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Abstract: The visual markers have spatial limitations to require certain distances between a camera and
markers. Meanwhile, as capacitive multi-touch displays on mobile devices have become popular, many re-
searchers proposed interaction techniques using conductive patterns and a capacitive display. In this study,
we propose a novel visual marker, “CapacitiveMarker”, which can be recognized both by a camera and ca-
pacitive display. The CapacitiveMarker consists of two layered markers: a visual marker printed on a seal
and a conductive pattern on a plastic lm. In addition, we propose a new interaction method using Capaci-
tiveMarker through several applications. Finally, we performed evaluation to confirm the performance of the
CapacitiveMarker and discuss its limitations and posibilities.
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Fig. 1 The configuration of the CapacitiveMarker.
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Fig. 2 The basic concept of the CapacitiveMarker.
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Fig. 3 The layered configuration of the CapacitiveMarker.

*I http://www.hitl.washington.edu/artoolkit/
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Fig. 4 Examples of the CapacitiveMarker.
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Marker is found. Marker is found.
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Fig. 5 The detection of the CapacitiveMarker.
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Fig. 6 The detection procedures of the conductive patterns.
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Fig. 7 The calibration method of conductive patterns.
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Fig. 8 Rough classification of rotation angle.
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Fig. 9 Detailed calculation of rotation angle.
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*2 http://www.metaio.com/products/sdk/
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10 AR ~— 7 0. ID/fiE/mE it &b
Fig. 10 Detection of the AR marker: ID/position/direction.
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Fig. 11 Physical knob for the CapacitiveMarker.
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Fig. 12 The CapacitiveMarker attached on the physical knob.
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AR PRS-
AASIC LSRR 2y FINRIVICEDEEH
13 HROWEA PSRRI T 7)) r—Yay., =N 2ED
W7IRAE & B S ¢ 7 IREE T, Google ¥ v 7L Google A
P)—htCa—%Y 025
Fig. 13 Map application using the CapacitiveMarker.

14 HESLTE — . < — 7 23 72 REE T /B E IS
BEs€rZ LT, WREBHIEL
Fig. 14 The control method of overhead view.

15 i EHEE—F. #E~Y -7 2B I E2RET, v—70
M &2 T, Google A M1 — b ¥ o —OHH )7 M A5 A #x
LCT&ILd %

Fig. 15 The control method of street view.
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5= I
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TIRRE L TR IR T EX Y 9 7 Y OE— FEY D
AAYa—T4 YT ADEER T (K 16). #HfE
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Fig. 16 Shooting game using the CapacitiveMarker.
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Fig. 17 The control method of ground mode.
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2L, BT — FIEFMGIR S 2720, 2—Fi3 2
NH2200FE— N ) FLYWNBRZ LR LTy —0%2 T LA

?6 k#%ﬁéﬂé _mlo ,7~ﬁ@20®&b
rfroi.

4.3 ZOMtDSAB
AT, e L THEZY D BER KT 7
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18 ZEffE (%K) €— F. v— 7 2 gpdRET, Bk
MIEREIERAT) S &I2L Y, HEOW* Y77 ¥ oW EL
ST TICERD SR EEIK T 5
Fig. 18 The control method of flight mode.
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HEETRENIET 5.
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Fig. 19 Conductive patterns used in the evaluation.
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HHIEARR O A L, ID ORRRERO AL RS, &b,
<= AHEBOAREFZR SN, ID PEEREI N VEAE, ID
DBBHE AT, FETIE 3 ZETHRRAREICHETC 5
o~ —7 (B19) #HEL, #rekiEgE~—7ico
E20[ET A,

5.2.2 AR v — HE3sEEOAEIE

AR ~— 7 ORBHEHAOWE X, FHE~— 7 OEBRTFL
& [FARIC CapacitiveMarker & 3575 S ¥ 7220 F Ah & Ffo T
HWEXFT). T, =AW ATHPLEBENLHAD
BEEMRDL., Y= A EREE,SEEFAICFED BT, 7
ATPLBE SN R AMEOER TIEY, HAREKR
SOmExEHTA. oL E, v—HWHIEE L TR
HMEANTWS I ERMERT L. RIC, WMEOKFEHRTHE
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NHRL. 1 OFOFMETEI L 78 & &R o 724KEET, I
FKACEH M OMEHh, F- 3~ — 2 BE ¢, v—
B HSRAESN 2 e HALEDOEFTL®, SR S #
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TWAHZ L RTERT 5.
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Fig. 20 Recognition accuracy of conductive markers.
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21 AR ~— 7 OGO WERR (FEI51)
Fig. 21 Detectable area of the AR marker (vertical).

5.3.1 FFE Y —HFEEEEOFMM

KEBRTIZ, sMEO~— A E2HEL, ~—A#EL ID
DRI L7z, EFFSEREE 20 I9RT. v —
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IRDFED 6% L o7z, Tz, BE~— 7O
W OMBEEFE DO WTEHII L 72 & 2 A, SFIGLEIE I 5%y
0.019 5 TdH -7 (SD 0.040).

5.3.2 AR ~— AR EEEOAITE

AR ~ — 7 OB REHIIE, TEE IO S AR
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ATHPE ORI L o TEIMELD, WEomED -
Wi, M, FUTCENENOME TR 8.5cm, #22.5cm,
#385cm ThHhorz. E512, BEEDH 60cm DIRFET,
Wi ARD FiiA 58 30cm, T 58 Tem, LA 5%
1lem EENZE T TY—h 25 ns (X 22).

54 ER

EEAEFIZHD X, CapacitiveMarker OMREZ £559 5.
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Fig. 22 Detectable area of the AR marker (horizontal).

KERI). B3 60 cm

{, BELTWDLEEZLND, E512, ID OFE#BIIE
5 MEOY—ATELRY, RYEWV~—7ID 1 O
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PNV EDOEBORE D & $TNALE THRIE SN 72010
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5.5 AR v —HDRHEEHE

AR ~— 7 OFHEPIL, FEE ORI RE R KD
EEPH60em THDH., TDOT s, EEFHOFHI
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E(Thbb, A TWmOFN~NES»51TL), HEFMAD
SHNRTVEZZONE. 2D L) I ETHINOERIET
FEGEEH LS FRIEDS I W 72D, o — W SEREZ & U 5 W
Whd b, 4%, 29 LMEICERE L7 eh ki
FLTWwE W,

6. EiA

AETIE, FMEROHRESERT, [ — 7 O
FPHDOF v v 7| [CapacitiveMarker DA ~ % 727 ¥ a
ETFNV] [~ =7 OBFMEFERAEH & RE ] 120w Tian
T5.

6.1 Y—HDOFHBEREHLEDX v+ v FIZDNT

AR ¥ — 1 OFEFEH OB ER R LY, AT LY v T
INANVDRTT 6 RS N WHFHATY v T8k VI S
5 S HIHR/NT 8.5¢em, AT 38.5cm ¥ T—E il
FHETAZEPHONE o7z, £oT, ARY— W&
BY—DEYVEZ LB, —EX—ADBTV AT LADLER
WATRIREN AL L. COBRBEHEHOF ¥ v 7H54E
UAiil#% 5% 2729 2T, CapacitiveMarker D1 >~ % J
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6.2 CapacitiveMarker D1 > 42773 >ET I

Z 2 TlX, CapacitiveMarker DA » % 77 > a &7V
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Y= EFEL RIF7CIREETHIET 5 [ 22l @ 2 o3
5. HEHIREL, WENICY = L5 v TSR Ou s E il
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BRI, ~— 7 OFRFRTRERIFAYA <, 3 RICHE R MR
DIEMOHUF T E B 720, 22BN 7 B HEE 2350 L7234
LTS, —J, Bix BF7IRECIRIET 2720, JE
FERHEL LT BRI OBIEICIZmMnTwuzn,
CapacitiveMarker (& Z 315 OFZEHIRIE & 22 ~ —
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OARMETHLD, —F BE K& BIFE (RO T
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2. ZERiR{E (STAIRIE)

O BLEMWESEE
X ENPTL EREEE)

» EFEXRES BB UTEREE—FEUE
- BEEEER

1. fEthiR(E (BEHEF)

O #lin <IEREGIRE
O FEhizk\ (REFERE)

23 CapacitiveMarker D1 > % 57 ¥ a »E7)b. HHEEE
HEARLL, v = W2 REETVSELHETEHREE—- P2
DR, R ZERIRET 4T
Fig. 23 The interaction model of CapacitiveMarker.
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SETHESEL LT, REMLY Y v 7L TRBE T
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FREALIEI LBV T, FV—THDY v F
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*3 hiyoshi jump. https://unity3d.com/es/node/10748
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