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Implementation of Complexity Sensor
for Small Ship Accident Response

Kim, Do Eun

Department of Electronics & Communications Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Recently, with the development of information and communication
technology, by combining with existing ship navigation technology, IMO
introduced e-Navigation, a next-generation ship integration system, and
various efforts have been ftrying to secure the safe operation of large
ships. However, about 70% of ship accidents occurring in Korea are small
ships, and the solutions for accident response are relatively poor. Especially,
small ships do not have enough methods to recognize the occurrence of
accidents such as ship collision, sinking, capsizing, fire etc. Therefore,
complexity sensor, be presented in this paper, that can know the accident
situation early by using various sensors to detect typical marine accidents
that cause ship damage. The complexity sensor is designed to perform fire
detection according to the algorithm to judge whether a fire occurs or not,
monitor ship movement through measurements of heel angle and pitch

angle, and perform flooding detection.
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In addition, the complexity sensor is designed to perform NMEAO0183
communication that is usually used in ships for monitoring in the bridge.
The experiment which is reported in this paper is conducted monitoring the
measured value of complexity sensor with NMEAO183HS, which is 38,400

bps serial communication.

KEY WORDS: complexity sensor, fire detection sensor, MEMS sensor, ultrasonic
sensor, NMEA0183
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Table 2 Type of temperature sensors
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3.3.1 MEMS A4 AL

MEMS(Micro Electro Mechanical System) AlA = v A 7}37] &
Z3 mpo] a8 & Uk @9 1 E AAEA ZAY 2nf
He A7ME, &¥st, 188 9 3 Ago] FFSEE AFEQIEY Aldef gt
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23 MEMS #4AA & Adrke] &5 A8t Feldel len, S84 3
< gRgsste] [2CAnter-Integrated Circuit)E 4!, SPISerial Peripheral Inter-

face) &4l 7 2 978 AESAA S T8 TdAGAAN=E ALt

3.3.2 12C, SPI&A!
219 MEMS AlA e} mlo] A2 2 M A 2] FAlo|A F2 o] &5 B4l Wao
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< HolEe 28 I E Bty 27tg AZ2E T3l wolF TAls
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Fig. 13 SPI Master and Slave
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Fig. 16 Experimental concept map of ultrasonic sensor

@ COM3 (Arduino/Genuino Uno)
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Fig.

J9TU DTSTANCE
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17 Measurement of the distance to the bottom of an empty tank
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@ COM3 (Arduino/Genuino Uno)

Duration : 3390 Distance : 58.25[c

Duration : 3407 Distanc
Duration : 3153 Dist
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Duration : 3926 Distance @ 67.46[cn]
Duration : 3840 Distance : 67.70[cal

+xo B2 92
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Duration : 3904 Distance : 67.08[cn]
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Duration : 3896 Distance @ 66.94[ca]

Fig. 18 Measurement of the distance to the surface of the water

Table 3 Measurement values of the ultrasonic sensor

& AR [cm] | HAEFH [em] | HLF [cm]
C 69.36 68.06 68.96
A 67.70 63.28 66.97
=C-A 6.08 1.66 3.22
AR YA A 3.2 cm
AA Fzute A 69 cm
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2mmiAle| 7E|

Cr FREE

Fig. 19 ROSEMOUNT Fig. 20 Measurement of the
3101 ROSEMOUNT 3101
olg|3t U E ol &t EHFA A 2SS o] &t HAHE &
%

el AFeNA wete] F F-E BESHE Zol s,

3.5 UART

UART(Universal Asynchronous Receiver Transmitter) 5418 & olE o &
HE 28 WAooz dAdste] HoJHE AFsts Wlolth. dnkyo=a RS-

232, RS-422, RS-485¢} & HF4l 3 4 ARSIt =3, UART H41&

o 279 AR2E o] &3ty Holy Hg4le] VMEsite Aol 9l

B $A=2 TXo|A FAZ29 RXE HoJEHE AEst= AE &2 5+ 9t}
UART 1 UART 2

P ><TX
RX RX

Fig. 21 UART communication
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UART T4l HlE7]29e Walolmg2 FAIUARTA +4AUARTE HlolHE
AsE of, NE 295 Fr|sstes 28 A5V gloh wekd 29 Az oAl
AEstaa sk dolE izl A& AAE dels MIEE FUhst, Hely
el Az 25 Aot Aold wFlo]l $4AH FAUARTZE AlAHIE
E A, B #olEdA FAHE BIEES ¢7] AlARH. olu, H #HolE
© 1279 HolErl MxHes vEolH, dEHEEs 29 HE 2 Ueldth
wetA F UARTE HolEEAS sl 719 43 B #olEolA 2 ofst

oy

UART &4l HlolgEAal sizlolA 7Hd WA vz s AFHIEE F49
NZE onsly, AFHMEE 3 28 F7] F<F highdA lowE FHIT 1

AR FAFAA oA Wk dABE HoE A M= A7) A4
o 1 F 5~ 8 bite] HlolHE AEsE, HlPHEN 2FAZL AT o)
JE @& sl AT FAZAA LFE DU AwHo s
e 8IS @AY A% Fe EE AR Ao FAuEeA

ENZEE ¢g3, lowolA high® veRdTh Fig. 225 gwba¢l UART o3
o 7EFH o2 8 bite] wiojElet e (5, BA R Eo|tH16]. UART &4l
< Ao 8HIES dHeolHZHdoeR AT, o2 M &Holr & uF

do] AAFE 27 HETHS o] g3t HE
o] &9 213 flo] HlolgFAle] 7hedt xadt Fx2E Q7] wiEel g A
gdrt.

vlaE AR ARSH g vy

UART IH3!

A2 | Data | Data | Data | Data | Data | Data| Data| Data| H3|
BE| [0l | OO Q21|31 )41 | [51) [61] [7] |HIE

—
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Fig. 22 UART communication data transmission
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3.6 NMEA0183

4 AAelA A" SAgES HduE =

NMEA0183 S4lo & A|&F3hct.

ARE ALsforstH, o=

rr

NMEA(National Marine Electronics Association)= wv]=rA18ldxlg 3] 2 A 1980
Yol NMEAOI83&#=o & de] ¢4 ok NMEA= NMEA0180/0182(1200 bpS)
2 Adube] A 2H"lS 93 IX/ZEF AR A3 A QIEjH o]~
< AA Hx=Z FA-sSNeH, 1 & NMEA0183(4800 bps)o.2 =& Alubx
22 93 Agd HolHEA ZTREZS Ao, e a7l NMEA
01835 & SYAXE AdFozH deg dHAA =HIAo o= [EC 61162
-12 =2 #FEstEo] ATH17IS8]

=
H S

IEC 61162-1/-2% single talker and multiple listenerS A|¥43tH, o2 &7 3
O Z& RS-422 AElY QdH#H | 2E AMgsta gtk IEC 61162-13 -2& AlF
gl= Y Ee] zolE 7Fx]ar J=d IEC 61162-12 NMEA0183°.2 4800 bps
o] B HolEE Astal o, [EC 61162-2= NMEA(0183HSZ 38,400 bps<e]
H #o]EE A3t

[EC 61162-1/-2= ASCIIEE}Z NMEA(0183¢e] A&l »~E w3sit} 3ol AlEl
27} 7M. e HAdEA e 82/olH, AEFrIe HA 1= st o]d)
Z Agkstar o Table 4= NMEA0183¢] A"~ &2 o|gH{19].

NMEAO183+&= drtA oz s gnlolA dadt AAcs Hojd Aldx
Helglzmios ARE WSk, o] AHE HQE s+ A&HE AHE
st S He 722 s 28T o] FEHA FEH 3
HAZA Rl 7l&olty. o= VDR(Voyage Data Recordenol z+% &3l &
FE S BRE 7|FeA HOEN U5 B &85 o

o

i
o3
O

=
it
4

websd B3 ez A A" 7S NMEA0183e] Alelx~ 320
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Table 4 NMEAQ183 sentence

$§ AACCC , C--C *hh <CRXLF>
0 1 2 3 4 6

B2
oYY
1 | AA : Talker(ID)

CCC : ZRZEZ) g doly £/ & string L9l

- 28 -
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2 =&oA AAskE 534 AAE Fig 233 o] iz e 71+717A,
AR 283 TdA e, SMPS(Switched Mode Power Supply)Z 4%
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//, =NA N
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2 _/

Fig. 23 Diagram of the complexity sensor
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Fig. 249} 2tH20l. F 71¢]
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Table 8 STM32F410 series specifications

STM32F410 AHA|ALF
0] ARM 32bit Cortex M4
ZFo o 100 MHz
SAl Hl2e 128 KB
glo]g RAM 7] 32 KB
ADC Esls 12 bit
/0 % 36 1/0
L Ak 1.7 ~36V
-8 & -40°C ~ +85°C
QEjmo] A FAl I12C, SPI/I2S, USART
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Fig. 32 Block diagram of complexity sensor system
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