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Sports Motion Visualization by Life-size Sequential Photography
in Mixed Reality Environments and Its Evaluation
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<Summary> Sequential photography is widely used for sports visualizations because it illustrates one
motion with a single static image. However, because sequential photographs are usually displayed on paper
or monitor and their sizes are smaller than life-size, observers cannot easily recognize the actual size of
the motion. In this paper, we propose a life-size visualization method of sequential photography by using
mixed reality (MR) technology. With our method, the observer wears a video-see-through head-mounted
display and captures a motion of a player by using a hand-held camera. Our method synthesizes sequential
photography from the video and visualizes it in life-size in MR space. To confirm the effectiveness of the
proposed method, we conducted a user study where we compared a smaller visualization with a monitor
display, a life-size visualization with a projector, and a life-sized visualization with our method. The results
suggest that the life-size visualizations with a projector and our method allow observers to recognize scales
of motions accurately and confidently.

Keywords: mixed reality, virtual reality, sports motion, life-size visualization, sequential photography

1. IXFLC®IC

HERE X, BE 0D 2 WERE —E D ME THEEIE R
PL, WEEREYDHL T—ROBEICAKT 3 REGIET
H3. HHEHIEHOEEE — R OFREE TR HLT %
ZrWHRENH Y, ZOREEE, a7 HEKDOR A >
THOEAL, EDIBUCDEPLERAR Y, SRR AR—Y
OISR TWEDD, F7-, FRICHEFFEELZE
MTEZ XD, FREBLEAY— 73V DiEEN)-

BHEED HLEMEEEZ AR T 2 FEIDHERIATVS. L
ML, #E, HEEEEX, KESRPE =22 Hvatte
Ihb. 20D, BWFDEBEORKZIZELOSVLE W
S REND 5.

= T B IR o A K — Y OEIERT b D72, Vir-
tual Reality (VR) Fffi % 7z 2R — > a3 2 i
B ENT WD, HIRBGE Z AR L5 & B ARG
EERT2FENDR, Yy h—0ikB % HEESBRLL,
F—7N by 7 EABYLT 23A) D0 ThhTws. L



L, ZTRHDOFETIE, E=2T7 =7 by 7T EICAR—
VEIERIEI N TERREINS 720, BEOKRE X 2LET
ZZeNEELWL. £, AR—VEEERHFLT 220D R
Y= FIT—VRTFABERIATVRIOT, LirL, £
{DAT— b} I 55— AT ATIRHEEOEENZFES K
THMHLENE DD, HHIZEDOWZDEIDIAALED Lk
BOMNREBR T2 Z LWV, 25 DOREZTOW
T, FEMIE 2 IS THIN T 5.

Z ZTAMRETIE, EROREZSIZIBETEZ2RR-VE)
e a R biEDFER % IV L, Mixed Reality (MR) /i
ZHWEEEOFE KA iERIERE T 5. (R1) 137
IRk ORI bl Z RS, BB AT AICBWT, 2—%
377y —2L—H0D Head Mounted Display (HMD)
BPEEL, VIvFUIOv—h—EDIRXFITLDHEHE
DAR=VEWEZHHE L THRE T2 (K1(a) . RS X
7 20, BiEG) HEBEE OB L, 2k MR %
Mg KT s s (K 1(b) . BRI A7 LTI, #
MEEFR, BIERR, BEAEEEHRRE Vo 7z 3R]
LB E R T 2. IREBROBERICIE, 2—FFZD 3HE
DORFULIEZYI DB Z 23 6, 4F E R MDY SEIfED
FRFaRBlETE5. ZoLATEEZFHAT 2 L AR-VE)
G RKTHrOEHBNE - Ff» OBRETE 5720, §)
EHOZBAD AR S TENEOKRE X EFBITIET 222 H
AlREL 72 5.

REFEOIMEDOK & SHHBICE T 2 8RBT 5729,
I—FRRF 4 ZEM L. O —F KT 1 TlE, B
DI HIEPF S DEFEEEE, (i) 27 4 ¥ FE=XIZ X B/
FR, (i) TuY 27 R—ICKBHEHRFR, (i) BEFE
WX BHEHRFR, WV 3HOABULTIETIERL, ER
SINE WL HIRBKO O - SX2ER L. 24Uz,
HEOEIBZICHET 2MEERZICOVWTHEM L. R,
TPz RAREFIE-E=XOIEICEEDREESE L, £
RFEF T ZFRICHERTEVEEE THIfEO K & X &[0
BTELI 2GR L. EFEOFMMZ RTD, K
TR, BEFEEHWEARI VMY - 722 R EDA]
Bz e .

RSN TIRE T 2 FEOEB 7 4 74 71X, THR0LE
MBIV R—FTA YR AV a—TF 4 ¥ 20199 KR
ACM VRST 202002 BNTHEFATH 5. KHX T,
BB AT 22 EDFHELIBRZ BT, ELIz2—Y
ART 4 ODNELHER, ERLRET 5.

2. BEMRE

VR iz Fuv 72 R R — Y E g A K — Y Az B
FTRRADRRZEINT WS, I 2 TIIARIE L BEDEN, 7]
RLICRT 2 b OR[N T .

1: M BIEBkC D ATHE{LH

Fig.1 Visualization examples of a standing long jump

2.1 BHRRBE

=T AR —Y OEBERIEMENL D T-h, HIRE 7213868 H X
IPLEE LG E A L, 2—FDPEHEICHSEZEH
TE2, HHRSAMEEHICET2HENREERIN TS,
B2, B—H v h—Hikg & 3 HFEAM G2 SRS
BERAYR, FEZ R I 2 b ARG & E B S
BEEMT 2 FERIBEEIATVS. —F, S8k Emmi
RMG 2 SHICERT 2728, SHABRICREER 2L
BAT 2 FELREINATVEY, 7, Dayrit 5%, A
MOEED 3 Rt R ROXREHIE L, HEDE X%
RZEMNICFRRT E % Augmented Reality (AR) YR 7 2%
RBEL. ZOYRTLTIE, RGB-D #XF WX hi#HER

ML, 2O 3RTTNREEZENA VT 4 AT LA ZEL
T AR Efffiic & b EZEEICERTRREINS.

H RS O F 7z 2 nl ik 757k e LT, MR £z v
T, 7=V kica— b eREFRRT IRABRERINTY
%. Inamoto BNIH v H — DS OEEA MG H 5, F
72, Rematas 59 ZHAR SR 5, HHEH SR E SR L
Yo h—275 RethE T —7 L EARHILS 2 FiEE2RE
L7z, TOBHOFEICED, [RWFI ¥ FTITb 25k
EEREMB L RS T—7 L by P LTS 5 Z & A3 AEE
22 %.

LA L, BHMARBGRIZEET 2BFEMR T, BHRAE
PHED O AR=Y YR E 3 TOTHNCBIETE 2 2 W5 FlR
BH2H0D, HHARMEEKIE=ZPLT—T Ly
AL ENTWE. 2D, ZAR—VEIEOEEDK



X2

BRI AT LADEEG

Fig.2 The overview of our system

TXREET L I3 L.

22 AN¥—hr=5—

2 —FOEWEIEHRE G LTt T 2 2 e TAR=Y
HEEHXETHEAT— NI 7=V AT LDBHRINT NS,
2 —hI5—2IE, AXZCIh—FEEEL, Hoh
LM IER NS L TIRRT 5, SEBE L AT 40D
Y THB. INFT, FRRZHEMLEADPI—FDEHAL
HAEY DESEIRTH LT, AR—VOMEEXIRT
YRTFAREREINTVE. FIZIE, £>20, Ll
72212 259754 VBOEDDDAT— I TF—
AT LIPETFTEND. iz, AKR=VIZBITEZT7+—L1D
MR D728, HANCERR LR R VB X2 B L
EHERYTAIE T, BTY LA ARERRA~Y— I T —
SRAFABREREINTVEY, 29— F3I5— 3LV RER
20, RAR) Y 7OMELEDO-D, {HEESLHEGOH) %
PEHRKTIIAIV I3V EIIRT AR T L4042
RIXATNW3BD,

INEDIATLDEL TIE, TudzrxEfVs It
T, 2—FoRBIIFEHKTAHULENS. LrL, R
Y= IT—YRTLTEAZ Y —UDPEEINT NS 2D,
BIEATRE 7 AN - A TDRE XN TE D, HHEISED
W) AEEZ D LRPSEEREHZE T2 Z o i3 # L v

3. REF &

31 RESZXTLOLEE

REFFETIE, KREIEZFRELLTVAR—VEIWED AL
EOFEHEHWE L, MR Hiffi & Fuv - i 5 1o % 5 K]
PULIEZRE T 5. B2 KRES AT 02K GERT. X
2(a) IR Y A7 L Z2FIA LT 2R —Y e Ok 1%
RY. 2—HE, EFF Y — 2L —HEER S HMD (HTC
Vive Pro) %% L, HitE O 2m BEFFICTIREEITS
B 3IT b T v ¥ v IBELR D Vive Proda > br—

P—

B 3: AMIEISEND (O B LK — K
Fig.3 A player’s image on a billboard

S—ZEE LA AT (ZED min) ZFHLTITS. MM
12 3 XIEHZAT S =0 A 7 L A HikRE % £ ZEDmini %
FIH LTV, BEDIREY X7 A TIIIFEEEHIZFIN L
TWVARV. Z—HFIFREIRLIREKFIZRE X 5ICh AT %
BHREAAANET, aY -5 —0ORZ T L EEH
BRI NG, BRI AT A, RS N-BE D S B E R
SERTOODHLEAR—-FE LT, MR ZRENOEEBICHIED
fTONTMEEET 2 (K2(b). 20%, 2—¥1%, MR
R EBE LFE RS LD, 3SEORLAEEYD B X
BALZOLAE— FRBETES (K2(c)) .

3.2 EIR—FEm

X 3 ICERE NI AR — FOFIZRT. B A&
NBY, VRS RATLIZ, &7 —Lh oI EHEEE DE
T 5. AW TIE, RGB EIRIEHRD A0 & NYmEsE #EEn]
AEZ Mask R-CNN®ZFIHT 2. 512, DESN-HiR
O R 5 EROHIF CRIRIIEZ 1TV, BIHE 2RI
BRIEZ I TRL=ARNYEREAKT 2 (K 3(a)) .
COBROBIAEIEEICE D, BRICR LT XS kAL
DEAR—REERTES (K 3(h)).

BN THEI L 72 ES 2 SEEIRD E LR — K & LT MR 22/
NOEMEAITTONIMEICKE S 2. 22T, BEORIL
KEO 7 L —LAZBWTHKEDRIZARH y = 0 ITHELTE
D, 71— ANOBHFEEBORHIRCERENE SO
EONE) % (u,v) £ T 3. BIENORIID 7 L —L4I1ZDW0



B 4: YILR— FOBRITERESE

Fig.4 Determination method of the depth of the bill-
board

T, IREREDH X SMBE x., H AT DERRF TR TS
ZRc L, AL X 200 f OB Y R— A X
STHHLRET S L, W (u,v) D MR ZEMIZHIT 5 01E
&, xp = Re(upefoopy f, /)T +xe, ERES. 12121, ps
Epy &, FHIOF YV T L—varicihBohikEL
EEAFFOEAICET 2R THS. BB AT LIX, HX
T x. 25 RAE xp NEFRZAERL, £ DOER L KM
y=0rDR[ERD, ZOXRHEHBET L — LIBT3
HEDRNEL T 5.

RO Z RED 7 L — A HHEHT 2 22T, RED
TV —ABII2RMEZEGS 2. Eoi, Mk -¥&T7
L— LIBT3 FEEEEZERET 2 Z e THEIZ L —20
LR — MUBEZRET S (B4) . &mEIZ, 7L —20%
FH EDOENLR= R LT, REhiDH X T DA EICHEIZ
25 K512, KD 3IRITMBICHET 3.

3.3 EIR—FoafHt

BRI ZA7 1%, EAR— ROkt UG REE
R BEFROR - RIS FEERIRO 3 DDA Lk E SRS
%5 (B5). 2—HFiFarybua—J#8EcLD, 300FKR
E—FZ2HEIYIDEZ 2 eAA[ETH 2. Eahli-b
NR—=REETHERLEDDEK 5(a) IIRT. HtEHERE
RTE, RESNEETOEALR— R o —E R R cHll
HLUZZELR=-FOAEBERREING. Ziuc kD, BIFDHE
MEEY KD D OBEHE KT MR Ziiirshs (X
5(b)) . BIEFRTIE, —HOLILR— FDIERICR RSN
5. 2k b, BEOTFZ, MR ZERICBWTEERD
Z2u—E—a YEEe UTBEARICZ S (M5(c) . 5K
G 2 FEFRRE, BIERR L AR ELR— R 2IHICRR
LoD, —~EFRRLEELR— FOBHEZRLICRESE
52T, BFORIGERRTE2HDTHS. ZhITLD,
VO ETERY, —HOBZOHMBEBRE LT3 (X
5(d)) .

4. A—Y 257«

REFEC L 2FMEORE RIS T 23RN 2 72
B, E=X - FaYzr X BRFIKICL D EGEEEZBIE

(a) MRS AR LH— K
(a) All billboards

(b) ERFHEFR
(b) Sequential photography

visualization
e

() BRI & % Frhl
(c) Example of display using
video visualization

(d) FRIGA EFEFIRIC & 2 Rl
(d) Example of display us-
ing video visualization with
an afterimage effect

B 5: fER SRR — F2RRT 5 3 MOARILE

Fig.5 Three types of visualization methods for the cap-
tured all billboards

L7BEORE XHHRICHET 22— R &7 4 2EMT 2. FE
BERetd 5729, DIT 3HOREHELTS.
o (K& 1 HEREHELEGRFRLILAN, HKPE=XIZ
X BHEINETRICHAN, BEOKZ X ZIEMICIETE 3.
o (&2 HREHZFEHGRFRLIAH, HKPE=XIZ
X M NEIRICHAN, BEORE X EHETE .
o & 3 HHREHDOEFEHRKFRE, MR ZEHMTIT-72%
BICHBEOFEGRKIRE FROMED D 5.
NS DR EMFET %720, AWFETIELTFD XS a1 —
PRART 4 ZGTT 5.

I—HRAXT 4TI, ERSINEICRRZBIEHETUD
BB DEFREEEZBEL T 5\, L HIRBC O &
TEREFELTH S, BRI, =X 5H/INRR,
TuY 7 RITEBEGRER, BEFHEICXIEFEGRER
TH5. ~ANDEBRBMEIZ, BBEHFIECT4ROERE
HOBRLRIEEZITS. BIENEOIERIIIEFREEE L
TBMBEZLCANEZ 2T 5. SEEHECBIYS
[E%, BHHOEZEDEEEICIOVWTDT V7 — hE1TS.
RIRIC, B TOBEHECBI ZEENKD - 2%, KB
B DBEE L 720 B IEB O O G B v IFE LW - X%
#rl, Z0EZHVIZBEOWEEILOWT 7Y — &



B 6: 22—V RAXF 4 WZHMA L7235 IRk OEkt 5 EDH

Fig.6 Examples of sequential photographs of standing
long jumps used for user study
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(b) with a projector, and (c) with the our method)
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