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Performance Evaluation-of Network Protocol
for Automated Transfer Crane System

5t A & 4 k3 ol 4 F, ol A

(Kyoung-Nam Ha, Man-Ho Kim, Kyung Chang Lee, and Suk Lee)

Abstract : As a way to build more efficient and intelligent container cranes for todays hub ports, communication networks are used
to interconnect numerous sensors, actuators, controllers, and operator switches and consoles that are spatially distributed over a crane.
Various signals such as sensor values and operator’s commands are digitized and broadcast on the network instead of using separate
wiring cables. This not only makes the design and manufacturing of a crane more efficient, but also easier implementation of
intelligent control algorithms. This paper presents the performance evaluation of CAN(Controller Area Network), TTP(Time
Triggered Protocol) and Byteflight that can be used for cranes. Through discrete event simulation, several important quantitative
performance factors such as the probability of a transmission failure, average system delay (data latency) and maximum system delay

have been evaluated.

Keywords : crane-by-wire system, automated crane system, CAN(Controller Area Network), TTP(Time Triggered Protocol),

byteflight, performance evaluation

1. M8
ofrlol ZHAle F&gk AT HE, % BF A
A s HEk avF g4 AXAZ ULt 7
Euje} f-57te] S Sl el Aoy &%
718HA] S AR T, 3‘4—201]—“: olAlo}E FHoR B
ko] o] Fotel whet ZEoly EFHe] g4}
sHick IRt B5wko] Fkgel uel e A

3 2 uEabEy, Iy AAEe 879 81y

ot O 2 T ol
fr de o

YRy o 2 flo olN
ooy X g N oA olN
5 Oy e o?.\‘.’.

v
€
o F
fo -
p‘h
X
e
4%

N

oot
rﬂ
o
S
>
P>
oz
rlo

2

3 X'E_Z‘JOH‘\)&EJEé:(oo&i_\.L b
12
2L
>4
g
N
o
2L
F r-
_;:10
o

A

w o

ﬁﬂlolH 5t 71* 2 Az
J 8. ]/\Eﬂ 7]/\“,} FAXCR 258 X
sllek B3], Aole Zdele] a8 =0
A 3k Q0 Al2Ele gk Aol %“ﬂe‘o}ﬂl M
ATHI1-3].

v e AEQle] 2 249 Ao Ve
R AARE AojE FElA o]FolRit) & A
e 7 oy Al BEE Bl Aojgomy,
g 74 3 sEFon st AlogA drh
Aol /gsol 87l ukel FHAolA AHEE=
o}-g ZE} Axer 2 A BFe] 97) 3EER ST
Aot v, AA, 87, Alolr), &3 23 A~
& A (cableyS o]83t] = AAs= HE5H

2
o:

01

o

LR g
oxl r—L OFO
]-U_', O_u [

o
i
rle

o, Ok X Jn ¢ o
=
[

Al 5

*

2] 2 2 Corresponding Author)

=R 2005, 3015, AR © 2005, 5. 18,

s ANS - FARdEhl A5 71AEe digkel
(Ovincent@pnu.edwkmh@pnu.edu)

o744 . FA gt Aol A3 8K gclee@pknu.ackr)

o] . Fatgela 7| AIE 8 slee@pnu.edu)

M OE At mpelr]e s L7 ATANRL) ARG (@A M -0
302-00-0039-03-J00-00-023-10)0l1 A4 2] &}e] 151933

J

ol wjA AlxEloXE Ax} BES0] Zryh AXe B
AekEs o F7h A7l Adg zdsc ol A
Aol Z7ke WA AAE O BateA goes me”le
AR} A& e A)zho] HQdHA §153-S Wk ojval
Ao 293} Qg vl oA wh=e das st
AtH4a-6]. o2l EAHE A3l fstd, Asae
AT FAOZ A BET Ao)7) L 29N § el
FTHE AMdez JAFs= Crane-By-Wirest 22 HE 43_~
7lgre & g Aol 28l ek el Euks) NPT

o}, Crane-By-Wire®t -5-8-310F2| Fly-By-Wire, AF52} 'Er
o}9] Drive-By-Wire9} 7o} A|28le #4310l Qe FEE
Atole] Z1AIA A AZAQ A7 didlel FRE §
A HEYAE E3to] A5 E wdkshe 7|ee dBeth o

23 #AF A E g MEIE Fueld H-&s17] AT
ATEH 7|ES] 19 AFVE D502 Aojshe 7]EY
TR FAdollA By, M2 AdAde] Y= AE7]) +5
A1ZELS LonWorks WIEY AR (Aste] 28 AFE oA
3 Alelets Alo] A= B3, AAzHde] a7
€ e Asde] YEYNIE H8E8 o HyT 5 Qe
AAZE diofy AFAIzEe] BEAAAE AYRE oyl
(switched ethemetys ©]-&3te] sjAs}7] AP A7= et
A R IeH78].

£3], CAN(Controller Area Network)®|2hH= FAl Ffeke 1)

% HAF 3 3)(NMEA:The National Marine Electronics Ass
ociation)oll A A|QFgE 3% ARG W] AR} Al Ele] HES
= EF2) NMEA 20009 3HiAISS] HF 02, CANS A
A R G AL6 AERE Sedb) oK ¢
e A7t FE T Qo) S FHZolw AAIRE Ale] Al
2F1S 915te] TIPS Byteflight 5] B4 Fefo] LR o
Drive-By-Wire A|2=8lol] 2-8-%]7] A]2Faloithe-12).

2 ol ME CAN, TTPS} Byteflight T2 EF o] 2158}
2 A& 7FsdE U] flske, olal AR AjEE o



710 HO - X=s38 . AMABZS =2X M 11 3, X 8 & 2005. 8
M(discrete event simulation) $101¢1 SIMANS- ©|-83l] Z} = ojok gtiar #Th TTPE o]E|3l 7|55 HAHLE A
2EZ MAC AZ g A&l BdS st A4 H%lor, Byteflighte] ¢ =2 4 £%l(high priority) HA|
2 Hrlelelth 53, LﬂE ATl H&H 2HolHe 55 Aol Fale] o)t vlFEe] ARk A HL Atk
WA A 2t ZREF HF Ad ¢ Ae F2 AF [15,16].
EAE 53l A5 »37}0}%11‘4{13,14. e, TTPY] A9-E 2714 UEHA Al28E AR
B =go N2S ¥l 57z FAH ok 13 o, Hrx] 2AEHE I W & 5 Qe e sl
AE NMEA 20002 891 71%<] CAN Z2EZI 23§ U, Byteflight] 44 A48 &9 SoE & 94 ¢4
AN A T2EZQ TTP, Byteflight TEEZ| s} AR e] 2AEHS A & ¢ dvke S 7 8L
ZhEFs] avfsklth. Mgl 4 ZREZ AlEH o)A c}. 218, TrPA e @Al lioﬂﬁ ahte) s=i sht
2o thste] MuEch [vACME Al AL, o} fiA)z] ghe 2 4 AE WPE, Byteflight®] 2=
= A=} KA W’Ur 2Eo] 9] Frof upE A|EFo|d 2 Alo)ZolM 7t vt} gEES fastA 298 & ok

B} ANGT 2 ZeEDe 4%
doz vl AR & AAE

IL XtE5} T3gl AIA-E /i3t 84 Z2EE

1. T2EZo| £

12 [EC 61162322 AAEo] 21 NMEA 20009]
AlZ2 CAN EZ2EE3} 2pge] AAIZE Alo]

24 Wel) AA, F57), Aloj7] el vAE B4
7] 218}k, 1980:AtH Boschell Al 7Y

Seulw pasg o & 3L T

»lv}{n]

A BT ¥ CANY 7 = 24 g A4l B3 UIsES
TEA XéQIEM %XI—E 2379t DS 2AY 5 )
wjEol wlg- FHold TS A WEFE st &
e 5 e FHE s 3 ek g A itk g
3 A AEAIA CANS A ehs nlo|ARHESHE AlF
Al2"E fgt g Wt ohje), REe] FHo vg Kolsirhe AHE vt
TTP 2 Byteflight®] 54& el Utk CAN ZEEZ2 A3 ek wEbd, HZolE CANS g3k AkiggelAM
A3k AREEE) 913 EXozm AdAZ A4S A 5 T2 %
B3le] 19931390 ISO XE S BT e vﬂAlX} 2AZE, fault olerant®] 78 5
7} 22 Aol -}F I QTH18,19].

o= AU

9P TTPE TTTech AlollA  7iEsh

3 }\] 7} 7 E‘_]‘(time-

2. o HE Mol

triggered) WHale] T2RFBA ulF 2EA FaEA It NMEA 2000 oM ASoR AHER & CANS F41
Ast Y Class Cofl Fsh= k= @D Eld(hard real- gl £A 229 FA(address) Al HlA]X] 9] Lol u}
time) SAlo] A3el L2 ETo|t} Byteflights BMWoIA 7l 2} 11H]E B 29H]ER o]Ro]7 A HEAKIdentifer, ID)S -
asl wAd% dlole WaEA, 57124 Z<E(synchronous ote] BE wAAE ESIL wAlxe 949E Aok
transmission) 7} H]%57]4] H<(asynchronous transmission)®] % W8 718k =4 A& (content-based addressing) A& AME-EF
e A3l Adw 4 Z2EFort o}l &, ¥k o Zglo]do] HIAAE HFstr] Ak,

Kopetzoll 98t9, 3l= 2|4 Bl $41& #8te] constant ‘/}‘3‘11]*51101"4%% FAE dlole7h ARl 7k Dok #

latency jitter,clock synchronization, temporal composability, error
containment,babbling idiot avoidance &3} -2 7

H 1. CANT} TTP, byteflight Z2EF9| H|3L
Table 1. Comparison of CAN, TTP and byteflight protocol.
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Feature CAN TTP Byteflight
Message transmission asynchronous synchronous asynchronous and synchronous
Message identification message identifier time slot message identifier
Maximum data rate 1Mbps 2 Mbps 10 Mbps
. . s modified frequency . .
Bit encoding NRZ with bit stuffing modulation(MEM) NRZ with start/stop bits
Physical layer transceiver not defined optical transceiver

Latency jitter

bus load dependent

constant for all messages

constant for high priority messages

. Clock synchronization

not provided

distributed

centralized

Temporal composability|

not supported

supported
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Error containment

provided with special physical
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components
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8 g bandwidth
Flexibility ﬂembl:azin::éledth for | only one ;n[;:lsvsligi}rl):]renode and flexible bandwidth for each node
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Fig. 1. Medium access control method of CAN.
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