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Face recognition method based on frequency cluster

Yuan Heng', Wang Zhihong', Jiang Wentao’
1. College of Business and Management, Liaoning Technical University, Huludao 125105, China;
2. College of Software, Liaoning Technical University, Huludao 125105, China

Abstract: Objective A novel approach to robust face recognition based on frequency cluster is proposed to solve the prob-
lem of robust face recognition under complex conditions. Method First, a continuous information sampling unit is scattered
across a detected sub-region face image. Information entropy in the foreground and background regions of the sampling unit
is calculated. The entropy energy and energy frequency of the sampling unit are then calculated ; the weaker energy frequen-
cy is removed by filtration and the edge-of-face frequency is calculated by the second-order partial derivatives with normal-
ized frequency coefficient. Thus, the main feature information of the face is established. Finally, the geometrical layout of
each sampling unit is obtained according to the coordinate position of the sampling unit, the entropy energy, and the energy
frequency. The frequency cluster model is taken as a facial feature for identification and matching, and is constructed based
on entropy energy, energy frequency, and geometrical layout. Result The average recognition accuracy was 99.11% on
FERET and ORL-Yale database, and 97.36% on CMU-PIE database. The average processing speed of a single face image

was 0. 077 seconds. Experiments showed that this method could overcome the effects of illumination, varied poses, and var-
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ied expressions, while taking advantage of the strong robustness of frequency cluster. Conclusion The proposed approach

showed good adaptability to face recognition and significantly improved the robustness of face recognition under complex
conditions, such as illumination variations, feature ambiguity, pose, and expression changes.

Key words: face recognition; entropy energy; energy frequency; geometrical layout; frequency cluster
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Fig. 7 Sampling unit sort and link diagram
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ORL A J% 50 @ (5 A, & A 10 ) AJ &% A
Yale AJK/Z 1S M (1A, BEA IS W) AR EHR AT

TEIRSCH: . [ 8 Oy FERET AJK %  ORL A JK: Al
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V‘ vy wls

8 FERET,ORL Fil Yale 415 A e {55 51
Fig. 8  The combined face database sample of FERET, ORL and Yale face image
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Table 1 Experimental data

S¥ #1-14 12 4 501 4 w5022 4 #3141 #1324
TR EEA S A/ 1 300 300 600 600 900 900
KR BIECE/ R 298 298 593 593 889 889
TEIRFE AR/ I 30 75 60 150 120 300
TCHE A RO AR/ 299 297 595 589 883 881
TCHE SRS i P B/ e 298 293 593 585 879 877
TeAH R IEHE /% 99.33+2.382 97.67 +1.845 98.83 +£1.455 97.50£2.017 97.67 £2.177 97.44 +2.032
A A SR B R/ 299 296 594 587 881 880
ARSI B e 296 293 592 584 878 875
AR IR E% 98.67 +1.424 97.67 £1.949 98.67 £2.411 97.33 £2.685 97.56+1.919 97.22 +2.098
2 I BIEERT/ ms 59 63 69 79 91 105

it A B I n] WL, AS SO Sk A A HR
AITCEE O T U R A 1 HLICHE R O T AR
R TATENIE , P 52 B G R 5 AR
KAFEPU, AU 5 R A p PR . TR R
M C+ +iE S 1% PC ML S, Sk F 3 Unl g

[B] 15 5] 77. 67 ms, £ 0. 08 s, V- 24 1H 5 R Ny
97.85% ,FEITIEPUHIFR N 98.07% .

N T B IEA SR, K% 07 1 AR 5
TEHEAT T R B0 KRB X e se 8. SCHk[ 10 ]
P — PR A B N U i 2RO 1) A
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Table 2 Different face recognition algorithm for identification

i SR 105535 Sk 15 50k A
el 24 34 1 Fod $E3d i 24l 34
ik g R/ IR 300 600 900 300 600 900 300 600 900
itinavilkie g ol 283 561 847 276 554 827 298 594 891
2 UMM/ 1R 7 13 12 14 21 0 1 1
RS BRI 1 11 17 7 15 23 1 1 2
BRI S/ ig 8 15 24 8 17 29 1 4 5
BHRORINZ/ % 96.67 95.67 95.44  95.00 94.67 94.22  99.33 99.17 99.11
S BRI % 95.93 +2.314 94.63 +2.896 99.20 +1.105
FEFUNR /% 94.33 93.50 94.11 92.00 92.33 91.89 99.33 99.00 99.00
SERPRE R/ % 93.98 +1.370 92.07 +1.188 99.11 +1.146
SEFR B ]/ ms 137.35 277.13 77.67
40 : B, S B UGRIN A, 7T LATE ) — fL A B i
35t e S0 i BB, FLABTROT A BB L 0
S 30p B ALFCHR va RADHE 2 NI RN DLk R 55 A
£ ] Wkt f6 R VS P A 2 R s 47
= 20 e D4 o RN A1 45 I PG . 3 5 S M T LA
- e L SCHRL 10T SCHRL 15T i J7 s 15 A 25 k5 i 7
= e e s A R 2 AR SRR AR I T R e P RE 5
2) AR SCH AT R AR A 17 0 B, SRR

0 10 20 30 40 50 60 70 80 90 100
BUIREEE %
B9 3 R RO B2 5 B A AR I A2 AL DL
Fig. 9  Variation of recognition accuracies of three algorithms

with time-consuming of single sample
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Rl AT 56 2R ORI 7 AT SR R A R A5 A B il AR AR
SCRAERE R T U A 2R 1 R B, DR E T 38R
U
4.2 CMU-PIE A B& izt

i F FERET ,ORL FI Yale A F¢ b 3¢ HE Fi g
IR AN E U NN 1 DN R S B WO NP A 16/

A PR TR S R A5 v, O T — A I A S v o
S AN 2 25 78 1k 11 ARG R 01 i 5 AR ST 1k A
CMU-PIE™ A J 2 b AT 3R 500 00 3, ] i 5 S ik
[12] k(137 ek 21 ] Fnsciik[ 22 ] fr i ik i
PSSR HIT T X . B 10 Sy CMU-PIE A B4
JEFRBEHL 20 37 35 B 1 PG R ]

€10 CMU-PIE %ffs A A B 155 1]
Fig. 10 The sample of CMU-PIE original face images
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BB 11 245 37) A TINR, FRAF SRR X SN 77
BT Rl W 1| NG 4 F= 0 SN I RUIL W 0 NN
SCREMNASS A 5 3CHR[ 12 ] Sk [ 13 ] 3Cik[ 21 ]
FSCHR[22 ] IR iR gs R th 32 3 A

128 3 0080 A, SOAR B 1R B A BE Sk
(12] SCBR[13 ] SClk[ 21 ] FnSCik [ 22 ]3R5 52 1)
PEREEA B SO0, TR hy A0 3 FA A5 TR0 o A 41 R o
FARRAAAFIE 43 0 5 B By R X 2
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Table 3 The comparison of recognition accuracies
on CMU-PIE Database
/%

Bk £H29 KRS KAE BRI
SCk[12] 98.73 98.35 98.31  97.76
SCHk[13] 98. 89 98.81 98.74  98.07
SCik[21] 98.77 97.91 97.65  97.14
SCiik[22] 99.06 98.79 98.51  97.19
3L 99.34 99.16 99.13  98.65

SCHR[ 21 AN SRR [22 ] R R A 0 08 K 8 4k 3 7% ok
A0 N SRR £ B ) 25 SR R AR TR 4 S DRk ) ik
SR TS F T SCRR (12 ] 3Gk 13 ] 3Gk 21 A SCik
[22 TS A AR RS A A7 2 505 O R K, B R ik
177 AR B AR RO, AR SOR IR AL 1
7 ik, FEVERC AR 5~ X SRR 23 A 29 9 fE
B, AR RE R B b YR R R b el A A SO
LN IR o R Y 4 5 5 U AR AT
XFEINARAE , B2 B Uk 1 AR SCIE HoA B 1 &
.

TES AR AL (Y SR BCR I A BA A R R
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BGEA (1 ~5 55 18~ 21 SIRDEAT R TA MK
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31632 MR IE BT, LA R AN 1T R,
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Fig. 11  The comparison of test result with different lights
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