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Abstract  In this paper, we propose a technique for retrieving a database containing a large amount of data at high-speed for the purpose of
recognizing human postures. An eigenspace is a technique for recognizing a 3-D object from its 2-D image set. But it has a disadvantage that
the retrieval time increases in proportion to the number of objects registered in the database. In order to overcome this difficulty, we propose a
structured eigenspace. This is an eigenspace structured by B-tree and it realizes high-speed retrieval in a large amount of data in the eigenspace.

An experiment was performed employing some human posture images and the proposed technique achieved satisfactory results.
Keywords structured eigenspace, eigenspace, recognition, B-tree, database
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Fig. 3 A 2-D eigenspace having a B-tree structure

BERLTRY, HEEg, ST 2.

Fig3 |2 B-tree #iE 2 H50 2 IRTTEA 2 0BI 2R~ X
T D e, e, 1IEFZERITIT DI THD. Eie,
BRORITER 2N S-SR A R L TRY,
JEZ g \CABM D, B e, 1XR—DIE L T65EISh
TEY, HE7 V3 AZ0~5DFFNT VTSN T
Wb, ZOFEWs,,(v=01...V) ThD. ke, HF
BpgEish, I~ ShTnha.

TIT, BHERg, ks va VERBIERT AL %
#£2%. Fig3 T, Mif LOMER g, 135 Ee, Lo 4
FHORI v a AIBLTRY, 7 ESie, FC3%EE
DEIVaANTRL TS, LIzhioC, EIER g, 1247
6L 2D va L FEES, =B BREILND. D
FOC LTSS g, 13 ¥ a V&S S ARSI A.

v aESS I, e \CBITH4FBHOEY
vavl, EEe, HICRIT23FBOES v a L THE
NIHERAER (BY) #BRL QWA 22T, BEHZEM
2RV AR A Z O ORIZEIRTIUE, Zory
OFITFHET DEIR (GBS 1375 RS
NTOBLEEIE LV IZDINATRL 12 BT2, &F—5F
N2 L OEPRREIT L0 bEEIERTE 5.

ZDEIZ, 7 a S OFENCLY, nkTER
LB TR TR SN E NI ET B Z LN TE 5.
FUT, BRERHEAE T OFITHIRYT 2 Z LIk 0 EsRER
BRREE 72D, ZDEI v a &S #%—& LT Biree
BT D Z LR U EAREIC Lo CREMT, BE
THZLITHEY TS, FLT, &7 a  EBa Ry —
L LT BHree 2R 5Z LIk, BRDE L ~E#HIC
TIRAL, EORICEENHEMEIRESD Z L HFTHE
Li2B. T2I2L, EHEEROENT — 5 R—R B Eh
TV L [FREECHD &, Btree ZEALZ 21T
L OEEITEDIR. ZOBE)D, EECEEND
BT TE B0 LM SN,



T
'\ QO « testimage A’
learning image A — @

@ < learning image B
|

]

Line

Fig. 4 Problem of border line

32 SRS

B2 258 5714 U S RREIC OV TELET 5.
EEZRITE 2 v a Nl X o THEISND 729, Figd (TR
Ik O A RRIENR AT D, Figd 13 Btree &2 F5 o7
2WRTEE LN, 2 S0 EER A,B &7 A N A
PEE SN CWBEFTHS. Line ldzhthksvay
DERZRL TS, ZORICBWTT A Mg Al—F
TV DITFEER A TH Y, 1E-REICL 2257 3FE
it A DE LGRS NS. —F, AFETIE, 024
ORIEER D 5T DFHER A T, ot
STV FEEEE B 2&IRT5 Z L5, EAEZEHEZSE
L=z blZ D X 5 e R ERENE U 5.

Z OREE, BERBEICT A NEEOEET D L X0%
ET25720, ZOLIRPRER DI BESERN L
BEELRD., FOFDIITEAZERZM L HER5H 2
LERET, B v a v oBERE DR TUTEV. 257
% Z LI X VRSB 57— % OBE LTI
HIENTED. Linl, BERZEMEHET D L
BEENCEENDOEEIOER AL 7o, EdERREN
EFHZ LIRS, O LTIV a VDIRLITREL
WAFT D728, Bl L 2F%ETHIEMNE LB,

33 Bk v a MEORE

T a Ol L OREFECDONWTRRS. L Offix
RG A= L LTI S & &, IR REER &,
L OHITFEY DIERHBEIR OB T 2.

R (L) Ao TERSND.

r(r)-28) (16)
nl

7120, n 3T —H = AR EAT > T2T A MEIROBER,
n, (L) 13 O CREEICAEh UT- B G 5.

E7-, GEREHROSE I BT, (L) 2k
KX CERTS.

ofr)= ) (7

ZZTn (L) 13 1 DT & NEHRITHRH L TF 4 ~_— 2R
REAT OB DN DGO TH Y, n 1374
R—RZHFE SN TV LRERETH S, n(L) X
0 < n, (L)< n OEHREETI T T2, (L) IXERYLS
N0 <c(L)<1¥72%. o(L) DEIRFEEDIETHY,
L)=10k %, BEHEIERORLERLELL, 15
INEL 72D E LR Y.

Original \ Proposed
technique technique

Calculating
the distance DB

\ Calculating the distance

I Result of recognition I

Searching for
candidate postures
from the B-tree

Fig. 5 Recognition process

L OfE? NS W& &, BEREZERZSER D EAhaE<
729, ZORITEENDEMEERIIDR 0D, EDID
TREGEELIM E9 503, BERRREOHE LT RDD
FEERITTAS. W2, L OfENKEL, Oe2DE T
EFEEEIEEND X O BRGEAITY, ERREIRAL
RUNZORGHERIITE L Je D08, MIGHEIIERDOSHER L
bl ies. HoTr(L) LelX) izt v— 470
RERY, (ABLOFMMENLEL 2D, ZIT, A
TIILA T OFHiE D, 2 V5.

D, =|r(L)-c(L) (18)

FHHE D, DMk & 720 & &0 L #BRATIUL, /s
WL, POFEHRORNL Z HERICIET S Z &N T
&5 F77, rlL) Lell)ZELBI—FERERIHEET
HZEHTED. b LIRERABHC L TTORRE Y T
VB A 2B3msec EUF) CITVZVRR, L) 32 DR
T LD LBZEDDHI ENTEA.

4 FEBr

BEFEOEIMEREET 57201, NDOLBAO %
1Totz. 12121, MBIINTR NBEER LZ. Fig6 iz
Y S RREHDEEE NECRBLL, PCIZ L~ CHili S5
G =T =T R, RNV EE L.
FiEifg L LT 5 20L&BEN KL, 9EBEIZ36
O EERRS W (s =1,2,...5 1 =1,2,...,40) ZUEL
To. sIXEES, tIXEHEAE AR, EROBENE 200 # &
7. TRHMAE LT, FREEBICRL, 54 BT RN
LUERI, (5 =1,2,...5 u =12,...40) 200 A&z,
i B ORI, 3T, L0 BT, OFREOED
FREL 7200, EERNCIEE A ETEORRLNRNZD,
ER AR Uz, FERERZ Fig2 (OR 7. iHlEE
BRIZT 577 2 a0 DL =041 Th-oi-

L=041 D& EDEKINT A—H - EREERH £ 252 Tabled
R BRI R MEfR 200 e B U oV T
LR O TH D, Tabled OfEEREYRD &
PEIIEDS 100% THDDITHT L, REFEIL 34% L FHHE
PZ HINTND Z &8s, F U TR CIHER



FEF 1058, BIEREESN TS, TR
KEL Y FEETLTWAY, ZHHERRTEICL D
HLOLEZ LMD, ZOFERE Y ITEETEROERTHZ
EDERETH Y, BHFEEE LS T4, REHE
EOmEm#E LT THD 2 L BRHER ST,

5 Z£

FENEG DRI LB BITOVWTE LT 5. Figh
(ZHEROIEF 22k L HRETE Th A& ER 2= RR
M AR, MOEROT v ek, AR
FRFREERLTWS. JERIETIE, T4 =A% LT
BB EAT I 120, FHERRIEL Sl THY, OMm) &7z
B. 12121, nlIF—2 _R— A EENHATEBE TH 5.
UKL, BEFETL, 9 Bree 108 D EFEIGE
MERL, ZOFEMERI U CEUEROREEITS .
B-tree J. AFAMHEIEOBRIAITL, 22 LY O(logn) DFHEEL
725, Fio, Boivc REOBEERI S D ELETGR D
BRI, O(R) DIEENIYNBE. ZIZT, niTHLTR
DPAHNESFIUTOR) L B2 L TE, B
FHEOHERITIOlogn) L7325, UL, R=n k72bL
SHERITO(n) L 720, AEREL FHERNED bR 25T
LED. #-7TC, R<<n L7253 XDIEHER R 2811
HERDHD.

6 fEah

B 2T B-tree 23 L7 A& UEA ZEMIZ VT,
NDLEER A ERAT ) FELRE L. RETEDR
PR TR U, RETE S O3 oS
FET DT IS LT ZSFERRTE RN L5 L
W) BRESNFEET 5. ZAUISHOBETHD.

AHGEO—F ISR AR I R B & & =) 7.

BERWX

[1] R Bayer, E. McCreight, “Organization and maintenance of
large ordered indexes”, Acta Informatica 1, fasc. 3, pp.173-
189, 1972.

[2] H. Murase, S. K. Nayar, “Recognition and spotting of 3D
objects using parametric eigenspace representation”, Proc.
of MIRU, 2, pp.49-56, 1994.

[3] S. Houman, M. M. Rahman, J. K. Tan, S. Ishikawa,
“Representing human motions in an eigenspace based on
surrounding cameras”, Proc. of ICCAS, pp.1808-1813,
2004

[4] M. M. Rahman, S. Ishikawa, “Robust appearance-based
human action recognition”, Proc. of ICPR, CD-ROM 4
pages, 2004.

[5] Jau-Yuen Chen, Charles A. Bouman, Jan P. Allebach, “Fast

image database search using tree-structured VQ”, Proc. of
IEEE International Conference on Image Processing, Vol.
2, pp. 827-830, Oct., 1997.

[6] J.McNames, “A fast nearest-neighbor algorithm based on a
principal axis search tree”, JEEE Transactions on Pattern
Analysis and Machine Intelligence, Vol. PAMI-23, No. 9,
Pp-964-976, Sept., 2001.

[71 T Shibata, T. Kato, T. Wada, “K-D decision tree: An
accelerated and memory efficient nearest neighbor
classifier”, Proc. of 3rd IEEE International Conference on
Data Mining, pp. 641- 644, Nov., 2003.

[8] D.Y.Cheng, A. Gersho, B. Ramamurthi, Y. Shoham, “First
search algorithms for vector quantization and pattern
matiching”, Proc. of IEEE International Conference on
Acoustics, Speech and Signal Processing, Vol. 1,
pp.9.11.1-9.11.4, Mar,, 1984.

[9]1 S. A. Nene, S. K. Nayar, “A simple algorithm for nearest
neighbor search in high dimensions”, IEEE Trans. Pattern
Anal. Machine Intell., Vol.19, pp.989-1003, No.9, Sep.,
1997.

[10] J. L. Bentley; “Multidimensional binary search trees used
for associative searching”, Communications of the ACM 18,
pp.509-517, Sept., 1975.

a0 020 03,0 040 as0 arn 080 aso 190

0s0
Width of_Section]

Fig. 7 Experimental results: Recognition rate with
respect to the section width L

Table 1 Experimental results: Comparison of the
proposed technique with the original at LZ=0.41

Original technique | Proposed technique
Recognition rate 100 % 91.0 %
Candidate rate 100 % 34%
Query time 12 msec 1.2 msec






