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3D Object Recognition Based on Canonical Angles between Shape Spaces
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Fig.1 Concept of proposed similarity based on
canonical angles between shape spaces.
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Fig.2 Example of swapping rows and columns by
swapping feature points. (P = 4)
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Fig.3 Example of the proposed matching process.

(d) Quaq), Qp) PHEITIHF LT, VWE2EHIE
DT HLENTVRVWEREORE Y — b LRI, sHBHE
HDFNIRT PVOEFREZFOIATRY PVEERES
BRANEGRDHMEHERT S, TTTE Q)Y P 21TL
Qi P 2THHIEIToNs. DR (¢), (d) %
TRTCOITRYZ PVHSREOT o5 FTHRYET.

3.2 EEAICED(HREME

Rz ELOEUER, MEOLRTHAETHLIE
Hefy 6] 12X o CERMICHZ LA TED. M AT
HWOZEE Sy & N RITHSZEM S (M < N) 2L
T, MADOFE#ESS (61 <0 <...<0n) BUTOX
ITERTE 5.

max ————-——(ui'w)rz
wiluy, vilo; ||uil|?||vg||?
1<4,5<M, iy
ZZT(), [l BEhETRARK, S/ VAERERL,
u; € S1, vi € Sa, |jusl] # 0, |jvil]] #0 TH 5.
S1, S ZIEDEHBEREKE ZNENIENTATH] %
D= ... b)) ¥=(py ... Yy) EFTHE, &
i FHEf 0, DA cosh; 1X, ®TY HH5NF T D

7y

2
cos” 0; =

NI | -El ectronic Library Service



The Institute of Electronics,

L/ TR ZE B DR 19 7 BRI EE D { ZRITTH ARREE

I nformation and Conmuni cati on Engi neers

Detecting and
tracking feature points

Detecting and
tracking feature points

Factorization

:Il Matching feature points |

Classification based on
canonical angles

4 RETLHEERBROTHN
Fig.4 The flow of object recognition process based
on proposed similarity.
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The number of feature points: P = 30
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Fig.5 Performances of proposed matching method.
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RERTES. B 712, ATEED, OB S8 -
HEMERE, ABSEHE 7 1 VF 12X 0B N-08
Ey 7O—flERY. COFEE~ Y S LT,
KLT #:[16] Z#H L THEEOME - BI% 1T 72,

4.2.1 [Rik 1] $EBS0BERERRICH 3 %58

et

Bk U729R00 1 2883 2720102, ROFPNECTHEL

(a) (b)

7 EEOSRH - BBRO 720 ORILE (a) AJTERICH
T 5 - BHEEM, (b) EEESOBRUA DK
R LTHERE T 4 Vs 2 EH
Fig.7 Preprocessing for detecting and tracking fea-
ture points: (a) detected face and (b) separa-
bility degree map.

HEBRIR L 72, kB 1000 OGHEE< v 72
LTCKLT EEZEH L, SR - BT 5. £
LT T CBIFSNZHFEAOT2S, SHENE
WEM P EEBEIRT A, CZTEETREIE, B
BARETHY, BONEHEESIZEISZ D/ 1
AREFNTVEEWVIZLTHDH. BRTHERL:
&5, BHOBEP CRRBE TR ERMNED S 50
Y7V bR L7720, o 2N BEE s L
THEIFLTWE T —ANEZ L Rbhi.

MBI LT OFIETIT o7z, 9, AT L8
HOBHEREY 50 32 20 @I58 L, &5 560
BOBEY Y b 2ERT 5. BEREOHLAMER LD

T ADIC, BENZKREEE LT, EORE 1

GOTF—F% 1HEEy FET A, RIS, LEOHEG
Y FEFM@T - L LTMYHL, &) OEGL
P2 T RCEET—F LT3, COLE, FHMET—%
PETA2 A (AW 319 HoRE, #hllio
7 IATIR20EOHEL DO LIThR B, BINIR
(8) TEHRENIBFME L HV/RILHEREICLDIT).
INETTOEBZR Ly NEHIi T — 4% & LCT&EIINh
HETHEYEL 2.

R OMIBAITIZE, RBEEL QR FEICHEDL
HER EENENEH LA, FMERES LT, &5
# & EER (Equal Error Rate) w72, EER i3,
FAR (ffL A5z A% : False Acceptance Rate) ¢ FRR
(& AHEAMLZR  False Rejection Rate) 2L e 2o
B TH 5.

X 8 124 & 172 30 DEERER OB ERL, K9
WHLHEEYy MIEINIEEEZEO—EHERT. £2
EEBIIZH B R BISH§ BB 2R L T v
L. WA, EER OMAICE LT, BEE oA
CRFEELEHTAZ LT, EREERBEHALBEI
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B 8 1000 B OEREE I U TR S N a5
(P = 30)
Fig.8 Examples of detected and tracked feature
points through 1000 frames. (P = 30)

(b) 16th

(c) 32nd (d) 50th

B9 R 1ICBITAESEEY MIEFHRAEEEOH
Fig.9 Examples included in a set of images in the
case 1.

F 2 R ICBITAEIBOEE

Table 2 Performances of face recognition in the

case 1.
p Recognition rate [%] EER [%]
Proposed | QR-based | Proposed | QR-baed

10 98.4 96.3 2.08 3.60
15 99.8 97.7 0.81 3.04
20 99.5 98.2 0.76 2.28
25 99.8 98.8 0.59 1.61
30 99.6 98.8 0.62 1.74
35 99.6 98.2 0.45 2.33

3 K2 108 AEEROEE (P =30)
Table 3 Performances of face recognition in the
case 2. (P = 30)

N [RR [%] | EER [%]
0 99.6 0.62
5 99.2 0.99
10 98.1 1.80
15 97.2 2.68
20 96.6 2.68
25 96.2 2.90
30 96.1 2.94
35 95.9 3.13
40 96.9 2.90

F 4 HET— I BOBMIC L EIREOZML (P = 30)
Table 4 Change of the performance with changing
the number of dictionaries. (P = 30)

RR [% EER [%)]
N

Num. of di: 5 10 15 5 10 15
10 98.7 1 96.8 | 95.01 1.43 | 2.88 | 3.33
12 98.9 | 97.4|95.7}1.34 | 2.38 | 3.39
14 99.0197.8196.0]1.26 | 2.11 | 2.97
16 99.0 | 97.8 1969} 1.13 | 2.04 | 2.84
18 99.1 [ 98.0 | 97.1}1.13}|1.92 | 2.72
20 99.2 | 98.1 | 97.2 | 0.99 | 1.80 | 2.68

4.2.2 [ 2] FHBEOBRANK T 5 wEikH
WL 1 OEBETHW: P = 30 SOBHSIZ L
T, WoEBFEL 2 ES (BEEEy FPATERE
7 V= A TEIFTEE) TN SIS RS B
FERIICEBML TW & TR 2 2 BT 5. 2B,
FEATIRART X D ISR IEEATEAE T A b T LD
TRELIRTIR R, TNEEZBINC X 28 BHH
ZODRALTWVS, BINT 28808135 v &7 L8R
L, BATEIE 5 B OFE 2 ik 2R & L.
BT AEE N % 0555 40 HETELSET, &
SIEREDS E DRRERLT B D2 TR BEEOWTE
IR EREIC X o TTV, EBRENZIRE 1 & ARk,
BT EEEZ HWTiTo 7.
F£3ITEMLUMNEEE N EEINEREOBFRER
T N=0D&EHRI 1 DHERIHIET 5. BN
LB BB N DSBS 5 1Pk, BRBUMERE X & A
WAETLTWL, L2 Leds, P=30 HIZxLT
N =10 F2NEME n7z54 (RAZE 110/40 = 25%)

HARTHEFIKBICHELTHWE I LS5, Tk
P =350k ZZi#AIZEIL 99.6%, EER I 0.45% &,
B BIMREIEONTWAE I EDD, BELE
P AR N — A DRI B W THRICEH S 2 &

T kBRI 98.1%, EER I 1.80% & B\ Efe % #E
HLTWS,

F/-%£ 412, P=30, N=5,10,15 ZBN\WTHE
F— AR B S L XOBNEREOE/LERT.

AHERTE /2. FEROBINIME > THREDTA LT 5 2 L 0 HERR T &,
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TI, FEEEDT16 25 20 THEFSRELTWDL I L
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AR THIUL, FEImEE T RT 52 ETHHEH
WEELEZ ON, EROBEEBEALHVATET I
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KEBRF— LT, TET TV AR—ZADED
REW 2 FETHHEREE 1T 2BHL2BEIC,
AL 99.8%, EER 1 1.10%72 572, I L
T, BFEHOELE & BAEEOEUEOME T
CHEDWTHA AT &, #BIEDT 99.8%, EER #°
0.56%& %0, RO LR TEL. 2L
AR IC oW, EAEER Y T ABICKREIT S
DWxt L, REFETET— ¥ B A LSEEA R
3RICHHBIT S, 202D YTNY A 2EDPBEL %
DAL, BEREETRERBIEZEC L TWELL
720 S AT OARCREEFZHEET L L1225,

5. ¢ ¢ U

AR LTI, HFMBEEICE - TES NS IRERM
D ERHAL T, ZRILEMITBIT 5 ODRHM
EEFELTOEPELER L. BIZZoBEUEICED
WKW EREB LTI 7V~ 7 =2 2RE L.
FREERERT S 20 1L E R S E OB T
%, WRER 2O/ LNLBERFEATH 2B~ 5
CETRIT B HERRE L.

BRELZOFENEL, ZOoDFERICL > THIEL 7.
T PR Ao FEICOWT, 4 XENATL
BT -7 2BV TRELEHEi L2, 20/FR, ek
HICHART, BEEZ 4 X000 L CREICERETH
D, POBERECHITIPTEETH L Z L 2HERL
7o, FRRELIPEREBO 7 V-7 —21200T,
BRI L o THREZREE L 72, 558U OB BF
DD TAREZEBERIT LTS, BET D0
AR TH Y, EEMICLZEUEICE > TRIFR
BANEREPEOND Z L 2R L. BICE—AWIC
BT, Bl SN2 A0 15% B E 0 mTtin
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Algorithm 1 IZ3RfHFO 7 VT L %2RT. N
BORHEE DO ODEAP LELNLRIRZEH O
BRI Qa, Qs 2 AJIT B L, WBfHTORE
RTHLTF CHBHEPENSE, COIFIHIZ Qa I

Algorithm 1 The proposed matching algorithm.

1: Input: N x N Orthogonal projection matrices Qa, Qp
2: Output: N x 2 Correspondence matrix C

3: /) WIBAWTWREWTOAL »Fy 2 A ’5:1%#

4: <I> ={1,2,...,N}

5 W= {1, 2 , N}

6: fort=ltoNdo

7 /] Qa, Qe PEITOERLFEY — 1+ (K 3(b), (d)
8  Q/y « Sortsthe elements of Q4 within each row

9: Q’; « Sort the elements of Qg within each row
10: /) FHBOFOAERE Q,, Qf DAY FVE

HEEEETE (K 3(b), (d)
11: fori=1to N —(t—1) do

12: g +— CD[.L']

13: u « gth row of Q’,

14: for j=1to N —-(t—1)do

15: h «— ‘II[_]]

16: v « hth row of Qg

17: if t =1 then

18: d(i, 7)) = ZkN=1 lu“c} - U[k}’

19: else

20: /] WIEEHDOF al), b)) DERLEDT

L, HEEZEE (X 3(d))

PR N—(t—1)
21: d(i, j) = Zk 1 lu[k] - v{k][
+ Z ‘ (k) _ b(k)
292: end if
23: end for

24: end for
25: /AT POVEBEBESSER/ANC R B0 (4, 5) REEEL, B
26: (ra,rp) = argmind(i, j)
%7
27:  tth row of C « (é[rA],\y[rB])

28 // Qa, Qp OHIEVAFIE o), ™) ZHE)

(B 3 (c))
29: al® — rath column of Q4
30: ") — rgth column of Qs
31: Q4 — Remove rath column of Q4
32: Qp < Remove rpth column of Qg
33: [/ ®, ULV, YTy 2 AR HIR
34: ® «+— Remove r4th element of &
35: ¥ +— Remove rgth element of ¥

36: end for
37: return C
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