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Feeling Communication Feasibility Using Facial Expression
Analysis/Synthesis Based on Individual Model

Y OSHITAKA SHIBATA,'" HIDETOSHI K URAISHI'
and HIROYUKI SAKAMOTO!

Inadequate recognition of feelings due to differences in age or culture often interferes with
mutual understanding. In this paper, a “feeling” communication system which enables users
to convey feelings more accurately by modeling individual differences of facial expression as
“Individual Models” is proposed. Through the use of “Individual Models”, this communica-
tion system extracts and transmits the meaning of a user’s facial expression to other users. A
suitable facial expression (one that conveys the user’s true meaning) is then synthesized and
presented on an individual basis to other users, thus helping user’s to bridge cultural barriers.

1. Introduction

It is said that Japanese people are poor
at expressing their feelings, especially in in-
ternational communications comprehensible to
other nationalities. Therefore, when the peo-
ple from other countries try to understand a
Japanese person’s feelings from their facial ex-
pressions, inadequate recognition of feelings of-
ten interferes with mutual understanding dur-
ing international communication. As a pos-
sible partial solution, more precise facial im-
age transmission utilizing high-speed networks
and high-resolution displays coupled with high-
performance microprocessors is now available.
In addition, analysis/synthesis image coding
which extracts facial features from facial ex-
pression and transmits them at very low bit
rates has been investigated 1)~%). However, be-
cause these methods do not consider the dif-
ferences between individual facial expressions,
they are not very practical.

In our research, we have developed a system
which enables the cultivation of mutual under-
standing by the combination of a video commu-
nication system and our “feeling” communica-
tion system. The feeling communication system
we propose makes it possible to convey more
accurately feelings by the execution of the fol-
lowing processes:

Prior to communication session,

(1) to extract general expression patterns of
facial muscle motion,
(2) to construct an analytical individual
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model, which takes advantages of the dif-
ferences between general and individual
expression patterns,

(3) to establish general expression deforma-
tion rules of all expressions so that people
can understand each other.

(4) to construct a synthetic individual

model, which takes advantages of the dif-
ferences between general and individual
expression deformation rules,

During a communication session,

(1) to generalize an expression pattern using
the analytical individual model,

(2) to extract actual feelings using pattern
matching,

(3) to personalize general expression defor-
mation rules using the synthetic individ-
ual model and

(4) expression synthesis which enables one to

convey one’s accurate feelings to facili-
tate communication with another person
using computer graphics (CG).
We feel that this feeling communication system
will be very useful for communications between
people who do not know each other but need to
understand each other well.

2. Feelings, Facial Expressions and In-

dividual Models

In general, there are three ways mainly that
people express their feelings, facial expressions,
gestures”) and languages. However, facial ex-
pression is more direct and effecient than the
others, therefore we selected facial expression
as the best way to convey a person’s feelings.

In our system, six feelings including happi-
ness, anger, sadness, surprise, fear and disgust,
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and a measure of the degree to which these
feelings are expressed are considered. In ad-
dition, we defined a general expression which
is expressed by most people, and an individ-
ual expression which is expressed by a specific
person. We regarded the relations between feel-
ings, general expressions and individual expres-
sions as mapping as shown in Fig. 1. Arbitrary
general expression Ege, to one feeling can be
obtained by mapping g, an arbitrary individual
expression E;ndiv.analy (analy means analysis
side) and an arbitrary expression for one person
Eindiv,synth (Synth means synthesis side) to one
general expression obtained by mapping hanaty
and mapping hsynen, respectively as expressed
in Egs. (1), (2) and (3).

g(F) = Egen (1)
hanaly(Egen) = Eindi1r,analy (2)
hsynth(Egen) - Eindiv,synth (3)

We defined an analytical individual model
which can express the differences between a
general person and an individual in their ex-
pressions. The analytical individual model is
applied for the mapping k., which converts
an individual expression to a general expres-
sion. We also defined a synthetic individual
model which can express the differences be-
tween a general person and an individual in
their expressions for the extracted feeling from
the analysis side. A synthetic individual model
is applied for the mapping hsyn:n which con-
verts a general expression to an individual ex-

pression.

Individual
expression

g s Munaty » hoywn: Mapping

E indiv. analy

General h
expression analy

E gen

Feeling

Expression
for specific individual

Eiudiv. synth

Relations between feelings and facial
expressions.

Fig.1

3. Feeling Communication using Indi-
vidual Models

Figure 2 shows an example of “feeling” com-
munication using an individual model. It is as-
sumed that user A who is reserved in her ex-
pression is communicating with user B who ab-
sorbs more strongly expressed feeling (in this
case, we will label this a “moderate” expres-
sion).

(1) Although now user A’s actual feeling is
“Very Happy”, her expression looks as if
her feeling were a “Little Happy”. This
facial image (“Little Happy” expression)
can be captured by a video camera.

(2) Her “Little Happy” expression is general-
ized using user A’s analytical individual
model. Eventually, user A’s actual feel-
ing (“Very Happy”) is determined. Then,
the information of the feeling is transmit-
ted to user B on the synthesis side.

(3) TUser A’s actual feeling (“Very Happy”) is
converted to a general expression corre-
sponding to it and personalized. Finally,
an equivalent expression through which
user B can understand user A’s actual
feeling (a little exaggerated in compari-
son to the original expression) is synthe-
sized.

(4) Thus, user B can understand user A’s ac-
tual feeling (“Very Happy”) by seeing the
displayed facial image.

It is desired that not only human facial ex-
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pression but also facial animation, voice and
text etc., can be used as the ways to convey
personal feelings.

4. Models for Facial Expression Anal-
ysis

In order to execute facial expression analysis
and accurate feeling extraction on the analysis
side, the following models are used.

e J-dimensional wire frame model (3-D

WFM) which shows facial shape
shown in Fig. 3.

o Relationship between feelings and general

expressions

e General expression patterns

e Analytical individual model
There is a general expression pattern corre-
sponding to each feeling. On the analysis side,
facial expressions are processed as 2-D data be-
cause it is easier to extract the features from
2-D data than 3-D data.

4.1 Modeling of Facial Expression on

Analysis Side

A facial expression model is obtained in the
form of a 2-D matrix as expression patterns
which characterize the motions at the feature
points on the face. Twenty six points on the
face as feature points which are regarded as fea-
tures of expressions made by the human face are
defined as shown in Fig.4 a)'). The motions
at the feature points are obtained in the form
of 2-D motion vector, a;e’?", where a; is the
motion distance and 8; is the motion direction
(shown in Fig.4 b)).

An individual expression pattern E;, 4;, is ex-
pressed by the 26 motion vectors at the feature

Fig.3 3-Dimensional Wire Frame Model (3-D
WFM).
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points.
v 4T
6, 58 6
Eindgiv = [a{ ' a% . '0%626]
. . T
= [a1 + jby - - - aze + jbas) (4)
A general expression pattern ngen (1< f<

7 is an index of single feeling) is expressed by
the motion vectors obtained by averaging the
real part and the imaginary part of a number
of individual expression patterns.

Elen = (@75 + %71 755 + ib7.20 )
(5)
The general expression pattern corresponding
to non-expression is expressed by 26 zero vec-
tors. We defined the norm of facial expression
as a coefficient which is expressed by the to-
tal value of the motion distance between the
expression and the non-expression, and is cal-
culated using the following equations (Eq. (6)
for the norm of the individual expression and
Eq. (7) for the norm of the general expression):

26
Dindiv = Z \/af -+ b? (6)
=1

26
Dgen = Z .a—iz + b—i2 (7)

4.2 Analytical Individual Model on
Analysis Side

The analytical individual model is defined as
a 2-D matrix which shows the differences be-
tween a generic person’s motion vector and an
individual motion vector of the feature points
corresponding to one feeling. The relation be-
tween a general expression pattern Eg,, and an
individual expression pattern E;,4;, is defined
using the analytical individual model Mnaiy as
in the following equation:

Egen = AlanalyEindiv (8)

Im

Moved Feature Point

Re

® - Feature Point

Feature Point
1

a). Position b). Motion of Feature Point

Fig.4 Feature points.
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where
myy o0 Mpoe

Manaly = . (9)
M2s,1 ma6,26
Then, the elements of the analytical individual
model; m;; are calculated using the following
equation through Egs. (4), (5), (8) and (9).
mi; = Aq €79 (10)

Lo VE b
RN /% gy

b, b;
wi; =tan™! (:l) —tan"! (—')
a; a;

Similar to the general expression patterns,
there is an analytical individual model cor-
responding to each feeling. In the case of
non-expression, the analytical individual model
Mg naiy becomes a unit matrix.

5. Models for Facial Expression Syn-
thesis

In order to synthesize facial expression that
can convey a person’s feelings in the synthesis
side, the following models are used.

e 3-D WFM

e Relationship between feelings and general

expressions

e The general expression deformation rules

(general model)

e Synthetic individual model
There is a general model corresponding to each
feeling, similar to the analysis side as will be
described in the following section.

5.1 Modeling of Facial Expression on

the Synthesis Side

The facial expression model processed on the
synthesis side is a combination of the Action
Unit (AU) described in the facial action coding
system (FACS)®. The AUs are a set of min-
imal basic actions. All facial expressions can
be expressed by AU combinations. In addition,
keynodes are defined as nodes which are the
central points of the motions of the AU. There
are 55 points in our research as shown in Fig. 5
¢). Each AU’s expression deformation rule is
defined as a motion matrix which is a set of the
3-D motion vectors of the keynodes. Figure 5
b) shows an example as model of an expression.
Within a region of a AU, the nodes of the move-
ment in the WFM follow the motion vectors of
keynodes.

An individual motion matrix V! ;,, with the

Eyclid stretch 25
Nasal furrow 26
a). Examples of AU

Lower lip lower

AU No AU Name AU No. AU Name
1 Inner brow raise 10 Upper lip raise
2 Outer brow raise 12 Lip corner pull
4 Brow lower 15 Lip corner depression
5 Upper cyelid raisc 17 Jaw lower
6 Cheek raise 20 Lip stretch
7
9

Lower lip lower followed jaw lower

Expression | AU No.(example}

Happy 6+12426

anger 4+5+T+10426
sadness 1+4+15

surprise 14245426
fear 142444 547+20426
- Keynode
disgust 449417
- Region of
b). Modeling of Expression using AU Action Unit

). Keynode and Regions of AU

Fig.5 AU, expression and keynodes.

AU, which is AU with the number ¢ is expressed
by the 3-D motion vector of the keynodes within
the region of AU;, and is defined as in the fol-
lowing equations:

= [vin - vem )" (11)

/izndiu
and
T
Vik = {Zi k> Yik» Zisk )} (12)

where n; is the number of keynodes within the
region of the AU; and k (1 < k < n;) is the ar-
bitrary number of n;. A general motion matrix
Vi is defined as in the following equations:

gen
V;en = [TJ o vi,n.]T (13)

and
vik = {Tim Tk Tk} (14)

5.2 Synthetic Individual Model on the
Synthesis Side

The synthetic individual model is defined as
a model which is expressed by a coefficient ma-
trix which reflects the differences between the
motion of expression by which most people can
correctly understand a person’s feeling and the
motion of expression by which one individual
can also correctly understand the same person’s
feeling.

The relation between a general motion matrix
Vi, of AU, (where number of keynodes within
the region of AU; is n;) and an individual mo-
tion matrix V! ;. of AU, is defined using the
synthetic individual model M}, correspond-
ing to AU, as in the following equation:
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iindiv = Msiynthvgien (15)
Then, the synthetic individual model Mg

is calculated using the following two equa-
tions (16) and (17):

]\11-',1 0
]w;ynth = - (16)
0 A[z/,n,
where
Tik/Tik 0 0
z‘l,k = 0 Yik/Yix O
0 0 zz,k/zi,—k

(17)

6. Feeling Communication System

In this section, we describe a processing flow
in our “feeling” communication system. Fig-
ure 6 shows the system architecture of the feel-
ing communication system. Both the analyti-
cal and synthetic individual models described
in Section 4, 5 are stored in a model-base in
advance.

(1) Video camera gets a facial image.

(2) WFM Ajustment: WFM is adjusted
to the actual facial image, and the indi-
vidual motions of the feature points are
detected.

(3) Expression Pattern Extraction: An
individual expression pattern E,, 4;, is
generated using the individual motion of
the feature points.

(4) Expression Generalization: An indi-
vidual expression pattern E,, 4;, is con-

Network

& inomiduar |
' Model |

General
§F  Motion Matrix

Analysis side Synthesis side

N4

’ Model Supplies = Parameter Flow

Fig.6 System architecture.
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verted to a generalized expression pat-
tern E| ., by the following two equations
using the analytical individual model,
and the norm of the generalized expres-

sion Dy, is calculated:
/
E = AlanalyEindiu

gen

=[p1 +Jg1 - pos + jQ26]T (18)

26
1
D’ :__2 \/p? 2 19
gen 26 — pz +qz ( )

Feeling Decision: A feeling is de-
termined by comparing the error Erry
(where 1 < f < 7 is an index of sin-
gle feeling) of the generalized expression
pattern E| . (Eq.(18)) and each general
expression pattern ngen (Eq. (5)), which
is stored in the model-base, using the fol-

lowing equation.
26

ETTf = Z (E'r’rmove X wf,i) (20)
=1
|+ Err?

_ 2
Erriove = ErT imag

rea
Errrear = a5, — Kyp,
Errimo,g = bf,i - KfQi
where K is a coefficient which shows the
degree of the feeling calculated using the
norm of the generalized expression Dy,
(Eq.(19)) and the norm of each general
expression Dgen (Eq. (7).
- Dfen / Dlen
Ky= 1 fnon - grpressz’on) (21)
Since the degree of feeling for non-
expression does not exist, Ky = 1. Wy, a
weighting value to emphasize individual
features is calculated using the following
equation:
| ay —agy |

26 —

(22)

When the motion of the feature points
characterizes the specific user’s feeling,
the weighting value wy, of the feature
points must be larger than other points.
Therefore, by calculating the wy; more
suitable “feeling” can be determined.

A feeling information consisting of a pair
of the word which shows the feeling (e.g.
happiness, surprise) and the coefficient
which shows the degree of the feeling
(Ky) are transmitted from the analysis

wy; = 26 x
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(7)

side to the synthesis side.

Expression Decision: A combination
of the AU numbers corresponding to
the feeling information received from the
analysis side is obtained and all of the
general motion matrices corresponding
to each AU number are obtained from
the model-base.

Expression Personalization: An in-
dividual motion matrix V2 ,, of AU,
(where 7 is an AU number) is calculated
using a general motion matrix V/,, of the
AU, and the synthetic individual model
M, .., corresponding to AU; by the fol-
lowing equation:

: 1 . .
Vi = _Allynth‘,;en (23)

indiv K s

WFM Deformation: The nodes of
WFM within the region of the AUs are
moved based on each individual motion
matrix Mg . corresponding to these
AU;.

Texture Mapping: Texture mapping is
executed to display a more realistic hu-
man face.

Finally, a synthetic facial image is dis-

played on the monitor.

Evaluations of Analytical Individ-
ual Model

In order to verify our facial communication
and the individual model, we evaluated the an-
alytical individual model on the analysis side
on 14 university students using the following
processes:

(1)

We made all students make “happi-
ness” expressions with 3 different lev-
els of degree including “little”, “normal”
and “very”, measured the movement of
these expressions using the measurement
equipment which enables the measure-
ment of the 3-dimensional shape of the
curved surface. In all, 9 expressions for
each person and 42 expressions in total
were measured.

Similarly, we measured the movement of
the “anger”, “sadness” and “surprise”
expressions. However, we measured ex-
pressions about “anger” and “sadness”
with 2 levels of degree including “nor-
mal” and “very” because the expressions
representing “little” anger and sadness
feelings were difficult to make intention-
ally. Furthermore, since “fear” and “dis-

(3)

(4)

gust” expressions were also difficult to
make intentionally, we could not evalu-
ate these expressions.

The motion distance and motion direc-
tion were calculated from the coordi-
nates of the feature points by a non-
expression and the expressions with feel-
ings. Then the individual expression pat-
terns for all the numbers were generated
using Eq. (4).

For each feeling (e.g., little-happiness,
very-surprised), the individual expres-
sion patterns of all the members were
averaged and general expression patterns
were generated using Eq. (5).

For each person, the analytical individual
model about “normal” feelings was cal-
culated using Eqgs. (8), (9) and (10) from
the individual expression pattern Ejnq;.
obtained using Eq.(4), which expresses
“normal” feeling and a general expression
pattern Eg,., using Eq.(5) about each
“normal” feeling. Similarly, the analyt-
ical individual models about “little” and
“very” feeling were calculated.

We analyzed all of the measured expres-
sions through the facial communication
system on the analysis side and calcu-
lated the feeling recognition ratio (FRR)
which shows how our individual model
correctly adjust to differences of individ-
ual expression using Eq. (24).

FRR = 2522 x 100 [%] (24)
J\"analysis
Ngyccess:  The number of the expre-
sions analyzed correctly.
Nanatysis:  The total number of the

analysis for each feeling.

About the following two items including

(1), (2), we calculated FRRs.

(1) The FRRs for each feeling.

(2) The FRRs for each level of degree of
feeling.

We compared FRRs in the following

cases to evaluate efficiency of the analyt-

ical individual model.

case 1: Not using the analytical indi-
vidual model.

case 2: Using the analytical individual
model about “normal” feeling.

case 3: Using the analytical individ-
ual model about “normal” feeling
and weighting value calculated using
Eq. (22).
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case 4: Using three analytical individ-
ual models about “little”, “normal”
and “very” feeling.

case 5: Reduction of the number of
feature points and using three ana-
lytical individual models.

Where in case 1 and case 2, all of the

weighting value of feature points wy,

were equal to 1.

Table 1 shows the total number of measured
and analyzed expressions.

7.1 Efficiency of the Analytical Indi-

vidual Model

We compared FRR in following cases to
evaluate efficiency of the analytical individual
model.
case 1: Not using the analytical individual

model.
case 2: Using the analytical individual model
about “normal” feeling.

Table 2 shows the FRRs to each feeling and
Table 3 shows the FRRs to each degree of the
feeling.

From Table2, it is clear that analysis in the
case of using the analytical individual model is
more accurate than that of not using the ana-
lytical individual model. This means using the
analytical individual model is effective to iden-
tify feelings accurately. From Table3, the use
of the analytical individual model can also pro-
vide more correct decision of feeling for normal
expressions, though feeling recognitions for the
degrees of “little” and “very” are not very ac-

Table1 Number of expressions.
little | normal | very | total
happiness 42 42 42 126
anger 0 42 42 84
sadness 0 42 42 84
surprise 42 42 42 126
total 84 168 168 420

Table2 FRRs to four feelings (1) [%].

case 1 case 2
Happiness 10.3 69.0
Anger 82.1 82.1
Sadness 179 82.1
Surprise 71.4 61.1

Table3 FRRs to three degrees of the feeling (1) [%].

case 1 case 2
Little 35.7 32.1
Normal 39.9 98.2
Very 53.6 65.5

May 1996

curate. The reasons for these low accuracies

are;

e The analytical individual model con-
structed using only the expressions of “nor-
mal” feeling was insufficient because the de-
gree of expression was not a linear scale of
the motions for the expressions.

¢ When the degree of the feeling is small, ac-
curate depiction of feeling can not be iden-
tified because of the measurement error for
the facial motions.

7.2 Consideration to the Scale of the

Degree of the Feeling

In previous paragraph, we found that the ex-

pression analysis which used the analytical in-

dividual model about “normal” feeling only was
not consider the scale of the degree of the feel-
ing. To resolve this problem, we analyzed using
not only the analytical individual model about

“normal” feeling but also the analytical individ-

ual models about “little” and “very” feelings.

In case of using the three analytical individ-

ual models about “little”, “normal” and “very”
feelings, one analytical individual model about
one degree of the feeling must be selected from
three models. Then, in case of using one ana-
lytical individual model about “normal” feeling
only, the degree of the feeling is determined af-
ter the expression generalization process, but in
this case, the degree of the feeling is determined
in this process before the expression generaliza-
tion process. The analytical individual model
used in the expression analysis selects by the
following process.

(1) The norms of individual expressions
about each feeling (e.g. little-happiness,
very-surprise) were calculated using
Eq.(6) from individual expression pat-
terns calculated from measured data and
stored as a reference table as shown in
Fig. 7 into model-base in advance.

(2) The norm of expression was divided into
three levels corresponding to the three
degrees of the feeling, including “little”,
“normal” and “very” by determination
of high, low and bottom threshold us-
ing the norms of individual expressions
about each feeling from the refference ta-
ble (see Fig. 7). Now, a high threshold is
an average of the norms of the individual
expression which expresses “very” feeling
and the individual expression which ex-
presses “normal” feeling, a low threshold
is an average of the norms of the indi-
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Happiness| Anger Sadness | Surprise Fear Disgust
Litte 82 . P 120 [
Nomad 138 143 132 146
Very 183 1568 149 163 Reterence Table

the norm of individual expression ! !
the nom of the individual expression
which expresses ‘very” feeling : ex. 183

the degree of the tesling

the region of
the "Very® degree

—t high threshold

the norm of the individual expression
which expresses ‘normal” feeiing : ex. 138

the region of
the “Normal® degres

Jow threshold

the nom of the individual expression
which expresses “ittle” feeling : ex. 82

the region of
the ‘Little® degree

bottom

NON-expression

0

Fig.7 Determination of the degree of the feeling.

vidual expression which expresses “nor-
mal” feeling and the individual expres-
sion which expresses “little” feeling, and
the bottom threshold is equal to zero.
(3) The norm of individual expression cap-
tured by a video camera D;,q;, Was cal-
culated using Eq. (6). If D;n4:» 18 more
than a high threshold, the word which
shows the degree of the feeling is “very”.
If D;paiv is more than a low threshold
and less than a high threshold, it is “nor-
mal”. If D;nq4ip is more than a bottom
threshold and less than a low thresh-
old, it is “little”. If Djnqsy is other-
wise, the analyzed expression is the non-
expression. In figure, the word which
shows the degree of the feeling is “little”.

We compared FRRs in following cases to eval-
uate this analysis method using the analytical
individual model about “little”, “normal” and
“very” feelings.
case 2: Using the analytical individual model

about “normal” feeling.
case 4: Using three analytical individual
models.

Table 4 shows the FRRs to each feeling and
Table 5 shows the FRRs to each degree of the
feeling.

As shown in Table4, in case 4, enough FRRs
were obtained about all feelings because high
FRRs were obtained about not only “normal”
feeling but also “little” and “very” feelings as
shown in Table 5. Namely, This shows that the
scale of the degree of the feeling can be consid-
ered by use of three analytical individual mod-
els about three degrees of the feeling.

Table4 FRRs to four feelings (2) [%)]-

case 2 case 4
Happiness 69.0 98.4
Anger 82.1 100.0
Sadness 82.1 98.8
Surprise 61.1 96.8

Table5 FRRs to three degrees of the feeling (2) [%)].

case 2 case 4
Little 32.1 95.2
Normal 98.2 98.8
Very 65.5 99.4

Motion Distance [pixels] to Feature Point Number
T T T

General Expression -
140 individual Expression -+- -

N
! ]

80

Motion Distance [pixels}

60

40

20 |

00 " " . "
10 15 20 25
Feature Pont Number

Fig.8 Differences of motion and distance of feature
points between general expression and individ-
ual expression.

7.3 Consideration of Characteristics of
Individual Expression

Until now, We used 26 feature points shown
in Fig.4 in facial expression analysis. But if
features of individual expression are considered,
it is considered that accurate analysis is possi-
ble by use of a small number of feature points.
Then we reduced the number of feature point,
analyzed and considered about this problem
through results of analysis.

7.3.1 Introduction of Weighting Value

The number of feature point is reduced by
consideration of weighting value. Weighting
value is calculated using Eq.(22) described in
Section 6.

Figure 8 shows the differences of the motion
distance of feature points between general ex-
pression and individual expression of one per-
son. Because it is considered that differences
between general expression and individual ex-
pression show features of individual expression,
if the difference of one feature point is larger,
that the feature point shows more an important
feature of individual expression and weighting
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Table6 FRRs to four feelings (3) [%).

case 2 case 3
Happiness 69.0 66.7
Anger 82.1 82.1
Sadness 82.1 85.7
Surprise 61.1 73.0

Table7 FRRs to three degrees of the feeling (3) [%].

case 2 case 3
Little 32.1 35.7
Normal 98.2 98.2
Very 57.7 72.6

value is larger by Eq. (22).
We compared FRRs in following cases to eval-
uated efliciency of weighting.
case 2: Using the analytical individual model
about “normal” feeling.

case 3: Using the analytical individual model
about “normal” feeling and weighting value
calculated using Eq. (22).

Table 6 shows the FRRs to each feeling and
Table 7 shows the FRRs to each degree of the
feeling.

As shown in Table 6, especially, FRR to “sur-
prise” improved. And as shown in Table 7, FRR
to “very” improved. It is considered that fea-
tures of individual expression are more clearly
expressed because the motion of feature points
of expression expressed “very” feeling is large,
and accuracy of analysis side was improved by
consideration of the features of individual ex-
pression using a weighting value. Then we
found that use of a weighting value is effective.

7.3.2 Reduction of the Number of Fea-

ture Point

Because feature points that have a weighting
value are larger expresses features of individ-
ual expression, we selected 10 feature points in
which a weighting value is larger, recognized
feelings by analysis of the motion of these fea-
ture points. Beside, in this case, one person’s
selected feature points do not correspond with
another person’s selected feature points because
these feature points are points which consider
features of individual expression.

We compared FRRs in the following cases to
examine the effect to accuracy of analysis by
reduction of the number of feature points.
case 4: Using all the analytical individual

models about “little”, “normal” and “very”
feelings.
case 5: Reduction of the number of feature
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Table8 FRRs to four feelings (4) [%)].

case 4 case 5
Happiness 98.4 97.6
Anger 100.0 98.8
Sadness 98.8 95.2
Surprise 96.8 100.0

Table9 FRRs to three degrees of the feeling (4) [%)].

case 4 case 5
Little 95.2 100.0
Normal 98.8 98.2
Very 99 .4 97.0

points and using all the analytical individ-
ual models.

Table 8 shows the FRRs to each feeling and
Table 9 shows the FRRs to each degree of the
feeling.

As shown in Table8 and Table9, enough
FRRs were obtained. Then we found that ac-
curate analysis was possible by use of feature
points considered features of individual expres-
sion even if the number of feature points was
reduced.

8. Synthetic Individual Model

The synthetic individual model on the syn-
thesis side is the one which transfers the general
facial expression to the specific facial expres-
sion which could be understood by the user on
the receiving side. The accuracy of the individ-
ual model depends on the results of the actual
user’s evaluation for the synthesized expression
whether the accurate feeling of the partner on
the receiving side can be understood or not.
Therefore, the individual model can be devel-
oped by repeating the following process until
the user can be satisfied with the synthesized
expression model to understand the real feel-
ings of his partner.

(1) Initialize the matrix of the individual
model, Mgynsp (7), ¢ = 0 to unit matrix.

(2) Synthesize the general facial expression,
Vyen for the known feeling, say “happi-
ness”.

(3) Transfer the general facial expression,
Vyen to the individual facial expression,
Vindiv (2) in the following equation:

Sindiv (Z) = A{synth (Z) Vgen (25)

(4) Evaluate and correct the individual facial
expression by changing the movements of
the major parts on the face to feel satis-
faction.
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Fig.9 Facial image of non-expression.

Fig. 10 Facial image expressing “happiness”.

“vzndiv (2) — v'indzv (Z + 1)
(5) Update the matrix Msynen (1 + 1) by us-
ing the following equation:

Vindiv (Z + 1) = A[syn!h (z + ]_) ‘/'gen
(26)

Steps 3 through 5 are repeated for the other
different feelings.

Thus, the individual model will learn the feel-
ing of the user. We implemented the synthe-
sis expression system based on the CG system.
Figure 9 shows the facial expression image of
the person on the analytical side without any
feeling expression. Figure 10 indicates a gen-
eral facial expression image for “happy” feeling.
The user evaluates and corrects this facial ex-
pression image by changing the movements of
the major parts on the face to feel satisfaction
so as to develop his individual model Mgynth.
However, we are now developing a tool to in-
teractively correct the facial expression and up-
date matrix value of the individual model.

9. Conclusion

In this paper, we proposed a “feeling” com-
munication system and introduced individual
models and modeling of facial expressions. This
system can not only convey an actual person’s
feelings, but also supports accurate mutual un-
derstanding in communications by showing the
relationship between actual expression and ac-
tual feeling.

We feel our “feeling” communication system
is able to execute accurate feeling recognition
from real facial images on the analysis side and
virtual images using CG and expression defor-
mation based on the motion matrix as shown in
Section 8. Further studies are required to solve
various problems so as to raise the accuracy of
feeling recognition as well as provide more ac-
curate synthetic facial images.
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