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Research and application of '"'Terrestrial, Maritime, and Aerial"
stereo monitoring and precise control technology and
system for ship exhaust emissions

XIAO Ling' ,QI Zhaoyu', XIE Xin®, PENG Shitao', YU Xun', DENG Mengtao'
(1. Tianjin Research Institute for Water Transport Engineering. M. O. T, Tianjin 300456, China;
2. Pudong Maritime Safety Administration of the People’s Republic of China, Shanghai 200120, China)

Abstract: In response to the global sulfur cap regulations established by the IMO MARPOL Convention and the
management requirements of China’s ship emission control areas, it is imperative to improve the efficiency and accuracy of
maritime ship emission monitoring. This study proposes a three-dimensional " Terrestrial-Maritime-Aerial" monitoring
technology for ship exhaust emissions, which integrates shore stations, bridges, ships, and mobile platforms into a unified
network to address the practical monitoring demands of diverse and complex navigation environments. Additionally, an
automatic peak signal recognition algorithm has been developed to enable intelligent remote monitoring of ship exhaust
emissions and facilitate precise source tracing. Finally, an integrated intelligent control system was constructed,
incorporating intelligent remote monitoring, precise source tracing, and enforcement verification, thereby promoting
seamless information flow across multiple aspects of maritime supervision.
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Fig. 1  Determine the location of ships passing through
the Sutong Bridge using AIS data
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interference from the exhaust gas of the coastal patrol boat itself
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platforms (ship, aircraft) for the application of sniffing methods
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Fig.7 Wave peak sulfur content calculation result
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Fig.8 Comparison of the Calculation Results of Sulfur Content

0.7
0.6 F
0.5

w 041
X
S 03}

HES

02F

0.1F

0
-10-8 -6 -4 =2 0 2 4 6 8 10

RZEE/ Yoo
(a) REMHE
1.0 B L
T
0.8 /
0.6
=
0.4
02
0 J
01 2 3 4 5 6 7 8 9 10
RELIHE/ Yoo

(b) BE2ELa%HE
Ko mis iR RESE
Fig.9 Statistical Chart of the Calculation Errors of

Sulfur Content

XU B R VR , TE AR AR, 7 2L
SEBUX R Ik R PR IR T IR BE o A
HET AR BT 1O b e B AR B E Tk S A
ATS i MR R i) B0 06 8 20 ) g A L 4 7 AR



M A A AR R Bl s SR IS R A R SR GERIT S S 15

3 T8 3 R S I3 5 e 0 ) e B S A R A7 3
ABFREREEA A LA 2019 4E 7 & 9 H S8 KA
A BRI AT G AT T A5, 92. 8% 1158 v 1R 25
£ 150 m JE N ,99% LA E A2 iR 227 300 m g [
W N IRZEAE A ORECR G, BRI 7 VA AR A8 [
P AR R IR AR AR
3.2 HEEENBEWESHEEIERS

R T FE S R O AN R A DN 5 A 2
IR, T B B K AL B o AR 5E 0E— A HF
RN BT F R G IR AT 55 4 YR 2
WS AT F RS0, DL TG A SF M AT 55 40 UK
BTN A A L &5 R I Bl PRI SR 2 IR (]
({5 AL , B 7% 6 i 23 = A — (K 32 57
PRI BT

ARG A TR AN RS A shil )5 A
L AN 10 FTR , R G0 F R s RS it A5
sl TR S AR S a5 SR R R
[ [ e A 2 R 0 B 12 S s ) ) U R AT S
HPZE A3 . 2T REAE 7R 45 3k £ 551 SO, 1
e g

& BERSENRAREASTY

B 10 285 PR
Fig. 10  Telemetry and traceability module

UL R GRS PUE R AL 55 IR RS, T
URET X RBEAT I PUE A AL 55 . BRI RAE:1)
5 SIFAR R CaE I0) ly TAFAR AR 7 B8 M, 2L R it
PR AT 55 0 IR T4 52) TokA A ol T Y
FI A 38 DI F T 53) A B B PG B3 B8 S 1 A
PR St e QAT 11 B, AARAE B -5 IR B AL
REART R , SRR — B A 55 UR A FOHT IS g IS0

PR AAT 55 5 AT R 48, T HR e il
HL IR IR AT AT 55 0 SO BR R 45 2R . 28
REALAE 1) FRSCRG: A A 5538 1L R B 4 Tl B A 5
S RTIEES 0 sl Aty SR PR R T B 5 52 ) R R XL 1)
il AL N = R PR N R IS CNER VA RID TR R RES
JIHE;3) HOX [ RE RS SR FE e I sl 45 2R, 1
BT 5 i R 52 54) T Pl o0 B A5 e e £
TR B o

k| A ERIR L HRIA|

MR IS

BT TS5 IR AR R
Fig. 11  Task dispatch module

B LG TR S5 R NI A5 R, T AL B RS

FEST AR R I T 65, S R I A
FATHASI AR R ACR (WL 12) .

K12 fviageit
Fig. 12 Ship Statistics Interface

BREEN AFESE S PGEEIER S, HEG 2
ARG TIBYE A T e 28% , P AR ( N A 52
A AGEE A S ) 95% ,IE B H AR 4 294k R 11
UL N RIS T %S A

4 KA ZEP

4.1 ERBBAIMENEESTANEEGRSE
4B P ——K i 7 R

RV Sl LA (P v 4 9l 2% P4 %) SR I 57 34 A 3=
BLAE RO TR S L SRS DX R S X, 43 1l
A7 A s DRI i R T v K

FRYEHE 11 R BE 1 & 2 M AR SS T Y 22 R 45
Rl 25 R T A AR R A U B AR 1 2
REREA B NS T R (LA 13) .

1) iz XA i 8 & 2 Ak [ e N B <
DS, 52 B F 08 L R Tk VO e PRI (P dE
WRA) KEBHE (PEILR KR R ARG X b s
WX R SRR X R O X VDI s X R X
3L 6 A5 DX TE AT AN 2 <o I A o

2) TC ANBLEEME AN AR B R 5 e B e A i
FH AT S DK 358 4 7 5, W) 1o 3 R PR, A 32 XL ) JX Uk [
FHBRA A ARb 7 WA




16 o

it i 55 48 55 3 )

FEABLE k5
[ 5 AR 3 5
i

P13 I Rl A 2 0 A 7 58

Fig. 13 Tianjin Port integration network deployment plan
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