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Abstract In this study, a real time image integrating system which can reconstruct two images from a
surface camera and an under water camera into one new image was developed to support Korea
artistic swimming team. The developed system consists of four USB cameras (two USB 2.0 and two USB
3.0) sealed in water proof case and one note book computer, and a LabVIEW based real time image
merging program was developed. During field test, problem in cooperative motion of acrobatic
formation was found, and it was proved that correction of motion to improve skill of the player could
be possible in real time with aid of the developed system. After the filed test, the developed system

has been being used to support Korea artistic swimming team.

Key Words : Real time image integrating, Surface camera, Under water camera, Artistic swimming,

LabVIEW.
1. M2 o AylolA Felxl 99 & FBolw], S of
QA A FZolet. AukHoE Lelal +99 7

2200
. At | T o

OFE] AE] AW (artistic swimming)< 20174 oA F FEFRE, 19 2 BF S)°] A7) 7IEe=E &9
o= Aazuyol= AfW(synchronized swimming) & ZAXol= ATe= 29, otgAE A 7 E

*Corresponding Author : Sangcheol Lee(k200Isc@kspo.or.kr)
Received October 14, 2019 Revised  November 8, 2019
Accepted January 20, 2020 Published January 28, 2020



Ol

26 SHI=EEEsEI=EX 113 M1E

r

ofg] o] A7t $@olA Tt A7l1E AL, A
719] FAolut &Aooz H4E A Het wakA =
T Az mA AA0|FT} Lol thefet TS S0l
U =504 FARHE Fo] 583t 7] 3 sEo] "ok

ofE|AE Aol 52 T A tiFE S
ol g3A $PE I gloH([1-5], o= A4 AT
4 =3 524 SAlO] 6] oA F4T £=F5 F
oA A9l ol A= AFS Zohd F olg ¢
Asto] shte] giog gk AlAgo] i of
AREE T Qlh dEOAE 20129 W 2HHL Y]
5te] NHKOIA] twin cam ©l2hs 4 =% 34 Al
A AR Tiste] ofe| AE A9 WG FAo AR5t
I oH6,7], 2HRINAE AR AHE sl
ARESEAL QITHS]. PEollA AEet s 1PFoR
olso] E7Ms s, AHoA AEet | gt
gQl SHof Y-S HXsta 1 9= olso] 7hsote
£ A2 ot G AHQ] o]Qjof o} AE A9
9] Azl gt 2lAlo}, F=, S-Fgtoly 5

AR o7 I dET AFQ ooz YHAA L
At FUolA= Aot FARE AH] A 3
A7t glow, dEE ARE7E Ap)E
7] SJsiAl AL &4 Ao gt Ae
Sh=lo] wol AR A gkar UrH9-16]. £
Q7] FEo| sigste] =do wHE 54 L
o 7ol thgt A= v AFFE o R fHE ot
[14.,15].

=4l ofe]AE A9 HEHAANE A5 58S
A1) EAJekaL ol & v o R RibAQl A E Y5t
7] oA, LEolu ATl ARG Q= AH|eh
YT 715 8 T & e AHY Y B 1
NS Q= sl Qitk 535 Eofofl FgH o0& A}
, 87 gA 42 9 HE AREShe AE
FA & Baof g2 of|go] YAst, 1Y A
9] A7) & I U AREC] R FEE
7¥s7do] Qirt. wEbA] Z7hssttd Sl A Adsto] A
&3t o] Aol golut d7] W Het £ H
Al st

Aol = w2 AIZE Wl ofElAE ALY tiEEO
A R E k= Y 55 I A AAEE FEH
oA e AlAES 7Rk 2 " a3t AH|E A=
COTS(Commercial Off The Shelf) 71#H& 2§ 35}o]
T T Y FA AA"ES ST AlAR T

2 9914 USB #4le] txg sidjelel wER e
g olgsigon, o] olo] Aol AHgE HE 9 A%
Ao oA 47 78 & Y AESL ol8sig
o Wb B A A BASkE 715 371 A A,

2. ¢ 3 38 A ALY JHE

=

ATE 53 7EE Aule S U 5 A F9S
fl5te] T o] USB 7hH|2tet & o] L EE HFE
T3 =t ks 29 8014 2 45 A4S divlst
o] 95 Aol BWQ3t USB W49 7HH2E 0] 835
Fow, A= wA7} 7Hsg USB 3.0 tAE 7hEket
H= w3lo] E7Fs3t USB 2.0 71l & /& 745}
9t USB 3.0 7lgH= FLIRY] BFLY-U3-13S2C-CS
USB3.0[171& AM&sF51 o, 7Hi|et fll== TECHSPEC 4
mm FL #33-300[18]& AF&- otict. A= wA7t 71
5%t USB 2.0 7Hi= Logitech® C270& AR 5I3L
oh 4 9 £F5 gk B Ay = s AR
o AX=H, USB AlolES o]&ste] =EE AFE L}
AZEY. 4 2 =5 Y FAE A I A &
IZEF ol LabVIEWE o|gsto] 73Tt

b

2.2 SI=RI0] 7o

AolA FHE A1) st=gols AHHEte] HE
A%t W AlojAet st AAHE 4 Heh

USB 3.0 7H12tY] ¥4 AlolA= 3D CADE ©]89]
of L2EE A T 7, IFVEY EY7tEYclE Y
3D ZHE Y= |85t A siet W4 AlolA
Aol ¢S oA 72 Al ET7HEYo|EE o]
B3tqict. 7HEt AlolEe] AZdEE FHe dht¥oes
ALgElRE W AYEHE AMSSHe ti4l, AAAIFC ARS-
o] 7Fs3t " §ABMY AR 2123y
"= Alo| A Sl FYsto] ThastA AEsiqltt. A=
FA7F E7FS USB 2.0 7HlEks, 5 71v2he2 &
Z7IHYo|ER Alo|AE WHE & Alo]2o] USB 2.0 7}
HZhE Y, oA AR B 8AS FAste] W4
AYE ofoH, 44 7= USB 2.0 7H2t Alola
£ Eofsto] AlolA o] ¥ &HE AT &

Hole WHes WU ATE 8= S



=7IHE OIE|AE AQIYE X|

|

=

o

2

ro

HARZE Y 25 Y S

it

AAR W 27

4 9 #F 7 L 7R AAdel A
=, 7HE A A s FAE A s FrlE
2HQIE A AEAE Y BETE o]8sto] 14 SISl
A|Zo] &m® USB 3.0 7Htet USB 2.0 7HH2te]
Y AX] ARE T2 Fig. 1 3 Fig. 204 Hojsal
Act.

Fig. 2. Developed USB 2.0 water proof cameras
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Fig. 3. Software structure of the developed surface and
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Fig. 4. Image merging process on user interface of the
developed system
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Fig. 5. Recorded video at Jincheon national training center
for the first test of the developed system

Fig. 6. Magnified video image of a player at Kimcheon
swimming pool

Fig. 7. Recorded video at Jincheon national training
center for final test of the developed system
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ofzzrte 52t A] 49l 9= EOFHs AL0] He
TAL Yol 414 290], FFL A5
3 o010l F4(push) SH=AE AT A
12 ol 83 BNA BT A% F

olefet AARF B BY LA B olmnE F
Aoie] BAY e FAH A2HS ol8e P4
B4 23} olgA e 4718 ] =82
S ke HolRt 2L et @ 4 k. A7E
o FRE AAEE G4 9 Ane Ao WY
oA A, 34 8 AEolA A 4 glom, o]
712 BKsSIAE AEe] FAS Aol A B

% qlol 4459 4719 Y BAE FY AR 1
o meHoE 49 & 4 Utk

o



=/IHE

OfEJAE] A9IE X/

-

mjo
40

ot A7t 28 25 Y &

[

e

AAR JHE 29

4. 22 A =9

WL =7FH 3 ofe| A AR A7 &
|9 oA ofgag AfHol E3bE JA4F A
Sttt FEE Al i A7ke] STt 8%
JEfote] FRoA HA 73 5= = AL} F
EE5S o83, dFolAE USB W] 7 2tE o]

}01 FZ gt 279 USB 7H2kE o8 & 4= 9l
Ei stglom, PdAE FuE HE LEE AFEHE
olgste] F&H AH|9 J5 T € /A BEE 8]
SHA| sttt waba] AtollA ARSE Tt W A
7ot A AnEolo 4 Y& 52 1t
Zu]9] o] ol B Hopolx Ago| 7T Ao
2 e

7HHP54 2y % %Og Ag

>4r_8

m Mo it o
4
r"

it of

o m[o

= T_%i %5\-4
A 9 AR AHE0R ARSSHE A AH 29 98 &
H9| o2} Z 5ol WAsto] AgH] 4 U ARG
I 8= et

ThR9] Fhd|gtofl A AAIZTo R 05
9] @Fog A 9 ARk
|02 AMESH= CCTV(Closed Circuit elev1s1on) 7t
Hz}, CCTV 72t 942 #dsk= DVR(Digital
Video Recorder), AFgARg E3dtA g 2 FAR8
02 AMEEE around view 5= ©|-8oto] £¥0o] 71
=

DVR ¥ A5a+& EHdA)A A|Fol= F4 ]
2 te9) FHEt G Faoke] she] g R
T/goks W GAUR] o E At G
o] ArJsk= PIP(Picture In Picture) 52| 715%& A
F5HL §lof, olE|AE AQYofAf @5l 5 -
ZF G A L Aol AekA ot 131"} e
FAE-0 7 AME= around view H]E ThR9] FH|
ot QS AN e R g5k, B 7S4S SHCeE
FFE AT dZsto] AFAE oA etiE = A
22 AL Tt Atk Around viewolA ARSEH
B AY 7le2 & AqolA FaE FHlolA 87

= A 7159 AT FES ettt wdy
o, o]H3t 7|52 SOC (System On Chip) = FAt
2] A& FPGA(Field Programmable Gate Array)
5= AMgsto] g3t st AREARY] WYL Eoli

UTH19]. ©] FH|= SOC E= FPGA T2 19| 53

)‘ ox
flo ufo
4>
i)
oft
k=
o
£

2 Olr

-

=X
=a
o
J’E
o]

>||

<= S3lAl ofEl A8 AfHoA 8F5h= 7155 F7F
7} 7FsStER, ool ol2dt Zokete] 7t AFE
S3lo] oA TdE AAES £33} 51, ARARE
7io|Eit Adsh 7IdstA ARgo] 7hstt FElE A
o 97t ioka o
Ao AFT 5 FHEe} 4 Tl A A
St 4 W FARI 271 o] B FAde] A /A=
o] A=, 44 9 £% 7hEte] Aol 7H2tE
e/ FotE 2AstaL TAA gfj/S4AE YA
ZAE 4 Q)= PTZ(Pan Tilt Zoom) ZH|E A5}
stegold oz Ash= Aol 7 £2 o, &
oA LSt twin camoll= =5 9 4 7H|Etell PTZ
£ AX|oto] ARESEAL QITH6,7]. 13y % 9 4 7t
Hj2tol] ®4= A2zt € PTZ ARE A2ksHd, PTZ 57t
=2 "Jﬁl A & 7A 5712 Qlste] @A 875k=
| 5 4 29 EAZE 2ASHA =t A+
01]/\1 Y P9 G| S8 Fol PTZ & /A
S A o]gsto] a4 st o, 5o
% 34 USB HYE 0|83
Z 7|9] o] Fgstrhal
= 2018 =7l E of
A 5ol A-gstaL 3o

fob i

e o o
oo
o2 & )

E

i

K.—@
Orﬁh
ol ¢
=

gr, § M
ook
—10](

o,
of
T
o
2
ro,

L
=]
o,

=]
jalu)
(¢]
f

H
Ly

< ez 28 HAE

o
i
X,
_ll
-,

REFERENCES

[1] D. M. Saura. (2015). Distributed Marking in Sport
Corrections: A Conversation Analysis of Synchronized
Swimming, Journal of Cognitive Science, 16(3).
338-354.

DOI: 10.17791/jcs.2015.16.3.338

[2] P. M. B. Ong, E. D. Mascardo & R. F. Pobre. (2010).
Feature extraction of a synchronized swimmer from
underwater videos, 7The Manila Journal of Science.

6(1). 36-43

[3] T. Alentejano, M. Dru & B. Gordon. (2008). A time-
motion analysis of elite solo synchronized swimming,
International journal of sports physiology and
performance, 3(1). 31-40.

DOI : 10.1123/ijspp.3.1.31.

[4] P. R Francis & K. W. Smith. (1983). A preliminary
investigation of the support scull in synchronized
swimming using a video motion analysis system, /
International Symposium on Biomechanics in Sports,
(pp. 401-407). San Diego.



30 s=gdsEEEA H11E &

(5]

(0]

(71

(8]

(9]

(10]

(11]

(12]

(13]

(14]

M. Kazuo & M. Yuki. (2011). Investigation of the
unsteady mechanism in the generation of propulsive
force while swimming using a synchronized flow
visualization and  motion analysis system,
Biomechanics in applications, 389-408.

DOI: 10.5772/21238

L. Andrew. (2012). Twin-cam to film synchronized
swimming at London 2012 Olympics. Digital Spy.
[Onlinel.
https://www.digitalspy.com/tech/a391788/twin-cam-t
o-film-synchronised-swimming-At-london-2012-olym
pics/

N. Nakanishi, R. Nakano, S. Sawada, K. Muto & H.
Yanagisawa. (2010). Development of surface of the
Water Synthesis Camera(TWINS CAM) (Division 2
Broadcasting Field), 7he Institute of Image Information
and Television Engineers Annual Conference Proceedings.
(pp. 231-232). Tokyo.

DOI : 10.11485/iteac.2010.0_2-3-1

Introduction of swimming facility. (2019). Home page
of High Performance Sports Centre of Catalonia.
Centre d'Alt Rendiment Esportiu [Online].
https://www.car.edu/natacio/?lang=en

S. C. Lee, T. W. Kim, S. M. Lee, S. K. Kil & S. B. Hong.
(2015). Development of force measurement system of
bobsled for practice of push-off phase, Proceedings
of the Institution of Mechanical Engineers, Part P:
Journal of Sports Engineering and Technology, 229(3),
192-198.

DOI @ 10.1177%2F1754337114565383

S. C. Lee, T. W. Kim, S. K. Kil & S. H. Choi. (2017).
Development of a force measurement device for
curling sweeping with load cells, Journal of the Korea
Convergence Society, 8(11), 49-56.
DOI : 10.15207/JKCS.2017.8.11.049

S. C. Lee, S. H. Park, T. W. Kim & S. K. Kil (2019).
Development of speed/trajectory measurement system
using smart glasses for beginning or unskilled curlers,
Proceedings of the Institution of Mechanical
Engineers, Part P: Journal of Sports Engineering and
Technology, 233(1), 145-159.

DOI : 10.1177/1754337118809864

S. K. Kil, H. B. Lee, T. W. Kim, S. C. Lee, J. H. Hwang,
H. M. Shim & Y. H. Han. (2017). Development of Shot
Accuracy Trainer for Wheelchair Curling, Journal of
Rehabilitation Welfare FEngineering &  Assistive
Technology, 11(4), 377-383.

DOI : 10.21288/resko.2017.11.4.377.

S. Y. Ji & M. A. Chung. (2008). Sports simulation
system for improving performance of elite athletes based
on IT convergence technology. Communications of
the Korean Institute of Information Scientists and
Engineers, 26(12), 18-22.

S. C. Lee. (2008). Development of a Real Time Speed
Measurement System for Swimming. Korea Journal of
Sport Science, 19(2), 1-12.

[15]

[16]

(171

[18]

[19]

o|

K. H Suh, J. Y. Moon & E. C. Lee (2017). Image-based
Measuring Heart Rate of Swimming using Palm,
Asia-pacific of Multimedia Services Convergent with
Art, Humanities, and Sociology, 7, 511-518.

DOI :10.14257/AJMAHS.2017.03.25.

C. E. Lee, G. M. Um, S. J. Park, T. G. Seong & J. H.
Jang. (2018). Precision positioning technology for
analyzing the performance of ice hockey players, 7he
Journal of The Korean Institute of Communication

Sciences, 35(4), 51-58.

FLIR Blackfly® USB 3.0 Cameras. (2019). Home page
of Edmund optic. Edmund Optics Worldwide [Online].
https://www.edmundoptics.co.kr/p/bfly-u3-13s2c-cs-
usb-30-blackfly-colorcamera/2871/

4mm UC Series Fixed Focal Length Lens. (2019).
Home page of Edmund optic. Edmund Optics
Worldwide [Online].
https://www.edmundoptics.co.kr/p/4mm-uc-series-fi
xed-focal-length-lens/2966/

Product introduction. (2019). Home page of nextchip.
[Onlinel. http:// www.nextchip.com/index.asp

M 7|(Seok-ki Min) (M3
-20074¢ 39 : dEA S gt A
Bt/ Aaxzoustyt  EJESA
)
-2010¢ 39 : JEA LS it 7
Aot/ Aaxzouelyt  EJ(SH
)

20149 1¥ ~ @A : YELm2AA

Hoh AE=AAATA A7

0]

IR : ARG, AUMY, AR HEEA
- E-Mail : minseokki@kspo.or.kr

4 H(Sang-cheol Lee) (5]

19954 29 : EFEIeta ofatel
AAF s 2AFHAAD

£ 20004 84 : EggIeta ofstd
AAZ s} ZAFsHEAD

20024 1Y ~ A4 : IRAT2AHA
oty AxzalTd AYATS]

2

TR} ABAO), BR, AEEZY
- E-Mail : k200lsc@kspo.or.kr



Z B 2Tae-whan Kim) [H3]

20019 29 : EItista wSThehed
ASuSeT ARSI

- 20069 8¢¥ @ AEdisty ik A

S5t EAHNSTHEAD

20099 7€ ~ @A 1 A2
Hotyd AZZMSATA HJATY
2
- TAEOR ¢ AR A, AT}, A=A

- E-Mail : burumi@kspo.or.kr

@

Z M 7|(Se—kee Kil) EEG)
- 20009 29 stk oiehd A}

Ik} &O—](_(T)Lfs /L‘]A]—)
- 20069 84 Qlsttistw wiehd XA}
3517} SAF A
20099 74 ~ A FELE=2AHAT
3 2mzsilTA AYATHY
- BBk : x2S AUT}, AT

- E-Mail : kclips@kspo.or.kr

Z Xl 2(Ji~eun Kim) [11§| 2

] - 20179 2¢¥ =YIiEw gRbERd
ASsta ZJAHS3H ’iV\D

201649 1€ ~ @4 St A=Ay
St AR ZIERALA] 2R AT

- IRk 258 AYAd 35,
ARZ HEHA

- E-Mail : shsw1026@kspo.or.kr




