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With the advent of the Fourth Industrial Revolution, many companies are developing Smart Ships to enable autonomous
navigation, unmanned operation, and cost—effective shipping. In order to facilitate the operation of these Smart Ships, significant
emphasis is being placed on improving external communication capabilities and developing autonomous navigation systems,
Moreover, unmanned ship operation necessitates replacing of all visually observed conditions with sensors, leading to an inevitable
increase in the number of sensors and actuators compared to traditional methods, However, in South Korea, the communication
network for sensors and actuators primarily relies on the conventional 1:1 hardwired wiring, with the use of higher—level
communication networks when necessary, Therefore, in this paper, we introduce the AS—Interface protocol, which is used for
monitoring and controlling sensors and actuators, with the expectation that it will greatly contribute to the development of future
Smart Ships by reducing production time, costs, and maintenance duration,
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ADIEMEES 2|8 ASHnterface Z2EZE =2 Hiot

Table 1 Sensor type

Category Explanation
T
emperature A sensor that detects temperature
sensor

A sensor that detects pressure

Pressure sensor
changes

A sensor that measures the humidity

Humidity sensor ) . .
level in the surrounding environment

Accelerometer | Sensors that measure the motion and
and gyroscope position

A sensor that detects the ambient light

Ligh
ight sensor ovel

Cas gnd Sensors that detect the concentration
chemical . i

of specific gases or chemicals
sensors
Noise and Sensors that detect surrounding noise

vibration sensors or vibrations
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3. AS—Interface

3.1 AS-Interface 704

AS-Interface(Actuator Sensor Interface)= Aks2h AIAEO|
M HMet TSV|E 8802 AP fIet A& HIERR
Z2EF0lcE FE MEYAHOIM XS5 Z2HAE Feishe
ol 22=0f, dx2t RX|247t E0lstHM T H|E2 2A3lst

= AE SEZ g} (Rolf, 2006).
3.2 AS-Interface €3

AS-Interface= Master 251} Slave B2 TA=|0{ UCH,
Master 252 PLC & &% &[0 A= Slave Z52F
2= H|0|E1E ALl Aol Mt A9 ZH|Z5E] Mo
SE Save ZEZ MYSIC) Save ZE2 MM 2 7157| 2
St 2Ix|ol| Mx|=|o{, 0| mf AS-Interface Master 2=} Slave
& 7t MM 5412 SollA HI0|EiE S5kt Yiieoz
HjMERARl Hardwired2 7+ Al Fig. 1 2 Z0| MM 3 2
J17K| FHEH o= Mo| JKd=|ofof Stk

2 AS-InterfaceE M2 4 Fig. 22 20| PLCet M
M IE7IX| Master 252} Slave 2E0| MM SAloz T
MEICH

2 AS-Interface= Fig. 22F 20| kxSl ZXZQ A

Sl i H

H-I_\

0

PLC

Digital | Analog | Relay | Digital
CPU Input Input | Output | Input
Medule | Medule | Module | Module

11 |

ThFheedh Oh ob RN P D e S
Fig. 1 Schematic diagram before applying the AS-Interface

PLC

DP or
CPU | Ethernet —
Module

AS-1
Master

Max 300m

AS-| AS-I AS-1 AS-|
Slave Slave Slave Slave

L e T

T Ihels £ oD ook o8 T D S B
Fig. 2 Schematic diagram after applying the AS-Interface
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3.3 AS-Interface &
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Table 2 AS-Interface EMC inspection criteria

Environmental Test level Reference| Standard
impact Rating | Specifications
Electrostatic Contact 4kV B EN
emissions Contactless 8kV 61000-4-2
High frequency | 80 ~ 1000MHz
(HF) field, 10V/m A EN
amplitude 80% Amplitude 61000-4-3
modulation modulation
900+£5MHz
. 10V/m
D)t pse|  SOXED || EN
" 200Hz 61000-4-3
modulation .
Repeating
frequency
) 2kV(Peak)
ﬁsyhrnsme;;rg 5/50ns tr/tn B EN
gn—sp 5kHz Repeating 61000-4—4
overcurrent
frequency
0, 15~80MHz
10V
Asymmetric high| 80% Amplitude A ENG1000-4-6

frequency

modulation(1kHz)
150Q) source
impedance

A Hslshs ml2lolHE =

ol Mo 2Zofl= L*gtoIXI S 4= Qlch
£S5 AS-Interface2] WIEHA Zol=

Ct ol

35 5P| flehMe 2lm/E(repeater) 7} Z

7ol 2lmElE 244310 Master AH|2FE 300m7HA|

Z|ci 100m=Z HMIeHE
A2 70 nigollM EfdEl F=2olch WE
2250, | 2

gt

So|&el

% Sk

AS-Interface= H|O|A HHE L &|H
ST

—

3.4 ASHnterface B4 A|AH]
Rix|| 7Hed
Ich (Table 2 &7) HIEZ

H&2 2ol

= HA WE(APM)E AKBSID

Table 3 The individual steps involved in AMP

1

o+ 0 + 1 0 0 1 1

. . Send bit sequence
| | :
1 1 1
| 1 |
$ 3 R
1 t § o
1

T

I |
|

|

; 4

I

| | I I
With tnrs coding type,

1
1]
f |
1
o
the |nformat|on regardrng the
level switch is in the center of the bit. With a logical
zero, the signal in the center of the bit switches from
"high" to "low"(and vice versa with a logical one).

|
iy I-’| \
\ /

s |

T
| |
| I
I | | I
I I | I
I I [ A |
| 1 | |
[ | Vg 1
| | | 1
I I | I
I I 1
I |

1

\
W/ \
| 1 1 |

bit sequence IS Converted to a send current.

I I
[ | Ir'v|| u
i {1 [ fil |'II|
I I I
1l b i I
| |

T
|
| |
| |
[ | | |
1 | i | | | |
3 IJ N v Ny, { K
il | I ". {1 Vo
| il \ I|
(0 (N
U \ d-' I

L VI
il Y I I I

IThe send current is converted by the inductor in the AS-i

power supply unit to a voltage, which can be detected

by the receiver : When the send current increases, this
results in a negative voltage pulse (and vice versa)

RSN

L L LT

The receiver detects these voltage signals on the cable
and converts them to the send bit sequence; it interprets
the first negative pulse as the start bit of a message.

o+ 0 + 1 0 0 1 1

Bit sequence received
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ASHnterface Slave2| SEF2 MY 33 &7l Helol| w2}
ZlZo| 37|17t 2RIt M %E R 2t H27t o
z|4 TES 7HK|H, HEPt Y £0| HX|l= A2 Fig.

2
rua
.IHH
P}

HAIXI ZIZS X2[5E| ol 7=
Z0f H2fe| 36%2| ZI%E 2|t Z|of 22| 30% O[] 2H

HEE AM2lg = QUct ol2fst XE 2K} Xl vIBT HolE
2 ASEozM YISk B Ao E HAIX] M2|7| 7+s5t
A st

ASnterface MAIX|I= Fig. 501 LIEI-H HIR} 20| Master 2
A, Master §X|7|, Slave &}, Slave §X|7|2 TAECH 2=
Master 2&9| Zo[= 14H|E ElRI0|1 ZE Slave SE2 7H|
E El0o[CH1HIE Ef = 6us).

Master FXI7|= Z|2~ 20|E ERlo|A] Z|CH 10H|E EII7IX]|
7 = 2lenq, Slaves S7|3t = 24|E ERI0| EL4H SH

MEE AR 4= Uk “._F‘lF Slave S AR HIET} Master 2

A = 10H|E ERI7IX| SHO| g8 4 Mastere= CHA| 2F
5
3
] A A N\ AN A}
2 _\/ / \ ) \
-2 VA VAR, v
G
=
-3
-5
0 10 20 30 40 50
Time [us]

Fig. 3 Response from slave near power supply unit

Voltage [M]
I
E—

AV
BN

Time [us]

Fi

g. 4 Response from slave far from power supply unit

Mater request Slave response

ol T[T L [l [ e [ ] o] ||

Address

Information Information

-. about 153 ps »

Fig. 5 AS-Interface message structure

ISE 2Wlct Slave 2E 22} 11 Ck2 Master 2& Alol2]
X712 Zol= 1.5~2H|E AlZb2 =SR] =Lt

Fig. 50l LIENtE AT ARAE EAMSHH HIE ARA
0010101011101 [bin]S LIEKHACE o= F4 212} ARZX} G
0|8 E[hex]& 7IXli= Slaveoll CHEH O[] @S 2o|shtt
Slave= H|E AIREA 0011001[bin]2 SEoln ololl= ARRKE
HlolE] 6[hex]7| ZEt=IC

HHE Master R &2 Table 31} ZCt

:|0|| |'>

Table 4 Master request data map

Category Explanation

Start bit(ST) |Start master request(0:Valid, 1:Invalid)

0:Data requests/parameter
requests/address assignments,
1:control request

Control bit(CB)

Address(A0~A4) Address of the contacted slave

Information(l0~14)| Information to be sent to the slave

The number of 1s in the mast request

Parity bit(PB) signal must be even.

End of master request(0:Invalid,

End bit(EB) 1:Valid)
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E|D1 Me |;||E

70 Hiole &
Ho[E] &2 HA| Master?} Slave M2 Ozl AleloflA
oI

(I0~14)0l| w2} Master @& HEI} ZAEIC} Table 45 Sl
Master 2 H|Eo] 2} ofH MEE QYSH=A| 2lelet = Slave?| HI0[E{E 2474} Mo{sk= WEo|ct O|& SaliA MM
Cl clgh M5 H|E 139 49 MEH H|E(S)of o] UCk al 1=7| HolE £l Slaves Master2fe| S410| 50ms
AS-Interface 124 2.1(1998) 0|HM2| Master= MEH HIEE 02 OlA BEHE A £HE 2MIske RIS 712 7KKIZ RIe
2 DHERO0(S=0, S=1), BE T4 03 AHEX F491 29 o, Slave| F4 02 Z2 HlolE 2F w2 25k
MEH HIES 022 X|A5HD BHEX F49! 2% AEH HIEE 1 Lh) m2lole 23
2 XY 2SIt ol =& 4 AHEXT| 7|2 T4} I2jo|y @S U|FV|MoR &3 AT et WHEE ME
SUSH Master RS 7IX|ES MAEHUSS 2lo|Ekt, 501 2 T|s2 ¥4 Mojg 5= Qlck olE 20 ElolY 7S
Slave?| & FZ== Table 5 2} ZC}. Master Q&0 w2} 4 M3l MM ARIE He| HE, S Xt B, &2 MS 2ol
HIEQ| ME(10~I13)5 SAIEk}. S Cigst 7|ss dde=z X1|01% = ?len, & Slave FAT}
Table 42 S3HM Master REH H|E A HHAIS Aot 0Y A% slie HH2 =X 2=ct
ct. siE H|E =82 S5iA Slavedl| WHS & sk=H|, WH oh) F4& X3
of Bt MMLIES olzlet &k T4 XM Master7} 7| 254002 7K QU= Slave|
A2 M2 F42 XA ste 7|=0lc
Table 5 Master request data map(detail) 2h ID =1 Y47|/M7|
Address Information i D ZE19 B 2ESAP| L BEI FAE AESE
Category  |ST|CB PBEB 1 SlaveSzt A2 25l ®MZEIct w2 Master 22o]| 2f5
A4l adl A3 a1 A0 14| 13] 12| 11] 10 i SlaveSzl 2 2ol HISEICE K2k | i
ID =12 A0 glE £ Ut
Data request | 0 | 0 |A4{A3|A2|A1|AC| 0| S |D2/D1|DO|PB| 1 of) =& A
A AW DiEde xAZ Q| A
Parametfr 0| 0|A4 A3l A2[ A1l A0l 1 § D2/D1/DoIPB| 1 T Xﬂ DoEol_ SlaVeol TL= %Al_lg _|I‘||o|—|:‘|| A|'
/:eﬁ:; BEICEL 7|2F2Tt ol SEFAS FAE HAS 2lal oY
assignment 0| 0[0|0|0]|0|0]|A4 A3A2|AllAOIPB 1 52 AlSsked, Y WS Sol S&FAe FAE AlAs]
: 0 7|2F2(0) 22 HAsln WY I XHE Sl A
Command reqt | |+ | wul aal asl a1l a0l 0 |pal o2l o1l Dol Pl 1 1 7|12F20) E 52 Master T4 XS Sl M
Write ID codet 22 FTAE XMk
Command red: | |4 1 sl gl a2l a1la0l 0] | 0] 0] o|pg| 1 HE) Slave 2|4
Delete address e | - sxiste Jjsolc
- Ml ojzde =2 J|1E Az ME 71=s0|C
Command req; Slave |l B Slaves /|2 & 280
Slave reset 0| 1|A4/A3[A2|A1/A0l 1| S| 1]0|0|PB 1 A /O A 2]
Command % ol 1] aalasaziatlaol 11sl ol ol olpal 1 I/0 74 ¢47|= Slave2| MFE 1/0 78S = 7IS0lCt
Read 1/0 config o = 1o Blo|at &
. Table 62+ 20| SE ZEE SolA Slave| FMS Eolgt =
Command red: || 4 | \ulagl agl a1lao 1] S| 0] o 1P 1 - X
Read ID code lond IN2 OIE:’ ot &4 , /0= oﬁlaﬁi/ga_‘i, TRE 7l &
: =x {2 12 %2 A o012 [ LS
Command req: | | 4 | asl aalaolatlaol 11 sl ol 11 0lpal 1 g oo|gich TRI2| E9 1/0 742 32 = g2 o Lsict
Read ID codet
Command req: . .
Read ID code2 | 0| T |A4|/ASAZATIACL 11 S| 01111 IPB Table 7 1/O configuration code
Command reg: Code DO D1 D2 D3
Read status 0| 1|A4 A3 A2/A1|A0l 1| S| 1| 1|0]|PBl1 ?[HEX] :H m :H O'UT
[HEX]
Cfxe('fj:ett) ol 111|111 1|0|1]|0]1]rB 1 Diread IN IN IN /0
- 3[HEX] IN IN ouT ouT
41hex) IN IN I/O I/O
5] IN OUT | OouT | ouT
Table 6 Slave data map [ IN I/O 1/0 1/0
. 7 1Hex] 1/O I/O I/O 1/0
Category Explanation 81X ouT ouT ouT ouT
Start bit(ST) Start slave response(0:Valid, 1:Invalid) 2[[:3]] 88$ 88$ 88$ Il/,\Cl)
Information(10~13) 4bit information Bihex) ouT ouT IN IN
. Clrex] OuT | OuT /0 /0
Parity bit(PB) The numper olf 1s Lnbthe slave response Dive ouT N N N
signal must be even. Epne oOuUT /0 70 70
End bit(EB) |End of slave response(0:Invalid, 1:Valid) FlHex] TRI TRI TRI TRI
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Fig. 6 Error detection at bit level
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