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Design of Robust Face Recognition Pattern Classifier Using Interval Type-2 RBF
Neural Networks Based on Census Transform Method
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Abstract - This paper is concerned with Interval Type-2 Radial Basis Function Neural Network classifier realized with the aid
of Census Transform(CT) and (2D)2LDA methods. CT is considered to improve performance of face recognition in a variety of
illumination variations. (2D)2LDA is applied to transform high dimensional image into low-dimensional image which is used as
input data to the proposed pattern classifier. Receptive fields in hidden layer are formed as interval type-2 membership
function. We use the coefficients of linear polynomial function as the connection weights of the proposed networks, and the
coefficients and their ensuing spreads are learned through Conjugate Gradient Method(CGM). Moreover, the parameters such as
fuzzification coefficient and the number of input variables are optimized by Artificial Bee Colony(ABC). In order to evaluate
the performance of the proposed -classifier, Yale B dataset which consists of images obtained under diverse state of
illumination environment is applied. We show that the results of the proposed model have much more superb performance and

robust characteristic than those reported in the previous studies.
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Table 1 Yale B database

Casel Case2 Case3 Cased
Lighting 0 (x 31 (x 51 { x
o 86 < x
angle(®) 30 {50 (85
No. of
o © 19 14 16 15
Images
No. of
o 0 38 38 38 38
Members
Total data 722 532 608 570
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(Case 1) Lighting angle(®) 0 ¢ x ¢ 30
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Table 4 Used data of experiment 3

\
' '" ; Casel + Case2 Case3 Case4
: T
1'_; \ raining 759 ] ]
. data
- Validati
J alidation 502 B B
- data
(Case 2) Lighting angle(®) 31 ¢ x { 50 Testing data - 608 570
Total data 1254 608 570

Yale B GIOJEIH0]A0] AMRl F7]= 192x1682 FAH O] AT
QY e FA HolHE CasedZ 27 Wz e st
Y HEE FES] fdl Cased  HOHE
3-split(Training, Validation, Testing) Q& BaF5IUCt BatE O
OJEl& TR:VA:TE=5:3:29] HIEZ H&5IYC) o= o]F9] B
AEE SoliA I HIEEA 712 HOolE 7RE HY] thEo
Ch Ag 29} 322 AL Testing HIOJEHE 1ABIY] mjEo
Training ¥ Validation®] HIEE 6:42 WFQIC}. 3-split9] BH
2 QHulgo] WA &7] wiRol A daglEe 55 3
Hol g 75E 4 A WEOEL] Eo ZAF BE9o] I
H7MWPHO R 5-FCV(Fold Cross Validation)& AL} FCVE
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Fig. 4 Reconfiguration of experimental data according to Wil Cos eltton Method RoFN + ptidtn
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Table 2 Used data of experiment 1 Tl Do A ' i /;;recogn\t\un
A\ | [l /
\\ [ . [ L] L] 1] //
Casel Case2 Case3 Cased \ /
Training data 361 266 304 285 \ Traning N Validation - Testing N- |+ E:rztc‘:; —p] P#ta"‘:cndgd Recogrition!
Validation i
dat 217 160 182 171 1 i |
ata o
Testing data | 144 106 122 114 9 5 FAIFC EHolH sdEA
Total data 722 532 608 570 Fig. 5 The overall data procedures

Aotel elEe] eade Ysalr] flol AgdH mde
A2 HESH g = 9lom F 59 AT 471K BEo] 24E
T 3 A 29 AIRHE glolE Fuzzy C-means Clustering@2 T+45I9Lt.
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Table 3 Used data of experiment 2

5 Ag AIBH HE9 EF
— Casel Case2 Case3 Cased Table 5 Model type to be used experiment
Training
data 455 ) ) ) Type-1 RBFNN Type-2 RBFNN
Validation Without Model 1 (Type-1 Model 2 (Type-2
data 289 ) ) ) CT without CT) without CT)
Testing data - 532 608 570 T Model 3 (Type-1 with Model 4 (Type-2
Total data 722 532 608 570 CT) with CT)
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Table 6 Initial parameters of learning algorithms

Conjugate Gradient Method(CGM)

g5 3¢ 5
AEVNERSHSE 0.001
Artificial Bee Colony(ABC)
Mtk & 60
ad ¢ 15
T B - 15
Limit 15

Random Value[®] [-1 1]

HENEA = Linear2 A5, FCMO EHAHSE= 674
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Parameters : |

\_ Coefficient /)\ Inputs /

¢/ Fuzification /" No. of Row X’No. of Column
g Inputs

Range : ([1.1*-3]_');/[ 2~10]_:([2~10] /\

(a) Type-1 RBFNN

pammetm:(UpperFuuiﬂcatio Lower Fuzefication, No.of Row "No. of Column
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(b) Type-2 RBFNN

O8 6 ABCZIEIEY MATR
Fig. 6 Structure of particle of ABC
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Table 7 Recognition performance result of experiment 1
(a) Model 1 : Type-1 RBFNN Without CT

Case 1 Case 2 Case 3 Case 4
TR 99.47 100 99.69 99.60
PCR +0.32 +0.00 +0.31 +0.58
+STD VA 98.31 79.73 69.07 49.47
o +0.86 +3.64 +2.18 +5.29
(%] e | 9907 | T8y | 6789 | 4561
+0.58 +4.40 +2.28 +7.20

PCR = Pattern Classification Rate,

STD = Standard Deviation
TR = Training, VA = Validation, TE = Testing

(b) Model 2 : Type-2 RBFNN Without CT

Case 1 Case 2 Case 3 Case 4

TR 99.89 99.07 99.27 97.76

PCR +0.14 +0.62 +0.26 +0.78
+STD VA 99.26 77.50 72.50 66.05
(%] +0.47 +3.02 +3.90 +2.39
TE 99.60 T7.71 73.15 66.49

+0.58 +4.49 +3.90 +3.58

(c) Model 3 : Type-1 RBFNN With CT

Case 1 Case 2 Case 3 Case 4

TR 99.84 99.92 100 100

PCR +0.14 +0.16 +0.00 +0.00
+STD VA 99.36 88.68 93.27 96.05
(%] +0.57 +3.52 +2.43 +1.31
TE 99.86 87.01 91.75 95.61

+0.29 +4.89 +1.59 +1.86
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(d) Model 4 : Type-2 RBFNN With CT

Case 1 Case 2 Case 3 Case 4

TR 100 99.92 99.94 99.34

PCR +0.00 +0.16 +0.13 +0.40

99.47 91.31 94.34 95.92

+STD VA

(%] +0.37 +2.80 +3.10 £1.17

TE 99.34 88.59 94.21 95.96

+0.46 +4.48 +4.04 +1.00
Qo] Ag AE SoliA A2 dE2 (TS 840
L} olnjRI7} O)R=YE4E CTEIBIES S0 ds0] €58 ¢
Fote HQlTh WU ohet Type-1 dsHO QEto] Zlst 5

4& 717 Type-29]

o

d50] nlAlstAEr FAE o=

O
T
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® 8 AY 19 mE HAE QAgs At

Table 8 Comparison of experimental results of testing data

according to experimental 1.

PCT+STD[%]
CT Model Case Case Case Case
1 2 3 4
Model 1 | 99.07 | 7789 | 49.89 | 45.61
Without (Type-1) | 058 | *440 | +2.28 | +7.20
CT Model 2 | 99.60 | 77.71 | 73.15 | 66.49
(Type-2) | 058 | £3.90 | +£3.90 | +3.58
Model 3 | 99.86 | 87.01 | 91.75 | 95.61
. (Type-1) | +0.29 | +4.89 | 159 | +1.86
With CT Model 4 | 99.34 | 8859 | 9421 | 9596
(Type-2) | +046 | +4.84 | 404 | +1.00
9l AFE SalA Tt e JUdeE CTSUEE0R &

N

g 949 29 AXgs At

Table 9 Recognition performance result of experiment 2

g 7 Type-2 2€O| Type-1 FHWLE MAIGHK]
2 940 O] M52 B

PCT+STD[%]
T Model Case 1 Case | Case | Case
ode 2 3 4
TR | vA | TE | TE | TE
. Model 1 | 9957 | 88.25
With- 7946 | 2154 | 4.38
out (Type-1) | +0.15 | £554
or | Model 2 hy | 9980 | gia6 | 3535 | 456
(Type-2) +0.58 ’ ’ ’
Model 3 | 99.89 | 87.36
. 8045 | 5148 | 4649
With | (Type-1) | +0.09 | +7.39
CT Model 4 | 99.85 | 99.60
8646 | 57.76 | 5175
(Type-2) | £0.31 | £0.58
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Table 10 Recognition performance result of experiment 3

PCT+STD[%]
1
CT Model Casel and Case 3 | Case 4
Case2
TR VA TE TE
Model 1 93.54 90.90 56.90 9.8
With-o | (Type-1) | +238 | +2.28 ‘ '
ut CT Model 2 99.12 | 98.04%
60.19 12.10
(Type-2) | +0.19 0.81
Model 3 99.71 97.81
. 93.75 84.80
With (Type-1) | *0.11 +1.10
CT Model 4 99.53 98.79
94.73 88.59
(Type-2) | +0.15 +0.61
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