 3D space, complex sensor attachments and launching pad requirements, and 
high operating cost limit the use of fixed-wing drones in developing nations and complex tasks. These systems need more research 
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to use in the environmental domain. However, its long flight time and large payload capacity proved a very strong candidate for 
surveying and low-altitude photogrammetric applications. 

The existing drone-enabled technologies in environmental sampling applications have shifted to air quality applications, and 
more than 48% of the users are working in the drone-aided air quality monitoring domain. This shows that drone technology can 
collect air quality data in 3D space. Such data can be used in various air quality models for validation and predictions. However, 
the sensor’s payload capacity, attachment, and type of sensors are critical parameters to collect precise air quality data.  

However, a lot of researchers are concentrating on how these sensors are attached to different drones. However, most of the 
systems hid the research done to lessen the effects of the air draft/downwash created by the drone’s blades. Therefore, a device with 
such sensors may cause data to drift. To obtain exact information on air pollution concentrations in 3D space, more study in the 
attachment of the sensors is necessary. Compared to gas-powered vehicles, the environmental emissions are minimal. To fully 
comprehend the effect of drones on the environment, a thorough analysis of the GHG emissions from all types of UAVs is necessary. 
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