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Development of 3-dimensional Augmented Reality Marker to Achieve
Graphics Tracking at High Velocity Seamlessly in Human Motions
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Abstract: Augmented Reality (AR) is a promising technology in the game industry especially for human
interaction capabilities from now. Up to now, many AR methods have been studied and commercialized
to recognize AR markers visually in order to track motions so that motions of the real-world can be ap-
plied to AR systems at virtual worlds. Game applications require to track human actions in high speed
motions. However if a consumer-grade generic camera is used for visual recognitions, image distortions occur
and the distortions make errors of visual recognitions due to so-called “Rolling-Shutter Effect” in CMOS
image sensors. Moreover, AR Methods of a 2-dimensional AR marker on a 2-dimensional card surface have
been frequently used. However it is difficult to track the 2-dimensional AR markers and to display related
graphics seamlessly in 360-degree rotations from the top to reverse sides. In order to overcome the problems,
authors developed a 3-dimensional AR marker by utilizing deformable characteristics of a 1-dimensional color
recognition code. Authors proved recognition and tracking capabilities of the 3-dimmensional AR marker
when the AR marker moved fast in motions even in using generic cameras and rerated image distortions
occurred. Furthermore authors proved AR marker can be rotated in 360-degrees seamlessly. As a result,
authors succeeded to display graphics in conjunction with fast tracking of human motions.

Keywords: AR, 3D AR marker, rolling shutter, colorbit
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Fig. 2 Phenomenon of RS distortion.
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Fig. 3 Deformable 1-dimensional color code (colorbit).
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Fig. 5 1-dimensional color code (straight colorbit).
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Fig. 6 L-shaped 2-dimensional colorbit.
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Fig. 8 3-dimensional AR marker.
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Fig. 12 Recognized 3-dimensional AR marker.

TAF 7w 7) ICPYARIKRCAR Y= DOFa—F
ik, KRBHEEEXAT) . MiET — 7 VIdEREMZ 52 &
ChEEERE) L, BHEEEICH L C—EREThiRT 5 &9
RIEL7z. F72, W R TEWIBSLO L PR L
T—EDOMEREEPELNSL LI IC L7z, BB, 2hlc
W BRI EICB VT 500-Lux 2% A X)Lz, B
X vy —AE— NI, HEROTLUEEL NI
500 47D 1 FHCikE L7z, F72, SRIOWETIZA X T 0
53K AR Y —H T CTOHBE% 300mm (235 L7-.

4.4 AT

X 12 DPC A7) —ray Mg, #IERED 3Kk
L AR ¥ — 1 DFEERIREEZRT. # AT TIRILAR ¥ —
ABwREEINT, hOoTFa—-Fa3ha—-FE LTRZLL
LE, FNFNOENVIZR Yy bt —NVLAFERTE LD
IZL7z0 D12 ORI I A — N A FRE R T
RL72bDTHD. 3RTCART—HIIH AT THRIE SR
HEZDOLDOTHY, Ny MIw—HICHRSN23 0
TlE v, HERBICEIY I - PR L&, Fy b
3XRILARY—HICERATHWL, £ Fy FE25 14~
THRATERTALOIC L, ZNFND Ny M, &%
SN VOEMBEICEE S, T4 Y THRL D FR
L, #ILKEET3RITCAR Y — I LS B#EEINL &
# PCAZ)—rvay hCHEMELZ. 2ZOFY B
SOTA VEIRBGZENTONE, VI v F U IBPTET
WhEHIBT 5.

3 KIC AR ~ — B OBYIIRAE & AR L - B R &
13 1273, 13, B 14 13 12 & FEREC, HERH
ICX2a—FEZE2 My MiEICLYHBRNT v F 2 7k
ATELLDETAH. 17.5-RPM (Rotation Per Minute)
EHEEE D & &121d, RS EAFFE SN AW EAHH



ERMESLHTHE IV 1—7 - FNIZ& Y X574 Vol.5 No.4 1-9 (Oct. 2015)

)
ﬁpm < 33 rpm 45 rpm

“Ar"’ﬂ"{’h‘)

B 13 3Kt AR ¥v— 7 OE#HEE RS EH
Fig. 13 RS distortions in high velocity locations of

3-dimensional AR marker.

60rpm

E 14 FLWRSEABTO T v ¥y IHER
Fig. 14 Tracking recognition in significant RS distortion.

ERTE 5.

33-RPM [HziF Tld, RS EAMNHIED T 5 Z EHH
MTEL. 45-RPM HHETIZE L EADEL TV D

X 14 T, 60-RPM [HHREFIZIZ S 512 LszE&#
BISNDEDS, %LV EICFy PANELHBERTEDY,
EEEAN T v X I TEDL I EDREREINT.

ANOBE OEEBIIK N T v F 2 7128 b v iEANEZ <
AR FIRT B720121E, ) TIVE A Ltk & LB E DR
MR WLETH 5. LHBHEICIE, OpenCV D v
72, AAXATFRXY)T L= avidfroTwniw, X 15
&, Hfiz7—7 Vo EHEETHY, HERIE b5 3KC
AR~ =7, H ATONEBEERZRT.

B AT L3RI AR ¥ — I HEREIE R IZBWT, Ro-
tation (0,0,45) %, Translation (0,0, 300) mm DA (& %
HETAH, B 16 13X 15 TREINLEFEE D LI, FE
B 2 BN (FH), BXUOAIATITELR
LR (Rotation) (FR#H) OMERRTHL. A
XI5 T A LM, BXO360 Eal TRl
TRV ITRHRENTWDE PR SN, —TF, —
+90 FERHEIZ BT, LBHEE DFAFEDY 360 EEmIRIxf L
THBEOENZFELRK %H 5 Z LW 5h o,

RKIZ, 3 KIC AR ¥ — 4 O 360 B[Ol & 5 1l F2 5 O M
FE % 1T > 72. OpenCV O B #TLEH % L 72 Rotation

© 2015 Information Processing Society of Japan

-—

The Direction of

— -90 (90) 90 (270
Camera View
/ 3D Marker

Rotation (0, 0, 45)
0(0)

Measurement

Start Point Unit : Degrees

By Recognized Value
(Physical Position)

B 15 [infiE s 3 ko6 AR ¥ — 7 OfLERFK
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Fig. 16 Physical rotation and pose estimation in time frame.

(X,Y,Z), Translation (X, Y, Z) D1 #fiE %, OpenGL [15]
WZHEL, 6 TIRATZIV N D 3RICAH TV 27 ba 3KTC
AR @ 360 FEREIEAIZEHN L CHmE S/, B 17 DL H 12,
FICL B EHRIGEE SR IOHBTE L 2 PRSI
7z, 72721, K16 CTEI S N ZREEOEBAHE CET O
TLUHH o 72DRE R EMEII R, =24 LV A% 360 &
O] & B AER 0 25T & 72.

KHRTIE, R, &% HFEROBBZHEIRLTCVLIO
T, BRICABLIRL L LY —H EEROKXBDO T
BERREAE L A, ERATREOENL EIXB W THE R
MIELCEIET 5. ARAERCTOBESEICE L TE5

DL 5.

RGN CTRIFEAEN O ORERFRICLE2F 7 V-V 3

MIPRREE S B0, REAHMCE DA 7 =T 3 Y HE
UAHAEAE 18 IIRT. COLI LMENLLH X T TH
HIBBRERADE, YVDHT—DF—NTF v LT, F
IN—=a R LY DB TE L AT L L
TWh., AFRICBWTHZ V=Y 3 Vs IEL L
WEBBRIZLI V=D T F I TEBLEME, ~—F

FiciE s - vaznenss, Jloefa sl i



EMWIBFEHNE I>V1 -~ TNA1 A& Y X574 Vol.5 No.4 1-9 (Oct. 2015)

17 <=7 ® 360 ERERE 4 7Y 2 7 N O]
Fig. 17 Object overlay in 360-degrees rotation of marker.

18 MAHFMIIBIFEF I V-3

Fig. 18 Occlusion in a view direction.
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Fig. 19 Bended part of real-line shape and ideal line in

3-dimensional AR marker.
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