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Abstract: As one of model-based methods for face recognition, a technique called Embedded HMM (Hidden Markov
Model) was proposed, in which two or more HMMs are arranged spatially and connected in the fixed direction. This
Embedded HMM can provide robust learning and recognition against changes of direction and positions of a face compared
with the conventional methods based on PCA (Principle Component Analysis). However, when a face is rotated within an
image plane, there is a possibility that face structure could not be expressed well by the Embedded HMM. Therefore, in this
paper, we propose a novel Embedded HMM that has two kinds of structures with different direction. Furthermore, in order to
improve its performance against partial hiding of aface, such as, existence of glasses, we propose a new recognition algorithm
using plausible parts of face image.

Keyword Face Recognition Hidden Markov Model Pseudo 2-D HMM  Embedded HMM

1.

(1)
2 (2)
[1,2]

(3l
(1]
HMM



The Institute of Image Electronics
Engineers of Japan

[3,4,5] Embedded HMM state left-to-right HMM
[5] super
state HMM
2 HMM
2
Embedded HMM
super state 1 Forehead

2.
2.1. A One-dimensional HM M

1 HMM
[31[4]

SIS

Forehead Eyes Nose Mouth Chin

1 1

2.2. A Embedded HMM
2

HMM

1 HMM Embedded HMM
[5] Embedded HMM
HMM 1 HMM
2
2 HMM
HMM [6]
EHMM)

state”

[5]
Embedded HMM((
EHMM  “ super state”

“

super state” 1
HMM
“ state(embedded state)”
left-to-right HMM
EHMM  super state
super state

super state

state

P2-D HMM pseudo 2-D

left-to-right v

super

super

super state 2

super state 3

super state 4

IEEJ TECHNICAL REPORT

Eyes

Nose

Mouth

2 Embedded HMM

2.2.1. Embedded HMM
1 EHMM
EHMM
EHMM
- super state
super state
super state
super state
- super state
super state k
super state k
super state k
super state k

HMM
HMM

HMM

HMM

To,i

3 jj

HMM

(xy) = (tto)

OtO,ll
2.2.2.
EHMM[5]

|| Test Image ||

| DCT (scanning horizontally) |
v

|| Input to EHMM ||

| Initialize Parameters |

b*(Qio1)

i <

Embedded Viterbi

Segmentation

Parameter-estimation using

Segmental K-means

3 EHMM

NO
YES

" Estimated Parameters "




The Institute of Image Electronics
Engineers of Japan

IIEE) TECHNICAL REPORT
super state embedded state
Segmental K-means

Forehead
2.2.3. Segmental K-means Eyes
Segmental K-means
Nose
K-means
Mouth

Viterbi
super state, embedded state

Viterbi Segmentation 5 Embedded HMM
3.1.2.
DCT DCT
3. DCT 8x 8pixel
3.1. Embedded HMM 64
3.1.1. %
EHMM super state HMM
2 DCT
4
DCT
3.1.3.
2 EHMM
5
90 I I [ Training Images |
5 EHMM 2 v
EHMM | DCT (scanning horizontally) | | DCT (scanning vertically) |
| Normalize feature vector | | Normalize feature vector |
|| Input to horizontal EHMM || || Input to vertical EHMM ||
PO 7‘7“1) | Initialize Parameters | | Initialize Parameters |
2 2
P(Or:TP\’Z) Parameter-estimation in Parameter-estimation in
= each Super State using each Super State using [4q
P(O,+[x)

A super state

HMM

super state

—

Embedded HMM

Baum-Wench algorithm

Baum-Wench algorithm

v

v

Parameter-estimation

about Super State using

Segmental K-means

Parameter-estimation
about Super State using

Segmental K-means

YES

YES

|| Estimated Parameters || || Estimated Parameters ||

5 Embedded HMM




The Institute of Image Electronics
Engineers of Japan

IIEEJ TECHNICAL REPORT

3.1.4.
2 EHMM super state HMM
8
Viterbi
— | =
[
v v T super
| DCT (scanning horizontally) | | DCT (scanning vertically) | state( N) HMM
v
| Normalize feature vector | | Normalize feature vector |
¥ ¥ T K
|| Input to horizontal EHMM || || Input to vertical EHMM ||
Read Parameters Read Parameters (T K)
estimated for horizontal estimated for vertical super state 1.0(
EHMM every person EHMM every person 0) m
v v
Calculate the Likelihood Calculate the Likelihood P(O,_mtn)=10  for 1<n<N
of embedded states using of embedded states using
Viterbi algorithm Viterbi algorithm
v v . .
Calculate the Likelihood Calculate the Likelihood Viterbi
of super states using of super states using
Viterbi algorithm Viterbi algorithm
[ |
v
Choice of maximum value
between the two likelihoods K T-K
L 2
|| Recognition Result " = —— ]
6 Embedded HMM —+PO,_n) - 1 P(O,[1)
CITTIRACEON B B PO, 1[12)
3.2. Q0000
DCT EHMM - P(Orzl‘%) M PO, ‘7‘3)
PO, )22 N - P(O, [A,)
0
8
7
4,
4.1.
140
40
5
i 40 20
L] 7
1 2




The Institute of Image Electronics
Engineers of Japan

6 7
4
[7]
72x 54pixel EHMM
EHMM super
state 8 HMM embedded state
4 4 8 8 8 8 4 4
DCT
5 9
20 20 40

10

"'. '?'4‘?"1 I-II' lt‘l'i'l'l IT:.

IIEEJ TECHNICAL REPORT

(a)TestSetl (b)TestSet2
(c)TestSet6 (d)TestSet7

40.0

300

200

100

00

11

12

EHMM
(1]
4.1 7
11
4.1
( )
PCA EHMM E%W
TestSetl | 18/20 20/20 20/20
TestSet2 | 12/20 18/20 18/20
TestSet3 | 7/20 15/20 17/20
TestSet4 | 7/20 14/20 15/20
TestSet5 | 4/20 16/20 15/20
TestSet6 | 4/20 15/20 16/20
5/20 12/20 11/20
90.0
400 80.0
70.0
60.0
g50.0 o
HEHMM

Ol Hybrid EHMM

12



The Institute of Image Electronics
Engineers of Japan

EHMM

4.2
(
PCA
EHMM EHMM
12/20 20/20 20/20
10/20 15/20 19/20
5.
5.1.
EHMM

5.2. EHMM Hybrid EHMM

TestSetl TestSet7
EHMM Hybrid EHMM

=i

2

I
s

mm-mm

140

R
&

5.3.

IIEEJ TECHNICAL REPORT

EHMM
EHMM
100%
EHMM
EHMM
EHMM
2 Embedded HMM

(1]

(2]

(3]

(4]

(5]

(6]

(7]

M.Turk and A.Pentland, “Face recognition using
eigenfaces,” Proc. of IEEE Conf. on Computer
Vision and Pattern Recognition, pp.586-591, 1991.

D.Beymer, “Face Recognition under varying pose,”
in Proceedings of 23rd Image Understanding
Workshop, vol 2, pp.837-842, 1994.

R.Samaria and S.Young, “HMM based architecture
for face identification,” Image and Computer Vision,
vol.12, pp.537-543, October 1994.

A.V.Nefian and M.H.Hayes, “Face detection and
recognition using Hidden Markov Models,” in
International Conference on Image Processing, 1998.

A.V.Nefian and M.H.Hayes, “Face recognition using
an embedded HMM,” I|EEE Proc. International
Conference on Acoustics, Speech, and Signal
Processing, pp.3553-3556, 1999.

S.Kuo and O.Agazzi, “Keyword spotting in poorly
printed documents using pseudo 2-D Hidden Markov
Models,” IEEE Transactions on Pattern Analysis and
Machine Intelligence, vol.16, pp.842-848, August
1994.

PRMU 4

http://www.toriwaki.nuie.nagoya-u.ac.jp/~sai/al con/i
ndex.html



