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Fig. 1. Photograph of the rotorcraft unmanned aerial
vehicle platform.
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Fig. 2. Schematic diagram of the airborne differential optical absorption 2D system.

S AL B EREAOEE A T, 254t & CCD
s HL B 480 A7 i 24 4 o) PR Ol ok A LR P AR
AEAE B2 SCORIE . R RAE AR AS IS 114 5 4
P IR, T EAAURR S, 5 GPS
M ERA R — R AR A R A5 S v I
o B B AR OGBS SR AR, TRV R A 2
BHFIC R CITHERIRES, R0 sk e ABL AT
AR, TRkt R IRES ﬁﬁﬁ#*%ﬁ‘]j‘ﬁ%%ﬁ(ﬁ.

Telescope

Spectrograph Tilt sensor Minicomputer

K3 3t o AP 2E 22 Wl — 4RI R gl
Fig. 3. Photograph of the differential optical absorption 2D
detection System mounted on a rotorcraft unmanned aerial

vehicle.
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tudes of the airborne system: (a) 500 ms sampled data;

(b) data sampled at fixed intervals.
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Fig. 8. Diagram of UAV measurement method.
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(a) NO, Wi U4 5 (b) NO, R IR BE LA 3% 225 () SO, JGi LA (d) SO, R Ik
JERLA 5822 (e) HCHO SGi% L4 ; (f) HCHO RHE e il 458 2

Fig. 9. Examples of spectral fitting results for NO,, SO, and HCHO: (a) NO, spectral fitting; (b) fitting residuals of NO, slant
column density; (c) SO, spectral fitting; (d) fitting residuals of SO, slant column density; (e¢) HCHO spectral fitting; (f) fitting re-

siduals of HCHO slant column density.
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Table 1. Specific parameters of experimental fitting.
Parameter NO, SO, HCHO
Fitting wavelength/nm 337370 309—323 324—342
Polynomial degree 5 5 5
Intensity offset Constant Constant Constant
NO, 220 K, 294 K 294 K3 294 K3
SO, — 293 K24 —
HCHO 297 K — 297 Kl
O3 223 K, 243 K0 223 K, 243 K20 223 K, 243 K20
Oy 293 K1 — 293 KP7
Bro 223 K% —
Ring Calculated with FRS Calculated with FRS Calculated with FRS

3.2 MELEERS5HH

TESLgR T, HEH 2024 4F 5 A 21 H 7KW s
R E PR (1D E R =l 7 N iy I N i = 3 )
NO,, SOy, HCHO 2 73 & #: ¥ &£ DSCD 43 i 4
E 10— 12 fr 7, NO,, SO,, HCHO #% 5 ¥k J&
4 3.21x10%, 3.54x10%, 4.12x10' molec/cm?, Hz
I & B2 43 9100 0.76 X106, 1.09%10'6, 1.55%1016
molec/cm?, 3 F RIS 5% 25T IH 7330 1.44 %

103, 1.58x10°3, 2.01x10 3, #8272/ 3N 5.35%
108, 7.26x10°8, 8.30x10°8. Al LIFE i 3 Fh S AKHS
P i i W N T Sk NI e ]
(e i 25 S5 mT g S i 175 YR R S EOR VR T
DRI b 75 e e i v 8 485 R R A, AT i AR
B, LI 5 ST S AN [] 2 R i 1) 45
VR B YA s, P RS AP L T vk ARG, R A AR
7 T ] BEAETEHERCE. {H B A 30, 60 m i SO,

(a) N . (b)N .

© N .

NO,; DSCD/(10'6 molec-cm~2)

10 7KW R R ) 5 BE ) NO, ¥ B 4 A3 1

() 5y 30 1m; (b) BE1E4 60 ms (c) 14 90 m

Fig. 10. Distribution of NO, concentration at different heights under horizontal observation: (a) Height of 30 m; (b) height of 60 m;

(c) height of 90 m.

(@) N

l 3.5

SO, DSCD/(10'¢ molec-cm~2)

F11 KU AN R] 5 RE Y SO, R B 431 4]

(a) ¥ BE 2R 30 m; (b) 5 B2 60 m; (c) = B4 90 m

Fig. 11. Distribution of SO, concentration at different heights under horizontal observation: (a) Height of 30 m; (b) height of 60 m;

(c) height of 90 m.
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(b)) N

() N

HCHO DSCD/(10'¢ molec-cm—2)

B 12 KN AN R B2 A9 HCHO ¥ B 73 Aii 14

(a) &34 30 m; (b) N 60 m; (c) M5 90 m

Fig. 12. Distribution of HCHO concentration at different heights under horizontal observation: (a) Height of 30 m; (b) height of

60 m; (c) height of 90 m.

45 45 45
()30 m 60 m[ 90 m (b)J 30 m 60 m[J 90 m (c)E30 m060 m90 m
& 4.0f & 4.0 &40 [ _
8
a E [m) é [OX3)
Q9 35r 05 35F 25 3.5
o) n o n o
Ag as o7
o“f 3.0 55 3.0 5 3.0
Z% ng e
— — IH
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2.0 2.0 2.0

5.21 5.22 5.23 5.24 5.27 P
Date

5.21 5.22 5.23 5.24 5.27 F¥y
Date Date

5.21 5.22 5.23 5.24 5.27 F¥

13 UIIHIIE) 0°77 (o2 f T A [R]85 BE A NO,, SO,, HCHO W EEZZfLIE (a) NO,; (b) SO,; (¢) HCHO
Fig. 13. Variation of NO,, SO,, HCHO concentrations at different heights under 0° azimuth during the observation period: (a) NO,;

(b) SOy; (c) HCHO.
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Abstract

In order to meet the technical requirements for miniaturization, multi-angle, multi-altitude, and fast
simultaneous acquisition of atmospheric pollutants, this study develops an integrated, lightweight, and cost-
effective airborne differential optical absorption spectroscopy (DOAS) system. This system is designed in order
to be used on a rotorcraft unmanned aerial vehicle (UAV) platform for monitoring atmospheric pollutants. The
compositions of the hexacopter UAV platform and the airborne DOAS system are detailed in this work. The
system includes a multi axis differential optical absorption spectroscopy (MAX-DOAS) spectral acquisition
system, a control system, and a flight environment monitoring system. Commands are sent from a computer via
serial communication to drive a gimbal, controlling the azimuth angle and elevation angle of the telescope, with
a camera recording the light obstruction. The sunlight scattered by the atmosphere is collected by the telescope
and transmitted via fiber optics to the spectrometer, which then transmits the data to the control computer.
Additionally, the system captures data of altitude, temperature, humidity, and GPS location during flight, and
filters out spectral data obtained under abnormal flight conditions. Stability studies indicate that the mean
angular deviations for yaw, roll, and pitch are 0.07°, —0.13°, and -0.12° respectively, which meet the
requirements for monitoring stability. Comparative experiments with a commercial ground-based DOAS system
show that the correlation coefficients between the monitoring data of both systems are both greater than 0.92,
confirming the reliability of the airborne system. In field flight experiments, the airborne DOAS system
conducts observations at altitudes of 30 m, 60 m, and 90 m, with the elevation angle set at 0° and the azimuth
angle measured every 30° from 0° to 360°. The system successfully obtains the concentration distributions of
NO,, SOy, and HCHO at different azimuth angles and altitudes. The results indicate that the concentrations of
these three gases decrease with altitude increasing, with higher concentrations observed in the southeast
direction, indicating the presence of pollution sources in that direction. Further analysis with considering
altitude changes indicates that the rate of decrease in NO, concentration and SO, concentration slow down with
altitude increasing, while the rate of decrease in HCHO remains relatively constant. These findings indicate that
this system effectively meets the technical requirements for simultaneous, rapid, multi-angle, and multi-altitude
detection of atmospheric pollutants, providing essential support for the detailed monitoring of complex urban
micro-environments.

Keywords: airborne detection system, rotary-wing unmanned aerial vehicle, two-dimensional differential

optical absorption, multi-dimensional
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