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Ship Exhaust Imaging Remote Sensing Monitoring System

He Weiwei!, Zhang Huiliang', Zhang Yikang!, Yuan Haochen!, Zhou Wei!,
Zhang Zihao', Guo Jianjun', Wu Kuijun'*

(1. School of Physics and Electronic Information, Yantai University, Yantai 264005, Shandong, China;)
Abstract: In recent years, the Ministry of Transport and other government departments, including
the State Council, have successively issued multiple notices and plans related to the control of
exhaust pollutants from ships within designated areas. The aim is to establish emission control
areas to reduce the negative impact of ship emissions on air and water quality. The development
of reliable marine environmental monitoring technology is a key factor in ensuring the smooth
implementation of these policies. In this regard, a ship exhaust imaging remote sensing monitoring
system is provided to achieve real-time visualization monitoring of ship exhaust pollutants. The
system employs a three-channel optical path design, retrieves SO2 concentration and emission rate
by recording and analyzing the absorption spectra of the emission plume from passing ships in the
ultraviolet band, combining with self-calibration technology and introducing artificial intelligence

technology. The results indicate that the system can realize large-scale, high-reliability real-time



visualization monitoring of ship exhaust pollutants, thereby promoting the reduction of ship
pollution emissions and contributing to the success of the fight for blue skies protection.
Keywords: Remote sensing of SO»; Ultraviolet spectroscopy; Self-calibration technique; Emission

rate; Light dilution effect

1 B ERAMAME
1.1 BHER

FREAR R SIS — AT (SO MM (NOW TENIIKEA EMRY, 2xt
5 SRR TG FR5 4, 0 I 1190117 0 S5 0% 7= A AR TS, S B8ORS0 e R G 25
LR, ST, AR DL R B A St R A ] R P A, R AT 2 AR
P B, SR A /E R 52 DX S BRI SR, RT3k 2 i AT S ) 5 4%
M LV ARAITE O ORI S, DRI % 3 R 2 PR 5 I R BB 45 w3

[ Y 41 2 BT RIAR 26 52 HE T 2 Bl M AT AL A A b i e A B R B 0, 03
WLERVADSL, N T ORI, 2B Rk S -8 L LR T 43 8 0 MR B IR0 5 31
ILERWEINIOL, %773 o WA ORS 3 v A OB 3R LRI HE ke, I s e R RsE , A
SRR, {2 5T S 0 A BRI, S8 20y 1 R sl e s, A
T AP RO A R . N TRV R — SRR RS I 70, 55 A T8 4 i
PRSI I 7 H 12228 SRR B R A, TG 38 i 5 45 B AR 1 S 6 5 23T LA 2 05 e )
VP, %77 T DI SR 2 LA B R BE 4 AT 45 SR, (ELSRRE RIS 52 40 W 0 2 TR R T K i
IR, 3 LA CRE PO e, TR SRR ik A R0 6 3 4373 250 7 2 R 8 5 4% L
BN TR o 2 R R o B — AR 9 SO T a8 W, 380 e P [ 52 3K POt ot
LT AR R 3 M AT O () B S R S SRR TS eI 1, 207 3 T T 2 s e
AR M, TR I T S RS R O R s S R O R IR R A B, AR
M BT R A2, RIS 45 K 4% 3 2 S U 32, A MO SR — 2 1 M 0 e
AEATFRIEE MO, 2 EFTR, REHAKRIE, mfE. mbkhe. mrsemmmE
A eI B % SR K
1.2 MAME

AR R RIS e ok B BRIV 3 2 T 7% 28 1 i 5, T My e B4 — 4k
i (SO « FEAMWH (NOY « BRI, H42 X KA KRR RGO R0,



AL 5 0 JR M) 2 29 36 o S DA% A L T PR PR =R, B (IR ORI A (1
HRKE, B SRR, RS RGBSR . HUR, @i R 2% I R S st
gL, P AR A YR AR, A BT SCE TR X R R, D R
TEP I A FLA i B I R R A, FR B A AR AEVE . BeAh, ARFARIE B )W RS KR JE H b
MISEBL, I PR HE D BRI B, DAL SE AP M R FA S, HESD AR AT b 1) B ] 5 45
77 IAE HE, SEBLATRESER R H AR, D8/ X ERGEIR AN AT RFEE R - B, I RS RTiR
S EE AT YT 0 FE AR HE IR RE L A, A B T A OB IR B
PR, [ AR S U 1 S AR AT

2 BIFREMS

1) H i b St = B 0T AR R S DR MU — 4 iR RO 2 M e & . AR G
L5 R MR DN ER AN, SEI DM AR 5 S b ) 2 8] 7 A, SEIUR A AR
AHETC G

2) BEXAEAALE R S5 RIi R S R S BUR 2 SAAC PRI Rl AL, B R IR EE AR
SN ARHEROR, SIS B 2 iR MR R R 2 =

3) BRI R R HEIBGE BE TR L ARG TR LA RO AL 7 55 AR AL 47 1L I IR e S el 7L
QUEVESEH HEAREIAR,  SEBLSEI T 5 2 AT 2058 hn 2 4030,

4) FHXF BB M EE S I, SR BB R R R R, SR DR RN IEROR,
B e B 2R 4 A R D e S,

W GIANLEALE, dia NTERE, KRS B S H Ay TR HRBOE R, A

SEAT RO M AR RHERG SR B AT AT

3 LB REN

3.1 BtRE

PR 2 R B TR U 2R 458 AR RN iR P T Beer-Lambert € . 2K FHOGFF 1L K
(¥ H AR X, HAR) SO2 73 2 WURs E K IS A, Il H 7E 280 % 320 nm 2 [H], Wy
WO R R FE T SO2 4r ISy TES AT T REZR, RAERFE K TR A Bhi, I Rt

et MR [ 2RI A AL
Lo () =1(A)-T,(2)-Q(2)-exp -0 (1 )-S (2 )] (1.1)

Hep, Q WESMBENLE TR, TR B 7L [ RAE SR RE. oh



SO2 W ST, SN SO2 Mk,
2 JEL o FH R A i RS S S B2 1 — S 55, AR B s X sk b e 2R AL 3R L R R

FIEHREE R AR . 2 FARIXIE, KRR R B RIS v L) 27

J A L AR AL S U B T R ] DRI, RS B A 35 RAFAE—Fh

VIR (302 FABUEAFEILAL T SO ka2 I AT 274
T:-ln{%}:a(z).s(z) (12)
FH BwE 1 R, HT Os MMk, BIAHLR FORBHAR S =T 300 nm, TfIfE SO2 UK
B0 310 o WEBURIE , [FURE A7 20 S ROV PR A TERA L. 00, OB
IR RS KB 1 AR AR BT R R 6 = I, 3o A
TEIE PRI & 310 nm PEELRIAR S 5L, AT &AL SV IR BRI AT SO SR I S R S & B
S FE R 330 nm S BYIARAIRIE VA B LR B AN (T IR ST
R, VIR A R . A RIIR AR 12 05 A, B PRI A b2

ta~ rp JRHHATZEAA L, (ERRIL SO MR M L 750, -

— - - = SO, WA
K BH LS e i

—
N

—_
(=)

e 9
x o

I
S ¢
1%

T A
WK

NOLITE il

/(10'18 cmz-molecule'l)

o
W

e
i

o ©
[« T

360

B 1 280 -360 nm BETPIRY SO, ICET (AmRIgk) FAEXHAPAELGT R (L) , RBHRETIEX
F A\ B HIiExEE E %k



3.2 Wik

LB R BH U G VE U8, GBI 7 & 5 SMHBL S P A8 6 43 504 A H Ao i A
TGRS, RN E B ARG BRI FOGE T B8 I0— 06 IS OB, e brid B 5 SR S+
(%) 5] BN 35 B AR 37 AN U P 1) R

WIS T E = G RGE,  ORUE N I 2 )~ R[5 B 3 77 (A 7 1A 7
3.3 SLRIUEEFE
3.3.1 SEWHIERE

T 202343 31 H 10:00 FFAATEM G R K2 HE T2 B IR G, 0 R R AR AT SER
W 2 HRAMER], R 16 °C, REMLEEDY 16 km,  BETIER SR LT FEDY 0.45 - 3 km.

T PRI 2 H IR EE IS D0, R RE BRI A] DU S e D AT A b S 4, B U R R
o, AEAE MDA AR ZE A ik, B E, BERTARIE B 1% 10 SE I I AR HEBOE .

WIS S 2 BT

B2 IFSCEISMIERRBREIIR

3.3.2 LRUBRSH

IXERSHAINT L 1 PR:
®1 BRESREEREMNRZSH

EiiE SHUE
FAMLI P2 2048 x 2048
BE RN 6.5 um x 6.5 pm

M4 5 fps@16-bit
BT RF 18 mm
M7 9.8°

R 105 mm




Fe A B 7 [ 180-413 nm

3.3.3 LWMER 5T
SEUG SRR, 1% W I 2R G A s v A B AN R SRR S Y HERCS . Hed, WA

MAGAHH AJEIE. BEIERREHEHEEDE 3 @) o (b)) Pir.

() (b)

E3 MFLRER. (2) 310BEREHIEER  (b) 330 BWEREHIBLER
HE R RE B AT SRAF W IE TE ' )5 A, P € b i 48 S i e ¢ SO ik 2 73 A 4

20
115 ‘\.‘A
=
o
m‘é
AN
&
ON
5 o
0

B4 ARARESASERIEN RGBSR



S CHR:

[ A, K. HUM MR 5 B dEBOIR &R i 2 W [T]. K k224, 2023, 02:
80-81.

R2IX)R, BRIRE . RS X MAA TS S R 73 S 7 16 0 SRR 7T 0], 2238715 A 5 IR,
2022, 18(01): 32-35.

[314 5T, 28R fE X Hbs KIESEONUS[N]. B EGER, 2023-04-04.

[AVRZELE. TGRS HE L it A wi B v6 XS 26 0], E KaZ, 2022, 11: 72-74.

[SIEEA, BEE, B, MR LM RS[]. # 0k, 2022, 10: 18-24.

[6] Beecken J, Mellgvist J, Salo K, et al. Airborne emission measurements of SO, NOx and
particles from individual ships using a sniffer technique[J]. Atmospheric Measurement
Techniquesm, 2013, 7: 1957-1968.

[T, MEAH R SO fFBUER A UG RE I M BB FE [D]; KEEHEF R, 2022.

[8] Celi¢ J, Cuculié¢ A, Val&i¢ M. Remote sensing for ship emissions monitoring in Adriatic ports:
An approach [J]. Proceedings ELMAR-2012, 2012, 12: 263-266.

[9] Qi Z, Peng S, Hu J, et al. Surveillance practice and automatic data algorithm of sniffing
telemetry for SO, emissions from ship exhaust in Tianjin Port [J]. Journal of Cleaner
Production, 2023, 409: 137225

[10] Deng M, Peng S, Xie X, et al. A Diffused Mini-Sniffing Sensor for Monitoring SO»
Emissions Compliance of Navigating Ships [J]. Sensors, 2022, 22: 5198.

[13R SR, [ ICat. MrIEMin R <& i 2 e A F R A i B 58 O B[00, ) e
SRR EAR, 2021, 29(04): 26-30.

[12] Volten H, Brinksma E J, Berkhout A J C, et al. NO; lidar profile measurements for satellite
interpretation and validation [J]. Journal of Geophysical Research, 2009, 114: D24.

[13] Granieri D, Vita F, Inguaggiato S J E P. Volcanogenic SO, a natural pollutant:
Measurements, modeling and hazard assessment at Vulcano Island Aeolian Archipelago,
Italy [J]. Environmental pollution, 2017, 231: 219-228.

[14]5k 5%, BROR, Fh, 5. SO HAMANIREI EARIE IR Z R IE]. J6a2 424k, 2024,

44(06): 07.



	1 设计背景和应用价值
	2 创新点与优势
	3 实现方案简介

