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Fig. 1 Schematic diagram of the scanning process
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Fig. 3 Schematic diagram of multi-core fiber bundle
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Fig. 5 Schematic diagram of spectral fitting and residual

Al 1% NO, 9 DSCD B 43 51 fy 3.3 X 10" FI 2.6 X 106
molec « em ™%, HARZEAN KH 5.2 X107 F1 3.4 X107, Xfffp
A OGIE BEAT DOAS J5 i 2 i, 15 5] 38X 90=3 420 4
NO, ¥ DSCD {4 .

2.4 MBER

Xf bk 3 420 21 NO, () DSCD {8 i 49 4 77 [a] I 22 1) 45 4K
WHER, B ET R E NO, BHAEWwE 4. Wi 6 JiF
e BALKCPHES MR I E O W A A R
KB G C AR, B, R KRB A B HEAENE
4TS R0, NG R B S A R B R T A ) ) e o U2 AR XX Y
NO, R e BE S5 A% BT % 7 19 81 1] &, A 45 B 40 R 0 50 )2 2 9%
HRJE M NO, WEE RO, A 7 s,

'S
S
:

W
(=]
!

(=]
|

Elevation angle/®
5o}
(=]

(=}
1

0 20 40 60 80 ¥ 100
Azimuth/° I B Y X 45k
6 AREMIARE NO, Z5RHERE
FEREE(KRINBRERXER)
Fig. 6 Schematic diagram of distribution of NO, DSCD in the
boundary layer of Hefei ( Unsubscribed the complex

background)



724 i 2% 5 61 43 Hr

5540 &

40+

30+

204

Elevation angle/®

0 2‘0 4I0 6'0 8‘0 v I(I)O
Azimuth/° ST B S HH S X 5
E7 GREMHBRENO, BERE
SHTEE(KRERXER)
Fig. 7 Schematic diagram of distribution of NO, DSCD in the
boundary layer of Hefei (Deducted the complex back-

ground)

FEFE B A 1 000 m. HLBLET S B UCOIESE 17, SRk
HMEEE MM 26°0F, RGN A5 ) 4y FE 2 b 35O Al (6)
T, 59k 17,45 mX0. 90 mOK EXBH), HFAEEHT
J5 ) 25 AT E G IR R — RO, Rt E T B A
M43 BEZH 0. 90 X 5=4.50 m, FFLL 1000 m &b — 445 45
L B AR R SO L5 T /Ny 17,45 mX 4. 50 m O X
M ED, [T EE B L A 2 000 m, 3 000 m K B 5

7 A T HE B R A 8 800 m, AJ A 2% ] 4 W
i 153.59 mX39. 68 m, FNBRE 4T )5 . £ NO, E24
PR b T XS, SR X5 Y R R 4R 39,68 m X 6=
238.08 m, MU XI5 Y 2R E 2Ky 39.68 mX5=198.4 m,
FE 3T T KSE 1) B )T XS 3T X NO, Mk B 8 s
FREX . RBX NO, R I 3 B 85 X 5 3% F0 RS FF 45 2B 9
TR BREE . Tk X NO, HEt £ e e FRERS. L
ol 3 PR HE A R B, IR B L G TR NO, A VR fi 5 Al
353 3. 4X10" molec « cm 2,

2.5 5 MAX-DOAS # B4 Rttt

B ICHE JRAR 1 8 0 I 30 TR 7E [7) — 7 & 19 MAX-DOAS [7]
AW 25 AT T X . MAX-DOAS 2 45 — Fl 3@ 5o i A5 3
LA A ] CRIAM A R 35 0 22 A0 A WO Dm0 4 =X, G 3 L
Y /NONF 1D, T FDOAS fii i (4 CCD, £ 3 EH 7 14
FAREBKMIG M (KRS H 26, EREMM T, W
PAF— AR R e A2 1 6% . X5 MAX-DOAS W
WL, B, =8 7 R R B 1, W7 LR AT A
X LB IE

FEWLIN A [E] . MAX-DOAS 43 5| % 4 8 1 B¢ 2 %8 X
B R X =40 m 3T 7 EEH RN, Al
NO, DSCD %53 5 T-DOAS S #4445 5 b 47 7 %F Lo, % o 44
FAE 8 iR .

X 25 0] LF H 7E MAX-DOAS F1 -DOAS 7 £ I 5]
1 NO, 2243 R MR BE 10 43 70 A AH L, [6) B X 5 I8 77 28
X H )T BT X A X A U 45 SR 43 0 kAT AR 56 4

B AN 8 o . 4l 0. 86, 0. 87 Fl 0. 83 A K R KL
TR DN B A 8] H1 SR NO, 2% 43 R IR B 1 43 A AR
feRa s, Wt — 38 7 BR DOAS X3 5215 Ye IR R I
J5 TSN EOW . SE A I RO

o 40{@ —=— MAX-DOAS
3 —e— [-DOAS
= 30
<
a
£ 20
<
5
&= 10
T T T |
0 1.0x10" 2.0x10" 3.0x10"
a2
8 3.0%10% - NO, DSCD/molec-cm
A R-Square=0.862 53
QN ‘g 2.0x10'° 4
O ¥
Z § 16
S 1.0x10' -
< &
8 04 ®e o
- T T T [ ] 1
0 4.0x10" 8.0x10" 1.2x10' 1.6x10'
MAX-DOAS NO, DSCD /molec-cm™
5, 407 ® —=— MAX-DOAS
= —e— [-DOAS
g 301
=1
£ 20
<
5
= 10
T T T T
0 1.0x10" 2.0x10" 3.0x10"
NO, DSCD/molec-cm™
[a] °
9 3.0x10" 4
a WE R-Square=0.868 31
& ©2.0x10" A
Z 3 &
[=] ()
g £ 1.0x10'° -
o0 ° LY
5 0 : ; : ; : ;
4.0x10" 6.0x10" 8.0x10" 1.0x10' 1.2x10" 1.4x10" 1.6x10"
MAX-DOAS_NO, DSCD /molec-cm™
404
% © —=— MAX-DOAS
2 30- —o— [-DOAS
g
= 204
<
5
o 10
T T T r
0 1.0x10' 2.0x10"® 3.0x10"
= NO, DSCD/molec-cm™
S 3.0x10' 4 e
A, R-Square=0.827 76 >
& 82.0x10' 4
z‘§
zggl.ouo'ﬁ- . .,
8 ol deve o o

2.0x10" 4.0x10"° 6.0x10" 8.0x10" 1.0x10' 1.2x10" 1.4x10"
MAX-DOAS_NO, DSCD /molec-cm™

B 8 MAX-DOAS 5 I-DOAS £ =/~ K {F A NO, DSCD
AL RBXES T REE
(a): ZBX; (b): LT X5 (o) BTX
Fig. 8 Comparison of NO, DSCD distribution and correlation
analysis between MAX-DOAS and I-DOAS in three
regions

(a): Suburban; (b): Power plant area; (c): Urban area
3 4 ®

WEFE T T 0GR 22 43 W SOL BE AR 115 G MU B 43 A
PRI I EEFNL T, I T H AL R DOAS Hili R AL A
LSS B, AT H A ERTNO, JFET 48
T L E A B A LT R R, 5 A ) 4k A 4R 0 £ B R IT



53 e 2% 5 501 4 b 725

B, FIRE AR RG . RGBT ARATLFUZ KA NO, 2250 BET IR I ST o B AR S8 WL 45 2R E A k. e T
R AT B SRR, WOl KRR T X9 NO, W EE [ X R RASRX =80 L, e RS 4K
RBIX NO, WML, BB m, XUl DR s a9 MAX-DOAS [y 25 RAXS e, P9 & 39 BE WL 2 48 [7]
T DX AP AR A AR 958 HE IO LA B R 2 R /B DR A 7T BE ) MR NO, 225 RHEWR BE I 23 A LB . BAA R4 1Y
RAPW NO, SRS T EZETTIRMEM. WERR HCHE, dik— B30 7% DOAS 76 FR 15 B R I
G0 T L B (9 75 YR A RO A BE S ELUL 4 th BT AR R B EDWPE R St . R B T HEAT 2 BOR LI, R 2 A
HE R BE W AR 0 A o XS 2 M 3T 3 B2 0 e R s A A 4R U B . AR TG g SORAE i 52 R i A i S Ak

References

[ 1] General S, Bobrowski N, Pohler D, et al. Atmos. Meas. Tech. , 2014, 7. 3459.

[ 2] General S, Pohler D, Sihler H, et al. Journal of Volcanology and Geothermal Research, 2015, 300: 175.

[ 3] Lubcke P, Bobrowski N, Illing S, et al. Atmos. Meas. Tech. , 2013,6(3); 677.

[ 4] Andreas Carlos Meier, Anja Schonhardt, Tim Bésch, et al. Atmos. Meas. Tech., 2017, 10; 1831.

[ 5] Schonhardt A, Altube P, Gerilowski K, et al. Atmos. Meas. Tech., 2015, 8; 5113.

[ 6] Lee Hanlim, Noh Youngmin, Kwon Soonchul, et al. Bull. Korean Chem. Soc., 2014, 35(4): 1191.

[ 7] Chong Jihyo, Kim Young J, Baek Jongho, et al. Remote Sensing of Clouds and the Atmosphere. Proceedings of SPIE, 2016, 10001
1000112.

[ 8] Lee Hanlim, Ryu Jaeyong, Jeong Ukkyo, et al. Bull. Korean Chem. Soc. . 2014, 35(12) . 3427.

[ 9] Olga Pikelnaya, James H Flynn, Catalina Tsai, et al. Journal of Geophysical Research: Atmospheres, 2013, 118; 8716.

[10] LIU Jin, SI Fu-qi, ZHOU Haijin, et al(X] i, 4@, FW 4, %), Acta Phys. Sin. (#FE2%4R), 2015, 64(3); 034217,

[11] LIU Jin, SI Fu-qi, ZHOU Haijin, et al(X] #. " fm#4L. 4, ). Acta Optica Sinica(FE%2%4) . 2015, 35(6): 0630003,

[12] Ulrich Platt, Peter Liibcke, Jonas Kuhn, et al. Journal of Volcanology and Geothermal Research, 2015, 300; 7.

[13] LIU Jian-peng, TANG Yi, HUANG Gang, et al(XIf#l5. f§ X, ¥ NI, %). Acta Optica Sinica(J2#2:4[) » 2012, 32(3): 0322007.

[147 AN Yan. SUN Qiang. LIU Ying. et al(% %+, #) 3. x| 3%, %), Chinese Optics(h 3232 . 2012, 5(5): 470.
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Abstract In recent years, China’s economy has developed rapidly, industrialization has become higher and higher, and atmos-
pheric pollution has intensified, seriously affecting people’s daily lives. Therefore, real-time monitoring and research on atmos-
pheric pollutants is particularly important. The interaction of various pollution sources in the atmosphere of the urban boundary
layer makes the pollution problem complex and variable, especially the vertical distribution and change of pollutants in the atmos-
phere during heavy pollution. Imaging differential absorption spectroscopy (I-DOAS) is used to detect the spatial distribution of
pollutants. The research at home and abroad is based on ground-based scanning, airborne and space-borne platforms. Because of
its long-distance, multi-component, high-resolution and continuous real-time observation, the observation range can be extended
from small scale to large area, which can provide important data support for analyzing the current situation of the atmospheric
environment. Ground-based imaging differential absorption spectroscopy is generally used to detect a certain pollution source.
This paper mainly studies its detection method for urban atmospheric boundary layer pollutant distribution. It introduces the

principle of differential absorption spectroscopy (DOAS) based on Beer-Lambert law, and introduces the imaging principle of im-
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aging system based on “push-broom”. Taking the common pollutant NO, in the atmosphere as an example, on June 12, 2018,
the imaging telemetry experiment of NO, in the boundary layer was carried out in Science Island of Hefei City. The front end of
the multi-core fiber bundle was coupled with the ultraviolet lens, and the back end was connected to the slit of the spectrometer.
The ultraviolet lens was mounted on the two-dimensional rotating motor. Set the appropriate elevation angle of the two-dimen-
sional rotating electric machine, and rotated it from 0° to 90° in the horizontal direction. The observation area included the sub-
urb, power plant area and urban area. The zenith solar spectrum was selected as the reference spectrum, and the corresponding
multi-channel spectra were combined and extracted for the measured spectrum and the reference spectrum. 38 spectra were ob-
tained for each acquisition. Data inversion of all measured spectra was performed using the DOAS inversion method to obtain the
differential slant column density (DSCD) of 38 X90 NO,, and the density information was matched with the pixels on the spatial
dimension according to the geometric model of the observation angle. After deducting the complex background. the two-dimen-
sional distribution images of the NO, differential slant column density in the boundary layer of Hefei City were obtained, accord-
ing to the scanning direction. Compared with the MAX-DOAS data observed at the same time, the correlation coefficients of the
two in the suburbs, power plant area and urban area were 0. 86, 0. 87 and 0. 83, respectively. The results showed that the sys-

tem can effectively obtain the distribution information of atmospheric pollutant concentration in urban boundary layer.

Keywords Differential absorption spectroscopy; Urban boundary layer; Nitrogen dioxide; Two-dimensional distribution imaging
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