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ABSTRACT

This paper proposes a novel method for identifying persons
by multiresolution analysis of lifting dyadic wavelets. Our
method consists of three procedures: face learning, detection
and identification. In the learning procedure, new highpass
filters for capturing facial parts are constructed by tuning free
parameters in the lifting scheme. By using the learned fil-
ters, human faces can be detected from each of video frames.
A person whose face is detected in a maximum number of
frames is identified as a target person. Experimental results
show that our personal identification algorithm is fast and ac-
curate.

1. INTRODUCTION

With the evolution of digital imaging, there has been increas-
ing attention to techniques for identifying persons from fa-
cial images. These techniques are used in many applications
including surveillance camera systems for crime prevention
and interaction between human and computer. In order to
recognize persons from facial images, we need to capture fa-
cial features. So far, a lot of methods for extracting human
faces have been developed. Among them, there are two ap-
proaches: eigenface approach based on PCA [4] and bunch
graph approach using Gabor wavelet [5]. However, a huge
amount of computation is required to obtain eigenface coef-
ficients in the former approach, and to decompose images by
Gabor wavelet in the latter one. In our recent paper [2], we
developed the fast face learning and detection algorithms us-
ing lifting dyadic wavelet filters. Our method learns features
of facial parts using free parameters in the lifting scheme, and
detects a human face by applying the learned filters to a still
image. Since the free parameters of various length are de-
termined so as to capture features of training faces, accurate
face detection is realized. More recently, we showed in [3]
that it is possible to identify persons from video frames using
our method, because it is fast enough for online processing.
However, since we use only highpass components in the first
resolution level, it is difficult in some cases to distinguish the
target person with the other persons.

In this paper, we propose a new algorithm for improv-
ing the accuracy of personal identification by using multires-
olution analysis of lifting dyadic wavelets. Our algorithm
consists of three procedures, learning procedure, detection
procedure and identification procedure. In the learning pro-
cedure, we determine free parameters in the lifting scheme
so as to minimize the angle between a vector whose compo-

nents are the lifting dyadic wavelet filters and a vector of
facial lowpass components in each of multiresolution lev-
els. Detection procedure is to measure the angle between
the learned filter and a video frame image in each resolu-
tion level. Since the angle tends to be large as the resolution
level decreases, it becomes easier to distinguish the target
face with the other faces. However, we need a lot of time in
wavelet decomposition, because dyadic wavelet transform is
not of down-sampling type. Therefore, after the second res-
olution level, we decompose only a small region around the
detected face in the higher resolution level. In the identifica-
tion procedure, our detection algorithm is applied to each of
video frames. Finally, we judge a person whose face is de-
tected in a maximum number of frames to be a target person.

This paper is organized as follows: Section 2 introduces
lifting dyadic wavelet filters. In Section 3, face learning, de-
tection, identification procedures are described. In Section 4,
we apply the proposed three procedures to personal identifi-
cation. We close in Section 5 with concluding remarks and
plans for future work.

2. LIFTING DYADIC WAVELET FILTERS

Before describing lifting dyadic wavelet filters, we must de-
fine dyadic wavelet filters. Let us denote lowpass and high-
pass analysis filters by ho[k] and go[k], respectively, and low-
pass and highpass synthesis filters by h̃o[k] and g̃o[k], respec-
tively. We also denote the discrete Fourier transforms of the

filters ho[k], go[k], h̃o[k] and g̃o[k] by ĥo(ω), ĝo(ω), ˆ̃h
o
(ω)

and ˆ̃go(ω), respectively. We assume that these Fourier trans-
forms satisfy the following condition

ˆ̃ho(ω)ĥo∗(ω)+ ˆ̃go(ω)ĝo∗(ω) = 2, ω ∈ [−π,π], (1)

where the symbol ∗ denotes complex conjugation. Then, we
call a set of wavelet filters {ho[k], go[k], h̃o[k], g̃o[k]} dyadic
wavelet filters, and the condition (1) a reconstruction condi-
tion.

Let c0[i] be an original signal. The p-th lowpass and high-
pass components cp[i] and dp[i] of co[i] are computed by the
iterations

cp[i] = ∑
k

ho[k]cp−1[i+2p−1k], p = 1, · · · ,P, (2)

dp[i] = ∑
k

go[k]cp−1[i+2p−1k], p = 1, · · · ,P. (3)
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Conversely, by virtue of the reconstruction condition (1), we
have

cp−1[i] =
1
2 ∑

k

h̃o[k]cp[i−2pk]+
1
2 ∑

k

g̃o[k]dp[i−2pk]. (4)

From (4), the original signal c0[i] can be reconstructed by
iterating (4) p times. This fact implies that c0[i] is equivalent
to {cp[i],dp[i]}, p = 1, · · · ,P.

Here we construct a new set of filters {h[k],g[k],h̃[k], g̃[k]}
as follows:

h[k] = ho[k],

h̃[k] = h̃o[k]+∑
m

s[−m]g̃o[k−m],

g[k] = go[k]−∑
m

s[m]ho[k−m],

g̃[k] = g̃o[k],

(5)

where s[m]’s denote free parameters. We call (5) lifting
dyadic wavelet filters. We proved in [1] that the Fourier
transforms of the filters defined by (5) also satisfy the re-
construction condition (1). Therefore, the formulae (2), (3)
and (4) hold for the new filters.

3. PERSONAL IDENTIFICATION

In this section, three procedures, learning, detection and
identification, are described. In the learning process, the
lifting filters are designed so as to capture features of facial
parts by adjusting free parameters in the lifting scheme. In
the detection process, we apply the learned filter to each of
video frames, and find a location where the angle between
the learned filter and a vector consisting of lowpass compo-
nents of a video frame is minimized. Finally, we recognize
a person whose face is detected in a maximum number of
frames as a target person.

3.1 Learning procedure

Let us denote a training image by C0[i, j]. First, we com-
pute lowpass components Cp[i, j], p = 1, · · · ,P by applying
the initial lowpass filter ho[k] in horizontal and vertical direc-
tions to C0[i, j], respectively. Next, we apply h[k] from (5) to
Cp−1[i, j] in vertical direction to get

Crow
p [i, j] = ∑

k

h[k]Cp−1[i+2p−1k, j], p = 1, · · · ,P, (6)

and then, we compute highpass components Dp[i, j] by ap-
plying g[k] from (5) to Crow

p [i, j] in horizontal direction as

Dp[i, j] =
N2

∑
l=N1

gd,p[l]Crow
p [i, j +2p−1l], p = 1, · · · ,P. (7)

Here gd,p[l] denotes g[k] from (5), where s[m] in g[k] is de-
noted by sd,p[m]. Similarly, we compute highpass compo-
nents Ep[i, j] in vertical direction as

Ep[i, j] =
N2

∑
l=N1

ge,p[l]Ccol
p [i+2p−1l, j], p = 1, · · · ,P. (8)

Here ge,p[l] denotes g[k] described in (5), where s[m] in g[k]
is replaced by se,p[m], and Ccol

p [i, j] is computed by

Ccol
p [i, j] = ∑

k

h[k]Cp−1[i, j +2p−1k], p = 1, · · · ,P. (9)

Figure 1 illustrates a diagram of our lifting dyadic wavelet
transforms.
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Figure 1: Lifting dyadic wavelet transforms.

Now, we determine the parameters sd,p[m] and se,p[m] in
gd,p[l] and ge,p[l], respectively, so that they can capture fea-
tures of facial parts in the resolution level p. For the conve-
nience of the expression in onward discussion, we introduce
the following four vectors

gd,p = (gd,p[N1], · · · ,gd,p[N2]),
ge,p = (ge,p[N1], · · · ,ge,p[N2]),

Crow
p,i, j = (Crow

p [i, j +2p−1N1], · · · ,Crow
p [i, j +2p−1N2])

Ccol
p,i, j = (Ccol

p [i+2p−1N1, j], · · · ,Ccol
p [i+2p−1N2, j]).

Using inner product symbol ·, we can rewrite Dp[i, j] and
Ep[i, j] in (7) and (8), respectively, as follows:

Dp[i, j] = gd,p ·Crow
p,i, j, Ep[i, j] = ge,p ·Ccol

p,i, j.

The cosine for each of Dp[i, j] and Ep[i, j] is defined as

cosθd,p =
Dp[i, j]

|gd,p||Crow
p,i, j|

, (10)

cosθe,p =
Ep[i, j]

|gd,p||Ccol
p,i, j|

. (11)

Here θd,p and θe,p denote the angles between gd,p and Crow
p,i, j,

and between ge,p and Ccol
p,i, j, respectively, and the symbol | · |

denotes the Euclidean norm of the vectors.
Our criterion for learning free parameters sd,p[m] and

se,p[m] is to maximize (10) and (11) for facial lowpass com-
ponents Cp[i, j] of the training image. This criterion is equiv-
alent to

(
Dp[i, j]−|gd,p||Crow

p,i, j|
)2 → min., (12)

(
Ep[i, j]−|ge,p||Ccol

p,i, j|
)2

→ min.. (13)
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By using the steepest decent method, we solve the problems
(12) and (13) at the selected point (i, j) of facial parts such
as both eyes, nose and lips. Then, we learn 8 kinds of free
parameters sν

d,p[m] and sν
e,p[m], where −2ν ≤ m ≤ 2ν and

ν = 1, · · · ,8 in the resolution level p. Figure 2 shows how to
learn free parameters.

: selected facial parts

: learned free parameters

training image

1=p 2=p

Figure 2: Learning of free parameters.

3.2 Detection procedure

In this section, we describe how to detect facial parts in a
test image using the learned parameters sν

d,p[m] and sν
e,p[m]

described in Section 3.1. Let us denote the test image again
by C0[i, j]. Now, we compute new highpass components con-
taining sν

d,p[m] and sν
e,p[m] as follows:

Dν
p[i, j] = Do

p[i, j]−
2ν

∑
m=−2ν

sν
d,p[m]Cp[i, j +2p−1m], (14)

p = 1, · · · ,P,

Eν
p [i, j] = Eo

p[i, j]−
2ν

∑
m=−2ν

sν
e,p[m]Cp[i+2p−1m, j], (15)

p = 1, · · · ,P.
Here Do

p[i, j] and Eo
p[i, j] are highpass components obtained

by replacing gd,p[l] in (7) and ge,p[l] in (8) by go[l]. The com-
ponents Cp[i, j], Do

p[i, j] and Eo
p[i, j] can be computed from

the original image in advance.
To find out the facial parts from C0[i, j], we introduce the

following quantity

R[i, j] =
P

∑
p=1

(
8

∑
ν=1

(Qν
d,p[i, j]−1)2 +

8

∑
ν=1

(Qν
e,p[i, j]−1)2

)
,

(16)
where

Qν
d,p[i, j] =

Dν
p[i, j]

|gd,p||Cν ,row
p,i, j |

, (17)

Qν
e,p[i, j] =

Eν
p [i, j]

|ge,p||Cν ,col
p,i, j |

. (18)

If the quantity (16) is minimal at the point (i0, j0), then
C0[i0, j0] provides a facial part.

3.3 Identification procedure

We prepare several target persons and learn free parameters
sν

d,p[m] and sν
e,p[m] at the facial parts such as both eyes, nose

and lips, for each target, by using the method in Section 3.1.

We use some video frames for identification. Applying the
learned filters to each of the video frames, we compute high-
pass components (14) and (15). At first, we find a nose posi-
tion (i0, j0) by using the parameters learned for nose. Next,
both eyes and lips are found around the nose. If the sum of
R[i, j] in (16) at the detected facial parts is less than a certain
threshold, the current frame is regarded as the frame contain-
ing a face. Finally, we judge a person whose face is detected
in a maximum number of frames to be a target person. Since
the dyadic wavelet transform is not of down-sampling type, it
is time-consuming to compute lowpass and highpass compo-
nents in each of multiresolution levels. However, the compu-
tational time can be reduced by searching only a small region
around the detected face in the higher resolution level.

Our personal identification algorithm involves the fol-
lowing steps:

1. Prepare one facial image C0[i, j] per each target person
for learning free parameters sν

d,p[m] and sν
e,p[m].

2. Compute lowpass and highpass components Crow
p [i, j],

Dp[i, j], Ccol
p [i, j] and Ep[i, j] by using (6), (7), (9) and

(8), respectively.
3. Determine sν

d,p[m] and sν
e,p[m] by solving the minimiza-

tion problems (12) and (13) at the positions (i, j) of both
eyes, nose and lips.

4. Compute lowpass and highpass components Do
p[i, j],

Eo
p[i, j] and Cp[i, j] in (14) and (15) for each of video

frames.
5. Next, compute Dν

p[i, j] and Eν
p [i, j] in (14) and (15) using

the components computed in Step 4 and the free parame-
ters learned in Steps from 1 to 3.

6. Find the position (i0, j0) of nose by minimizing R[i, j]
defined in (16).

7. Search an area around the detected nose in the learning
process for both eyes and lips.

8. Detect faces from the video frames by repeating Steps
from 4 to 7.

9. If the face of a person is detected in a maximum number
of frames, as is detected in Step 8, then he/she is the target
person.

4. EXPERIMENTAL RESULTS

In simulation, we used 6 different person’s images, each of
which has 8 bits, 88× 88 size. These images were captured
from the mobile robot AIBO developed by SONY. Figure
3 shows training images including faces of 6 persons. We
chose the B-spline dyadic wavelet filters as initial filters and
learned sν

d,p[m] and sν
e,p[m] for facial parts of the training im-

ages following Steps 1 through 3 in the identification algo-
rithm. As test images, we used 5 video frames captured by
AIBO for each person. Applying Steps from 4 to 7 in the
identification algorithm to the test images, we detected facial
parts as shown in Fig. 4. To realize fast face detection, we
found a nose position in the first and then, searched a block
area with 5× 5 size around the nose position for both eyes
and lips. Furthermore, we reduced the computational time
by searching a small area around the facial parts detected in
the higher resolution level.

To evaluate performance of our personal identification
algorithm, we computed the sum of R[i, j] in (16) at both
eyes, nose and lips detected by applying the learned filters

2285



person 1 person 2 person 3

person 4 person 5 person 6

Figure 3: Training images.

person 1 person 2 person 3

person 4 person 5 person 6

Figure 4: Detection results.

to the first frame of test images. Tables 1, 2 and 3 show
the sum of R[i, j] in the resolution levels P = 1,2 and 3, re-
spectively. As shown in these results, the difference between
the computed values for the target person and the other per-
sons tend to be large with the increment of resolution level.
This fact means that it is easy to choose a threshold value for
identifying persons. Our identification algorithm succeeded
to identify all persons by checking the number of faces de-
tected from the test images, in all resolution levels. The com-
putational time of our algorithm was approximately 2.4sec,
3.6sec and 4.8sec, in the resolution levels P = 1, P = 2 and
P = 3, respectively, by using personal computer with Pen-
tium 4, 2.26GHz processor.

5. CONCLUSION

In this paper, we proposed a method for identifying persons
based on lifting dyadic wavelet filters. We designed high-
pass dyadic wavelet filters adaptive to facial parts in each of
multiresolution levels. Our personal identification algorithm
applies the designed filters to video frame images, and rec-
ognizes human faces. Fast computation of our algorithm was
realized by employing the following two techniques: (i) find
nose first and then, search around the nose for both eyes and
lips, (ii) after the second resolution level, search a small re-
gion around the detected face in the higher resolution level
for facial parts. In the future, we want to implement our per-
sonal identification algorithm on AIBO robot, and to develop

Table 1: Sum of R[i, j] at the detected facial parts (P = 1).
person 1 2 3 4 5 6
filters 1 1.41 1.52 1.76 1.68 1.65 2.52
filters 2 1.80 0.30 1.12 1.43 1.34 1.91
filters 3 1.99 2.20 0.94 1.67 1.26 2.04
filters 4 0.96 1.22 1.27 0.42 1.60 1.70
filters 5 1.02 2.03 1.73 1.37 0.42 2.09
filters 6 2.48 1.11 1.44 2.16 1.74 0.54

Table 2: Sum of R[i, j] at the detected facial parts (P = 2).
person 1 2 3 4 5 6
filters 1 3.39 5.62 5.04 4.91 5.35 5.91
filters 2 5.76 1.17 3.79 5.81 4.97 5.52
filters 3 6.03 6.02 3.32 5.16 4.90 5.91
filters 4 4.25 5.56 4.01 1.53 4.57 5.74
filters 5 4.06 5.44 5.18 4.43 1.39 6.00
filters 6 6.50 5.81 4.57 5.90 5.74 2.91

Table 3: Sum of R[i, j] at the detected facial parts (P = 3).
person 1 2 3 4 5 6
filters 1 6.10 9.46 7.66 7.62 9.63 10.5
filters 2 9.23 1.91 8.67 9.60 9.61 10.2
filters 3 10.0 9.30 5.11 9.71 8.54 9.95
filters 4 7.33 8.75 6.99 2.47 9.49 9.69
filters 5 8.46 9.77 9.76 8.12 2.25 8.86
filters 6 9.71 9.00 8.64 9.52 9.53 4.29

a system in which AIBO robot can recognize human faces by
itself.
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