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Abstract: In this paper, video-based face recognition (VFR) is converted into image set recognition. Two types of manifolds are
proposed to represent each gallery set: one is inter-class manifold which represents mean face information of this set, and the other is
intra- class manifold corresponding to original images information of this set. The inter-class manifold abstracts discriminative
information of the whole image set so as to select a few candidate gallery sets relevant to query set. The intra-class manifold chooses the
most similar one from candidate sets by considering the relationships among all original images of each gallery set. Existing nonlinear
manifolds methods project each image into low dimensional space as a point, thus suffer from cluster alignment and un-sufficient
sampling. In order to avoid the above flaws and make the margin clearer between manifolds, projecting matrices in new method are gotten
by means of partitioning image into un-overlapping patches so that features extracted this way can be more discriminative. In addition, a
method of similarity measure between manifolds is proposed in accordance with the patching scheme. Finally, extensive experiments are
conducted on several widely studied databases. The results demonstrate that new method achieves better performance than those

state-of-the-art VFR methods, and it especially works well in un-controlled videos without being affected by the length of video.
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Fig.1 Training stage of DIMMA
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Fig.3 Desired distribution in low dimensional feature space
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Fig.4 Manifolds of five subjects
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Fig.5 Sample face images from three databases
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F3E 1 kA2 20,58 2 Y2 6,76 FERET i LB AR S0 2 30 A 10 Rl 7 32 0 U0 1E A 2R L% 2.

Table 2 Recognition accuracy (%) of two different methods

R2 WROTIE U IE R (%) R L

Methods AR FERET FG-NET
DIMMA 86.5 98 433
DMMA 77.2 86.7 35

M 2 AT LG PR T 3L R s FERET PR A% ,AR IR Z FG-NET K. 2X /& X FERET
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YTC FE P RIEAC S WL 20 A1 6.8 6 Fie 3 AN | BoR T 24 m EAE h BAGECh 30, SEmn b B Eh 2
i, DIMMA 7& Honda JE b1 T it F4¢.

Fig.6 Example of 30 trainings for Honda. There are 20 sets in the database and 30 images in each set

K 6 Honda JE ' [ N 7R 6,554 Set 30 M &1 45,35 20 4> Set

Table 3 Distance between query set and its relevant sets

R3O BEIAE RIS (A

5E 4R SBE i) £ 5 0T I PR 4 2 TA) 1R PR B CR TR ) SE 1) 4R 55 0T I R A3 3k 4 2 18] 1R R B (R N TRV
Set Distance Set Distance Set Distance Set Distance Set Distance Set Distance
Set 1 6 0.991 962 1 0.988692 || 18  0.982287 1 0.997 124 | 18 0.997003 | 15 = 0.996 823
Set 2 2 0.995 621 13 0975913 8 0.971 438 2 0.997 314 8 0.996 034 | 14  0.992 565
Set 3 3 0.998 042 4 0.993 875 | 10  0.992 807 3 0.999 264 4 0.999 089 9 0.998 439
Set 4 4 0.998 910 3 0.993 864 | 10  0.991 698 4 0.999 420 3 0.999 038 5 0.998 812
Set 5 5 0.995 983 4 0.992 107 3 0.991 023 5 0.999 102 4 0.998317 || 11 0.997 393
Set 6 6 0.993695 | 14 0.985839 | 15 0.985023 6 0.993 803 9 0.992 035 || 14  0.990 241
Set 7 7 0.997003 | 15 0.989 731 10 0.988 959 7 0.998 443 10 0998295 | 15 0.998 258
Set 8 8 0.997 468 | 14  0.989 472 6 0.988 556 8 0.999 083 6 0.997 553 | 14  0.994 524
Set 9 9 0.995 500 3 0.994 577 | 11 0.993 276 9 0.999 326 4 0.999 004 | 14  0.998 918
Set 10 10 0.997 527 3 0.990 754 4 0.988 838 | 10  0.997 632 4 0.995 066 9 0.993 187
Set 11 11 0.998 087 3 0.990 899 9 0.990199 | 11  0.999 625 9 0.998 856 4 0.998 275
Set 12 12 0.997 340 8 0.995889 | 14 0.991 871 12 0.999 567 9 0.998 626 | 14  0.998 433
Set 13 130999070 | 11 0985877 | 14 0985176 | 13  0.999662 || 14  0.999 043 9 0.997 949
Set 14 14 0.997 998 9 0.995096 || 11  0.992046 | 14 0.998 739 9 0.998 537 || 11 0.998 096
Set 15 15 0.996 511 3 0.987 018 4 0.986 437 | 15  0.996 635 6 0.996 632 7 0.995 261
Set 16 16 0.996 605 3 0.980 371 15 0978555 | 15 0999226 | 16 0.995 606 4 0.990 167
Set 17 17 0997389 | 18 0.987 591 9 0.984 488 | 17 0.998544 | 18 0.997 481 1 0.997 290
Set 18 18 0998476 | 19 0991752 | 17 0.991533 | 18 0.997983 17 0.997 524 9 0.997 036
Set 19 19 0998805 | 18 0.992 644 9 0.988259 | 19  0.999 586 4 0.999 333 9 0.998 926
Set 20 20 0.992 183 7 0.972886 | 15 0.962963 | 20  0.999 043 15 0.996 961 7 0.995 498

RIFEH B 552 4k 5 AL BE SR BB CER 3 RIIH T 34,85 RN HER BOA
X5 AN B BRI — AN AR 3 BT, AR KB BRSSP AR LU s 2 Set 1 B8 IR 4R I 0] B2
I JER A Set 1 AIANE 5 AN A HEAE S5 FT IT A AN (H B R T 2 W R L IE A I H

7 RR T A BB S 5 ISR BB R I AN 78 R SRR 78 AL SR PR VRKS 2, B 2R 82 e 2%
W TEB Bek g AR 7 v, YTC P rb YR 0 2 il A iR 442 00 B i) 482 v P45 550 1K) AN T 1T A A S8 ) 3 T B B
(K045 J5E 22 71 T 10 P A5 B i 326 N 3804k 32 2 v 10 LE 1 23 R A DR 9 B 10 RS B s 8 T A 11 P 15 2 A i B
3 HH ) IR BT 7(a) ) 2-test A1 20-test 675 (K 4 BE ) 5 1) PR B0 H L 2-test 2 7™ 3 (1 AN 78 AL SRFE, T FR AT
DS A AT AT BE e 2 B, eI SR IR S (KR AN v d i N DR 2 65%, (HE WL I HITT LR 89%,
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HARIICT 20-test 1Y (H i 1T FR) S50 4 0 7 TS AR bEHC A 75 32 vei HE AR 22 181 7 ) 1R I 38 A 75 HH 225 o JRG 4 v 91
PR HOE 21 50 1 LU, 2-test AT 20-test #EREE T REUE , DR 453 B e 1 DU 4 32 1d, A1) T DIMMA /] U5
SE i) £ 7 (1350 0 PR AR S 4 T IR TH) A P 7(b) 3R (D 24 i JeR 4 v (10 V11 2 P 45 50 H AN N 0 P2 i A5 5 1)
A rb I B B H AR RS 0. T DA 2 DK B R B H B 20 I, TR0 A T e O FR R B i PR I 1
A AR R U, G R R A R IR MR B H L 5 R (YTC P B G AR 50 M), AN 0 ik i Jig 4 o 10 T AT P15 40
Z 5P, T U AL B 7 38 SR 2 R EMR AR  2 5 AKAI ZR 10 BB AL 95 2 I 2RI HORS B 4
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Fig.7 Accuracy of Inter-class and Intra-class manifolds on YTC
7 YTC J& 2RI Y 1R R 00 K5 B

3.2.3 DIMMA 5 Al 5k %t L

NGB 75 T 7 iEAE 4 UER AR R LR i SR 7 VR A IR R R R B AR SO DIMMA 4Rk
A s METEGERNTEE LR 3 NMSE LTI 5 Faii4 5 & Mutual Subspace Method
(MSM)!'! SANPHY) MMD!, Manifold Discriminate Analysis(MDA)P2 1 ISR JSR 4, Hifth 4 A~ J7 s (54
T35 A R Rt R ISR RS e AR T T v R A5, Tl 1A Jst SO AR BEAT TN E S A T iE N S
B E H 5 S DIMMA 2805 55 3.2.2 T MIE .26 4~38 6 SR T AT ik AE 3 M4 bR IR s 45 51,65 T
2-test SEUG LLAM, B A7 B n) B2 v 01 B 5 04 50 H 48 5 5 i R 4R b ) IR IR 8 H AR TR, e ATT 43 30 30,100 T 300.
2-test U8 1) PR I B A S AR R I R MG B E 43 il S 30,100 FT 300 IF R R JIDRS B BB MMD Al
MDA FJ k-NN %02 1,JSR B 45 J 2 WA A (4 4y F1 4, 1N T A7 45 RO 2506, MMD 1) 45 L Exemplar, Variation 1
Exemplar-ED iX 3 F 1 O (314

M 4~F 6 T LU H:MSM FI JSR 78 2 46 h R ILAR AR T8, MMD 7 Honda i 65 B 45 4 v (1) = 45 4
H U, MDA F1 SANP [K 4t JE A8 Ak, [1) 5% 10 1 4 Honda JZ2 H0 236 ILAS AN S AR A N385 8 J50 IR1 2 A0 6 i A ) oA %o
PG AT AT TR B, 51 40 L5 B3 4k 3X 5 b SR 6T Ll 1R 5 VA A S 1R ki — R AE T AT S 3, 2-test (193531
AN 1, 7E 3 AN PE R RSB R 5 240 51k 60.7%,59%,60.4%,58.6%,68.7%; 4 MoBo 1 YTC i IR il 8 %8
ik T Honda JE, 55 5 J& YTC FE, RSB R B R IE 65%,3% 2 K YTC H ML 58 455k B AR 2 53088 A & (1A% 4>
HEERRR R E RS i, RABL ™ 00 T 5] 2. DIMMA HIAEIX 9 A 77 TH R I R 4, 2-test (1738531
HIGLARFELE 85% LA b, WIS A AR R 300 8 7 V248 3 AN BRI SR AN 26 AN K, L HAE YTC FE B U
R T I 5 i AR BATIT AN, B AT A HIEE YTC LIRS REHT — AN E T 77%,1 DIMMA #1EA 95%,
XU 2 i I AR e % T B M BT G PR A PR 2, T X SR RN 32 40 B 2 L O IRORN 2225 AR A (1 5 T, 4
4 E—{E FG-NET Jirh ({52038 7] LA - DIMMA. J 35 BRI 10 320 B ok 425 4 00 S0 THT 34 E 1) % i, HL A
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702, AT LLAT ISR N B BL

Table 4 Recognition accuracy (%) on Honda

< 4 Honda JE LR A 2(%)

Methods MSM MMD MDA SANP JSR DIJMMA
30 85.5 58.4 69.5 68.8 964 99.0
Number of training each set | 100 | 85.1 88.3 73.2 71.7 92 100
300 | 84.8 95.1 74.8 72.3 98.8 98.0
2-test 67.3 62.7 60.4 59.3 75.6 85.8

Table 5 Recognition accuracy (%) on MoBo
# 5 MoBo FE IR B (%)

Methods MSM MMD MDA SANP JSR DIMMA
Average performance 81.9 83.2 86.9 84.3 92.5 98.3
2-test 60.7 59.2 63.1 60.3 70.6 87.6

Table 6 Recognition accuracy (%) on YTC
%6 YTC A L % (%)

Methods MSM MMD MDA SANP JSR DIMMA
Average performance 60.1 61.3 62.5 61.4 64.3 95.8
2-test 54.2 55.3 57.8 56.1 59.8 87.4

4 %

Rl AL E AR R NRE e PRV N EVI R F(EP R £5 & NVA R U A G D SR e 26 A7l L
A Al B A5 A ST o R I S TR 4 5 T MR R0 2K FAEAR 2 KT h S T AR I ROR 23 JE ARG
T 2 WEERTE I % 18 T 28 AN S 1) 2 38 5 I 7 3R I e i AL S ) P 3 T A A sl A 1 ) el
REAETH S BREHFE IR RE A B AT (K () (0 7 P 05 S5tk 25 RS AT e R b 17 DX 90 O o S50 3 SO AN 32 4 Jmi B
DUAR KA AL IR0 R 35 DIMMA. S8 & T HLSE AT N T RG22 A RIEE I A8 00 FL AT B it 1 45
PRk, I HJC S R MU D0, B G475 - DI 0 160 A A A0t B 65 P 3 00K 1 S R .

BT BATAT 28 REBEAT PR P 1 R 5 SR T O SR RDR B, W SR S R R () S B/ T
A3 AT BE IR B LA B AR AR DX R, JE IR R B BUA 2 2 RS il I JCT2:45 2 IE A AU &5 3 AR T8 € JLAS A2 538 1 2
H i 5 23— WE 5. 1m0 L 2R N R B Bt I JF B BE 56 R A, AT AN REAL 26 3 B 52 1) b 2= - IE A 1) 1l 4%
SEAE S B Bt Bt G HL IR 1 (ELANAE S Py I BEREHERR 1 DAL 2 iy 30— 2048 i R A AU B BT R RS
BB T AR

BOS R R 2T SRR BT BOR [ 2 S (M K S ) e B R TR AL 1) B A 8 DR [ 2 6 AR T
PR3 .
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