
Emotion Recognition and Its Application to Computer 

Agents with Spontaneous Interactive Capabilities 

Ryohei Nakatsu, Joy Nicholson and Naoko Tosa 

ATR Media Integration & Communications Research Laboratories 

2-2 Hikaridai, Seika-cho, Soraku-gun, Kyoto 61 g-0288, Japan 

Tel: +81 774 95 1400,1476, 1427 

E-mail: {nakatsu, jjnichol, toss}@ mic.atr.co.jp 

ABSTRACT 
In this paper, we first study the recognition of emotions involved in 

human speech. We propose an emotion recognition algorithm based 

on a neural network and also propose a method to coIlect a large 

speech database that contains emotions. We carried out emotion 

recognition experiments based on the neural network trained using 

this database. An emotion recognition rate of approximately 50% 

was obtained in a speaker-independent mode for eight emotion states. 

We then tried to apply this emotion recognition algorithm to a com- 

puter agent that plays a character role in the interactive movie system 

we are developing. We propose to use emotion recognition as key 

technology for an architecture of the computer characters with both 

narrative-based and spontaneous interaction capabilities. 
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1. INTRODUCTION 
Nonverbal communication plays a very important role in human 

communication. Telephones have been mainly used to communi- 

cate in business, but recently, telephones are used more and more for 

everyday communication among family members and friends. The 

spread of cellular phones, especially among the young generation, 

has accelerated this trend. It is clear that the exchange of nonverbal 

information such as emotions is important in all forms of communi- 

cation. This means that nonverbal communication is the basis of 

human communication. 
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In addition to human-to-human communication, communication 

between human and computer agents has becomes more and more 

common. Computer agents that act as electronic secretaries or com- 

munication mediators will become common entities in our society. 

As such, the capability of communicating with humans using both 

verbal and nonverbal communication channels will be essential. This 

will surely make interactions between computers and humans more 

intimate and human-like. 

Although the importance of nonverbal aspects of communication 

has been recognized, until now most research has involved nonver- 

bal information for images. Facial expression recognition and ges- 

ture recognition are good examples. On the other hand, the recogni- 

tion of emotions involved in human speech has been rarely treated. 

For the reasons indicated above, we have studied the recognition of 

emotions involved in speech and believe such recognition is an es- 

sential research area. 

One of the reasons why there has been little research on human 

emotion recognition is because it is difficult to collect a large amount 

of utterances that contain emotions. The strategy we have adopted 

here is to ask a radio actor to utter a number of words with various 

kinds of emotional expressions. Then, we asked many speakers to 

utter utterances with emotion by listening to the utterances uttered by 

the actor. We adopted eight emotions including a normal state. We 

succeeded in collecting a large speech database uttered by fifty males 

with this method By using a part of this database as a training data 

for neural network, we obtained a neural network which can recog- 

nize emotional utterances. Then, we carried out the recognition ex- 

periment to evaluate the performance of the neural network. We 

compared two kinds of recognition experiments, open test and closed 

test, and concluded that a recognition rate of approximately 50% is 

obtainable for speaker-independent emotion recognition. 

For the next step, we applied this emotion recognition technology 

to computer agents that can communicate with humans using both 

verbal and nonverbal channels. We have conducted research on in- 

teractive movie production by applying interaction technologies to 
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conventional movie making techniques. The integration of interac- 

tion and narratives is expected to produce a new type of experience, 

which we call, “Interactive Movies.” We can interact in as well as 

watch the story in interactive movies. This gives us a great opportu- 

nity to learn various kinds of skills and lessons through dramatic ex- 

periences. We have already produced a prototype system [6]. Un- 

fortunately, this system lacks the capability of accepting spontaneous 

interaction. In evaluations, we have learned that spontaneous inter- 

action is the key element for subject participation in narratives. We 

developed a second prototype system based on this evaluation where 

emotion recognition works as a key function for realizing spontane- 

ous interaction capabilities. 

This paper first describes the emotion recognition algorithm and 

the emotion recognition experiment we have carried out. Then, the 

paper introduces the configuration of the interactive movie system 

and the structure of the agents in the system where emotion recogni- 

tion plays a key role for the introduction of spontaneous interaction 

capabilities. 

2. RECOGNITION OF EMOTION INVOLVED 
IN SPEECH 
2.1 Basic Principle 

We have considered and emphasized the following issues to recog- 

nize emotions. 

(1) Treatment of various emotional expressions 

How many and what kinds of emotional expressions are to be treated 

are interesting yet difficult issues. The following are some examples 

of emotional expressions treated in several papers: 

a. neutrality, joy, boredom, sadness, anger, fear, and indignation [5] 

b. anger, fear, sadness, joy, and disgust [3] 

c. neutrality, happiness, sadness, anger, fear, boredom, and disgust 

[II 
d. fear, anger, sadness, and happiness [4] 

Considering these examples, we have selected eight emotional states 

in this study: 

anger, sadness, happiness, fear, surprise, disgust, playfulness, and 

neutrality 

(2) Speech features 

There are two kinds of speech features: phonetic features and 

prosodic features. In emotion recognition, prosodic features play an 

important role. At the same time, phonetic features are as important 

as prosodic features, because prosodic features and phonetic features 

are tightly combined when uttering speech. Furthermore, it is im- 

possible to express emotions by only controlling prosodic features. 

Therefore, a combination of two kinds of features is considered in 

this study: one is the feature expressing phonetic characteristics of 

speech, and the other is that expressing prosodic characteristics. 

(3) Speaker-independent and content-independent emotion recogni- 

tion 

Speaker independence is an important aspect of speech/emotion 

recognition. From a pragmatic standpoint, a speaker-dependent 

emotion recognition system requires a tiresome learning stage each 

time a new speaker wants to use the system, so it is not easy to use. 

Another point is that humans can understand the emotions included 

in speech as well as the conveyed meaning by speech even for arbi- 

trary speakers. Moreover, content independence is indispensable 

for emotion recognition. Various kinds of emotions are conveyed 

for the same words or sentences in daily communication; this is the 

key to rich and sensitive interpersonal communications. Thus, we 

adopt a neural network architecture and introduce a training stage 

that uses a large number of training utterances for a speaker-indepen- 

dent and content-independent emotion recognition system. 

Figure 1 illustrates a block diagram of the processing flow. The 

process mainly consists of two parts: speech processing and emotion 

recognition. The details of each process and the system configura- 

tion for carrying out the emotion recognition process are described in 

the following sections. 

2.2 Feature Extraction 
(1) Speech feature calculation 

Two kinds of features are used in emotion recognition. One is a 

phonetic feature and the other is a prosodic feature. LPC (linear 

predictive coding) parameters [3], which are typical speech feature 

parameters often used for speech recognition, are adopted for the 

phonetic feature. The prosodic feature, on the other hand, consists 

ofthree factors: amplitude structure, temporal structure and pitch struc- 

ture. Speech power and pitch parameters are used for the feature 

expressing amplitude structure and pitch structure and each can be 

obtained in the LPC analysis. In addition, a delta LPC parameter is 

Speech input 
I 

Speech feature calculation 

I 

Speech processing 

Extraction of speech period 

I J I 

II Speech feature extraction 
I I 

Recognized emotion 

Figure 1 Processing flow diagram. 
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adopted, which is calculated from LPC parameters and expresses a 

time variable feature of the speech spectrum, since this parameter 

corresponds to a temporal structure. 

The speech feature calculation is carried out in the following way. 

Analog speech is first transformed into digital speech by passing it 

through a 6 kHz low-pass filter that is then fed into an A/D converter 

with an 11 KHz sampling rate and a 16 bits accuracy. The digitized 

speech is then arranged into a series of frames, where each is a set of 

256 consecutive sampled data points. LPC analysis is carried out in 

real time and the following feature parameters are obtained for each 

of these frames. 

Speech power: P 

Pitch: p 

LPC parameters: cl, c2, .._, cl2 

Delta LPC parameter: d 

Thus for the t-th frame, the obtained feature parameters can be ex- 

pressed by 

Ft = (Pt, pt, dt, clt, c2t, . . . . cl2t). 

The sequence of this feature vector is fed into the speech period ex- 

traction stage. 

(2) Speech period extraction and speech feature extraction 

First, the period where speech exists is extracted based on the in- 

formation of speech power. Speech power is compared with a pre- 

determined threshold value PTH; if the input speech power exceeds 

this threshold value for a few consecutive frames, the speech is de- 

cided to be uttered. After the beginning of the speech period, the 

input speech power is also compared with the PTH vaIue; if the speech 

power is continuously below PTH for another few consecutive frames, 

the speech is decided to be no longer exist, The speech period is 

extracted from the whole data input through this process. 

Twenty frames are extracted for the extracted speech period where 

each is situated periodically in the whole speech period and kept the 

same distance from adjacent frames. Let these twenty frames be 

expressed as fl, f2, . . . . . f20. The feature parameters of these twenty 

frames are collected and the output speech features are determined as 

a 300 (I 5x20) dimensional feature vector. This feature vector is 

expressed as 

FV = ( Fl , F2, . . . . . . . . F20), 

where Fi is a vector of the fifteen feature parameters corresponding 

to frame fi. 

This feature vector (FV) is then used as input for the emotion rec- 

ognition stage. 

2.3 Emotion Recognition 
Recognizing emotions is a difficult task. The main reason is that 

people mainly rely on meaning recognition in daily communication, 

especially in business communication. This is why speech recogni- 

tion research has long treated emotions contained in speech as sim- 

ply fluctuations or noise. What makes the situation more compli- 

cated is that emotional expressions are consciously or unconsciously 

intertwined with the meaning of speech. In the unconscious state, 

context rather than emotional feature plays a more important role. 

As a result, the intensity of emotional expression varies dramatically 

depending on the situation. Of course, our final target is to recog- 

nize emotions in speech even if emotional expression is unconsciously 

mixed with the meaning of speech. However, for the time being, 

this is not our research target for the above reasons. Instead, the 

strategy adopted here is to treat speech intentionally uttered with spe- 

cific emotional expressions, rather than speech with unconscious emo- 

tion expressions. 

There are several algorithms such as neural network or HMMs[8] 

in recognition algorithms. HMMs are suitable where the structure 

of the recognition object is clear to some extent. As the structure of 

an emotional feature is not clear, a neural network approach seems 

more suitable, so we have adopted the neural network approach here. 

(1) Configuration of the neural network 

The configuration of the neural network for emotion recognition is 

shown in Fig. 2. This network is a combination of eight sub-net- 

works. Each of these eight sub-networks is tuned to recognize one 

of eight emotions (anger, sadness, happiness, fear, surprise, disgust, 

playfulness, or neutrality). The construction of each sub-network is 

shown in Fig. 3 and basically has the same network architecture. It 

is a four layered neural network with one 300 input nodes correspond- 

ing to the dimension of speech features and 1 output node. The 

number of intermediate nodes varies depending on the specific emo- 

Q output 

& 
Speech feature parameters 

Figure 2 Emotion recognition part configuration. 
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Figure 3 Sub-network configuration. 

tion. The reason we have adopted this architecture is based on a 

consideration of the difficulties in recognizing specific emotions. 

Thus, it is easier to prepare a specific neurai network for each emo- 

tion and tune each network depending on the characteristics of each 

emotion to be recognized. Although negative emotions such as an- 

ger or sadness are rather easy to recognize, positive emotions such as 

happiness can be difftcult to recognize. Thus, a detailed architecture 

of the networks, such as the number of intermediate nodes, differs 

depending on the specific emotion. 

(2) Emotion recognition by a neural network 

In the emotion recognition phase, speech feature parameters ex- 

tracted in the speech processing part are simultaneously fed into the 

eight sub-networks and trained as described in the above process. 

Eight values, V=(vl, v2, . . . . . . v8), are obtained as the result of the 

emotion recognition. 

2.4 Emotion Recognition Experiment 
(1) Speech database collection 

It is necessary to train each of the sub-networks for the recognition 

of emotions. The most important and most difficult issue for neural 

network training is how to collect a large amount of speech data con- 

taining emotions. As our target is content-independent emotion 

recognition, we adopted one hundred phoneme balanced words for a 

training word set. Some examples are: school, hospital, standard, 

and so on. Since we utter most of these words without any special 

emotion in our daily life, it is difficult for ordinary people to inten- 

tionally utter them with emotions. Therefore, we have adopted the 

following strategy. 

(a) First we ask a radio actor to utter one hundred words with each of 

the eight emotions. As a professional, he is used to speaking various 

kinds of words, phrases, and sentences with intentional emotions. 

(b) Then, we ask speakers to listen to each of these utterances and 

mimic the tones of each utterance. We record the utterances spoken 

by ordinary people. 

The problem with this strategy is that the spoken emotions here are 

not natural but “forced emotions.” However, we study the forced 

emotions or intentional emotions in our research based upon the con- 

sideration described in Section 2.3. 

Since our target is speaker-independent and content-independent 

emotion recognition, the following utterances were prepared for the 

training process 

Words: 

Speakers: 

Utterances: 

100 phoneme-balanced words 

fifty male speakers and fifty female 

speakers 

neutrality, anger, sadness, happiness, 

fear, surprise, disgust, and playfulness 

Each speaker uttered 100 words eight 

times. In each of the 8 trials, he/she 

uttered words using different emotional 

expressions with a total of 800 

utterances for each speaker obtained as 

training data. 

(2) Training and recognition experiment 

We used thirty speakers for training out of the fifty speakers used 

for data collection. To learn the effect of the number of speakers 

used for the training, we carried out five types of neural net trainings 

and obtained the following neural networks. 

( neural network 1) ten types of neural networks each trained by a 

single speaker (#l, #2, .., #IO). 

( neural network 2) five types of neural networks each trained using 

two speakers (#land #2, #3and#4,..., #9and#lO) 

( neural network 3) two types of neural networks each trained using 

live speakers (#land#2..and#5, #6and#7...and#lO) 

( neural network 4) a neural network trained using ten speakers (# 1 and 

#2and #3... and #lo) 

( neural network 5) a neural network trained using thirty speakers 

(#land #2and #3 . and #30) 

In addition, we carried out two types of recognition experiment to 

evaluate the performance of the obtained neural networks. 

(Open recognition experiment) 

In this case, utterances spoken by the speakers not included in the 

training sets are used for the recognition experiment. Twenty speak- 

ers (#3 I -#50) were used for the recognition experiment. 

(Closed recognition experiment) 

In this case, utterances spoken by the speakers included in the train- 

ing sets are used for the recognition experiment. 

The obtained recognition results for both closed recognition and 

open recognition are shown in Fig. 4 for male speakers and Fig. 5 for 

female speakers. These results show the following facts. 

(a) For closed recognition experiments, the recognition rate decreases 

as the number of training speakers increases. The recognition rate 
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Table 1 Emotion recognition results using human subjects. 
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Number of speakers for training 

Figure 4 Emotion recognition results for male data. 

Recognition rate 

100% 
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Number of speakers for training 

Figure 5 Emotion recognition results for female data. 

approaches 50-55%. 

(b) For open recognition experiments, the recognition rate increases 

as the number of training speakers increases. The recognition rate 

approaches 50-55%. 

These two trends indicate that if we have enough speakers for train- 

ing we can obtain an emotion recognition rate of 50-55% for the 

speaker-independent mode. Furthermore, even when the number of 

the speaker is thirty, we have an approximately 50% emotion recog- 

nition rate that is satisfactory compared with the expected recogni- 

tion performance using an adequate number of training speakers. 

2.5 Emotion Recognition Testing Using Human 
Subjects 
It is necessary to know whether the emotion recognition rate of 50- 

55% using neural network based algorithm is satisfactory or not For 

this purpose we have carried out emotion recognition testing using 

Male Voice Data I Female Voice Data 

I 57.6 % 50.9% 

human subjects. We have collected 25 subjects (19 males and 6 

females). Each of them listened to about 450 voice data samples 

which were randomly selected from the data set used for the recogni- 

tion experiment and classified each of them to one of the eight emo- 

tion categories. The recognition results for both male voice data and 

female voice data are shown in Table 1. Table 1 shows that the 

emotion recognition capability by human subjects is almost the same 

as the neural network based algorithm. 

We have concluded through these recognition experiments that we 

have the emotion recognition capability whereby computer agents 

can communicate with people using nonverbal communication capa- 

bilities. 

3. CREATION OF COMPUTER AGENTS 
WITH SPONTANEOUS INTERACTIVE CA- 
PABILITIES 

3.1 Overview 
As one of the applications of emotion recognition technology, we 

have tried to apply this technology to the computer agent in an inter- 

active movie system we are studying. The main reason why we 

study interactive movies is as follows. 

Ever since the Lumiere brothers created cinematography at the end 

of the 19th century, movies have undergone various advances in tech- 

nology and content. Today, movies have established themselves as a 

composite art form covering a wide range from fine arts to mass en- 

tertainment. Perhaps, movies provide us with the feeling as though 

we are experiencing various kinds of dramatic events and happen- 

ings in movie narratives. However, these experiences are not active 

and are illusions. As a result, what we can experience, feel, and 

learn is limited. 

The integration of interaction and narratives is expected to produce 

a new type of experience. We call this, “Interactive Movies” , in 

which we not only can watch the story but also can interact in the 

story itself. This provides us with a totally new type of experience. 

In other words, we can experience dramatic events or narratives that 

cannot be encountered in our daily lives as a subject of the event, 

instead of through the perspective of a third person. This gives us a 

great opportunity to learn various kinds of skills and lessons through 
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dramatic experiences. 

One of the key factors of an interactive movie system is the com- 

puter characters that interact with the participants who play the main 

characters. In the first system we have developed, the behaviors of 

the characters are controlled based on the narratives [6]. We have 

learned in evaluating the first system that the spontaneous reaction of 

the characters are as important as the narrative-based interactions. 

Therefore, we have tried to integrate the spontaneous interaction ca- 

pabilities int.o the movie characters by using emotion recognition. 

3.2 Spontaneous Interaction 
In evaluating the first prototype system, we recognized that there 

are generally two types of interactions for the computer characters: 

narrative-based interactions and spontaneous interactions. We also 

recognized that in the first system only the narrative-based interac- 

tion capabilities were realized. 

Basically, spontaneous interactions occur between the participants 

and characters and basically do not affect story development. On 

the other hand, there are times when interactions do affect story de- 

velopment. Such interactions occur at branch points in the story, and 

they tend to determine the future development of the story. The key 

point is how to handle these two different types of interactions. 

Figure 6 illustrates how interaction proceeds for both the first sys- 

tem and the second system. In the first system, the order of all inter- 

actions of a participant and behaviors of characters are predeter- 

mined. Thus, the system control mechanism is rather simple. 

The difference between the first system and the second system, as 

Scene N Scene N I 

Character 2 Scene N2 

(a) The first prototype system 

Scene N Scene N 1 

(b) The second prototype system 

Figure 6 Comparison of interactions between first system and 

second system. 

Interaction Manager 

landler 

Figure 7 Software configuration of second system. 

illustrated in Fig. 6, is that in addition to the predetermined sequence 

of interactions between the participants and the characters, unpre- 

dictable interactions, in other words, spontaneous interactions, oc- 

cur. Therefore, the system is required to distinguish the predicted 

and unpredicted interaction results and handle the behaviors of the 

characters according to these two kinds of inputs. Furthermore, some 

fluctuations are added to the response of each character to add natu- 

ralness to the reactions of the characters. These requirements have 

led to a distributed control structure instead of a top-down structure. 

Figure 7 illustrates the software used in the second system. The 

interaction manager and the scene manager in Fig. 7 are the key com- 

ponents controlling the behavior of the computer characters. 

3.3 Interaction Manager 
The interaction manager is the most critical component for achiev- 

ing the spontaneous behavior of the characters. The interaction man- 

ager has functions for distinguishing predicted and spontaneous in- 

teractions and generating character reactions for spontaneous inter- 

actions. The details of these functions are described below. 

(1) Distinguishing predicted and spontaneous interactions 

It is difficult for the system to distinguish whether the speech of a 

participant is a predicted input or spontaneous input when only using 

speech recognition technologies. To solve this problem, we have 

adopted a method in which both speech recognition and emotion rec- 

ognition work simultaneously. When a reasonable speech recogni- 

tion result is obtained, the input is judged as a predicted interaction 

and the recognition result is utilized for generating the predetermined 

behaviors of the characters. When the speech recognition function 

fails to output a reasonable recognition, it is judged as a spontaneous 

interaction, and the emotion recognition result is then utilized to gen- 

erate the spontaneous reactions of the characters. For gesture recog- 

nition, it is rather easy to distinguish between two kinds of gesture 
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inputs depending on the scene because the usage of predetermined 

gesture interactions is restricted. 

(2) Generating character reactions for spontaneous inputs 

The basis of spontaneous interaction is a structure that allots each 

character an emotional state, and the interaction input from the par- 

ticipant and his/her interaction with the characters determine the 

emotional state (as well as the response to that emotional state) for 

each character. Some leeway is given to how a response is expressed 

depending on a character’s personality and circumstances. To achieve 

this, we chose to use the concept of the “action selection network” 

[2], which sends and receives activation levels among multiple nodes. 

The interaction manager works with spontaneous inputs as outlined 

below. 

The state and intensity of a player’s (i = 1,2...) emotion at time T is 

defined as 

Ep (i, T), sp(i, T) where sp(i, T) = 0 or 1 

(0 indicates no input and 1 indicates an input). 

Similarly, the state and intensity of a character’s (i = 1, 2...) emotion 

at time T is defined as 

Eo (i, T), so(i, T). 

For the sake of simplicity, the emotional state of a character is de- 

termined by the player’s emotional state, when the player’s interac- 

tion results from emotion recognition: 

{Ep(i, T)} ---> {Eofj, T + 1)). 

Activation levels are sent to each character when emotion recogni- 

tion results are input as 

sp(i, T) ---> sp(i, j, T), 

where sp(i, j, T) is the activation level sent to character j when the 

emotion of player i is recognized. The activation level for character 

j is the total of all activation levels received by the character: 

so& T + 1) = C sp(i, j, T) 

A character that exceeds the activation threshold performs action 

Ao(i, T) based on an emotional state. More specifically, this action 

involves a character’s movement and speech as a reaction to the emo- 

tional state of the player. At the same time, activation levels so(i, j, T 

) are sent to other characters: 

if so(i, T) ---> THi 

then Eo(i, T) ---> Ao(i, T), Eo(i, T) ---> so(i, j, T) 

so&T + 1) = C so(i, j, T). 

This mechanism creates interaction between characters and enables 

more diverse interaction than simple interaction involving a one-to- 

one correspondence between emotion recognition results and char- 

acter reactions. 

(3) Other issues 

(a) Time control 

A difficult issue in handling spontaneous interaction is that once 

we permit it, controlling the time schedule for the sequence of prede- 

termined interactions becomes difficult because the scenario as a 

whole is controlled by the scene data handled by the scene manager. 

As one solution to this problem, we introduced the concept of the 

“relative time counter”. Here, the timer stops counting while char- 

acters are showing reactions corresponding to spontaneous interac- 

tion, This means that as long as the participants continue to enjoy 

the spontaneous interaction, the story stops proceeding. This mecha- 

nism allows the system to go to any point between a fully spontane- 

ous interaction system and a fully narratively controlled system. 

(b) Reaction collision 

There are times when a spontaneous input comes in while a charac- 

ter is reacting to an expected player interaction. As a result, a colli- 

sion occurs between the expected reaction and the reaction to the 

spontaneous input. 

We introduce two modes for this situation: real-time reaction and 

delayed reaction. In real-time reaction, the character puts the reac- 

tion on hold and instead shows the spontaneous reaction. In delayed 

reaction, the character continues its behavior and after finishing it 

starts its reaction for the spontaneous input. 

3.4 Scene Manager 
The scene manager controls the behavior of the computer charac- 

ters as well as the generation of scenes. To control the ongoing 

progress of each scene, we define the scene data, which controls all 

of the events for each scene. A brief description of the scene data 

construction is as follows. 

The scene data consists of the following kinds of commands and 

parameters. 

***MACRO COMMAND 

COMMAND 

Parameter 

Macro commands control the description of a scene. The macro com- 

mands we have prepared are the following. 
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***SCENE: command to define the scene number 

***‘TIMER: command to define the maximum 

duration time for each scene 

***CAMERA: command to define the camera 

position for each scene 

Commands define and describe the details of events in each scene. 

The main commands for the present system are the following. 

BGIMG: command to define the background image 

SOUND: command to define the background music 

and sound effects 

OBJECT: command to define the computer graphics 

corresponding to various kinds of objects 

and characters 

MOTION: command to define the motion capture 

mechanism 

INTERACTION-S: 

INTERACTION-G: 

INTERACTION-E: 

command to define the 

interaction based on speech 

recognition 

command to define the 

interaction based on gesture 

recognition 

command to define the 

interaction based on emotion 

recognition 

Parameters define various kinds of conditions for each command. 

An example of a scene data description for a spontaneous interaction 

is as follows 

INTERACTION-E 

Character-N Stat-time End-time 

Participant-M 1 Wait 

File-CG(M 1) File-speech(M I ) 

Participant-M2Immed. 

File-CG(M2) File-Speech(M2) 

his means that during the time between the Start-time and the 

End-time, the character indicated by N can accept spontaneous in- 

puts from participants Ml and M2. When reactions are activated 

based on the mechanism mentioned in (3), the reaction to participant 

Ml is expressed by FileCG(Ml) for animation and File-speech(M 1) 

for speech. In addition, the type of reaction is defined by Wait or 

Immed. for delayed and immediate reactions described in (3), re- 

spectively. 

3.5 Examples of Interactions 
(1) An interactive story 

We have produced an interactive story based on Shakespeare’s 

“Romeo and Juliet”. We chose it because it is a very well known 

story and people have a strong desire to act out the role of hero or 

heroine. We expect people to easily get involved in and experience 

the story. 

The main plot of the story is as follows. After their tragic suicide 

the lovers’ souls are sent to Hades, where they find they have totally 

lost their memory. The two start a journey to rediscover who they 

are and what their relationship was. They gradually find themselves 

again through various kinds of experiences and with the help and 

guidance of characters in Hades and finally go back to the real world. 

(2) Interaction 

There are two participants, one plays the role of Romeo and the 

other Juliet. The participants stand in front of the screen wearing 

specially designed clothes with attached magnetic sensors and mi- 

crophones. Their avatars are on the screen and move according to 

their actions. Basically, the system controls the progress of the story 

with character animations and character dialogues. The story moves 

on depending on the voice and gesture reactions of the participants 

and as described before, interaction is possibIe at any time. When 

the participants utter spontaneous phrases or sentences, the charac- 

ters react according to the emotion recognition results. Consequently, 

this system can go anywhere between story-dominant operation and 

impromptu interaction-dominant operation depending on the fre- 

quency of the participants’ interaction. Figure 8 illustrates examples 

Figure 8 Examples of the scenes in the interactive movie 

system. 
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of the scenes in the interactive movie system 

4. CONCLUSIONS 
In this paper, we first proposed an algorithm for recognizing emo- 

tions contained in human speech. We adopted a neural network for 

recognition algorithm. In order to realize speaker-independent and 

content-independent emotions recognition, we selected a word set 

that consists of one hundred phoneme-balanced words. In addition, 

we collected utterances of these words spoken by fifty male speak- 

ers. We used this database for the training and recognition samples 

and obtained about 50% recognition rate in the recognition experi- 

ment. 

We then applied this emotion recognition algorithm to the com- 

puter agents that acted as characters in our interactive movie system. 

In the evaluation of the first prototype system, we learned that the 

abibty of reacting to spontaneous interaction by users is the key fac- 

tor for realizing realistic computer characters. By utilizing emotion 

recognition as the key function for spontaneous reactions, we suc- 

ceeded in realizing computer characters with the capability of spon- 

taneous interactions. 

Further research will be necessary to evaluate the emotion recogni- 

tion algorithm by collecting a speech database uttered by females 

and carrying out recognition experiments. It also is necessary to 

evaluate the approach based on the integration of narrative-based and 

spontaneous interaction by letting people experience the interactive 

movie story and become main actors or actresses. 
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