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During the shipbuilding process, many blocks are moved between shipyard workshops by block carrying vehicles called a transporter,
Because block logistics management is one of the essential factors in enhancing productivity, it is necessary to manage block information
with the transporter that moves it. Currently, because a large amount of data per day are collected from sensors attached to blocks
and transporters via 0T infrastructure installed in shipyards, automated methods are needed to analyze them, Therefore, in this study,
we developed an algorithm that can automatically match the transporter and the working block based on the GPS sensor data, By
comparing the distance between the transporter and the blocks calculated from the Haversine formula, the block is found which is
moved by the transporter, In this process, since the time of the measured data of moving objects is different, the time standard for
calculating the distance must be determined, The developed algorithm was verified using actual data provided by the shipyard, and
the correct result was confirmed with the distance based on the moving time of the transporter,

Keywords : Ship block(AMEF £2). Transporter( ETHAIZE]). GPS(Global Positioning System), Automatic matching algorithm(XEs OHal 2112|5)
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Shin et al. (2006)2 PDA (Personal Digital Assistants)2t
GPS H|o|EE 0|83iM E52 H2lsINct ZdAte] l=dof o
5t 2RE 2% 2 A2HE 0[8sld! E50| = X(Hnt &

HEl fIRIE 24510 20| HEsP| 0|S0| =U=K| Hkst

AN

o RLHEY I 22|E 2ot d7= okt

Lee et al. (2008)2 EHAZE|S| 2|X|E ZLIE{RSE| /5l
GPS MA2t IMU (Inertial Measurement Unit) MAE 0| 23HA]
GPS $IXIE JHMA|7{ ERATE|Q| QX|E FXFIYCE

Shin et al. (2010)2 EMAXEEH x| FHE 25l RFID
(Radio Frequency ldentification)S E&I5k= 2iots HMIAISISH
C} HMAlSH ghok2 Z=MA I—H A ol =2 5hgol| Hafizl |

ARV 25 o|3E mff siE X|H
A

o| RFIDE 82 & ME P—IE‘I7|E Edirx 101| MA|510{ 21|

Mun et al. (2019)= RFID A2 XJof| 2 SXH[7} E1
FX| 22lsh| ¢/t u|80| Bo| ECk= SHHIE XI&st, GNSS
(Global Navigation Satellite System)Z} IMUMIME g8l6l0] E

HAFZE(O| XIS FME £ Q= AAHS JWe5iQct st
AXE ARIH oM AT ZS0| B2 MA Ao Zot ZE]
(Kalman filter) & ARR510] AlS 22 HHstT 22 0ol &
BE ALRXPL 2ob HA 2l 5+ As A|AES Jfwst

O=i|:_|.

2| ATE2 EMAZE S QXIS MESH FE5tD AREXL
7t 3 xlolM EF2| /XIE YU=dsio] ERMAEESL 59| ¢
XE Zelske WO R EMANERL R E52 XS = 0f
Zlsio] &2|E sHX| RoP| ol ARSKIL
7t wAEE 2247} Ack

2 Aol Jifetst A ZolM ERHAIEQ} 2R 222
S 2 faA7|= widn) alE o= chgat 2ot

Choi et al. (2004)= T2t ZiE|o[L42] GPS 2Ix| 72| Hz|
£ Albksto ZH|0|LH7t OlF B2l =29t tfElA7|= gots |
AlsIict

Kim et al. (2010)2 €xfe| GPS Hlo|E{E o|=3liM MZe}
AUXt GPS A% Zte| H2IE RE2|E HE2IE ol Htkstod
MZ K=o Y ofalE & 5 Us HE HAISIRACE

Saki et al. (2022)% ADIEZE XSAR| 20| =20lM HS
=l S2lol= SAE2l GPS Hlo[Eet T25 W oAl £ U
£ M oj& open—source AITES H|5I¥C
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ne

2ol olgt 2F

|
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flol 220l F SXME WEAZI= EMARE A S5 s
ofa Y2|EE MAISIACE

3.1 EiAZE S XA =

EdazE HolEefe EMAZE| D, HOlE FS AlZE
GPS HIO[E{E ARBSIN T S22 ASIRIE o = U= 7
2t M7| to|E{E ARESIQIC) 25 H|0o|El= EMAZE(} R
7IXIZ ID, HlolEf S AlZE GPS HIO[EIE ARSI T 222
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2 moisk = 9ot Fig. 2(b)= S HlolEle] HEE MHsP|
25l XMFut 2 ZE{(low pass fitter) & ARSI &=2 HA
$t Zdolct. Fig. 2(c)2 &30l AMz|= H0|HE n|Esi] &
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Table 1 Candidate blocks for the transporter 5 work

tpid | "™~ | time | ftime [iff_time (s)|blk_id
order

TPx#1| 5 |Y-M-D=T1|Y-M-D-T2| 1461.0 |B#+1

TP++2| 5 |Y-M-D-T3|Y-M-D-T4| 1461.0 |B##2

TPx#3| 5 |Y-M-D-T5|Y-M-D-T6| 1461.0 |B*+3

TPx#x4| 5 |Y-M-D-T7|Y-M-D-T8| 1461.0 |B#+4

3.4 ERAEOL XP 25 0fjF L02[F

EMAZE| GPS Hl0[El2t EBAZED} 223 AFsiklsHE
Afo] AlZt St ol 0| Zx|E S=59| GPS HlolEISS 0l
o EgiAmElel ST Kol 222 ofzsigict oy wee £
HAZEIO} S250| GPS HI0[EIS 018aHM SHEl AlZinjc
EHAZE|2L 2 Aolo| 72|18 Totn H2lel Haglol Tiat
te 20| EgAER} 7K Tl RAckn BEI e 2
Sg suAzE(ol zlpl 2202 ofFSICY,

3.5 EMAZE(Q} 22 GPS H0[EIE 0|28 Az

=X
=0

EghAxE{Q} 0|50| HX|E £552| GPS H[o|eE 0|88t
HE| £H2 Haversine formulaZ 0|23iA SH5I%CY

Haversine formula= Fig. 42 20| X|7E +Hsphere) £ 7
5101 & X[&Q| EPE(-?—I':(Iatitude) 4= (longitude)) & 0185104
X7 FHg w2t &™st H2l, & oY AHe2l(great—circle
distance) & Tohk=dl &2EICt (Yang et al., 2019).

Fig. 4 A diagram illustrating great—circle distance (Yang et

al., 2019)
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. OX[2 22 3 552 0[30| AX|E AZF2 134
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O[Z8h AlZHRl 13A] 10=FE 13A] 16& Afole] GPS H|O[EIE
OIZahM Ert HEIE ALE 5= RUCE o|m, P3| EHAE
54 ?E 1 =20 77io] ASH "t H27h 27| LIt =
£ 3ol zRgkel 297 Ll 4= Qlot w2 22 2
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|
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Fig. 5 Candidate blocks moved during transporter working
time
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Fig. 6 Copying candidate block data
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Table 2 Case 1 candidate blocks

, - , , , Number of data (ea)
Transporter id Working time Matching block id Block movement time
Transporter Block
Candidate 1 block 6 m 25s 38
Candidate 2 block 24 m 1s 144
1 24m 21s 1462
Candidate 3 block 7 m 20s 14
Candidate 4 block 4 m 20s 14

—a— Transporter
—A— Can.1 block

o .
g |
SamE va
c A
e
h¥e
w
Longitude (°)

Can.2 block
/ =

=

N,
LN

Latitude (°)

w

Longitude (°)

Latitude (°)

Latitude (°)

—a— Transporter
—e— Can.3 block

”*,
T T T T T
Longitude (°)
3 3
 n —u— Transporter
3 .'ﬁ.. —4— Can.4 block
- \‘
T T T T T T T T T
Longitude (°)

Fig. 9 Trajectory of movement of transporter and candidate blocks based on candidate blocks time (Case 1)

Table 3 Average distance calculated based on candidate blocks time (Case 1)

Candidate block 1

2

3 4

Measurement time

(number of date) 6 m25s (38 ea)

24 m1 s (144 ea)

7 m 20 s (14 ea) 4 m 20 s (14 ea)

Average distance(m) .3

(Minimum mean distance)

105.9

620.0 1678.4

—a— Transporter
—4A— Can.1 block

g

E

k|
Longitude (°)

Can.2 block
%
] /f'\./m i\!

[ / ",

Iy

E '\} S

ki ® =

LV

Longitude (°)

—a— Transporter
—e— Can.3 block

& e

e
o
°
E
3
L)
T
Longitude (°)
o3
Y
:
ﬁ {’\-‘/‘..\\" —— Can.4 block
* T T T
Longitude (°)

Fig. 10 Trajectory of movement of transporter and candidate blocks based on transporter time (Case 1)
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Table 4 Average distance calculated based on transporter time (Case 1)

Candidate block 1

2

3

4

Measurement time

(number of date) 24 m 21 s (1463 ea)

24 m 21 s (1463 ea)

24 m 21 s (1463 ea)

24 m 21 s (1463 ea)

99.3 (Minimum mean

Average distance (m) 609.3 : 1060.2 2013.2
distance)
Q0N T 72t sl Aot LS HoE, $B 2280 Jjust ¥TRlZ0| 2H_+ E=g xlpl 2502 258 4+ 3
ARIZ 712 e 1 2F7F wEle o 4 Sick £X| golsp| 9l EaamElel $2 25E50| YN Fg.
EMAZE] AZIS 7|Fo2 S uf EMATEL} TH 1 12, Fig. 1322 JHEI I 2t 22 EE=0 g H2IE
ol W Hel= 609.3 m, T 2(He| E£299.3 m, F& 3H Table 6, Table 72 M2| 51%Ct Fig. 122} Table 62 TE £
o 252 1060.2 m, T 482 252 2013.2 me| A1} L} E=0| AZE 7|Z2=Z HMe[§t Zdo|1 Fig. 131} Table 72 E
ElGch 2522 AlZEE 7150z Wi H2lE AMRIZ o &2 HATE] AIZLE 7|E22 HMe|s Zolct
Cl &4 1 222 =&t X 3, 4H E59| H HelPt 3
A Botst A =ole = ULl TH 289| S8R9 Wi Hele .
Hasidct ml2iM FH 28 52| Wi 7271 99.3 mE | =P
B} o i 5
X0l EoZ EfMARES| R SE2 T 24 2502 2 =1 . ’(‘ Can 1 blook /I,’
HI—E]“ DH?;IE|E Zd% §_||-ol_|8€I- ‘JI: %Ik':l' § e J)-: —a— Transporter
£ | s o 4 Can.1 block
= '\'\._ ‘,“ v Can.2 block
- o— Can.3 block
4.2 Case 2 - 022.4 blzgk
I Lo;gitude ©) I I
Table 5= 28 ESHAIE{J} 342 38% SO AR5kt 2IS . .
st 0 00| Zix|sl B4 S=S LIekh 20T Fig 112 £ Fig. 11 Trajectory of movement of transporter and
T ET= = AP He. e = candidate blocks
MAEE| @ $E SESo| AXS ek Zolck Il
EMAIZEQL HH0| FARH FH 28 S50| A S5AS ¢ IS BM5IH 22 AIZIS J|ZoZ RS e me &
T AL, 2 18 S20| WT 2= 55.36 m, B 28 S22 79.51 m,
Table 5 Case 2 candidate blocks
Transporter id Working time Matching block id Block movement time Number of data (ea)
Transporter Block
Candidate 1 block 1M0m1ls 16
Candidate 2 block 31 m33s 137
2 34 m 38 s - 2080
Candidate 3 block 3m50 s 21
Candidate 4 block 10m4ls 61
" 2z
o /

Latitude (°)

Latitude (°)

Longitude (°)

Latitude (°)

Latitude (°)

Longitude (°)

Fig. 12 Trajectory of movement of transporter and candidate blocks based on candidate blocks time (Case 1)
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Table 6 Average distance calculated based on transporter time (Case 2)

Candidate block 1

2 3 4

Measurement time

(number of date) 10m 11 s (16 ea)

31 m 33 s (137 ea)

3 m 50 s (21 ea) 10 m 41 s (61 ea)

55.36 (Minimum mean

Average distance (m) distance)

79.51 102.29 549.96

—=a— Transporter
1 —— Can.1 block

Latitude (°)

T T T T

Longitude (°)

—=a— Transporter
] Can.2 block

Latitude (°)
]
o
[
!\,

Longitude (°)

—a— Transporter
1 —e— Can.3 block

Latitude (°)

T T T T

Longitude (°)

—=a— Transporter
] —4— Can.4 block

Latitude (°)

T T T

Longitude (°)

Fig. 13 Trajectory of movement of transporter and candidate blocks based on candidate blocks time (Case 2)

Table 7 Average distance calculated based on candidate blocks time (Case 2)

Candidate block 1

2 3 4

Measurement time

(number of date) 34 m 38 s (1463ea)

34 m 38 s (1463 ea)|34 m 38 s (1463 ea)|34 m 38 s (1463 ea)

Average distance (m) 758.38

65.54 (Minimum mean

SUAEE| AlZIS J|EOR ofE RS T 1 2= B3

Hel= 758.38 m, T2 28 252 65.54 m, & 3H E5=2
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