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Tablet Position and Orientation Estimation Method with Availability

for Multi-display System
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Abstract: As an alternative to the tabletop display, the system that assumes an invisible screen on a table
virtually and uses a tablet PC placed on it as a window to peek the virtual large screen needs to know the
three factors of the tablet PC: the screen area, the device identification, and its orientation.These position
estimates need to be performed not only at the time of initial registration, but also when object trackings
fail. In a 2D code that displays on each tablet, recognition is used to achieve the purpose, in former studies
that use images by an external camera. However, since the 2D code is a visible pattern that occupies the
screen, its use as an alternative tabletop display is interrupted during this recognizing duration, resulting
in a loss of availability. In this paper, we have proposed a pattern and recognition method that can keep
the display screen during these position estimation periods. Since this method uses only the edge areas of
the screen that are considered to be less susceptible to availability, the displayed content remains almost
kept. The experiments using real devices showed that the recognition time and accuracy can be achieved
practically.

Keywords: multi-display system, screen area recognition, device ID identification, screen orientation esti-
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Fig. 2 Model of the area estimation for the screen.
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20 [fps] IC CTHE R AT o 72, BRI B REOFZE
BT B BB L v 2 5 LED BT CHL EBREE X 334 [Lux]
Thb. FMhEO—EER 2 IIRT.

FIRNY =V OREEIE g1 =y3 =0, yo = ys = 128 (#
FE OAEIFIE [0,255]) & L7z, ARGRILZ OMEEHO 25
(BfZb) % & 52 BTFHETH L7720, FAWEOBEV
SEIIREHEOBHOEBIZTLLODH T )Lk
VL Bl L TOMEE, BuAEnio iz, flid
HOFIERTH o7z, /88 — EERAME (y,y3) T 50 [,
IR (yo,ys) Y120 HIfETH - 72,

4.2 EEESERH

FoRINY — VIR RRERIIC N =5 i3, RSy —vD
FERINEm =3 & LT, WARDOHEZEHMNEREIZBT 5 f
AR B LSRG AL OVWTER I T 72, Sy —
Wz 6, 783, BHIIERT 5 2m = 6 [frame]
Tirbh b 720, ZORMIE 3B ThHL. HFgmimylis,
X8 K9 THY, WMl 5 5 A MW EF LI,
011 TH 5. HARDOBEMANMEIIR 3 IIRT LI I2—
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6 /3% — Y% (y1 =0)
Fig. 6 Pattern image (y1 = 0).

7 XY — VIR (y2 = 128)
Fig. 7 Pattern image (y2 = 128).

.

8 UKL (45°)
Fig. 8 Device angle (45°).

9 A (90°)
Fig. 9 Device angle (90°).

EICAEIRN 7 D R R 7= S fE CHEER L 72
MR L LT, HERBZ R THEB L%
& 10 (2R, 7, HEFHROEMRIIE I RS LD
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Table 3 Accuracy of estimated device screen area.

WAL | IR

0° 1.00
22° 1.00
45° 1.00
90° 1.00
113° 1.00
135° 0.80
180° 1.00
225° 1.00
265° 0.90
270° 0.90
299° 1.00
315° 0.95

10 T i A R R R

Fig. 10 Example of screen area recognition.

DT, ARSI ACE 5 T3 L R Y T
KEDH OIS %R L TWA, EEIE D IEHREHE
WHNCIEMREY HETED, TN LR 2 mFELN
THLPEDPTHEL TWDEY, RIEMOREITE 74
B EIMEZHEE L TV ABENITLE AL T, FHED
HEIES THo 7.

RN OIE, —HOMETH LRVIEfFRE 2o THED,
CORRIIAHTH 755, WEIZHED AA 7RI HRE
DEEENZEL TV LIRESHITONL. BB
WIEfFETH ), Foro 1 BHEATHRIETE 57280, 20
MR ORGSR & ST 1, 2 REOEMM 2 %
TAAHLHETE D, TR — VIEITRERRIICERE L7
N, EBEORA, N=31BET CHMTRETH- 7
EBON =50t X, AWM EHDZERY — > O
X, $1.3%CTh 5.

4.3 RFEEREEHEEIC L K ID H#E

FRIECH72Dm=2 (WKL), m=3 K2 D2
WY % 2BEOMKICEICEZ 52 LT, MANHHEE
WK ID OFEEEE 2475 . B 11 1332 mifg 2 Ak
O FEIHE B FEI & Rk TR L 7261 CTd 4. 4 50 [frame]
OIEEEE ETHEE L2825, WK1, 2 FRZFNRT,
26, 16 [frame] 3" D FEIHFERE IS L 72, KHEIBIZOWT
WES LT, BimKOMEIHEL, 72, HEM
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11 2 Hikpl g

Fig. 11 Experiment to discriminate two devices.

12 /%% — g (y3 =0, ya =128)
Fig. 12 Pattern image (y3 = 0,y4 = 128).

B (RIIEICHAT) 12X o THERDHEDITZ A I &%
noiz.

4.4 HEEMAEHETE
FEBRAGIZ XY — FORPIE N = 5 Wi & L CEfH[m X3
ETFEICOWTER L., Ny — Vg R 12 2R,
FIRNY — 2 OWARBE AR 1% TH L. KO
FHGENAERCTNOLAETHIEL S 2 TE 7.
RS & O MEGE AR 13 IR, #ETVTY X
LTHESREIE L7, FIELE EORO E TNz Rk
FIT/RLTWA, ZORE, wmko LAl & HEE L 72wk L
DB % FRWH TR LTV D, FHEBEORKDNER & (1348
BARRIZEEN Ik EM 2 HETE TV D Z e nhb.
A FEE 0°, 180°, 225° OZFSM(EIL, WA MBS X
DR ) CTHIRIOBE ) ARAR S, W & g Tol
LB S 7z s, [ E b ERIEMER frbih:
72721, K (8) TOfE O DHIHEAMBOFALEE L Y /NS DT
Hotz. T, B EHEE D720 OB IR D
FESRBEYRKD LN TV WEEFAS D TH 72 &
BRI 5. Lal, ZHUIEEEORWGIZBEIL T
HEBWZR, HIEAKICHES 22 EDIRETIE o7
B, TOO0 DHIHEDRNTH > 72DIE, WAME
90° DIGETH L. ZORESHEAMRICHEL RITT &
I BRI 7 25 7255, FEIORI DA DOV T
5% EBIToTnELN
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13 [ [ & e g KR 4

Fig. 13 Images of screen orientation estimation.

4.5 2RFTI— RFEEEDLSE

2kIGa— KBl & LT ArUco ~— 741 ZF) L 72 i 1 8
IERER & T AL IRERTEFEARIS, Wog Wit N O kK D
AR A AL S 70 12 FEOHZ W% % v, A i T
FHIGERR AT o 72, BB, R2 LM—-TH AL, 727701,
ArUco ¥ — 7 IFEIRIFIH 2 M2 L T b 720, ~— 7 DfE
BISEEZT O 7S 0128560 THL. HELL~Y— I
BEACHE L0 0%K 14 18T, fERIE, KA
ErRVWThoOGAETb~Y—h 2Bt/ La»L, v—
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14 SR EHEE B (ArUco ~—71)

Fig. 14 Estimated image of device position (ArUco marker).

15 2 falkhl s (ORB)
Fig. 15 Experiment to discriminate two devices (ORB).

HHPFRIV T YV EHELTVA I LIEIN 14 225
L0 TH Y, FEERBITOmEBIE I 5O 5~ — 7 SIS
Hix, #5075 Thotz. T2, wmEKBEEER (KE&) O
HHITRET A D TERV., bL, ThEv—FER
THEBALLD ETLE, EHEL HA LEITIUIE S0,

SR LT, IREHRTIE, N =5 D54 THIIZH
WFHIRIC BN DS T X -, CoE X, Ny — v Ol 5 4=
i, M13%ICEE T AEEMEL TS LV S, F
72, 2RI — RTINSy — Vi 2 i, ET 5720
DEHFIE TR 2720, K@ ED -0 OfF 5 8L
YoM ELTLE ). B CHEZLT 2 Wikdnl
WXL WS E 2Oy — v BT AR GR T
EZ X9 7t BRZE RIS E L 2 o s ERAY 72 B
HTH5D.

4.6 ERERIEIC & 2B FEE DL

JHE Ou AR E RIS E G ERR T e s NS, L
ML, WK ZER, KK TOFRREEIFHINTE 20
NETHH720RMTHL5E50HB. 22 TIE, 26D
K EICFE—MNEDER SN TV BEA IR ID #kA A
MPICTERWE & ZMERT HERET- 72, Bl z00
WA, ~vF v 712iE, #1210 ORB, BFMatcher
AR L. F—ligr 2 BOmKZNEIUITEKR LK
HEC, MR EIT) 2O DALY S LoWILERE,
FIROTHGEEDY v F 7 LTRTWA.

FERIE, 15 T, vy FLAAE) LEHTHATY
B, MIROZ L SO TmE FOERIZE—ER O~ v F
BEFROND, 2L, WRETEIZ, HESETETERD
BLINY =R, JABPLBEEZZHEIRIE TV ILGE
ICHEENBRMTH S, ZDIEH, WEEIGEDOWMIEED
FRA VT VY OB L TARE L TV AR (EH%
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WM WM O I > 7 v FER) THRID ) B E
ZZONDED, INLDEMENY — L IZOWTIERRAAET
Hb.

R—EFHRR, INEFEERFE—DI YT VY ARETFR
L7ZIREECERR 4T - 72285, @Ay — L L TRK D
CIWCRL BN — U HRFOREE D L THiR ID ikl & E
HWL T, 2oZehn, REFEZ, FRavyrry
AT CHEE 2 im K ID kB 2 EHTE L FETH D &
Wz 5.

4.7 OJFRMEEHE

W SEISEE R, ST D, WREHIC o 5K
RN Y — B, $90.01 THb. UL, B
Z{THWLNTWS 2 K0T — FO, SiKBHEIZHD %
MR T, ISP E L, F72, Ko ary s
CIUNBERFRLIT LI EPUWETH DL ENVZ L0,
U AN EHEERE IS S TS MR L T b, ZomfEIbE
NG = VFEIRIERAECTH ), —MRICFIRIEATL T &R0
IR E T 5 EFHENS, EEBRTHWMEIZREERN I
EEEM, BECTO2KEE LTRELZDDOTHY,
BEICIHEBOWESEICEDLETHBEINLIRELDTH
b, LoL, EBRTHWAEMHIIZALERRbOTIEL
{, BAEDRTB YV BAETIHEMEZ b OIHHESN, 20
IZTCZOREOZRETRMTE/2D, RIFKR/INY —
YD EBROBE TH - TH, £fko 9 E L _E o i
ECAYT VY RFIRLET D ZEDWRETH L7120, 4
fhe LT M2 MR L7288 — U F0R, BTHETH AL
w2 b,
RIS — v O RIE LR T L — 4L —
NMRAES 298, EBRE ST A — & T, [
DOV, 1 ORI 3 [s], ZOMBFROKEEEITH
DT, 1, 2R TR B Z e 5 2 L5 HET
HDH. WA EHEEICE LT, BEEEIEO 1 [frame] T
BT TH D720, L[s] £ 707 T L ORI
0.12[s] R L7z, 0.17[s] &) I T, WRM X %4
EBTAIENTEL., IN6IE, HoERNZERRIFRT
HY, VAT LAOFAEPIF RV ITIZBWT, fERFEL
DERLTW LD, REFHEER, P27 2FHEOFENA
M ETELTHETH 5.

5. BbhIC

BEED Y 7Ly Mg & LTIl TR AR 8] T %
BT 2~V F& 7Ly by AT LARIZONT, ¥ —
N2 FAT v N RO RERICOVWTHMNL,
DR TLEL 7 DA E, )& OHEETHEIIOWTHRE
L7z, IhET, CORASHECITERLZ2KRET—F
BEOWKEE 2 5HT 5858 — v 2FREE, TREHE
HATTHRE L CHBRT A L) 2TFEIHOLNRTE .
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L2 L, REFETHE, WKEREOIZE AL OHEEE 2
YT VIR EMR oINS OMERRINE®ZREITO &
EDITE, VAT LAHMHROTHBTZMEF LT E LTS
CEDTELFETHLIETHLNIZL.
RESCTIE, SR G O AND ST — 2 FIR T OB
MWTELZERFHMIRLZDDTH D, Lz ->TH
HCH 7z TE, IR 2 T2 L 2 ImROBFmFEMHRIZL -
T, ¥ — U FERIEZ K8 X 5 E0BISHE AL E L.,
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