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ABSTRACT

Information Technology is played an important role for improving soldier capability like shooting
practice in case of national defense field. To develop automative system for detecting and measuring
shell crater and its management system, a low cost image processing system and Cloud computing
system were applied in this paper. The image processing system was made by using general hardware
and open source, OpenCV, and it could be removed noise in input processing by using infrared rays
camera and infrared rays light source. And Arduino open source hardware and software was used for
calculation collision time between target and projectile. The management system of detected data was
developed, analyzed and tested for individual shooting skills data by using a cloud-based Web. The
performance of proposed system was proved by measurement accuracy, measurement time and retrieved
time, and comparison with other systems. This system is expected to be utilized in many IT areas as
defense research. And it can be expected to upgrade defense system by low cost because it consists
with general hardware and open source.
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Figure 1. Flow Chart of Detecting Shell Crater
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Figure 3. Detecting Shell Crater by using infrared rays camera

CLEye 7i0i[2t2
oeelg i

ey xaig

N Hieio) M 27i=)
! 3ol Atz
Slcste 3o
TaolS Sayut
T
A3210| ZeAs Y
HA|

!
20| Zafolg

Y

HYE +280
= ZEee) £

> ES
El=

a9 4 BE AF AN2HY zyd 23 &A%
Figure 4. Flow Chart of Detecting Shell Crater

2 lhﬂ_—oﬂxi% luw Z2ANE olg3te
ol LAAIL EHE 53}
ez 19 olEAE Hmsha
gobal 23 94XE Feoh AR

v

olelg e FW BAol mE wolz % A
RE AvigE olgdtel AAE FE AL 44
S8

nz2 Z2AAE 8] 9 71z 94 @EE
E WY oE oo QZAA AZEY OpenCV
E 243l ojm A ZEANLS A g

32 A" 74 R A 87

WA O A E SA] Al A g}
el 2t)7F 23kl Sony eyes (R camera)s At
&atqith o ~HEHS ues & o g5
Ftee A A et Be d 94 7ivggas
ghe 7HEAE ARSte onAE FAshe
et Fhegel FASA A9 FHTE Agst
o oA E FAste Aotk 7HAIRA JhHlet
©] 400~700nm HE Al Ao Fhvgke 14,000
nm (14 ym) 52 71 o8 ZAFdch Wik 2~
HEH <A Aol 850nmel HYH FAlV]
(Infrared Transmitter)7} R 7}vlgte] H(view)E &
& EA(target)& W&t 2019 Led AEZ 9} 1
o FE71E2 AulldA 49 & 2k
5 doh =g IAAS 24 19 FEE gAS
7] 93] e+A A<} Arduino Uno TE: *}%3&‘4 s
7141 M (Piezoelectric  sensor)=

o
3o WMeE AT 4 e AAoTh £ =F
A AzEE T8 SfE AHEE stEdlole
& DI 2t

OpenCVE C EE G+ doj7jutoz FAFo
Rom, F9 QHFH2E ouA] ZRAYE 9
g C++dlol2 AlFETh webA] Ao 7|58 of
et 7ieet, A A 5% 22 FHIPVIERR

- 38 -



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 12, No. 1, pp.

33-46, February 2017

B HolHE =53, AAZICE wE AL ¢l CL-Eye HE)ZE g Z2agH doj9f A
4 Azd BAS 245 AF $5F oWA 3} o] SoIHEE simple C B APIZ A
ZEAA 715E 28T 5 TH25126]. gt <29 5= APl B 75 HeE dEh
.
E 1. stedel 74 Arduinoe 42 HFH StEl/LZES ]
Table 1. Hardware Components ) .
2, A4E #A, $AZ & e "UAE yupolx
3 T o} A IE B AAE F5317] 9% vpola= A
IR CAM (Sony eyes 7|2 2 EE#Micro Controller)E U] L?‘{ 717] A& 7
IR 4417] 850nm (KIDO5BWs3) | 'L b Folth. Arduinow G &4 HEu o I
AA Az 2= 9= tx 8 w ol X 0]
LED AE=¢ 2 7 9’]'1_7;1] ]éTM\_QIEx ]’ilL H
Y XE NEE AFdt REv MUL AFE
Arduino Uno 1 7 = I2. G
: ZHE Z2388 2T A7) 98 USB %4
Piezo Sensor 2 7 .
o ComZEE o/ 4% 4F FA AHA0|2E A
FAT B =RAE 1Y 63 2L ey
o T T T =] E T 170
CL-Eye HEA C++ API= 1A% 223 AF . )
ye Red O APIE 2UT SEE BH sazo ogae) ATneglwel oholaz AE
B S 233 g fZAoleR AE = = N
. 89 CEs C+ ZEIY doE Y=tite
AdA Thesl bl Ade ATV CLoBye ool
- T’0 2 [¢] .
Platform SDK¢ 7} 4l wlddE Alx~" Z-zt
o AWeE AFoln EPHoE 44 2 BA
. _ gun_test_v_l.l\Ardumol‘S‘S @ iﬂ@
?—_—l— £|: g}\% 7] ‘%—'% ﬂ %E}D%’ oﬂjl}“ O] E% CL—EYG File Edit Sketch Tools Help
HEA  APE E=FEH  dn Zddd=
(framework)e &4 02 Z§ste] A& H ‘g”:i?]‘_-"-”
String str: I
sonat int numAPin = 2 ‘=‘
PS3 Eye Multi-camera Driver conzt int analPins[numiPin] = { L
M, M
API 1
Ol Gl 1 il ] foreground substract ion
e @»F* - ﬂjﬂ‘:PSSEyeMu\t\camGetFrameD\mens\'ons() conat int threshold = 100:
2 < 3% v Transforms ™| Correction AR PS3EyeMulticamGetFrame() e
= J B AL 5y 4= PS3EyelulticamGetCameraCount() int sount =0
Tt « Ps3E Open()
OI | €= PS3EpeluticamClose() 1% 6. Arduino 87137
B 1 4= PS3EyeMulticamStart () Figure 6. Arduino IDE
“ PS3EgeMuticamStop()
4— PS3EyelulticamLoadSettings )
ittt € e Fd2 43 ZaAd olWE(rame
evenDZ WAAE ZAst, YsAAAA BA
ety HolHE 9oe & UEE Arduino UNOE AH&3}
19 5 PS3 Eyed] s} Egtolm YR 7% T2 At “2AA” Arduino AZEYOIE Al )
Figure 5. Internal Structure of PS3 Eye Camera Driver o|IZAEEYY HTE AL 2 gTE
4 ZES 43T2I3¢ YE2E g



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 12, No. 1, pp. 33-46, February 2017

33. 8-%= 7y YA 2H

d ElolHE #s) %F/}%_[Z? 28] 7 1‘1«1 A

o ol gFoEHN gFd Adqel
A% AR HolHES B4 B #E ¥ £ 9l
= A2"dE FEsa £ =2dA Adste 2
G2 I B AzE dAde Fre 3
3 D3 2o

a8 7. 2819 J)w B 2E T2
Figure 7. Architecture of Cloud Based Management System

e 7 A A2" FEE gAHWeb
server, Management server, Data serven)EZ T4
o itk A 2 A B B4 HoJEE 4
AME Tl AA 3 dolE YRE7F Jhssith
ol AgAY HZAE Eol7] A EwiHo=w
bo] Agste d7IWe g HolHE A & &
S8 3 QAME AEA7E 8Ase dHolH
AA B g AYE s MHMEA, BT o
olf] AW =Y HolHE Aoste 4TS it
Aot ReAmz UeAsd dgel ek
ZAH7E F Mz A HEET A4 B
d dolHe TFERE Al vRA A%,
EAAE st7] Wzl wE wleolH

7} 7hs skt

&4

O

i

HI—lN

ooy

A4 g A

4. 4¥ A4 4 HU}
41 && A= A" AF

A Azde] AFe Y8 (1Y I @
AZHR $A0)9 494 AveE »

o]

F EH 2

3 Zﬂ%’\l#é" /\P%S}‘A’iﬁ} 130 3 o 2=
1

a9 8 BE AE A2d
Figure 8. Detection System for Shell Crater

6‘-]0 QLHQI' QQIOHH /\l/\]gl.giou:] :zx%/]
JAE setets] YeHE F EdA2HE HE
A Aok gk Ay 4Ye e BE o2

2 s 49 A2d uT o o 238 9
T 9t HYdFode FH2 2HEHRS x5t
o7] W&o o]#d wo]zE Qs FH 93
7 ANE A7 HA e L/ 2T 5 9
o} AW o9} 7o nAHAAH O 7 WA TS
o ZHYEH HWE FOEN Q/E AT =
s HAagor 240

AT B Hdl, AF S gE 2F WY
g 34 oton, AdAY <F Do} 2L A

¢ £2% 4 Y 2797 o 20mmol 7}
1 3 AEY F o
H7hs) ek

o—lrl
HU—E

- 40 -



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 12, No. 1, pp. 33-46, February 2017

%2 % 28 A2"dAY 0 F 2%
Table 2. Error Range of Target System

APl @ 4 91 (mm)
10 3 ¢k 18.4mm
50 3| oF 22.3mm
100 ¥ ¢k 21.5mm

AT

£3 24 34 A7
Table 3. Measurement Time of Shell Crater

it

ALl L2 34|56 T8 9|10

1 | 3120 554 | 700 | 574 | 458 | 494 | 474 | 529 | 415 | 473 | 779.10

2 2912 418 | 563 | 587 | 525 | 447 | 461 | 489 | 458 | 472 | 733.20

3 3288|598 | 541 | 468 | 475 | 506 | 480 | 528 | 467 | 452 | 780.30

42 5 7% Holy HA A

r]o]ﬂ:ﬂ_ §0;<4 o=
wEA A 9,

=
vE 2 gL S

FYzde ﬂ%@
492

froxe
o)

AL4A7} HlolE]
AME = HEug

S E’“ Aot a4

=
o
v

r?ﬁ tlo
i)
>
[m
>
o

m e

€ 100, 1000, 10000, 50000, 100000744 Z}z} H
EE A3

2

120 10.7860

D
¥ 5 49821 51100
F 35521

40

20 05331 08332 26511

0435 iy 1230 12500
00 04533 03856 04553
100 1000 10000 50000 100000
Number of Data
===MM/1 M/M74{Algorithm don't Apply) M/M/4(Algorithm Apply)

1% 9. Queueing Model S 243+ A %584
Figure 9. Performance Evaluation by Queueing Model

MMNE v 3 S AHstlE o
HolE7t 24e e ME £58 HAFAR bo]
B7F A3 ol A A% &5
< A & F Ak E=F At 3 Ajo)r] wE
of AHgEo] Wobk d A% dHelHrt ¥ =34 ¢
Ate HHE 7ML o MM 4719 MHE
Agee e Ret, A WA dugse A8
3h2 @ske wo Mue= AHEATL ElolHE 84
stgle W el AME AA AAE sjoF 571 o
ol I wE B 28z Fasige AL
g & F e AT dadEs A8
MM/A= 2o dlolH g0l F50] Hof SIA
I, QYR golErE 75 7] wE
g wezA HolHE AMT & dus A 7t
A Yo kA ol & rigo® Al deoly A
—% AN <2F 1003 2ol A volHE
Jatgle W AME s A9 AAstaH g
%~ 719k ME g HeolH7E A4 &, M=
O& vEQI HA% AHES of&ste H
EE AdAsit.

o

fr &2 b

>
O).ln

>



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 12, No. 1, pp. 33-46, February 2017

11.22

Time(s)

100 1000 5000 10000 50000
Number of Data

=1 Server
=4 Servers(Algorithm don't Apply)
4 Servers(Algorithm Apply)

a9 10, AH gl e A& H2E
Figure 10. Retrieval Speed Test by Number of Server

AW Azel BE BAEEE IY 103 2ol
(1% O 2zt mgol Mg AS ¢ 4
. AAT Aoz ATk Bolgtie A
S 89 F % YEd ol AW e FoIA

Ir
0
oy T

BEARA ghe ol &3tk

i
_V‘_l‘
i

bt
(0]
2
o

InPZEE HEAA G A e H5ol
A4 H2ES AAHGL BE HolHT BA 2
2 A%elE AA S Aot 2A YA
dolezl oldss &msk wol Holgrh ol
HolH 22 EAZ A & AAW, 4l AY

e
=

o ABgE AEA7E 2337 dolE 7t 9
HolElE 27] ) 4749 MHE A
2 O%F Aol Eoth

g A8 AH e A5l
Mgtz wEel HolEe F
, AHEAZE 243 HolHE W
ol AM Ao <Y
o A2 Eold e MW7t
oY Mo H&E
A &g wEA 4 Atk

2 HojAe A4 B HolHES & A

o]

& o ofn
)
- —{O

ofs

o O
ot 2
o rlr

o
~

=
X
o

[l
A P e

A o
X, o

fE S o & g
[
=
e
o

P>
m_(‘)l_:

=

(=I5

X
=
& oo ooy
-3
[
12 ot fo

)
EY
Y

g o ¥ 8 0 0 gy

[
o

A AARe AESh ool AARH 1
94 23 A4l FEIT. AAR A5F B
2o Aehs Ag3tEE A HeMoz 1y
gto] AR Qo] HAR FQEE Wto
2 AEAE FEIT. E D= AABYY AF
3 =Y A3 B =EA FdE A4AS 7
29y 4 2Ees 7 AN 2"Y v E Y
b,
F 4. AATE AeHl
Table 4. Performance Comparison
453} Ags | SoTE
B =4 A A2 ¥ \1]7 A]L/k €]
A ] RN RE o)
EA A o X O O
W2 X @) O
AHA A E
. X @] @)
Real-Time X O O
AHE g
sl X X (@)
Web
. X X O
Service
A5t EQE7] A Aduee mE Bt
FEOR o) olAY, AH AgAI} Helske @
Holth, A58 A4 BYN2HE BAA ], §F
A14o] 7h53tH, Real-Time &2 AH & AAT +
ATk AHA AR Hele AA BRI o] A
wol Slv AdAE AZ 2 AT Thsstnt
AT A He Hlol AAARE Webo 2

- 42 -



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 12, No. 1, pp. 33-46, February 2017

Aulzshs BEe BN B EEAY A4
% AFTES ASHAY FHSE A BN

ll:l

29l OpenCV CL- Eye Multicam % 2
% Arduinog °] &3 omA Z=AA
ATt of AzdEe @4 9 T
pok ool Auj/el 1 ¥4 FHZE
o| A ALg-o] Thestth o] A2EE A
WA FE FES FATIE, A E
dolg #e& ¢4A & + Aok
2de BAAQL 7o} stego] FF
ETME Ao EA, F5 HE
olso] Hesity. B AAA
A8 Hoﬂ/ﬂ AA Fhuetet F E-A
g3 e AME olgsty] Wz 712
3 gEA ArEoR ??Ur A 5=

>
Hot N

Ho i
. o e T
T

g
Aol
ri

r&og»
éTEH
fru

u}

ri

e
>

o b~

g2

rui

24|
o

HoNe to
TR A

> >

> =

o N
o ;

i et
4

%0

Y

r
bl
A

rlo

>

=

EE

Ei

=
2RE AR A449E § B2 2uld g

2 olg3tel A btk
References

[11 L. ZLee, R. and G. Stein,

Introduction to the special section on video

Romano,

surveillance, 1EEE Transactions on Pattern

- 43 -

Analysis and Machine Intelligence, Vol. 8§,
pp. 740-745, 2000.

R. Pless, T. Brodsky, and Y. Aloimonos,
Detecting independent motion: The statistics
of temporal continuity, IEEE Transactions on
Pattern Analysis and Machine Intelligence,
Vol. 22, No. 8, pp. 768-773, 2000.

H. Kim, C. Cho, J. Kim, S. Park, J, Kim,
and K. J. Kim, Localizing a flying object on
target place using heterogeneous binary
sensors, Mobile and Wireless Technology,
Springer, pp. 193-197, 2015.

C. Cho, J. Kim, J. Kim, S-J. Lee, and K. J.
Kim, Detecting for high speed flying object
using image processing on
16, No. 1, pp.

target place,
Cluster Computing, Vol.
285-292, 2016.

X. Kan,
https://www.altera.com/content/dam/altera-www
/global/en_US/pdfs/literature/dc/ 2006/c3a.pdf,
Oct. 2016.
C. Beyan,

Automatic  Scoring  System,

and A.
mean-shift  for

Temizel, Adaptive

automated — multi  object
tracking, IET Computer Vision, Vol. 6, No.
1, pp. 1-12, 2012.

W. Zhu, F. Liu, Z. Li, X. Wang, and S.
Zhang, A vision based lane detection and
automatic  drive,

tracking  algorithm  in

Pacific-Asia  Workshop on Computational
Intelligence and Industrial Application, 2008.
L. Xia, C. C. Chen, and J. K. Aggarwal.
Human detection using depth information by
kinect, 2011 IEEE  Computer
Conference on Computer Vision and Pattern
Recognition Workshops(CVPRW), 2011.

S. Ikemura, H. Fujiyoshi, Real-time human

Society

detection using relational depth similarity

features, Asian Conference on Computer



[10]

[15]

Journal of Knowledge Information Technology and Systems(JKITS), Vol. 12, No. 1, pp. 33-46, February 2017

Vision, Berlin
25-38, 2010.
Y.-L. Chen, B-F. Wu, H-Y. Huang, and C-J.

Fan, 4 real-time vision system for nighttime

Springer Heidelberg, pp.

vehicle detection and traffic surveillance,
IEEE Transactions on Industrial Electronics,
Vol. 58, No. 5, pp. 2030-2044, 2011.

M. Bertozzi, A. Broggi, G. Boccalini, and L.
Fast road tunnel

Mazzei, vision-based

detection, International Conference on Image

Analysis and Processing, Springer Berlin
Heidelberg, pp. 424-433, 2011.
G. S. Prakash and S. Sharma, Computer

vision & fuzzy logic based offline signature
2014

Conference on

verification
IEEE

and  forgery detection,
International
Computational
Research (ICCIC), 2014.

P. Prasanna, K. Dana, N. Gucunski, and B.

Intelligence and Computing

Basily, Computer-vision based crack detection

and analysis, SPIE Smart Structures and

Materials+ Nondestructive Evaluation and
Health Monitoring, International Society for
Optics and Photonics, 2012.

M. Gerschuni and A. Pardo, Bus detection
for intelligent  transport

systems  using

computer vision, Iberoamerican Congress on

Pattern Recognition. Springer Berlin
Heidelberg, 2013.
S. S. Rautaray and A. Agrawal, Vision

based hand gesture recognition for human

computer interaction: a survey, Artificial
Intelligence Review, Vol. 43, No. 1, pp.
1-54, 2015.

H. Sun, C. Wang, and B. Wang, Night
vision  pedestrian  detection  using a
forward-looking infrared camera,
International Workshop on

- b4b -

[17]

[21]

[22]

Multi-Platform/Multi-Sensor Remote Sensing
and Mapping (M2RSM), 2011.

T. W. Ebbesen, H. J. Lezec, H. F. Ghaemi,
T. Thio, and P. A. Wolff, Extraordinary
optical transmission through sub-wavelength
hole arrays, Nature, Vol. 391, pp. 667-669,
1998.

T. W. Bae,
bilateral filter and temporal cross product in
infrared
Technology, Vol. 54, No. 5, pp. 403-411,
2011.

T. L. Weng, Y-Y. Wangb, Z-Y. Hob, and
Y-N. Sun,

Small target detection using

images, Infrared Physics

Weather-adaptive  flying target
detection and tracking from infrared video
sequences, Expert Systems with Applications,
Vol. 37, No. 2, pp. 1666-1675, 2010.

W. Kim, K. Mechitov, J-Y. Choi, and S.
Ham, On

target  tracking with  binary

proximity  sensors,  Fourth  International
Symposium on
Sensor Networks, IEEE, 2005.

R. Madhow, and S. Suri,

with

Information Processing in

N. Shrivastava,

Target  tracking binary  proximity
sensors, Proceedings of the 4th international
conference on embedded networked sensor
systems, 2006.

J. Zizka, A. Olwal,
SpeckleSense:  fast,
compact motion sensing using laser speckle,
24th ACM

symposium on User interface software and

and R. Raskar,

precise, low-cost and

Proceedings of the annual
technology, 2011.

Y. Shan, J. E. Speich,
Low-cost IR

and K.K. Leang,
reflective  sensors  for
submicrolevel position measurement and control,
IEEE/ASME Transactions on Mechatronics, Vol.

13, No. 6, pp. 700-709, 2008.



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 12, No. 1, pp. 33-46, February 2017

[24] P. Eisenhardt, D. Stern, M. Brodwin, G. G.
Fazio, G. H. Rieke, M. J. Rieke, M. W.
Werner, E. L. Wright, L. E. Allen, R. G.
Arendt, M. L. N. Ashby, P. Barmby, W. J.
Forrest, J. L. Hora, J.-S. Huang, J. Huchra,
M. A. Pahre, J. L. Pipher, W. T. Reach, H.
A. Smith, J. R. Stauffer, Z. Wang, S. P.
Willner, M. J. 1. Brown, A. Dey, B. T.
Jannuzi, and G. P. Tiede, The infrared array

(IRAC)
Astrophysical Journal Supplement Series,
Vol. 154, No. 1, pp. 48, 2004.

[25] G. Bradski, OpenCV, Dr. Dobby’s Journal of
Software Tools, 2000.

[26] G. Bradski and A. Kaehler,
OpenCV: Computer vision with the OpenCV
library, O'Reilly Media Inc., 2008.

[27] J. Li, Y. K. Li, X. Chen, P. P. C. Lee, and
W. Lou, 4 hybrid cloud approach for secure

camera shallow  survey,  The

Learning

authorized deduplication, 1EEE Transactions
on Parallel and Distributed Systems, Vol. 26,
No. 5, pp. 1206-1216, 2015.

[28] Y. Yang, G. Li, X. Yang, B. Qi, and B.
Wang, A cloud server based on 1/O
virtualization in hardware computer

engineering and technology, Springer Berlin

Heidelberg, pp. 133-144, 2015.

2HE HAELS AT omA AYe =
718k gojgt #e] AlxH

=33}, AA&2 o4z’
()R] %

LAYl AR} FE FE R
Cd ot F Y o

- 45 -

2 o

2
N
N
i'he
rlo
1
o
e
o
=
>
>
)
[ ["{01'
ot
flo m

4 z8

g]/\])\r:ﬂo 7H

ol A A Al

BN 28-S ATt o

g B8 =9 o] Open CVet
L

12 M

lo

=
==
ol

ol
-
==

)

o

)

_}L )

1a

£

N

2 1
r{r el o

N

N

.

mn:‘.

_?L
N okrle
ay 4o ey
ok xo o

=
lo
) ‘i 5

rlot- Oko
[
o

d, —Jo & T
I .
ol 8 o
&P ke s
=2
>

to
N, oto [ X ol
of ¢ M ox N
o

2} 3

2 T Al EA }zﬂg} B B4 719
EANE A7) Y8 Arduino QEAX FEY
QP

dole F8eith. 2= 7 4 A

e
2

stol A A 71z HolHE HE B

E
SE:
g li%'g 7H‘j‘, 4, H]i‘%‘o}‘ﬁ‘:‘r Ak
KR
bl

Chang-Hee Cho received the
M.S. and Ph.D. degrees in
Chonnam National University
; 2009Aand 2016 re.specti\./ely.

- He is a CEO in Xisom
“ company. Currently, he works

as a CEO in XiSom Company. His research

interests include E-commerce, Automation Systems,
Mobile Interface Devices, Cloud Computing and
Army IT.

E-mail : xisom@xisom.com

Jin-Sul Kim received the B.S. Degree in
computer science from University of Utah, Salt
Lake City, Utah, USA, in 2001, and the M.S.
and Ph.D. degrees in digital media engineering,

department of information and communications



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 12, No. 1, pp. 33-46, February 2017

from Korea Advanced
Institute of Science and
Technology (KAIST),
Daejeon, South Korea, in
2005 and 2008. He worked
as a researcher in IPTV

Infrastructure Technology Research Laboratory,
Broadcasting/Telecommunications Convergence
Research Division, Electronics and
Telecommunications Research Institute (ETRI),
Daejeon, Korea from 2005 to 2008. He worked
as a professor in Korea Nazarene University,
Korea from 2009 to 2011. Currently, he is a
professor in Chonnam National University,
Gwangju, Korea. He has been invited reviewer
for IEEE Trans. Multimedia since 2008. He was
General Chair of  IWICT2013/2014/2015,
ICITCS2014, ICISA2015, ICMWT2015,
ICISS2015 and ICISA2015. His research
interests  include = QoS/QoE,  Measurement/
Management, IPTV, Mobile IPTV, Smart TV,
Cloud Computing and Smart Space/Works.

E-mail : jsworld@chonnam.ac.kr

Sang-Joon Lee received the
B.S., M.S. and Ph.D. degrees

S—_a A in Computer Science and

;j ; Statistics  from  Chonnam
g National University in 1991,
‘ '. 1993 and 1999, respectively.
From 1995 to 2006, he was in Seonam Univ.
and Shingyeong Univ. as assistant professor.
Since 2007, He has been with Chonnam
National Univ. as an professor in the school of
business administration. His current research
interests  include = Management  Information
Systems, Software Engineering, IT Service and
Ubiquitous Business. He is a life member of the
KKITS.

E-mail : s-lee@chonnam.ac.kr

- 46 -





