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• This is an experimental project
– Still in R&D: still unproven in a real game

• The contents shown today has been created for conferences and 
studies purposes
– It is not a new IP.

Before going further
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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, giving a sensation of 

being a ghost.

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

• Voice interaction
• Body interaction 

So that the agent can understand
• Where we currently are
• What we are talking about
• Where we are pointing at
• Where we are looking at
• What we are currently doing

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

– Failure cases
• With their solutions

• Interactions
– Pointing at location while giving instructions

– Location-based information disambiguation

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

Speech 
Recognition

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

Engine: Julius (github.com/julius-speech/julius)

• Real-time
• Word timestamp

• Useful for linking the voice to the actions of the speaker:
• “Go there!” -> “there” was said 0.84s ago. 
• Where was pointing the player 0.84s ago? -> Vector3(x, y, z)

• Support any language (need to provide the model)

• Japanese model: very good
• Diverse audience, some accents
• Provide part-of-speech
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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] [apple]
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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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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] [apple]

Statement 
Manager Store the statement in memory. [Take] [big] [apple]
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• Connection of words

• Homonyms

• Longer sentences take longer to parse, disturbing the player

Failure cases
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• “wo shite” and “wo oshite”

• Fast speaker will link “wo” and “oshite”.

Solution:
• Addition of a layer of context-based translation.

– However, it is not perfect.

Failure cases
Connection of words

“wo-oshite” “wo shite”
Fast speaker Engine recognized sentence
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Failure cases
Connection of words

[Noun: botan (button)] [Particle: wo] [Verb: shite (Do)]

[Verb: shite (Do)] [Object: button]

[Verb: ] [Object:     ]

Grammar
Parser
Words 

abstraction

Grounding

“wo-oshite” (Push) “wo shite” (Do)
Fast speaker Engine recognized sentence

Bring

Push

Go

shite (Do)

= 0

= 0

= 0

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

Similarity to 
sentence pattern

[Object: *] (Location: 1)

[Object: *]

[Location: 1]

= 0.5

= 1

= 0

= 0.125

= 0.25

= 0

ｘ3 ｘ1

Push

Speech 
Recognition
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• But it is not perfect:

• If the engine provides it: Use one of the other sentence candidate.

• If still not enough: Pronunciation similarity in the given language

Failure cases
Connection of words

Bring

Push

Go

shite (Do)

= 0

= 0

= 0

= 0

Word to ground (DNA)

Verbs
(Concepts of our world)

Similarity to 
sentence pattern

[Object: *] (Location: 1)

[Object: *]

[Location: 1]

[Object: 1]

= 0.5

= 1

= 0

= 1

= 0.125

= 0.25

= 0

= 0.25

Push

Take Take
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Verb: “hanasu” can be spelled:

• 話す = to speak

• 離す = to separate

• 放す = to release

By lack of context (not aware of our world), the engine can make a 
mistake.

Failure cases
Homonyms
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Solution:

1. Translate the verbs into their pronunciation (話す hanasu)

2. Find all verbs with the same pronunciation

3. Abstract these verbs into concepts

4. Compare them with the concepts of our experience

Failure cases
Homonyms

[Verb: 話す(speak)] [Pronoun: it]

[Verb: hanasu] [Object: it]

[Verb: hanasu(話す(speak), 放す(release), 離す(separate))] [Object: it]

[Verb: hanasu( ,       ,       )] [Object: it]
Drop

Go

= 0

= 0

= 0

hanasu
Word to ground (DNA)

Verb
(Concepts of our world)

= 0.66

= 0

= 0

= 0

= 0

= 0.25

GiveDrop     0.66

Go         0.25
[Drop] [Object: it]



©2016 SQUARE ENIX CO., LTD. All Rights Reserved. © 2019 SQUARE ENIX CO., LTD. All Rights Reserved.
INTRODUCTION SPEECH FAILURE CASES POINTING LOCATION DISAMBIGUATION CONCLUSION

• User becomes uncomfortable.
Solution:
• Add feedback to the AI agent: 

– “Thinking” posture

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

Failure cases
Longer sentences take longer to parse
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• Pointing at location, objects while giving instructions
– Go there

– Bring me this apple

• Location-based information disambiguation
– Go on the left of the table

– Take the apple that is behind the TV

Interactions
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Pointing at location, objects
Example
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Pointing at location, objects
Grammar

• Take this apple.
– This/thatAbsolute Determiner

• Bring that.
– This/thatAbsolute Object

• Go there.
– There Absolute Location

[Verb: Take] [AbsoluteDeterminer: this] [Object: apple]

[Verb: Bring] [AbsoluteObject: this]

[Verb: Go] [AbsoluteLocation: there]

Speech 
Recognition

Words 
abstraction

Grounding

Voice Pipeline

Statement 
Manager

Grammar
Parser
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[Verb: Go: 0.89] [Preposition: there: 0.53]

[Verb: Go] [AbsoluteLocation: 0.53]

Pointing at location, objects
Grounding

Speech 
Recognition

Words 
abstraction

Grammar
Parser

Grounding

Voice Pipeline

Statement 
Manager

Go there

[Verb: Go] [AbsoluteLocation]

[Verb:      ] [AbsoluteLocation: 0.53]

Time between [Word has been said]  [Sentence has been parsed]

Ground the absolute location-based information
How?

Julius: Speech recognition engine
• Word timestamp

[Verb: Go] [Preposition: there]

[Verb:      ] [AbsoluteLocation]

Get the player’s pointing information (when the word was said)

[Go] [AbsoluteLocation: Pointing Information (Position, Direction)]
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First tentative:
– Direction: Finger direction
– Position: Finger position

Results:
– Lot of errors (targeting too far)
– User point of view: Hard to understand where he is actually pointing 

• Cannot see where his finger is really pointing at. Just a rough idea.

Second tentative :
– Direction: Eyes  Tip of the finger
– Position: Eyes

Results:
– Less errors, more accurate, but depends on the user
– User point of view: Easy to understand where they are actually pointing

• Can see what they are targeting.

Pointing at location, objects
Pointing information: natural pointing method
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Player can point:

• With the pointing finger of their choice
– Direction: Eyes  Tip of the finger

– Position: Eyes

• With their eyes only

Pointing at location, objects
Pointing method
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Location-based information
disambiguation

Words 
abstraction

Grammar
Parser Grounding Statement

Manager

Voice Pipeline

Speech 
Recognition

• Put the apple on the left of the box.

• Go behind the rocket.

• Take the apple that is on the table.

[Verb: Put] [Object: apple] [Location: left] [Object: box]

[Verb: Go] [Location: behind] [Object: rocket]

[Verb: Take] [Object: apple] [Description: that is] [Location: on] [Object: table]
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Location-based information
disambiguation

• List of locations:
– Next to / Away from

– On / Under

– Left / Right

– Front / Behind
Complex

Easy
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Where is the apple?

• Behind the table?

Depends on the player location
 In this case, it is “behind”

Location-based information
Disambiguation
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Where is the apple?

• Behind the TV ?

Depends on the object type
 In this case, it is “on the left”

Location-based information
Disambiguation



©2016 SQUARE ENIX CO., LTD. All Rights Reserved. © 2019 SQUARE ENIX CO., LTD. All Rights Reserved.
INTRODUCTION SPEECH FAILURE CASES POINTING LOCATION DISAMBIGUATION CONCLUSION

Apple is behind the table

Apple is on the left of the TV

Location-based information
Disambiguation

“Left / Right / Front / Behind” disambiguation depends on:
Object type
Player point of view

Solution: “Does the reference-object have an orientation ?”
Yes: Object orientation

No: Player point of view

Depends on:
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• Bring more natural interactions: 
• Voice interactions

– Speech recognition pipeline (faster and more direct interactions)

– Location-based information

• Body interactions

– Pointing at locations while speaking

• Multi-language support for speech recognition can be achieved in a sort-of 
general manner.

– The grammar parser still need to be created for each language.

WHAT DID WE ACHIEVED SO FAR
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• Explore other solutions for failure cases where there is no very 
good solution yet.

• Multi-agents

• Support more kind of statements 
– Questions, Empathy…

• More interaction from the agent to the Player

What can we do from here?
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