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We propose an immersive virtual reality environment configured in a swimming pool. This environment re-
alizes various forms of underwater entertainments and enhanced swimming training environment. However,
we have to overcome some technical challenges caused by water and surround-screen. In this research, we
focused on investigations on issues related to infrared (IR) radiation absorption and reflection on the walls
of the swimming pool and proposed the solutions. The difficulty on position tracking is that existing motion
capture systems using IR or blue lights are not feasible for an underwater immersive projection environ-
ment. The reason is IR is absorbed, and visible lights are unstable in complex backgrounds. Therefore, we
propose a circular-polarization-based technique for position tracking using visible-light LED markers. In
addition, we also took investigations on an optical distortion in the water, and reflections causing a decline

of immersion.
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F—AZAND. EHINEETERICHIET 2720102
2, FNEFNOHASDL v XOHE S CMOS
A A=V Y —DRBEIZEDLERL Y XEEHDB

(B) 1/4RRIRZED 1T LRER U3DX AR %EL TRIBRE

5 I—H—(CBARRIRRZIRMT 2D DMK

YD, AFEIZBWTHREEICH U 72 2 EERIEG K
NIV TE, GoPro DFHERIZ &b -GS
NI LR LY X% fo 12,

8 &l

ARFE TP P RR S WK FIZ BN T,
FIA ST L BAYNE LED ¥ —H —DU5E L -8z
AREL T AFIEEREL .

BFoMseic kb, EEOH A 12 X0 MkEEIZ
T h—ERFBT N TENR, D 3 KT
BAFHTRETH S ZEDBHESMIZINTWS. HIZ
T, KRR A T 2 BN, EERMD L >
AL X > TIEMICHIEABE TR Z e b o T\ 5.
REFHEEZMEOMEGHIFELHAGDES Z L
T, KPEAM VREBREICBII2~NY FMIvF v
IWEHEEE 25 RIS D.

Ay RS F U SOERTREEEZRTEDIZIE,
BEFIRZL > THA TG —h — 2T
5ZENTELILAMRTIHENDH L. KET
i, FRYGIC & 26A%, ATk LED v~ — 7 —0Di&
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7+ KEI— I

6 VAT LK

B2 REVEIZ t@&ﬁﬁﬁ?é#%@ﬁbh
RERBIGARND O v T OBERINEE MR L

¥7,

8.1 Y—H— DK EREICRE Y 2L

AT, REFEPEOREAHDE LED v —
J1— % BT ORI G TH 0%
MGEEL 7=,

MEEE, REFRIZLBMEGOEZH VRV
&, YOREOADE LED ¥ — b — O FKA
TEHENRHEL, REFEEZAVWEZGG KBTI
W&o T o7z, BAFICMGEAIE L RERIZ DWW TR AR
5. ¥9, AquuCAVE D7 7V r—yarve LTf
AXnaZerBEING, Kb 3E
ﬁ@@@é@ﬁbtﬂ3it,:mb@@@%f—
T UK T, T— VNI RRE S vz af il
%Lm)v—ﬁ—®&%ﬁwﬁ®77$ﬁl7ﬁ%%
TEZT7VL—L% 1T LICRH L. Y~ —
K —OMHIZI1X, BlobDetection & FEIX A 2 e
NOHEDE N 7 LD EZRE T 2% H D
Processing DY 7 v 2751475V &Mz fa,

B3 EHRL AVYXUFroersv/ IOME (Bim 1
0:20-0:40) B & 2: I TH T 7 NVRFERKVTHY
2 WL (B 1 8:50-9:10) WHE 3V IHAHNWYo
DKW TW SR (Bl 2 5:00-5:10). HLEARIZEAT
IHITAHE A SEF U2, B 1 Tittle: Beauti-
ful Undersea World - Coral Reefs, Clownfish And
Colorful Underwater Animals, Creater: Serey V,
License: CC. @l 2 Tittle: Underwater - Jour-
ney to the Red Sea Coral Reef, Creater:Roberto
?Lope” Carrozza, License: CC.

t4 BlobDetection library:

B 7 (A) FENEThOBERET, A#HYX LED v —
71— 1 HOWMHEE 20 WORAMABEORKETH 5.
KHhOOW, ~—H—DAEFBMTELZT7 L -4, x
RGO~ v —h— BB L CLE 57

V—LZRLUTWS. REFEEZHAVRWEES, YO
%% BWTHHRIICZE L v —h— Dt 217

CIETERP o LAL, BEFEICLZER
MR D2 I U758 4001E, TR ToOMBIzB W
T, Y= H—DAHERBUKITIEZENTEZ, M7
i, B7 (A) HizRd (B), (C) oz &
S IRMUEDRTRINTWDR L2 DTH S, HHE
(C) T, ¥—=H—IZMATAYF U F ¥ 7 OMFD
Klid~—H—L UTHAHRLTH Y, HM (C) T
WXHEROY Y IO —EHEMBEL TVWD I EBAT
ENd. AMEETIE, MERRISEE XN/ 3 KO
B~ —Hh—%, 1A T2 & o TRIRHZ G323
THILDHRETHD I L HMERL (X 2). 3 s
Eov—Hh—%@i#TE 254, FHUNSD 3T
MEZT TR BB 2T ENTES. ER
MEUT, BATICHEEINZARERE, T—Iiz
BRIE S N FHRSEIR D AL T TR BB IR Y,
LR DENEDR TR ->TLED ZehbhroTz. ZD
72, EEDOHIA S ERWTAHENGLED ¥ —7—0
FHHlZ TS BRI E N TN O MR ZE, T—IVIZE
B I N ARAEIR & SEATICT D A E L.

23

http://www.v3ga.net/processing/BlobDetection/
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X 8 IZKDASTZKIEIZHIESNIZIATH S,
Fz AR— b%f?b#%mfﬁé B 8 (A) ld:Ek
RIBKRND O T EEAWTICHE L0, (B) &
BRI AN DV 7R HWTERE LD TH S,
#1Z1% GoPro Hero 6 %\ 7z TS, F 72 BREUBE K
N Y7 e LT TELESIN GP-DMP-T03-YL %
Tz, KIEIZIEA A 555 F 2 AR— R £ TOE
M 25em X BEDEMALZ. Fx AK— X A4
YA R KEJITHRIL 72, TNTNOEEIXE U
it Lz, )8 (B) 7 o IdBEREIGAND &
VIR EHINEE RIBICHEL TWD Z &R TH
N5, MRS NTWBREEREANY Vv 7 &N
HEAD, YoRREKfTo 3 RaMmEFHIIcERT
HEINESHRI ORDMEENRBEL IND.

t5 GoPro hero 5 BANBEDN—Y 3 izid, VY XEAE
BICHHZ I A TN THIIET % Linear FOV & X1
LEEEEVHE I N TE Y, ARIETIXZ OREZ AW
7z,

9 iR - SERDRE

9.1 3RITME - RBEFHADOEEICEAT 2REE
AWFETE, KR LED x—h—%2 0 A7 %H
WCHKGIZ AT E B Z L 2 MGEIC & D ER L 7=,
< — 71— OGRS TRE T h E, BEFEFIEE
DAEGHLEIZE D —H =D T SN -R/HRD
3IRTEALE - BB EHITRETH D LI NG, L
HUEBEFEOHE LTI, BEOIASIZEST
MU 122D —h%2F @I AL TZED I RThE
I 2 = AR, 10@ﬁ%7miofaﬁu
Lo —A—%—BIZRHBT DI LTI A
éﬂtﬁ%@3ﬁm&;t§%%ﬁﬂﬂ%t?é?
WhRERBIFoNDG. Kb TOEMINEDOHIEIX
MERL XX F xv 7 R— REHWKBTOH A
SEYYTL—varvhEEAVEIENTES [9).
AHETIE, 32D LED v—h—%2&iHcEshid
ZTD3IWIGMEZFHHTE S Z L 2MERT 572D,
OpenTrack EIHENEY 7 b x 7 % ffiff L7= 16,
OpenTrack 1213, 3 fMA LD~ —H— (ABIZHART
PHEA S WHEZEO) % 7 A SHEE» SFHAL, 0
3T EZEMTZY 7 b =27 TH S Freetrack
e, Rl Nz 3BT — X EMD T NA AD
HZWE T SV —a iz UDP 2o TEET B Y
ThY T AMARERTWS 7. AR VR B
(CAVE) 2357200V 7 N Y = 7I2iE, FHHO
SRTENLEDT —RE~NY R NI yFVITHDY 7 b
DT ORETEIENTEDHEEEEFEL /-,
SRR % L — Y — OUEIRALE I GO TIRE T
5 Z 2T VR EEZERT 2 CAVE p#EIcFEHE S
NTWBEZ L DMERIE, 7T—IVHOHZEED 3R
TN B IZEEER Y B B BE D AR 2 KR L, T DAL
B ORGSR AR BT B Z Ik o Toro 7z, Ml
H#er LT, CAVE DERICEE T h VWAL, VR
ZERIMDOBED X S REMOIUARIRD S 7 49 7
7= VN OE Y] 7 3 IRTEALE D & B % BT 5

16 opentrack:
https://github.com/opentrack/opentrack
17 FreeTrack:
http://www.free-track.net/
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754751 Ths Libgls &7z 18, fiHEOH
HEIE 10cm IZRE L7z, FAEDHER, TRXTOFERS
M&E»S, TNEFNDT T T 14y 7 ADNARMIZ H X
TW3 (BITERHB LKL B) DT RA VIR
BFons-.

WIZ, TNEDT T T 49 I A%k —EDAL—RT
B 5 Tl & REA M S AR 2 FEO G
—ERIIBEHIET, 5 T4y 2 ANRED LS
L TWE2HWLTH S EBRETo 72, fEHREL
T, WO STFRICIT T T 4y 7 ADRBHET BT
RTCOERSINEVBH S E EHIZEVETSEZ
EIWNTER. LU, SN ENSEUANT T T 1y
O A RBEI I, £ SEMANERSINE
ERUMIMZK K5 IZE->TWA LD IZRA S, A
=P —ETRBVWEIIZRZBREDT AV b
RN, BESLL, ZOMMOERIL, HEO
THIZRBIEE UL BB EHNEORBIZLEED
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INSDOEBOMENS, EHIGEIX CAVE DFE
BUZ TR AW SR G O RHIC R 52 5
AREMER D B Z b h b, UL, EBEINAEIXA
Fa-—NEACVITREEBIZKPTOT 7714
TAETOBICERETIHRTHE s, 21—
YR B MGICFE T B B E ORI IE IR LB IR
<, WEZRTHORWADG LA EBROEREE % @)
HETEIMRIEEFET S, TDRD, 5%, KT
L B EIMIPED BRI E D & S5 8% CAVE 12
BEZ5D0HFEL, BEIRUTIOMEEMIET S
FHEEEETHHENDS.

18 Libgls:
http://libgls.sourceforge.net/
OpenGL:
http://libgls.sourceforge.net/
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