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• Non-playable characters in virtual reality feel really close!
– Enhance immersion

• Interacting with them felt sloppy, breaking the immersion
– Limited to buttons or other classic mechanism

– No reaction, as if the player was a ghost

Motivation
What are we trying to improve?
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• Mission
– Bring more natural interactions: 

• Voice interaction

• Body interaction

– Create more aware, expressive and lively agents
• Interact with the player appropriately (Actions, Emotions, Reactions, …)

• Answer their own needs

Motivation
How can it be achieved?
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Demo
First glance at kobun
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• Speech recognition pipeline

• Decision Making

• Emotional Component

• Factual statement

What’s on the menu today?
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Speech recognition pipeline
Pipeline summary

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Voice Pipeline

Pick up an enormous apple
[Verb: Pick] [Preposition: up] [Determiner: an] [Adjective: enormous] [Noun: apple]

[Verb: Pick up] [Predicate: enormous] [Object: apple]

[Verb: ] [Predicate:      ] [Object:     ]
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• Problem to solve:
– Support multiple languages without limiting the player’s set of vocabulary

• Cause of the Problem:
– Words are language-based. They don’t have bindings between languages.

We need to abstract them.
• Idea:

– Can we create the DNA of a word? What could be the genes?

Speech recognition pipeline
Words abstraction

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Voice Pipeline
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Speech recognition pipeline
Words abstraction

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Voice Pipeline

Take a breakTake an apple
Get into one's hands, take physically Make, undertake, or perform (an action or task).

Get into one's hands, take physically

Make, undertake, or perform 
(an action or task)

Take
List of meanings

=
DNA

Meaning = Gene

How? WordNet
- Database of “sets of cognitive synonyms (synset), each expressing a distinct 

concept” wordnet.princeton.edu/

- Support multiple languages

https://wordnet.princeton.edu/
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• Example:
– We need a concept of “Big” in our experience, as in “A big apple”

Speech recognition pipeline
Words abstraction

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Voice Pipeline
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Which “big” meaning 
are we interested in?

Speech recognition pipeline
Words abstraction

1) Keep adjectives
r = adverb
a = adjective

2) Select concepts

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Voice Pipeline
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• Our “Big” predicate DNA will be composed of:
[01382086-a] above average in size or number or quantity or 
magnitude or extent

[01276872-a] Significant

• Check our synsets:
– Multi languages!

Speech recognition pipeline
Words abstraction

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Voice Pipeline

Big
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Speech recognition pipeline
Pipeline summary

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Grounding

Voice Pipeline

Pick up an enormous apple
[Verb: Pick] [Preposition: up] [Determiner: an] [Adjective: enormous] [Noun: apple]

[Verb: Pick up] [Predicate: enormous] [Object: apple]

[Verb: ] [Predicate:      ] [Object:     ]

[Take] [big] [Object:     ]
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Ground the abstracted words to our concepts:
• Locations (above, behind, left, etc)
• Predicates (color, size, etc)
• Verbs
• …
Using a utility-based scoring method.

Example:

Speech recognition pipeline
Ground the words into the concepts of our world

Enormous

Big

Small

Red

…

= 2
= 0
= 0

= 1

Word to ground (DNA) Predicates
(Concepts of our world)

Big

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Grounding

Voice Pipeline

Player’s set of vocabulary extended!
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Everything cannot be grounded!

Objects relies on the knowledge of each agent.

We need to ground them on a per-agent basis.

Speech recognition pipeline
Ground the words into the concepts of our world

We will do this at a later stage

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Grounding

Voice Pipeline

Ball Banana

Table

Known Items
Agent A

Apple Banana

Fridge

Known Items
Agent B
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Speech recognition pipeline
Pipeline summary

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Grounding

Voice Pipeline

Pick up an enormous apple
[Verb: Pick] [Preposition: up] [Determiner: an] [Adjective: enormous] [Noun: apple]

[Verb: Pick up] [Predicate: enormous] [Object: apple]

[Verb: ] [Predicate:      ] [Object:     ]

[Take] [big] [Object:     ]

Statement 
Manager Store the statement in memory. [Take] [big] [Object:     ]
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DECISION MAKING
Goal manager

Listen to Player

Goal Manager Planner

Listen

…

Words 
abstraction

Grammar
Parser Grounding

Voice Pipeline

Listen to Player

Execute Order

Eat

Flee away

…

0.8

X

0.32

0.1

…

Execution

Decision Making

AI Pipeline

[Take] [big] [Object:     ]

Memory

1 Listen

Statement
Manager

[Take] [big] [Object:     ]

Utility-based
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DECISION MAKING
Goal manager

Execute Order

Planner

Put

Go

Words 
abstraction

Grammar
Parser Grounding

Voice Pipeline

Listen to Player

Execute Order

Eat

Flee away

…

X

0.9

0.35

0.1

…

Execution

Decision Making

AI Pipeline

[Take] [big] [Object:     ]

Memory

Look for

Take …

Look for <item>

Go near <item>

Take <item>

1

2

3

Statement
Manager

[Take] [big] [Object:     ]

Goal Manager
Utility-based
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Target AAttack

Target BAttack

Grounding objects
Look for “big apple”

Execution

Look for <item>

Go near <item>

Take <item>

1

2

3 How to find a suitable object in our knowledge?

 Using again an utility-based system
(Infinite Axis Utility System)

(Pick up an enormous apple)

Eat

Eat

Goals

Meat

Apple

Targets

0.7

0.5

0.1

0.8

Find suitable object

Goals

Item A

Find suitable object Item B

Find suitable object Item C

Find suitable object Item D

Targets

Memory

[Take] [big] [Object:     ]

Apple A Banana

Apple B Table

Apple C …

Known Items
Look for [Object:     ]

Look for [Object:     ]
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Closeness

Grounding objects
Look for “big apple”

Find suitable object

Object 
Type LocationSize Color… Confidence

ｘ1
0.?0.?0.?0.?0.?0.? 0.?

x0.1ｘ1ｘ1ｘ1ｘ2 ｘ1

Target

0.??
[Take] [big] [Object:     ]

Pick up an enormous apple
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Grounding objects
Look for “big apple”

Find suitable object

Object 
Type

Banana

[Object:     ][     :Banana] [Object:     ][     :Table]

Find suitable object Find suitable object

Object 
Type

ｘ2

Object 
Type

ｘ2ｘ2

TableApple

1 0 0

[Object:     ][     :Apple A]

Fruit, edible

[Take] [big] [Object:     ]

Pick up an enormous apple



©2016 SQUARE ENIX CO., LTD. All Rights Reserved. © 2019 SQUARE ENIX CO., LTD. All Rights Reserved.
INTRODUCTION SPEECH RECOGNITION DECISION MAKING EMOTIONAL COMPONENT FACTUAL STATEMENT CONCLUSION

Grounding objects
Look for “big apple”

Plant part

Plant organ

Reproductive structure

Edible fruit

Apple

Natural object

Whole

Object

[     :Apple]

[     :Banana]

[     :Table]

Banana

Artifact

Instrumentality

Furnishing

Furniture

Table

[Object:     ]

[Take] [big] [Object:     ]

Find suitable object

Target

Pick up an enormous apple
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Grounding objects
Look for “big apple”

Plant part

Plant organ

Reproductive structure

Edible fruit

Natural object

Whole

Object 0

1

1/7

2/7

3/7

4/7

5/7

6/7

[Object:     ] Apple

Rome Apple Bramley Apple
11

[Take] [big] [Object:     ]

Pick up an enormous apple



©2016 SQUARE ENIX CO., LTD. All Rights Reserved. © 2019 SQUARE ENIX CO., LTD. All Rights Reserved.
INTRODUCTION SPEECH RECOGNITION DECISION MAKING EMOTIONAL COMPONENT FACTUAL STATEMENT CONCLUSION

Banana

Artifact

Instrumentality

Furnishing

Furniture

Table

Grounding objects
Look for “big apple”

Plant part

Plant organ

Reproductive structure

Edible fruit

Apple

Natural object

Whole

Object

1.0

1/7 ≈ 0.14

[Object:     ]

0.14

1.0

0.86

6/7 ≈ 0.86

[     :Apple]

[     :Banana]

[     :Table]

Find suitable object

Target

[Take] [big] [Object:     ]

Pick up an enormous apple
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Grounding objects
Look for “big apple”

Find suitable object

Object 
Type

Banana

[Object:     ][     :Banana] [Object:     ][     :Table]

Find suitable object Find suitable object

Object 
Type

ｘ2

Object 
Type

ｘ2ｘ2

TableApple

1 0.86 0.14

[Object:     ][     :Apple A]

[Take] [big] [Object:     ]

Pick up an enormous apple
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Closeness

Grounding objects
Look for “big apple”

Find suitable object

Object 
Type LocationSize Color… Confidence

ｘ1
11110.51 1

x0.1ｘ1ｘ1ｘ1ｘ2 ｘ1

Apple A

0.91

[Object:     ]

Apple A Banana

Apple B Table

Apple C …

Known Items

[Take] [big] [Object:     ]

Pick up an enormous apple

Apple A

Banana

Table

Apple B

Apple C

…

0.91

[big] [     :Apple A]

Apple A

Apple B

Apple C
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Closeness

Look for <big apple>

[Take] [big] [Object:     ]

Grounding objects
Look for “big apple”

Find suitable object

Object 
Type LocationSize Color… Confidence

ｘ1x0.1ｘ1ｘ1ｘ1ｘ2 ｘ1

Apple A Banana

Apple B Table

Apple C …

Known Items
Pick up an enormous apple

Apple A

Banana

Table

Apple B

Apple C

…

0.91

Apple B 0.97

0.89

0.47

0.97

0.86

0.35
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Grounding objects
Look for “big apple”

Look for <item>

Go near <item>

Take <item>

1

2

3

Execution

Apple B
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Emotional component
Pipeline overview

Emotion

Personality

Mood

Emotional Component

Defines the agent
No evolution over time
Curiosity, Shyness, Laziness, …

Long term feeling
Evolve slowly over time
Exuberant, Depressed, Afraid, …

Short term feeling
Evolve quickly over time

Joy, Distress, Fear, …
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ACTUAL
CONSEQUENCE

RELATED
CONSEQUENCE

Emotional component
Emotion – inspired OCC model Positive

Negative

CONSEQUENCE
(OF EVENT)

ACTION
(OF AGENT)

ASPECT
(OF OBJECT)

Pleased
Displeased

Approving
Disapproving

Liking
Disliking

SELF
AGENT

OTHER
AGENT

Pride
Shame

Admiration
Reproach

Gratification
Remorse

Gratitude
Anger

RELATED
CONSEQUENCE

Joy
Distress

FAMILIAR
ASPECT

UNFAMILIAR
ASPECT

Love
Hate

Valenced Reaction
Event
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ACTUAL
CONSEQUENCE

RELATED
CONSEQUENCE

Emotional component
example Positive

Negative

CONSEQUENCE
(OF EVENT)

ACTION
(OF AGENT)

ASPECT
(OF OBJECT)

Pleased
Displeased

Approving
Disapproving

Liking
Disliking

SELF
AGENT

OTHER
AGENT

Pride
Shame

Admiration
Reproach

Gratification
Remorse

Gratitude
Anger

RELATED
CONSEQUENCE

Joy
Distress

FAMILIAR
ASPECT

UNFAMILIAR
ASPECT

Love
Hate

Agent has been 
shocked by a cable,
activated by the player
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Emotional component
Develop a liking or disliking toward what the Agent experiences in the world

ACTUAL
CONSEQUENCE

CONSEQUENCE
(OF EVENT)

Pleased
Displeased

Joy
Distress

1. Generate a Distress emotion
• Intensity computed based on the severity of the shock

2. Add a negative affect to
• “cable” object 
• “electrified” predicate 

An affect has:
• intensity 
• memorable duration

Agent has been shocked by a cable,
activated by the player
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• Great! The agent does not like the “electrified cable” anymore.

• What if we tell him to take it again?

Emotional component
Develop a liking or disliking toward what the Agent experiences in the world

Look for <item>

Go near <item>

Take <item>

1

2

3

Execution

Cable

“I hate <item>”

Agent refuses. Plan failed.
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Arousal

Do
m

in
an

ce

Emotional component
Mood – PAD MODEL (Pleasure arousal dominance)

Pleasure-Displeasure

Arousal-Nonarousal

Dominance-Submissiveness

How pleasant is an emotion.
Joy Fear

How intense is an emotion.
Rage Boredom

How much control and influence the 
agent has over situations

Anger Distress

P

A

D

Default Mood (P=0, A=0, D=0)

Joy

Love

Hate

Reproach

Shame
Distress

Afraid
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Emotional component
Mood – Pleasure arousal dominance model

Hate Joy

Shame

Do
m

in
an

ce

Pleasure

Hate Joy

Shame

Do
m

in
an

ce

Pleasure

Joy 0.5
Emotions Intensity

5s
Time

Joy 1.0
Emotions Intensity

5s
Time
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Joy

Hate

Shame

Hate

Emotional component
Mood – PAD MODEL (Pleasure arousal dominance)

Hate Joy

Shame

Do
m

in
an

ce
Pleasure

1.0

0.5

0.75

1.0

Emotions Intensity

Default

Current Mood

ExuberantHostileAfraid
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• Simple structure (utility parameters in [0..1])
– Laziness = 0.8

– Curiosity = 0.3

– Honesty = 0.1

– Obedience = 0.9

– …

EMOTIONAL COMPONENT
Personality
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EMOTIONAL COMPONENT
personality
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xx0.1

• Affect “Look For” action
– Will favor closer object over farther object

How can it be done? 

EMOTIONAL COMPONENT
Personality: Laziness

Find suitable object

0.?

Target

0.??

Laziness
Min: 0.1
Max: 7

Look for <big apple>

The lazier the agent, 
The more important the Closeness axis should be

The weight should depend on the Laziness

Closeness
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• Affect the Decision Making and the Expression
– Goal Manager: 

• Goal score 
– Planner: 

• Action cost, changing the plan
• Different set of actions

– Action
• Tolerance on Liking/Disliking (objects, etc)
• Execution

– Emotion: 
• Change the emotions expression (shyness) 
• Reacts to specific events (curiosity)

– Mood: 
• default mood

EMOTIONAL COMPONENT
Personality

Great variation of play
- NPCs will feel different to each other
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FACTUAL STATEMENTS
What about informing the agent about the world?
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Factual statements
What about informing the agent about the world?

Listen to Player

Goal Manager Planner

Listen

Listen to Player

Execute Order

0.8

X

Execution

Decision Making

Memory

1 Listen

[There is] [Apple] [On] [Table]

Fact: Apple

Known Items

Execute Order

Goal Manager Planner

Take

Listen to Player

Execute Order

X

Execution

Decision Making

1 Look For Fact: Apple

0.9
Go

Go

Take

2

3

[Take] [Apple]

Does it exist?
We need to 
ground it!
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Factual statements
Grounding a fact – case of a truth

Ground Fact

Goal Manager Planner

Search

Ground Fact

Execute Order

1.5

0.9

Execution

Decision Making

Memory

Fact: Apple

Known Items

Execute Order

Goal Manager Planner

Take

Ground Fact

Execute Order

X

Execution

Decision Making

1 Look For Apple

0.9
Go

Go

Take

2

3

[Take] [Apple]

Go

Go <on Table>

Search

1

2

[There is] [Apple] [On] [Table]

Apple
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Factual statements
Grounding a fact – case of a lie

Ground Fact

Goal Manager Planner

Search

Ground Fact

Execute Order

1.5

0.9

Execution

Decision Making

Memory

Fact: Apple

Known Items

Execute Order

Goal Manager Planner

Take

Ground Fact

Execute Order

X

Execution

Decision Making

1 Look For

0.9
Go

Go

Take

2

3

[Take] [Apple]

Go

Go <on Table>

Search

1

2

[There is] [Apple] [On] [Table]
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• Bring more natural interactions: 
– Voice interaction (Speech recognition pipeline)

• Create more aware, expressive and lively agents
– Emotional reactions (Emotion, Mood)

– Have great variations (Personality)

– Environment awareness
• Can like/dislike, and react appropriately 

– Refuse to do an action involving something it hates

• NPCs can reacts to truths and lies

What did we achieved so far
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• Relationship development
• Multi-agents
• More diverse feedback from the AI-agent

– I did not understand your speech
– I did not find what you were talking about
– I understand but I don’t have the ability to execute your order
– I don’t like you, therefore I won’t listen to you
– I don’t like the object, therefore I won’t execute your order.
– …

What can we do from here?
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