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Fig. 1 Classification results of UA Vs based on aerodynamics, landing, size, and performance
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Table 1 Classification of UAVs based on size and performance

[36-39]

Type of ) Maximum range / Maximum altitude / . .
Maximum mass /kg Flight duration /h Category of UA Vs
UAVs km km
Nano 0.2 5 0.3 0.05-0.17 Fixed wing/multirotor
Micro 2.0 25 ) 0.17-0.50 Fixed wing/multirotor
Light 50.0 70 3.0 0.50-1. 00 Fixed wing/multirotor
Small 150. 0 150 .0 1.00-2. 00 Fixed wing
MALE 1000. 0 200 9.0 5.00-9.00 Fixed wing
HALE 1000. 0 250 20.0 10. 00-20. 00 Fixed wing
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Fig. 2 Photographs of 3D printed mini-MPC"". (a) Seven nonintersecting-circle spot pattern; (b) ray trajectories between two spherical

mirrors; (¢) mini-MPC with a gas inlet and an outlet; (d) top view of the mini-MPC
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Fig. 4 External and internal images of non-distributed infrared sensor
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Fig. 5 Optical fiber coupled photoacoustic detection module™’. (a) CAD image of photoacoustic detection module; (b) photo of

photoacoustic detection module
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Table 2 Indicators of airborne laser monitoring technologies """

Size of sensing unit / Detection limit

Technique Light source
au (ecm X ecm X cem) b o (gas type)

3.59 pm ICL 3X 107’ (H,CO)
TDLAS  17X6.5%X5.5 3.3pmICL 5x10 °(CH,)
3.3umICL  8x10 ° (C,H,)

1.65 pm L
4X4X6 117x10° (CH,)

DFB
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Fig. 7 Schematic of airborne sensing system
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Table 3 Comparison of available UAV simulators '

66,68]

Simulator IMavSim Gazebo FlightGear X-Plane Air Sim
Commercial/free Free Free Free Commercial Free
Interface ROS Yes Yes No No No
Motion capture No No No No Yes
Obstacles No Yes Yes Yes Yes
MAYV Link Yes Yes Yes Yes Yes
Ease of Development High High Medium Medium Medium
Fed Ml A B SR04 MR I AR WO A% IR H Dy 58 A 7 i S T A ST
Table 4 Comparison between GCS software BB (VCSEL) AR 20 20K ) s, 7220 [ ALK £ 58
GCS software QGroundControl Mission MAVProxy i, PLJ 4> InGaAs Jt LRI ardlite 3 5 HOLA Y
anner WK 43918 2001 nm ., 1651 nm F1 1854 nm, A] L
Interface Graphical Graphical Command CO, .CH, FIH,O 4> FHRE . LIRS il 2 kg,
Support MAVL@‘ Yes Yes Yes SVIAE /N T 3 W, N 2 it R ST A 20 em X5 em X
Platform for Android Yes No No 5 cm. f?@%&ﬁ%?{ﬂ%jﬂ T-Rex Align 700E E@EE
e Anur Aot FHEEETEEABL L L EATI b 20 min AT BT e
Pilot MAVLink pyq  MAVLink J1 e Ak 68. 6 N, 3 L AUK o3 BER R 1 m, 923
compatble compatible T e 31y 5 I3 A L 25 B 43 T B D I

18. O A4 XF JE A HLAE B f5 A X T 1 M8 e 28 < i A7
TS BN sh B LR 52 8 5 IE . Marturano 287 g
COMSOL A H 1 3L 1 8h 7 2 BB A 300K 43 4 3%
TETC ML BRI 35 1 S5 A 07 B, BIF 5T 0 N HL MR e 2
T B A Bl g 2 RA% B AV B O SR SRR T
Wi, DA A KB R b 4 TE A LR I S AR BE 77 . Ma
GBS AT R SE TSR JE A HLAL B T
2H A F it Y R R AR A5 TR JE LR Bl 3 6 R
A SR RE 52 a4 BRI SE G A 2 T AR R A
ML 2E T 245 4 R ARG IR g e e B I E AT T e .
Roldan %" 78 U JiE 3 AT & A9 07 B A o 3 Jin 1 3
e 2 B30 0 A0 S B T, AT B o T 05 B SR AR L O
WD T DU E S AT e A o 0 A 2 v TR T
5 B B R A o A ] A B 3K M Autodesk
Simulation CFD 2014 > # % U Jig 32 (%) 25 < 8h J1 2
PR AR 2R D0 AT AR AT L, 5
WET CFDBIRLZE S . JAksh Ty A6l 2 H 1 2
AT ABLF- & b S MAL B AR 09 AL, D) e KPR B2 1l
U/ B E I R R E R P A B i T, AT R AR — A
FE 18 K5 1 2R RO 75 A% BB 1) de FEL 8845 IR R 4t
HATATFIE T 2 Fh&h A 55 F v 88 8 3Ot
WS 1% AR AR T8 I IR R AT U e g A8
wE 8 s, R 35 B T MR (NASA) (9 W #E F 52 55
%= (JPL) 8 31 A9 78 AT 18385 6 6 iS4 (TLS) L SR
— i & B A 4T A B R R R AT IR B OG g , TT
LEEIN 2] 1075 g ) CH,, BEWE I 31 ok H Tk 8k A 4%
S R /N D U R . Khan 2858 IF T 6 AMLEE 2
WOBIR B ARG IR A R A2 B KRR E S
TR F W BE AT AT I 3 & IR R an 1 9 B R, L i A

S T AMLHERS N RAL (i B e SR A R )

Fig. 8 A UAV carries a miniaturized methane gas sensor

[82]
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Fig. 9 Photographs of the gas sensing platform based on a helicopter UAV™

. (a) Multi-pass cell in the vertical cavity surface emitting

lasers sensor; (b) helicopter UAV with VCSEL sensor onboard

.sensor
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Fig. 10 Photographs of non-dispersive infrared gas sensor based on UAV™. (a) Components of the portable CO, sensor system setup;
(b) selected multirotor UAV

NDIR analyzer (LI1-840AY;

§ " Output
5 NDIR signal 3 Data
18V analyzer = logger

18V I* I+ CO2 out

DC/DC

Converter [12V Air pump

H CO,in

11 JE AHLEE 53 AL A SR 0T 15 03 JE LA B S

Fig. 11 Photograph and schematic of non-dispersive infrared gas monitoring platform based on UAV"™”
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Abstract

Significance In China's "ground-air-space" integrated environmental monitoring platform, satellites are positioned in
space to observe both atmospheric and terrestrial activities. Meanwhile, numerous air quality monitoring stations are
established on the ground to complement the satellite observations. However, conventional monitoring platforms are
insufficient in effectively covering the surface boundary layer, which ranges from 0.1 to 1 km above the ground. To this
end, unmanned aerial vehicles (UAVs) with high mobility, moderate flight altitude, and easy deployment are employed for
gas monitoring in the surface boundary layer when combined with gas sensors. One critical issue with the utilization of
UAVs for gas sensing is their endurance, which poses a challenge for onboard gas sensors. These sensors should be small
and lightweight with low power consumption to be carried on the UAVs. Currently, gas sensors employed for onboard
applications are classified into four categories of electrochemical type, photoionization, catalytic combustion, and infrared
sensing. Among them, the first three types of sensors are small, lightweight, and low-power, making them suitable for
UAV payloads. However, they are generally less selective, which leads to difficulty in distinguishing target gases. In
contrast, infrared sensors rely on the unique spectral fingerprint of gases to identify and detect target gases. When adopted
with lasers, they exhibit high sensitivity, resolution, and selectivity, thus reducing measurement errors. As a result,
infrared sensors are preferred for onboard gas sensing in UAVs, providing accurate and reliable measurements for
monitoring air quality in the surface boundary layer.

The miniaturized sensing module based on laser absorption spectroscopy technology is highly suitable for UAV
platforms. With the development of microelectronics technology, the lasers’ current driving board, temperature control
board, and signal processing circuit can realize the small size and high accuracy. This progress further promotes the
miniaturization of UAV-based laser monitoring platforms for pollutant gases. UAV laser monitoring platforms can
measure gases in the atmospheric boundary layer, thereby enhancing China's "ground-air-space" integrated monitoring
platform. Consequently, a positive effect is produced on China's efforts to build a beautiful world and a community with a

shared future for mankind.

Progress The UAV pollution gas laser monitoring platform comprises the UAV platform and the onboard laser sensor.
Technological advancements have resulted in various UAV types with varying performance capabilities, which can cater to

different task requirements (Fig. 1, Table 1). Pre-deployment tasks such as the availability of multiple UAV simulators,

1899912-12


https://europepmc.org/article/PPR/PPR465443
https://europepmc.org/article/PPR/PPR465443

B LA 43 % £ 18 H1/2023 £ 9 B /¥ ¥R

onboard computers, and open-source ground stations guarantee the flight safety of the UAV platform during task execution
(Tables 3-4). Gas sensors suitable for UAVs must be small and lightweight, with minimal power consumption. In trace
gas monitoring, several miniature optical sensing modules based on laser absorption spectroscopy technology have been
experimentally verified (Figs. 2-6, Table 2). To minimize the flow field interference created by high-speed propeller
rotation and obtain the most accurate onboard sensor system for the required sensing data, we employ fluid dynamics
simulation to optimize and analyze the turbulent distribution around the UAV. The combination of miniaturized laser gas
sensors with UAVs has been applied in atmospheric air quality monitoring and natural gas leakage monitoring (Figs. 8-

11). Such a combination can achieve three-dimensional measurements of time, space, and spectrum.

Conclusions and Prospects Our study provides an overview of current UAV platforms, including their types,
advantages, disadvantages, and applications. It also highlights several principles and applications of laser spectroscopy
sensing technologies suitable for UAVs. Additionally, we compare various open-source UAV simulators, onboard
computers, and ground stations, and examine the challenges and solutions involved in integrating sensors with UAVs.
The significant potential and value of employing small-scale laser sensors with UA Vs in gas monitoring are also discussed.
Finally, we emphasize the development direction for UAV-based pollution gas laser monitoring platforms, which is

towards miniaturization and micro scale.

Key words laser spectroscopy; laser sensors; unmanned aerial vehicles; gas monitoring
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