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Effective Face Recognition by Branch and Bound Method

Yuzuko Utsumr, it Yura MaTsumoTof!
and YosHio Iwarf!

Researchers have proposed many face recognition methods with the aim of
improving the accuracy rate of face recognition in several decades. Few face
recognition methods, however, focus on computational cost. To reduce the
computational cost of face recognition, we propose an effective face recognition
method using branch and bound method. The efficiency of the branch and
bound method can be improved by performing bounding operation at shallow
nodes. We, therefore, change the calculation order of the weak learners learned
by AdaBoost M1 algorithm for early bounding. Experimental results show that
our proposed method reduces the calculated classifiers in the recognition tree
by 72.1% and achieves an overall reduction in the computational cost.
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Fig.1 Recognition tree created by branching operation.
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Input: Feature vector f = (fi---fa--- fp) '
Initialization: Gmax =0, G =0 (i =1,...,I), max-id= 0: non-registrant
fori=1,---,1
ford=1,---,D
1. Update weighted sum G% and Gifj
o= Ga_y +7vaha(fa)
EZ = ZkD:d+1 Vi
2. Decision of bounding operation
if(GY + G, < Gmax): break
3. Update provisional maximum Gmax
if(Gmax < G5): Gmax = G4
if(Gmax > T'): max-id = ¢
Output: max-id

02 0000000000

Fig.2 Pseudo-code for bounding operation.
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Step 1: Select Haar rectangular filters. v
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Step 2: Sort face classifiers in descending order of I'".
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Fig.3 The process flow in creating a recognition tree.
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Fig.4 Outline of recognition tree. Green rectangles are child nodes sorted in descending order of
upper bound I'*. White circles are weak learners sorted in descending order of 'th'
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Table 1 Database used in this research.
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Fig.5 Clipping the face area.
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Fig.6 Rectangular filters. The black and white regions in this figure represent —1 and 1,
respectively.
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Fig.7 Recognition rates using Ag4, Bg,['q as a criterion of feature selection.
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Fig.12 Top 30 rectangular filters for I'y.
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Table 2 Average number of weak learners pruned and the average rate of pruning weak learners
using the branch and bound method.
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Fig. 13 Computational time for face recognition in database (a). “Without BB” means without using
the branch and bound method and “With BB” means with the branch and bound method.
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Fig.14 Computational time for face recognition in database (b). “Without BB” means without
using the branch and bound method and “With BB” means with the branch and bound
method.
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Fig. 15 Relation between the number of face classifiers and computation time for face recognition in
database (a). Bars denote the average computation time, while the top and bottom ends of

the sticks represent the maximum and minimum computation times, respectively.
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Fig. 16 Relation between the number of face classifiers and computation time for face recognition in
databse (b). Bars denote the average computation time, while the top and bottom ends of

the sticks represent the maximum and minimum computation times, respectively.
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