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Abstract With rapid development of IT technology and biotechnology, human lifespan is extended rapidly, and
we are living in the era where aging becomes the social issue. Due to this aging problem, manpower is mainly
replaced by Automated Guided Vehicles (AGV) in manufacturing factories or warehouse logistics transportation.
Rate of AGV use increases sharply every year. AGVs, which were used only in Smart Factories, extends its
usage into indoor and outdoor operation by changing their usages to container transportation that can carry
huge containers in the harbor. With the expansion of AGVs usage, the importance of RCS (Remote Control
System) is also increased. In this study, we surveyed and analyzed the characteristics and technology trends of
technical features of AGV's RCS that are developing in various ways to establish quality evaluation system of
AGV RCS. Based on this, and by referring to international quality assessment standards, ISO/IEC 25000 series,
we derived evaluation items on functional suitability and usability to secure reliability of AGV RCS. Also, it is
our intention to develop evaluation model using those derived usability and reliability evaluation items.
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A study for Secure the Reliability of Automated Guided Vehicle Remote Control System

[Fig. 2] Port Container AGV
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[Fig. 5] Wireless Guided
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<Table 1> AGV Routing Packet

Item Data Type | Dimension Range Remark
Start Char 1 - STX(Ox02)
Message
AGV ID Char 2 "00" ~ "99” ascii
Index Char 1 0~ 1 ascii
RFID No. int 3 "000" ~ "999"| ascii
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Moving

Char 2 "00" ~ "99" ascii
speed
Front sensor Char 1 0~ 1 ascii
Station Char 1 ‘0"~ 5 ascii
Checksum Char 2 "00" ~ "FEF” ascii
End Char 1 ETX(0x03)
Message
3.2 QlElso] 2 2T AKY
RCS Alz293h Flgubte] A oA Fas
&5 e SR

ofy ot rr 2
>
o
offt
Y
p‘L
rlr
N
rE
>

2
mlﬂloﬁm%
2 o O
%;mlmf““ﬂ
:‘?‘:’OF“_EEJ
oérﬁo
ﬁ'\"‘—()‘Lr.lo‘r\"‘
r-?ﬂrlrr-i":r-.i
a3
Iﬁlmlm
Lo
2L
i =
oo o
T rr
=
‘Q,
=
2 >
o >
2 o
> H
g N
)
o T

o
= of
)
=
9,
2
o
o 4o
re
4o
ofy
>
to
1o,
re
off
=2
2
d
i
o
o

ERE
oo
o o
o 2
9 2
b1
o L
_C:L
wF
)
)
o
2
rlr
4
Juls
i)
b
.
)
o

o9

k1

mo e o

3

to
2
fitl
oy
B
ot
O,
e
=2
il
o o
o

My
ol
ol
1t
o
=
N
=
D
<
N
s
k
2y
ol
o
>
o
&

to

1

e
ofd
B
=)
c
2.
)
2
ol
ol
B
2
ofy
Y
=
9
2
=2
>

=)
R
ra H fu

L
>
Q
<
N
)
i

24_:
et
o
12

>

o,
ol
ol
2
o
9

| =3 Aol ko) o] AM =

ol
i

3.3 £PXA T 27AN

RCS Al2=gle] 74& A 913 UL
ARe sk AP, Foleuiate] Jus FAH
T B, T ol AT oMES V)E =
ey B, 5 Aolg A 715F ol 740l Hof
Qlofek gt} o]2] gk 715 ES B3 RCS Alzgle 79l

Mo x
=
>
o,
2
iz
2
o
2,
2
)
i
i)
N
N
N
AN
off
ol
ol
N
o rlo
o
o

Mode Monitor

RCSE 31}e] AZEY o] BER #AAd tst U7}
_T_

TAEe] @A) FRlguEe] A8 YRR, 42
Lay-Out& B2 9 g5 9121 Ul 93

shol 5= AGVS] HHhE Feol A4 & 5 A

sfolof @,

FEmE e+ 1)

[Fig. 7] AGV RCS Main Modeling Monitor(example)
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<Table 3> Evaluation Standard of Functional
Correctness
Subcharacte | Characteristics . Result
ritics e tasted Evaluation Standard
0<
Measure whether RCS Control
Control of
. software accurately operates |of
precise usage . . .
e according to given rules of |precise
e use usage
‘Functlonal o< 1
Correctnesss :
Measure how accurate it
stops at specified position 0<
Accuracy | within tolerance range Accuracy
according to executed <1
function
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<Table 4> Evaluation Standard of Functional

Appropriateness
Subcharacte | Characteristics . Result
ritics to be tested Evaluation Standard Arca
@ 0<
Providing Measure Whther RC'S | Providing
. software provides guideline R
execution . execution
. . according to executed . .
information . informatio
functions
n<1
Functional Control of Mea.lsur.e whether feedback 0‘ <
A ol teedback device is controllable so  |Control of
ppropriate A Ithat it can be used in RCS [feedback
ness device . .
application programs device < 1
Measure whether it 0<
Standard supports the protocol of  |Standard
protocol sensor output signal to protocol
support communicate with other |support <
AGVs 1
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<Table 5> Evaluation Standard of Appropriateness

Recognizability

Subcharacte | Characteristics

ritics o be tested Evaluation Standard | Result Area
Measure whether -
product’s functions can - .
Understanding |be understood by Ingld;r:tandl
the interface |reading/looking at the interface <

product menu and other 1
interfaces

Apprl;zi)?ate Measure the level of 0 <
“ Understanding |easy understanding the B

Recogmzabl the 'Help’” |'Help’ items that are Understyandlr
lity R R . ng the 'Help
items provided when using .
items < 1
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<Table 6> Evaluation Standard of Learnability

Subcharacte | Characteristics .
Hitics to be tested Evaluation Standard  |Result Area
<
Ease of Measure the level of ?ea;n‘l:rflseﬂi
learning the |learning the functions by . 2
) functions <
functions  |users to use the products 1
~ Tas
Ease of Measure the level of 0= Egse of
. . , . accessing
accessing  |referring the 'Help’ items Hely'
Learnability | 'Help’ items |by user . L
items< 1
Measure the preparation
Fase of level gf reference manual 0 < Fase of
accessi or online manual such as accessi
ng installation manual, e
manual . manual < 1
operation manual
regarding RCS functions
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<Table 7> Evaluation Standard of Operatability

Subcharacte | Characteristics

ritics i be tested Evaluation Standard

Result Area

Measure level to which [0 <
Consistency of |product operation Consistency

operating  |procedures are uniformly |of operating
procedures  |structured in RCS procedures
program <1
0 < Ability

Ability & Level of provided ¥
ity to functions that shows the ©

understand understand
product progress status
progress status to user progress
Operatability status< 1
Level that provides way |0 < Ease of
Ease of .
recovery from to easily recover from |recovery
Ty errors while using the |from error
error
product <1
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<Table 8> Evaluation Standard of User Error

Protection
Subcharacte | Characteristics .
ritics to be tested Evaluation Standard | Result Area
Error Measure the level of 'No|0 < Error
Avoidance |defect occurred’ within |Avoidance
Rate specified operating period |Rate < 1
Mea;gre the leyel where 0 < Problem
Problem explicit resolution of the Solving Rate
Solving Rate |problem in RCS is _ lng
User Error confirmed -
l')r 1 o
otection Down Measure the level of 0 < Down
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generated defects -
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oceurs Rate < 1
5. A&

@A) ChF ol A T2l ALge FA
7kt Qe FAleltt ol whet RIS -S4l
sh= RCSS) AMSE 27ksta dlek et Faleus
A siehe S7hshm QAR o] sk Pl
2k RCSO 4o gk A+t & AAo|rh

W B =Rl thka Poje] @ S
AUt 7% B9 54 193 FASUAE B
pz|

Ak RCSe 714
7hEETA )1 ISO/EC 25000

WA} RCSHHe] 7}X] a

A QPAES BAsta AEEE

Alg| 25 xste] Fele-

A 5L w1 FHTA,
=y

%\9}‘}94 CSel H7tRds 5

| L glom o

A AAYE 7 A Al A

} RCSO| EAAA 5
ISO/IEC 25010004 v

FF ATIAZE AL
£, AR, wory 5

A 670 F4 FE54 BAAA 3 A7} A% ofok
@ Zolvl, Ay PR 4842 4

=38k7] SAal

z‘z}zw A9 ER A e Sl A%
Q) 77}k Aol & Aoz Almwr
ACKNOWLEDGMENTS

This research was a part of the project titled
“Technological Development of  Low-Carbon
Automated Container Terminals’, funded by the
Ministry of Oceans and Fisheries, Korea.

REFERENCES

[1] Sung wook Cho, Dasol Lee, Yeondeuk Jung, Unghui
Lee, Hyunchul Shim, “Development of a Cooperative
Heterogeneous Unmanned System for Delivery
Services”, Journal of Institute of Control, Robotics
and Systems, Vol. 20, No. 12, pp. 1181-1183, 2014.

[2] R. Kent, J. Armstrong, and A. Obrecht, “The future
of nongovernmental organisations in the humanitarian
sector: Global transformations and their consequences,”
Humanitarian Futures Programme, King's College
London, 2013.

[3] J. Y. Lee, J. M. Lee, S. Y. Han, “A Study on Public
Policy Improvements for Logistics Company
Certification Program in Korea”,  Journal of
transport research, Vol. 23, No. 3, pp. 1-19, 2016.

[4] Hyun-Hak Cho, Sung-Shin Kim, “Development of
Magnet Position Device for Outdoor Magnet
Guidance Vecicle”, Journal of Korea Institute of
Intelligent System, Vol 24, No. 3, pp. 259-264, 2014.

[6] Han Ho Tack and Sung Gab Kwon, “Driving
Control of Automated Guided Vehicle Using
Centroid of Gravity Method”, Journal of the Korea
Industrial Information Systems Research, Vol. 19,
No. 2, pp. 59-66, 2014.

[6] T. E. Kim, S. Y. Lee, K. S. Kwon and S. H. Park,
"Autonomous Wheelchair System Using Gaze
Recognition”, Jour. of the Korea Industrial Information

214 | Journal of Digital Convergence 2017 May; 15(5): 207-215



A study for Secure the Reliability of Automated Guided Vehicle Remote Control System

System Society, Vol. 14, No. 4, pp.91-100, 2009.

[7] Sung wook Cho, Dasol Lee, Yeondeuk Jung, Unghui
Lee, Hyunchul Shim, “Development of a Cooperative
Heterogeneous Unmanned System for Delivery
Services”, Journal of Institute of Control, Robotics
and Systems, Vol. 20, No. 12, pp. 1181-1183, 2014.

[8] H S. Yang, S. W. Kang, “Evaluation Method of
Mobile Commerce”, Journal of the Korea Convergence
Society, Vol.13, No.2, pp.141-151, 2015.

[9] Hye-Jung Jung, “The Software Quality Testing on
the basis of the International Standard ISO/IEC
25023, Journal of the Korea Convergence Society,
Vol. 7. No. 6, pp. 35-41, 2016.

[10] H. Y. Lee, H. S. Yang, "The Evaluation Method of
Software Usability based on Ul ”, Journal of Digital
Convergence, Vol.11, No.5, pp.105-117, 2013.

[11] S. W. Kang, H. S. Yang, “Quality Evaluation of
Criterion Construction for Open Source Software”,
Journal of the Korea Convergence Society, Vol. 11,
No. 2, pp.323-330, 2013.

[12] H Y. Lee, H. S. Yang, “Development of Functional
Suitability Evaluation Measure OF drm Software”,
Journal of digital convergence, Vol.14, No.5,
Pp.293-300, 2016.

[13] ISO/IEC 25020 Software Engineering - Software
Product Quality Requirement and Evaluation
(SQuaRE) - Measurement Reference Model and
Guide, 2007.

[14] ISO/IEC 20510, System and Software Engineering
- System and Software Quality Requirement and
Evaluation(SQuaRE)
Quality Model, 2011.

[15] ISO/IEC 25000, System and software engineering—
System and Software Quality Requirement and
Evaluation(SQuaRE) - Guide to SQuaRE, 2014.

[16] ISO/IEC 25051, Software Engineering - Systems
and Software Quality Requirement and Evaluation
(SQuaRE) - Requirement for QuXality of Ready to
Use Software Product(RUSP) and Instructions for
Testing, 2014.

-System and  Software

A & % (Jeon, Hyong Mo)

<2008 8¢ Lehigh  Univ.
Industrial Eng. (¥-8AL

- 2008 8¢ ~ 2009 74 :
gl A

<2000 78 ~ @A St
M 71G2A R A3
23

Aol 1 FHEFAlE 225
FUHEF R&D 7188y, =RAtEst

- E-Mail : hmjeon@kmi.re.kr

el

= )

7 A} 9 (Kang, Sang Won)

- 2010 89 1 EATIEkE LuhEke)
HZ ER Y28k Z5(

- 201341 84 : SAtEhaL AnhEhy
HZFE R 28k ZQ)(F 8

- 20081 8¢ ~ 20141 10 : 3A
st S/E Lab 9474

- 20159 3¢ ~ 2017 2€ ¢
e $Pus

- 20149 10¥ ~ &A] : BMain-Tech d74 I

- BAol : AT E o FIHAZES Y FHRZY} Hrl Y
z2AERY CBD7IW%), 7IAIAH 2 E5As3)

- E-Mail : myksangwon@daum.net

£
>
N>

MeE

Journal of Digital Convergence | 215



