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Abstract The proposed marker has the following three aspects, (i) the marker is easy-to-find under a cluttered
background (ii) the marker is calculable for it’s posture (iii) the marker size can be small. The proposed marker is
composed of a random dots pattern, and uses Spectral SIFT for a dots detection. Besides it uses an area ratio of
triangles which are composed of dots as a geometry feature from a random dots pattern and retrieves the features
speedily by Locally Likely Arrangement Hashing (LLAH) so that the correct marker is identied. Moreover a data

is encoded to scale sizes of dots in the marker by using Spectral SIFT. We show the above by our experiments.
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(b) Affine invariant value from all combinations of the selected
four points out of m (=5) points.
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Fig.1 Feature representation and its stability
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Fig.2 Detection procedure of proposed marker

4 ROMBAEDEERD, ZI0LHEEINDIT 7 4 v REE
i APy XoL] (7‘(0), (1), v 7'(7”0471)) TERHIND.
- Ok T% Fig. 1(b) (.

3. 1RE : Spectral SIFT ZAL\= Fv F&EH

SIFT ITMEDIRY, Fi2ik, BAIZEZOF—HKA » M
B9 2. [6] TiX, 2 EHMDONY—2% SIFT OF—HRA > Mk
HEFH LRESBIET 2 FELRE LI, £l —0)
BOICREINTY, HOBREOHE CHNITMHTELZ &
bR Lz, SIFT T, HEH{E SN A7 — NV AR—=RZER/T
DoG ZA{ER L, ZTOMME LY F—HRA v bk b, HEBbs
NIEA =TI, BEEY A e A7 =A% A 2L - T,
Ky hOMHATE 2. —7, Spectral SIFT (%, {EE D X
=Bz . ZhUL, Scale Normalized LoG ZEIZx L
TANRY NGIREATV, BRI A 5 H R I )R
A3, #EEn e EA A2 ZEATEEIL TRD 5. Spectral
SIFT I, @D A — IV ERZ D10, HHEEY A X (H

) N



BEORY FOREE) ITHEET Ry NMERETED. %
Y, Spectral SIFT ZFHH\\5Z & T, ~—N&EHATMHLIEE
OEFRECRE LTS Ry FORIBNRTEEE B R D.

L2 L, Spectral SIFT # W THRHE LZAE, ~—2 D
Fy PESMZHEZ < DREREBLTLEDS. 22T, UTO
2 ODMBERT, BEHAE LTORYIAZEERTS. 1
Blix, =y VOMEICLHM 7 4%, 2 0BIE RNy hDRA
T NEEIZEDHUB 7 4V ETHD. RIKOMHAT v 7
% Fig. 21I77. F_ET H~—F %, Spectral Random
Dots Markers & 49 5.

3.1 TYDHBREIZKDHHNTAILE

F—RA  MEAUOAFRBEEZHNT, =B D Ry MEki
RV AL, Ty VHEORORERM S LTERL, Thlist
D RUTERD BV, BRI, |Det(H)| > 100 (Z 2T, #E
FE DR KA 255) 120E 5. HBIRE, K (2) 1I26ES.

Det(H) = DyyDyy — (Day)? (2)

Z T, H EDoG gD~y 15 TH Y, X (3) IHE .
DIE.’E D:l)

H = Y } 3)
DI?J Dyy

3.2 FyFDRY—ILHEFEIZKZHBI T 1ILE

Spectral SIFT #H\ 5 Z LIk Y Ky hoKRESZHET
HZEBRHED. BETLY—HIZBVTUL, Fy hoKES
ERANAO2TEMNETSH. Fy hOREILv—DIH A LD
i, FRICREDRFHMETH DH. 2T, & Ky MEmITx
LT, #ELZ Ry NOARTF—AY A XETLIZ, Ry PRKRE
WHERELTY—IHIA X (v—HDOER) 2HETS. £
LCv—AV A XNIFEL, FANOAr— I EEZ KO Ry
FOKEIE T(= 8) UL b oA, &b Lz Ry
MoK EEME LTRHATS. 2L O Ky ME, outliner
& LTSN D,

4. RERLBER

HEFEE 0 1280 X 720 THH TR USB U A T &2 HWTERL
Too R Lio~—H % — 2 % R4 2.5cm W5 C, Ky M
211 R, 5bT—XORIUL8 MAEMEMA L. &Y D 3 8%
a—F—mE Lk, FRy NV A XOF/MIRILT, K4
12 (1, -1) ZFIvYT, F—HRIUINT-.

4.1 Fvy FOBHAEOLEREER

Ry FORBIZENT, ERFIEOT VXA Ry b v—F
THEAENTNDT Yy DU ESN— 2 LI FHEERET D
Spectral SIFT Z f\\ 7= k& i3 %, 2L FIEIL, Spectral
SIFT OB L LT, 74X ) U THBEAEALTND.

Fig. 3, Fig. 4 IZ#R%Z7=7. Fig. 3(b) &Y, EkFE
T, ~— IO Ry NS Ty VAREZBHINLTWS Z
EBIMND. —TF, TEERTIED Spectral SIFT TR DEL
DHEEHNTHIEIZEY, v— IO Ry NEEZD T ENH
KTWBZ ENSND (Fig. 4(b)). LavL, BEmEIC/NES A
MRH B0, < OERMIPUGEL TS Z L LR TE 5.

(c) After the labeling
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Fig.3 Dots detection by Random Dots Markers

(d) The result of marker detetion

(a) An input image (b) After Spectral SIFT

(c) After the filter by edge  (d) After the filter by dots scale

(e) After LLAH processing

(f) The result of marker detetion
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Fig.4 Dots detection by Spectral Random Dots Markers
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(a) An input image

(c) After LLAH processing

(b) After Spectral SIFT and the denoising filtering process
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(d) The result of the identifications of markers and their decode
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Fig.6 Marker’s decode by various placements
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Fig.5 1 byte representation by Spectral Random Dots Markers
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