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Abstract

This paper presents an efficient face recognition method by using both centroid shift and mutual information
estimation of images. The centroid shift is to move an image to center coordinate calculated by first moment, which
is applied to improve the recognition performance by excluding the needless backgrounds in face image. The mutual
information which is a measurements of correlations, is applied to efficiently measure the similarity between images.
Adaptive partition mutual information(AP-MI) estimation is especially applied to find an accurate dependence
information by equally partitioning the samples of input image for calculating the probability density function(PDF).
The proposed method has been applied to the problem for recognizing the 48 face images(12 persons * 4 scenes) of
6464 pixels. The experimental results show that the proposed method has a superior recognition performances(speed,
rate) than a conventional method without centroid shift. The proposed method has also robust performance to changes
of facial expression, position, and angle, etc. respectively.
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Table 1. Recognition results of 12 learning faces
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E 2. Aekd 7ol 23 36 Add=y <1y As
Table 2. Recognition results of 36 learning faces by using proposed method

T ST

¢ % EsHas 11231 45 ?H %;% 8 191 10 1l 12 (cdp;j]i
£ 0.8939]0.3002]0.6184(0.3020|0.1466|0.5378[0.3941|0.5331 | 0.5375| 0.4186 | 0.6494 [ 04061 | 0.7969
1 94, = 0.3975]0.2334]0.2203|0.1097)0.0935(0.3377|0.2494 0.3449]0.2236| 01507 [ 0.2668 | 0.2418 | 0.7031
w4, 94 0.89390.3002]06184(0.3020|0.1466|05378(0.3941 0.6331 | 0.5375| 0.4186 | 06494 | 04061 | 0.8750
273 0.3213(1.0752)0.4046|0.3116{0.1203(0.3994/0.3055(0.352810.4087| 0.1504 | 04276 | 05125 | 08125
2 23, 4% |0.29230.6606/0.2504]0.2417|0.0882(0.3256|0.2604(0.3546|0.3106| 0.1161 | 0.4092 | 05042 | 06875
ER 0.3051{0.9062(0.3674/0.3581 0.1522|0.4668|0.3150|0.3830{ 0.3187| 0.2040 | 0.3248 | 0.4871 | 08125
%74 0.3498(0.3352(0.76840.3403|0.1174/0.3682|0.2794|0.3436|0.4672| 0.3680 | 0.4651 | 0.3167 | 07656
3 7% 0.3708[0.2878[1.0859/0.3634|0.097|0.4431 |0.2744|0.3362{0.5623| 0.3465 | 0.4815 | 0.3754 |  0.7188
9] 0.476910.2935/5.3169]0.3316|0.1442|0.4470| 0.3135|0.3822|0.7355| 0.4272 | 05707 | 0.3700|  0.8906
274 0.3134/0.2061| 0.3439(0.7322|0.1576|0.4785) 0.3727}0.4597|0.3115| 0.2659 | 0.3255 | 0.2718|  0.7344
4 A4, 4% [02302]0.1425(0.2322]0.2135(0.0579)0.2767|0.1493]0.2857(0.2512| 0.1834 | 0.2186 | 0.3250|  0.7344
9 0.2758|0.2965) 0.325014.8440|0.2228|0.4855) 0.3856|0.4532|0.3384| 0.2791 [ 0.4033 | 0.3573 | 0.8906
b7, 1A (0.2330]0.1582]0.241310.2098(0.2238 0.2623(0.2251 |0.1897|0.2160| 0.1099 | 0.1848 | 0.1490 |  0.7188
5 w4, 92 [01043/0.0740{0.0781{0.1410(0.3352{0.0754|0.0750/0.0879|0.1061 | 00650 | 0.0851 | 0.0496 | 0.5625
917 0.12650.1094| 0.1448[0.22265.3365|0. 1684/ 0.1405/0.1381 01396 | 0.1181 | 0.0647 | 0.0983|  0.8125
w4, 4E  |05624(0.3660(05902|0.4171|0.1898(0.9343(0.3912|0.5604| 05541 | 0.3656 | 0.5373 | 0.4778 | 08125
6 2%, 92 |03005(0.3884]0.2457(0.1722|0.05550.2455| 0.27610.3231 0.2738| 0.0509 [0.3889 0.2860 |  0.7188
! 9 0.5310|0.3860| 0.4634|0.4700|0.1703 [4.9118] 0.5738| 0.8202|0.4477| 0.2873 [ 04570 | 0.5848 |  0.8750
g 97 0.6266(0.3793(0.4948|0.3594/0.1288|0.5274(0.6660]0.5849| 05524 0.3506 | 0.6282 | 0.5005 |  0.8438
2|7 4, 94 |0.3828]0.2518(0.2773]0.3999|0.1685| 0.4738(0.7716(0.4538|0.3162 0.2047 | 0.3196 | 0.2800 | 0.7344
997 0.49550.3029| 0.3135(0.3847|0.1405|0.5820(5.5411/0.5599(0.3604 | 0.2868 | 0.3829 | 0.4143 |  0.9631
97, 12 |0.4245]0.3862]0.2810|0.4567|0.1949|0.6825| 0.5195 1 0780{0.3535| 0.2325 | 0.3656 | 0.3863 | 0.8281
8 o, BA |0.4341]0.3746|0.22900.4730|0.1803|0.5783|0.6529 0.8530|0.3046| 0.2018 | 0.3689 | 0.3488|  0.7188
B 05820{0.4070{0.3836|0.4525|0.1331 |0.8139|0.5632/5.3220{0.4309] 0.2844 | 0.4848 | 05993 | 09531
w3, 7tE|0.4691]0.2845(0.6097 0.4130|0.1619|0.6227 0.4251 0.53350.7081| 0.3741 | 05446 | 0.4370 |  0.8281
9| 7=, slolzure [02252(0.1481(0.2962|0.1635[0.0751 0.3141|0.1107/0.2719(0.2890| 0.1483 | 0.2408 | 0.2822 | 0.7500
9 060420.3461|0.7308|0.3434]0.1334|0.4628 0.3613| 0.4381 5.5040| 0.3904 | 0.5761 | 0.4304 |  0.9063
£ 0.3801 |0.1684]0.3750|0.2073|0.1053|0.2567| 0.2553|0.2043|0.3184/1.0097 | 0.4174 | 0.1345 | 0.7344
Lo |, 9, so) 28k 21|0.27950.1167|0.1178]0.2432] 0.0279|0.1501 01573 0.1636( 01586 0.2215 | 0.2540 | 0.1216 | 0.6094
ALt 33 102190]0.1128(0.0876(0.2279(0.0827|0.1465|0.1512|0.1636|0.1331 | 0.2074 | 0.1950 | 0.1598 | 06563
ER 0.531710.3395] 0.41510.2860{0.1429 |0.3680| 0.2851 |0.3653(0.4938| 0.4038 | 1.1178| 0.4202 |  0.8281
1 7, 914 [0.37000.3060[0.3272]0.2643|0.07040.3143(0.2452(0.3370(0.3640] 0.3190 |0.4350| 0.3280 | 07656
914 0.4703(0.3404|05203|0.3400|0.1368|0.3502|0.2673|0.3578( 0.5302{ 0.6101 [1.3534| 0.4303 |  0.7500
7e w4 |04562]0.4177)0.3662)0.3272(0.1735)0.4512(0.3934(0.4889[0.4514 0.3625 | 0.5106 | 0.6364| 07656
12 2=, 92 [0.3220]0.4253]0.3239]0.2666| 0.0525 0.4045 0.2851 | 0.42580.3357 | 0.1752 | 0.4680 [0.5885| 0.7344
41 0.4050{0.5027|0.3806|0.3366|0.1146|0.5778|0.4106|0.6438(0.4530| 0.1807 | 0.4927 |4.4458| 0.8906
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Table 3. Recognition results of 36 learning faces by using conventional method
R INE LR 4% 9 ERET
Y21 | 922 | €33 | €24 | €25 (€26 |LE7| €282 29(L210{¢¥ Z11 € Z12((CPUAI 7H)
A 1.5404|0.5613 | 0.6178 | 0.8494 | 0.6432 11.1926|1.3473|1.0021}1.0517|0.9281(0.7337| 0.7652 | 1.6406
1 #A, 4= 1.5404|0.5613 | 0.6178 | 0.8494 | 0.6432 |1.1926|1.3473|1.0021|1.0517]0.928110.7337| 0.7652 | 1.6406
x4, 94X 0.4564 | 0.3518 | 0.3870 | 0.4207 | 0.4342 [0.7132/0.4880{0.5698|0.5388[0.4488 {0.5339| 0.6088 | 1.4219
A 0.6354 [0.8426| 0.4019 | 0.4388 | 0.3961 |0.7088(0.7109]0.7024|0.6028|0.4997|0.6506| 0.7053 | 1.2500
2 A4, 4= 0.6254 | 0.5886 | 0.3814 | 0.4550 | 0.3593 |0.7193]0.6809|0.6547,0.633510.4787|0.6502} 0.6498 | 1.2031
Rk 0.2468 | 0.1768 | 0.2151 | 0.2016 | 0.2433 [0.3630(0.3229(0.3559|0.2940|0.261010.3606| 0.3514 | 1.1563
A 0.6131 | 0.3200 | 0.8720 | 0.5630 | 0.3962 {0.4958|0.5435(0.5860 [0.8889|0.7125|0.4480| 0.5534 | 1.5469
3 =t 0.5576 | 0.3226 | 0.8215 | 0.6104 | 0.4461 |0.5275|0.6200{0.6030|1.0559(0.6483(0.5493| 0.5577 | 1.4063
2 =] 0.4238 [0.5248 0.3261 | 0.2889 | 0.3340 [0.3326|0.3711[0.4705|0.3722|0.4244(0.4340| 0.4039 | 1.3281
%74 0.8490 | 0.4638 | 0.8265 [1.23501 0.6103 {0.9316]1.1430(1.1006 |0.8922|0.8757|0.7198| 0.7156 | 1.5938
4 4, 4= 0.6330 | 0.3016 | 0.6546 | 0.6791 | 0.4234 |0.7176]0.81660.8496(0.7080[0.5444]0.6269] 0.7796 | 1.6004
Sk 0.3621 | 0.4131 | 0.3790 | 0.3005 | 0.2930 {0.3157]0.3952|0.4918(0.3980(0.4198|0.4882|0.5651 | 1.6875
ot YA 0.6361 | 0.3694 | 0.4808 | 0.6020 | 0.9169 {0.9339]0.914510.7491|0.6961 |0.5872|0.6684| 0.6270 | 1.4063
5 4, AA 0.5032 | 0.2869 | 0.3880 | 0.4191 |0.7304|0.60750.6139/0.4735|0.5611 [0.4730|0.5051| 0.4318 | 1.2344
21 0.4724 1 0.4272 | 0.4343 | 0.4137 | 0.3932 |0.4967|0.5383(0.5731]0.5071 1{0.5465|0.5662| 0.5266 | 1.4844
xH, 4= 1.0013 | 0.6359 | 0.6282 | 0.8465 | 0.7112 [1.8643|1.6255|1.418311.015210.9271(1.2022| 1.1123 | 1.8438
6 a5 9 0.8543 | 0.4672 | 0.6423 | 0.6730 | 0.5910 |1.4523|1.1468(0.8130{1.1143{0.6782|0.9421} 0.9444 | 1.9688
Al 22 0.3006 | 0.3104 | 0.3240 | 0.3392 | 0.1930 |0.4189{0.4123|0.4732|0.2527|0.3156 |0.345210.47741 1.3750
3 L7 1.3296 | 0.7011 | 0.8349 | 0.9579 | 0.6865 |1.6009]2.0193|1.2519(1.1828(1.1921{0.9964( 1.1401 | 1.9844
=] 7 x4, A=A 1.2161 | 0.6040 | 0.6967 | 0.9543 | 0.8175 |1.6867(2.3027|1.3837|1.1530(0.9708/0.9656| 0.9732 | 1.8594
z A 0.4031 | 0.1266 | 0.2702 | 0.2305 | 0.2764 |0.6994(1.0237|0.4744|0.4978|0.4302{0.4515| 0.4994 | 1.5625
A, A=A 1.0611 | 0.6065 | 0.7845 | 1.1485 | 0.7411 [1.3279|1.4200(2.1730(1.0628|1.0610{0.9577| 1.0171 | 1.8594
8 A, B4 0.9895 | 0.5857 | 0.7422 | 1.1211 { 0.7348 |1.3544|1.4804 (1.9469|1.0079|0.8759|1.0486| 1.0631 | 1.8906
A 0.4014 1 0.3924 1 0.4194 | 0.3877 | 0.4361 {0.676710.5419{0.6321 [0.5199|0.3693[0.4706| 0.6029 | 15781
4, 4= 0.8294 | 0.5255 | 0.8247 | 0.9507 | 0.7923 |1.27811.3631 {1.1704(1.3878(0.9960(0.9724| 0.9434 | 1.7344
9 e, o 2EY 0.7169 | 0.5450 | 0.6113 | 0.5417 | 0.5866 [0.8294|0.7520{0.7615|1.0269|0.6888|0.8090| 0.8556 | 1.6406
e 0.4535 | 0.4165 | 0.3615 | 0.3266 | 0.2356 |0.4582|0.4785[0.483210.4126 [0.446810.5738| 0.5072 | 1.4531
3 0.7927 1 0.4072 | 0.6292 | 0.7163 | 0.6158 | 1.0173]0.9695(0.9280(0.9345{1.4201|0.8511| 0.6343 | 1.5781
103%E, A, #olaetd] 06145 0.4153 | 0.5675 | 0.5582 | 0.5995 |0.8491]0.8504/0.8419]0.79810.6678|0.8018 0.8336 | 1.7188
ALt 38 | 05960 | 03959 | 05637 | 05171 | 0.5216 0.9380[0.75710.89130.7101|06150|0.8366| 0.8170 | 17081
A 0.7154 | 0.5586 | 0.5891 | 0.6742 | 0.6013 |1.3107|1.0783|1.0948|0.8508|0.7683{1.9678| 1.1028 | 1.6563
11 e, $A] 0.7639 | 05772 | 0.6045 | 0.6916 | 0.5404 {0.9906|0.9266(1.0423|0.7734|0.9019{1.3190| 1.0297 | 1.5781
2% 0.3774 | 0.4507 | 0.3867 | 0.3996 | 0.3671 |0.4836|0.4944(0.3910|0.4894|0.4667(0.6658| 0.5993 | 1.5000
e FA 0.7490 | 0.6537 | 0.6730 | 0.6734 | 0.5180 |1.0657|1.0267(1.0929|0.9158|0.7575|1.2419|1.5143| 1.5000
12 7= A 0.7752 1 0.6114 | 0.7255 | 0.6778 | 0.5113 {0.9516{0.923311.1536(0.9563|0.7593(1.0219|1.3227| 1.8594
#A 0.4950 | 0.4749 1 0.4618 | 0.5219 | 0.4745 0.8688;0.680910.6912(0.6404|0.5824(0.7371| 0.7111 | 1.6094
T AtE JTHE A, 4%, 24, S FF 59 2 e ) 7|9 Aew FAo|Fe AAE ¢4
& shbe] aawstls st 2% ool aawigele R ofdel AR 2 TS v & F
QLS WES & F Aok Y AE AUANE el meb QA B3AR 48 2T AL ARe 9
2401 ARl B3] WIZte QIAAANE Hol dFe  AEY AR 953 HBol dS & S T
FAolEol wWE AL AAIL JAAY TS FH e % 4T EARR), FESQ), 39, a8 &
- Fad G988 3 & = vk EmE AekE vReld Q)3 2 127 B3l tig A AFE Yeld Zo
= 71E 71 A S R gE gAange Al xHsl  oh & 40 AAge] Aotd HE 1239 AFELE B F
oA 71 2 Az RS 7tA AAee 9% EAAS ¥ AFFHo= dAd" v, 71E JHE EASTH £HESAA
S0 225 Uk W 2uhEA A4E APAFRS U 47 139 294 5o] FHol5e] YAt A4 B FF
gom AME AW AE Jgel QAAe A7 o 2 AL @ F Ak B AL 1ET A1E gel A
0803729} oF 166832 A ¢td 7|Ho] of 208w] A= wf SAHRFL Zpzk FHEAoR oF 083507 oF 1.7434, ¢1414]
E Q&R &g Q1% 4 ot o] w3k A of 7k A7 oF 0.7632% 9 ¢F 1.7511% o)tk Aote 7ol A
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Table 4. Recognition results of 12 facial expressions

_ Aot 71 71& 719
2 zaea [aana | waane | 9407
AL 0.8431 0.7481 1.4804 15737
FES 1.0859 0.7188 0.8215(1] 212}) 1.4063
3 0.6660 0.8438 2.0193 1.9844
&z 0.7451 0.7422 1.7306 1.6953
i 0.8350 0.7632 1.7434 1.7511
ol ARATN FAoFY AXe FHL FPatn
Axe] BRag FRE AAL F glo} ATl AHH
o B 4 gk B3 ANesh HEAY FAE 2T
Aok whge AzAAmu ohet FA4o) WHS F 23
AN 2L AFANE FHHOE o8- + Y Aol
=3

2 eRdAE 3o FHIEH JEAR 2 29

e Atk 71N FYelFL
el 14 BREd] o5 ANE FHHER AT
Foie o2 Qe BAaF AP WAL
H5g AN Agoltt EF HE

144 5AR 374
ABAAE Y 22 94 el FAEE T

i 2

- =
Wpez 4925, AYD SEe FHolEL ANA B
Sed) EAN DS o) §ahz AT 5T A4y
(A4, A4EE)0) dee FAstdant w3 AT ¥
4, 94, 27 Z4% 5o Wl o) FAY A4S
of ow, 4%e] TAH Aol g & Aeg &
Qlsheict,

FF AE RS F o 2 TR ANBAL 43
A3} e e Fobl HEsHE AT A% S| Wil
£ 248 QA4S 7 AAle el B a7 A
&Hog o|FolHot ¥ Aolth

(1]

(2]
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