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(57) Abstract: Disclosed herein is a computer-implemented method for generating audio

data from unstructured text data, the method comprising: receiving a first data file compris-

Story Text ing unstructured text data; performing a semantic analysis process on the first data file to

thereby determine semantic data of the unstructured text data in the first data file; generating

a second data file in dependence of the first data file and the semantic data, wherein the

@"‘“‘I i i second data file is a user readable and user editable script; inputting the second data file
Semantic Analysis ]

into a sound production process; and performing the sound production process to thereby

Semantic Model Production  generate audio data that is dependent on the script. Embodiments advantageously improve
Script the generation of soundtracks in applications such as radio plays, television programs, films,

advertisements, computer games, theatre productions and general prototyping (such as cre-

[ Sound Production ] ating an initial pitch or advertisement).
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Generation of Audio Data

Field
The field of the invention is the generation of audio data from unstructured text data.
Particularly advantageous applications of embodiments include the automatic generation of

audio data for applications such as radio dramas, television programs and film soundtracks.

Background
Recent advances provide computational methods for automatically generating works. A
human may also be involved the in the processes of generating the work and this results in

joint human/machine works.

Such methods have been devised individually for music [1, 2], poetry [3], literature [4], 3d
scene generation [5], and film [6]. Techniques for information extraction from stories
mostly focus around identifying characters in stories and their social networks. For
example, in [7] the authors use natural language processing techniques such as co-
reference resolution, a hand-crafted ontology, and pattern matching to extract such

characters as well as their relations.

Coreference resolution is the problem of identifying and clustering parts of a text, called

mentions, that refer to the same entity. For example, in the following sentence:

“A bee from Mount Hymettus, the queen of the hive, ascended to Olympus to present

Jupiter some honey fresh from her combs.”

The mentions ‘A bee from Mount Hymettus’, ‘the queen of the hive’, and ‘her’ map to the
same entity, or cluster (i.e. the bee). The task of co-reference resolution, is to extract such
clusters. Co-reference resolution has been a particularly hard task for Natural Language
Processing. [8] builds such clusters incrementally, starting with each mention as its own

cluster.
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Spatial Role Labelling [9][10] pertains to extracting information from sentences that
describe some kind of spatial relation (e.g. “A bull was feeding in a meadow.”). [11] uses
high recall heuristics to mine candidate relation constituents (such as ‘the bull’, ‘a
meadow’, and ‘in’ in the previous sentence) and train a binary SVM classifier to identify
such relations. In a similar fashion, [12] deployed Conditional Random Fields to capture
the relation constituents and use them as heuristics for relation extraction. When combined
with character identification, spatial role labelling can be useful in establishing the

character’s spatial position in a specific sentence in a story.

A mapping from crowd-sourced reverberation effect labels (such as ‘dry’, ‘wet’, or
‘underwater’) to reverberation effect settings was presented in [13]. The work therein is
aimed at newcomers in music production, allowing them to apply the effect of
reverberation to a piece of audio without getting lost in complicated audio effect control
settings often found in mainstream reverberation effect plug-ins. The mappings therein

prove useful in controlling the audio effect from text input.

There is a general need to improve the computational methods and processes for all forms

of automatically generated works, in particular joint human/machine works.

Summary

According to a first aspect of the invention, there is provided a computer-implemented
method for generating audio data from unstructured text data, the method comprising:
receiving a first data file comprising unstructured text data; performing a semantic analysis
process on the first data file to thereby determine semantic data of the unstructured text
data in the first data file; generating a second data file in dependence of the first data file
and the semantic data, wherein the second data file is a user readable and user editable
script; inputting the second data file into a sound production process; and performing the

sound production process to thereby generate audio data that is dependent on the script.
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Preferably, the sound production process generates audio data by a performing speech
synthesis process, a sound effects retrieval process, a reverberation process, a panning

process and a mastering process, all in dependence on the second data file.

Preferably, the method comprises: determining elements in the unstructured text data;
determining how these elements can be used to produce the audio data, such that the

generated audio data is dependent on the determined elements in the unstructured text data.

Preferably, the unstructured text data comprises characters.

Preferably, a character is an entity that performs an action.

Preferably, the semantic analysis process comprises performing a character identification

process.

Preferably, the semantic analysis process comprises: performing a lines separation process
on the unstructured text data; performing a co-reference resolution process on data
processed by the lines separation process; performing a character identification process on
data output from the co-reference resolution process; performing an environment detection
process on data output from the character identification process; and performing a lines
assignment process on data received from the lines separation process and the character

identification process.

Preferably, the method further comprises using a Conditional Random Field, CRF, model

for Named Entity Recognition, NER, to perform a character recognition process.

Preferably, the semantic analysis process comprises determining landmarks that are related

to characters.

Preferably, the semantic analysis process comprises applying a co-reference resolution
process to determine mappings from one or more characters to gendered pronouns so as to

determine the genders of the one or more characters.
3
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Preferably, the second data file comprises a character list, a scenes list and a timeline.

Preferably, the operation of the semantic analysis process is independent from the

operation of the sound production process.

Preferably, the method further comprises outputting the second data file and/or the audio

data.

Preferably, the second data file is edited by a user prior to being input to the sound

production process.

Preferably, the second data file is automatically input to the sound production process

without being edited by a user.

Preferably, the unstructured text data is any data to which semantic analysis can be applied

in order to determine audio data related to the unstructured text data.

Preferably, the unstructured text data is a story.

Preferably, the generated audio data is audio data for a radio play, television program or

film soundtrack.

According to a second aspect of the invention, there is provided a computing system that is

configured to perform the method of the first aspect.
According to a third aspect of the invention, there is provided a computer program product
that, when executed by a computing system, causes the computing system to perform the

method of the first aspect.

List of Figures
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Figure 1 is a block diagram of a system according to an embodiment;

Figure 2 is a block diagram showing the construction of a semantic model according to an

embodiment;

Figure 3 is part of a script according to an embodiment; and

Figure 4 is a block diagram showing a sound production process according to an

embodiment.

Description

Embodiments of the invention provide a computing system that improves the automatic
generation of audio data of works. The audio data of works may be entirely automatically
generated without user input, or the automatic generation of the audio data may be

dependent on user input.

More particularly, embodiments provide a computer-implemented method of converting

unstructured text data to a production script and then to audio data (i.e. audio content).

The method comprises of a cascade of different sub-tasks. The computer-implemented

method according to embodiments is divided into two distinct processes, namely:

1) Semantic analysis; and

2) Sound production (also referred to herein as the production stage).

In preferred embodiments the semantic analysis is performed on stories. However,
embodiments include performing the semantic analysis on any information/data source to
which a semantic analysis can be applied in a process for inferring audio data related to the
information/data source. For example, embodiments can be used to generate an audio
book in dependence on a novel or an audio advertisement in dependence on a descriptive

text.
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The sound production process is the production of actual audio data, i.e. the audio content.

Embodiments use techniques related to information extraction from natural language text,

as well as novel approaches in automatically generated audio-based storytelling.

The semantic analysis according to embodiments receives stories in an original
unstructured text format and automatically generates a human readable semi-structured
production script, also referred to herein as just a script, for the stories. Embodiments
apply co-reference resolution to derive mappings from characters to gendered pronouns to

thereby extract information about the characters’ genders when not explicitly stated.

After a script has been generated, a computer-implemented production stage automatically

uses the script to generate audio data.

The division into the separate stages of semantic analysis and sound production allows
each stage to be automatically implemented independently of each other. The system can
act autonomously to thereby automatically generate audio data from an information
source. However, embodiments also include a human user providing data input between
the two stages of the generation process. Embodiments therefore provide a tool that can
be used to either automatically produce audio data without user intervention, or to assist a

user when composing audio data.

The audio data may be a soundtrack for produced content, such as a television program,
radio drama or film soundtrack, for example fixing mistakes in the production scripts,

changing acting lines or attributes of characters or scenes.

Automatic processes that are advantageously performed by embodiments include inferring
the elements of the story relevant to produced audio content, and establishing how these

elements can be used to produce the finalised audio content.

Embodiments are described in more detail below.
6
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Figure 1 shows a block diagram of a system according to embodiments. Embodiments

comprise the two main stages of ‘Semantic Analysis’ and ‘Sound Production’.

Input data to the system according to embodiments is shown in Figure 1 as ‘Story Text’

and is unstructured text data.

A semantic analysis block uses a semantic model to perform semantic analysis on the

received input data to automatically generate a production script.

The production script is user readable and user editable.

A sound production block then automatically generates an audio file, i.e. audio data, in

dependence on the production script.

SEMANTIC ANALYSIS

Testing data in the form of text-based stories can be annotated for semantic analysis.
Embodiments perform semantic analysis of stories in order to identify key story elements
that can later be used to guide sound production. A semantic model is constructed that
performs co-reference resolution, character identification, dialog lines separation between
character acting lines and narrator lines, and detection of the environments the stories take

place in.

Figure 2 is a block diagram showing the construction of a semantic model, according to an

embodiment. The semantic model may be constructed by a training process.

The Input Story block is the unstructured text data on which the semantic analysis is
performed. The Acting Lines Separation block performs an acting lines separation
process on the unstructured text data. The Coref. Resolution block performs a co-
reference resolution process on data output from the Acting Lines Separation block. The

Character Identification block performs a character identification process on data output

7
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from the Coref. Resolution block. The Environment Detection block performs an
environment detection process on data output from the Character Identification block. The
Acting Lines Assignment block performs an acting lines assignment process on data
received from the Acting Lines Separation block and the Character Identification block.
The semantic model is generated in dependence on data received from the Acting Lines

Assignment block and the Environment Detection block.

Acting Lines Separation

Acting lines are parts of the text that will be spoken by an actor or by a speech synthesis
engine when a work, e.g. a play, is generated. At this stage, the text is split between
speech lines for characters in a story and speech lines for the narrator of the story.
Observing the corpus, character lines can be automatically identified by the surrounding

ens

quotation marks (‘*"’). Everything outside those quotations can be considered narrator
speech. Character and narration lines are stored in a separate file, or respective files, and
character lines are replaced in the original text with a special tag, in order to not interfere

with the analysis in subsequent steps.

Co-reference resolution

After identifying and replacing speech lines with their tags, the stories are passed through
a computer-implemented co-reference resolution algorithm. Apart from not having to deal

with unresolved anaphora, it helps in three other ways, namely:

)} The algorithm serves as a heuristic for identifying characters. Characters are
usually referred to in many places in a story and such an algorithm captures those
references. The algorithm might miss some cases, such as when the character is
mentioned only once, or capture false positives, such as when the reference is on

objects.

2) Clusters of mentions provide candidates for characters as well as information about

their perceived gender (in the scope of the corpus). Character mentions that are
8
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grouped with ‘he’ or ‘him’ pronouns are assigned as ‘male’ and ones that are grouped
with ‘she’ or ‘her’ as ‘female’. Characters with a neutral pronoun are not assigned a

gender.

3) Sentences that include pronouns become sentences that include the referenced
character in their text. This helps subsequent semantic analysis tasks by providing

them with more examples that include the original characters.

The computer-implemented co-reference resolution algorithm in embodiments may, for
example, be the co-reference resolution algorithm as described in [14] that serves as an
adequate baseline for character identification, or another co-reference resolution

algorithm.

Character Identification

Characters, as referred to herein, are entities that do some kind of action or say an acting

line. For example, consider the following two sentences:

“Jupiter and Venus were arguing...”

“A cat went to Venus”

In the first sentence, both ‘Jupiter’ and ‘Venus’ are characters since they are doing
something. In the second sentence, only ‘A cat’ is a character since ‘Venus’ does not act.
The steps described serve as an adequate method for recognizing characters because third
person singular pronouns are usually followed by verbs. Co-reference resolution is not
designed for character recognition and this can leads to some automatically identifiable

mistakes, namely:

1) False positives — These are mainly inanimate non-character elements, identified as

characters and leading to lower precision. An example sentence would be
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“When the battle was at its height”

2) False negatives — These are cases where a character is mentioned only once in the
text and cannot be assigned with a pronoun. These types of errors lead to lower

recall. An example would be the following sentence at the very end of the story:

“...until an old mouse got up and said:...”

Despite these potential errors, co-reference resolution provides an effective way to infer

gender information of the characters in the stories.

To reduce co-reference resolution errors, embodiments train a Conditional Random Field
(CRF) model for Named Entity Recognition (NER) in order to do character recognition.
As a training set, embodiments may use annotated sentences. The features extracted may
be the same as used in the CRF model in [13]. Embodiments may use this model to
identify the characters in the story, and the co-reference resolution part to assign them a
gender attribute. In addition to the above, a dictionary may be introduced that annotates
text as characters (for example the Olympian gods). This heuristic lowers precision by a
small amount (some of the characters found this way do not participate in actions) but
increases recall. Embodiments also include a heuristic that assigns attributes based on the
character’s text (for example a daughter may be automatically assigned an attribute of

female and a grandfather may be automatically assigned an attribute of male).

Environment Detection

Identifying elements relating to the story environment allows embodiments to consider
relevant sound effects for the composition of the audio scene, and also to choose
appropriate reverberation settings in order to give the listener of generated audio data the

perception that they are in that specific environment.

For example, consider the following sentence:

10



10

15

20

25

30

WO 2020/002941 PCT/GB2019/051841

“A bull was feeding in a meadow”

Here ‘meadow’ refers to a specific environment that can be conveyed given sound effects
that relate to a meadow, like wind or ruffling grass. It also has a specific impulse response,

maybe an open space.

The problem of identifying such environments is posed as a Spatial Role Labeling (SpRL)
task. SpRL tackles the problem of identifying a spatial relation, its spatial indicator (or
indicator for short), its trajector and its landmark. In the sentence above, ‘in’ is considered
a spatial relation, ‘bull’ is considered its ‘trajector’ and ‘meadow’ its landmark. For the
purpose of recognizing these aspects, embodiments train the model with a training dataset
which includes spatial relations. Embodiments first identify tokens as landmarks, using the
same CRF model used for character recognition. Then, together with the characters
identified (as trajectors) and trigger words (such as: in, to) as spatial indicators,
embodiments construct candidate spatial relations which are then classified as valid or not

using the method described in the second part of [13].

To expand on this, consider the example sentence above: ‘the bull’ is annotated as a
character and can serve as a trajector (labelled as tr below) by the character identification
process of embodiments and ‘meadow’ as a place (Im) by the model from [13]. There is
also the word ‘in” which acts as an indicator (ind, implies there is a possibility of a spatial
relation). So the sentence can be seen as:

“[A bull]¢ was feeding [in]ind a [meadow Jim”

The candidate relation can be extracted and expressed as a triplet < tr,ind,lm >. In the

present example:

< A bull,in,meadow >

11
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Embodiments then extract features for this triplet and predict a relation label for it by
using the SVM classifier described in [13]. The classifier will label it as either being
SPATIAL or None.

Preferred embodiments only determine landmarks that are related to characters, and the

above-techniques provide this data. Alternatively, in less preferred embodiments, simple
NER instead of spatial relation extraction, or even use of simple dictionaries to recognize
tokens that relate to environments, could be used to also determine environments that are

not related to characters.

The advantage of only determining landmarks that are related to characters is

demonstrated by the following quote:

“A [Woodman]y was felling a tree [on]ind the [bank of a river]im, when his [axe]e, glancing

off the trunk, flew out of his hands and fell [into]ind the [water]im.”

It is possible to identify one character, the “‘Woodman’, and two possible environments,
the ‘bank of a river’, and the ‘water’. If the applied technique were to associate an
environment for subsequent use, the technique could also end up with ‘water’ since it also
appears in the text. Preferred embodiments solve this problem by determining spatial
relations with characters. By doing this, the technique determines that only the ‘bank of a
river’ is eligible as an environment. After each environment in the story is identified, it is

assigned to a separate scene number in the work, e.g. play.

Acting Line assignment

After tagging the acting lines and identifying the characters in the story, the techniques
according to embodiments identify who speaks when. This is done in a similar manner as
with spatial indicator trigger words, but instead detecting words that relate to speaking.
Instead of landmarks, embodiments use the extracted acting lines. Trigger words related

to speaking can either be identified with the CRF model, or extracted with high recall by

12
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matching the lemma of a word with a known word related to speaking. As an example the

sentence below has its elements annotated as:

“[<CLINE1>]a [said]sw [the mouse]ch”

Here ‘al’ denotes tagged acting lines, ‘sw’ (stands for sayword) a synonym to saying and
‘ch’ a character. To determine whether a character says something, embodiments create
candidate relations of all characters, saywords, and acting lines, and classify them as valid

using the same SVM classifier described above.

After the semantic analysis process on the unstructured text data has been completed, a
production script is automatically created which contains a character list, a scenes list and
a timeline of acting lines. The automatically generated script is in a form that can be
easily read, understood and edited by a user. The script may be output to a user interface
for inspection and editing by a user. This is particularly helpful for user such as a radio-
drama producer. The user can change any of the elements presented in the script and
proceed to further produce their own audio data for a work, or feed the script back into the

system in order for audio data for the work to be automatically generated.

Embodiments also include a sound production process automatically being performed on
the script, either without the script being output to the user interface or in addition to the

script being output to the user interface.

An excerpt of an example of an automatically generated script according to the techniques

of embodiments is shown in Figure 3.

SOUND PRODUCTION

Figure 4 is a block diagram showing the sound production process according to an
embodiment. The content of the production script is used for speech synthesis, sound
effects retrieval, applying reverberation and panning effects and mastering the data in

order to generate audio data. Embodiments also include other techniques, such as
13



10

15

20

25

30

WO 2020/002941 PCT/GB2019/051841

equalisation and dynamic range compression, being applied in the sound generation

process.

Media Content Retrieval

After the environments are detected and assigned to scenes, a sound effect from a local
sound library is assigned to each based on the text data of the detected environment. While
the play is on that particular scene, that sound is looped at a lower volume level. For

character voices embodiments allow one of three different methods, namely:

1. Assign voices based on a line-to-audio dictionary.
2. Populate the dictionary using a speech recognition system.
3. Synthesize the voices.

For (1), embodiments may use a dictionary that maps acting lines to sound files containing

character speech. Those files can be recorded in advance by the user.

For (2), embodiments may use the DEEPSPEECH

(httpsi/feithub. com/moritia/DeepSpecch, as viewed on 27/7/2018) speech recognition

system, or any other speech recognition system, to convert speech recorded by the user to

text and match it against the acting lines based on a string similarity measure.
For (3), embodiments use information about gender to select an appropriate voice for the
FESTIVAL speech synthesis engine, or other speech synthesis engine, and synthesize the

acting lines with this voice.

Mixing and Mastering

The effects used during mixing are panning and reverberation and are only applied on the

acting lines. Narrator is panned to the center and no reverberation is applied to their lines.
14
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The characters are hard panned to the left and right based on their order of appearance, to
clearly position them in space relative to the listener and give the impression of a dialog

happening between them.

For reverberation, embodiments may use the method given in [14]. The technique therein
provides a mapping from text descriptors (such as dry, clean, underwater) to reverberation
effect parameters. Embodiments match those descriptors to the determined environments
by using a dictionary and embodiments apply the effect on the acting lines, similar to the
way applied for panning. For mastering, a 80Hz highpass filter was used and the final

mixdown normalized at —9dB.

Accordingly, embodiments provide the automatic generation of audio data from

unstructured text data.

An example of an embodiment is provided below.

The input data to the system according to an embodiment is the following version of Aesop’s

fable, “The Lion and the Mouse’:

‘Once when a Lion was asleep a little Mouse began running up and down upon
him; this soon wakened the Lion, who placed his huge paw upon him, and opened
his big jaws to swallow him. “Pardon, O King,” cried the little Mouse: “forgive me
this time, I shall never forget it: who knows but what I may be able to do you a turn
some of these days?” The Lion was so tickled at the idea of the Mouse being able
to help him, that he lifted up his paw and let him go. Some time after the Lion was
caught in a trap, and the hunters who desired to carry him alive to the King, tied
him to a tree while they went in search of a waggon to carry him on. Just then the
little Mouse happened to pass by, and seeing the sad plight in which the Lion was,
went up to him and soon gnawed away the ropes that bound the King of the Beasts.

“Was I not right?” said the little Mouse.’

15
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The input data is an example of unstructured text data. In the present embodiment, the
unstructured text data is a short story with sufficient information to indicate the main
information and plot elements to be conveyed. Other examples of unstructured text data
include condensed or summarised stories, novels, chapters of a novels and other forms of

descriptive text.

Unstructured text data is fundamentally different from structured text data. An example of
structured text data is a screenplay. A screenplay presents information according to a
known structure that clearly identifies who is talking, what background sounds are
occurring and other details, and this information from the structure of the input data can be
used in the construction of an audio environment. When the input data to a system is
unstructured text data, for example a short story, the input data is not presented in such a
structure. Information for generating an audio environment is therefore not provided by a
structure of the input data. Accordingly, when determining information for generating an
audio environment, unstructured text data is processed in a fundamentally different way

from structured text data.

The input data of systems according to embodiments is unstructured text data and there are
therefore substantially no restrictions on the structure of the input data. There are also
substantially no restrictions on the processing required, such as the sounds or actions that

should be rendered and the total length of the scene when rendered.

The present embodiment includes performing a semantic analysis on the above example of

input data.

An acting lines separation process identifies and tags the spoken parts: “Pardon, O King,”
“forgive me this time, I shall never forget it: who knows but what I may be able to do you a
turn some of these days?” and “Was I not right?”. The remainder of the text is assigned to

the narrator.
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A co-reference resolution process establishes characteristics for the characters, e.g., the
mouse ‘cried’. Almost all references to the mouse note that he is ‘little’, and so that aspect

is re-enforced.

A character identification process is performed for the mouse. Since the mouse is ‘little’, it
may be assigned a child’s voice. The Lion is referred to as ‘King’ and ‘King of the beasts’,

so may be assigned an adult, male voice.

An environment detection process determines that the scenes involve animals, hunters and a

tree, indicating that it is outside and in a natural environment.

An acting line assignment process determines that all spoken text is assigned to the mouse.

A sound production process is then performed. A sound effect retrieval process comprises
first identifying text with associated sounds; such as a roar when the Lion is first introduced
or when it is trapped, a thump for placing the paw on the mouse, and the sound of gnawing
at ropes. Such sounds are readily available from sound effect libraries, and may be retrieved

if they are labelled with metadata.

An audio effects process may be performed that positions the characters and narrator at
different locations, that may be in a stereo field or an immersive environment, and applies

reverberation appropriate to the environment.

Embodiments therefore provide a tool that can be used in the development radio dramas,
audio books, audio advertisements and other such works. Due to the computer-implemented
techniques of embodiments, the audio data may be generated based on more appropriate
determinations that a human would make as well as the audio data being generated faster

and more energy efficiently than human generated audio data.

In addition, the time required for generating audio data is reduced due to the splitting the

processes into distinct tasks. The generation of a user readable and editable production script
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advantageously provides an easy and efficient way for a user to edit the audio data, with it

being possible for the user to only edit specific parts of the audio data.

Embodiments are able to generate audio data from a broad corpora, such as the one

introduced in [15], which has characters and dialogs in an easily exploitable format.

Accordingly, embodiments are directed towards the production of audio data from
unstructured text data. A particularly advantageous application of embodiments is the
automatic generation of appropriate audio data for stories. Embodiments automatically
generate audio data, such as sound effects, music and/or speech, for stories that may be the
basis of radio dramas, television programs, film soundtracks, audio advertisements and any
other application that requires audio data. Embodiments provide a modular and multistage
approach to computer-implemented audio data generation that allows sounds to be sourced
and edited from modular components. The computer-implemented method of embodiments
receives as an input a story in the form of unstructured text data. A production script for the
story is automatically generated. Appropriate audio data for the story can be generated from

the production script.

Embodiments include a number of modifications and variations of the techniques as

described above.

Embodiments include the spatial positioning of sound sources being in the stereo field.
Embodiments also include sounds being rendered in an immersive environment so that

sound sources may be positioned behind, above and/or below the listener.

Embodiments include the sound generation processes retrieving sound effects from a local
sound library. Embodiments also include the sound generation processes alternatively, or
additionally, retrieving sound effects from online libraries. For example, sound effects for
text that has been tagged may be obtained from ‘freesound.org’. Embodiments also include
the sound generation processes using procedural audio techniques to generate sound effects.
When procedural audio techniques are used, parameters for the sound effect generation may

be obtained based on semantic information extracted from the text.
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Embodiments include the individual sound components (i.e. each sound effect, each line of
dialogue, every musical excerpt) being stored as object-based audio that may be re-rendered

for different conditions.

The input data to the system according to embodiments is unstructured text data. The input

data may be a story or any other type of descriptive text.

Embodiments generally include the application of semantic and sound production process
for generating semantic dependent audio data. Embodiments include semantic process being
performed on other data sources that stories, such as records of communications, or
intercepted communications, in order for audio data for re-creating the environment of the

communication to be generated.

Embodiments also include applying the process to more elements. For example, the
generated audio data could contain sound effects related to actions or states of characters,

and/or music.

Embodiments can be combined with an automatic story generation system to generate an
automatic storyteller. An example would be the work done in [4] where a human sci-fi

author worked alongside a generative model to compose joint human/machine sci-fi stories.

Embodiments can be combined with previous work on automatic story generation [16] that
proposed a method for a system to learn to tell coherent stories given short story segments
and arbitrary user defined criteria. Embodiments can be combined with that method, with
the addition of including sound-related elements to the story segments, and user criteria that

related to the radio play as a whole (such as time constraints).

Embodiments can be applied in any application in which a soundtrack is generated in
dependence on an actual description, or inferable description, of the scenario of the
soundtrack, such a story, an account of events, script, etc. The soundtrack may comprise

speech, music and/or sound effects. Applications include the generation of radio plays,
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audio books, television programs, films, audio advertisements, computer games, theatre

productions and general prototyping (such as creating an initial pitch or advertisement).

The flow charts and descriptions thereof herein should not be understood to prescribe a fixed
order of performing the method steps described therein. Rather, the method steps may be
performed in any order that is practicable. Although the present invention has been described
in connection with specific exemplary embodiments, it should be understood that various
changes, substitutions, and alterations apparent to those skilled in the art can be made to the
disclosed embodiments without departing from the spirit and scope of the invention as set

forth in the appended claims.

Methods and processes described herein can be embodied as code (e.g., software code)
and/or data. Such code and data can be stored on one or more computer-readable media,
which may include any device or medium that can store code and/or data for use by a
computer system. When a computer system reads and executes the code and/or data stored
on a computer-readable medium, the computer system performs the methods and processes
embodied as data structures and code stored within the computer-readable storage medium.
In certain embodiments, one or more of the steps of the methods and processes described
herein can be performed by a processor (e.g., a processor of a computer system or data
storage system). It should be appreciated by those skilled in the art that computer-readable
media include removable and non-removable structures/devices that can be used for
storage of information, such as computer-readable instructions, data structures, program
modules, and other data used by a computing system/environment. A computer-readable
medium includes, but is not limited to, volatile memory such as random access memories
(RAM, DRAM, SRAM); and non-volatile memory such as flash memory, various read-
only-memories (ROM, PROM, EPROM, EEPROM), magnetic and
ferromagnetic/ferroelectric memories (MRAM, FeERAM), phase-change memory and
magnetic and optical storage devices (hard drives, magnetic tape, CDs, DVDs); network
devices; or other media now known or later developed that is capable of storing computer-
readable information/data. Computer-readable media should not be construed or

interpreted to include any propagating signals.
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Incorporation by reference
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Claims:

1.

A computer-implemented method for generating audio data from unstructured text

data, the method comprising:

receiving a first data file comprising unstructured text data;

performing a semantic analysis process on the first data file to thereby determine

semantic data of the unstructured text data in the first data file;

generating a second data file in dependence of the first data file and the semantic

data, wherein the second data file is a user readable and user editable script;

inputting the second data file into a sound production process; and

performing the sound production process to thereby generate audio data that is

dependent on the script.

The computer-implemented method according to claim 1, wherein the sound
production process generates audio data by a performing speech synthesis process,
a sound effects retrieval process, a reverberation process, a panning process and a

mastering process, all in dependence on the second data file.

The computer-implemented method according to claim 1 or 2, wherein the method

comprises:

determining elements in the unstructured text data;

determining how these elements can be used to produce the audio data, such that
the generated audio data is dependent on the determined elements in the

unstructured text data.
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&

The computer-implemented method according to any preceding claim, wherein the

unstructured text data comprises characters.

The computer-implemented method according to claim 4, wherein a character is an

entity that performs an action.

The computer-implemented method according to claim 4 or 5, wherein the

semantic analysis process comprises performing a character identification process.

The computer-implemented method according to claim 4, or any claim dependent

thereon, wherein the semantic analysis process comprises:

performing a lines separation process on the unstructured text data;

performing a co-reference resolution process on data processed by the lines

separation process;

performing a character identification process on data output from the co-reference

resolution process;

performing an environment detection process on data output from the character

identification process; and

performing a lines assignment process on data received from the lines separation

process and the character identification process.
The computer-implemented method according to claim 7, the method further

comprising using a Conditional Random Field, CRF, model for Named Entity

Recognition, NER, to perform a character recognition process.
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10.

11.

12.

13.

14.

15.

16.

The computer-implemented method according to claim 4, or any claim dependent
thereon, wherein the semantic analysis process comprises determining landmarks

that are related to characters.

The computer-implemented method according to claim 4, or any claim dependent
thereon, wherein the semantic analysis process comprises applying a co-reference
resolution process to determine mappings from one or more characters to gendered

pronouns so as to determine the genders of the one or more characters.

The computer-implemented method according to any preceding claim, wherein the

second data file comprises a character list, a scenes list and a timeline.

The computer-implemented method according to any preceding claim, wherein the
operation of the semantic analysis process is independent from the operation of the

sound production process.

The computer-implemented method according to any preceding claim, the method

further comprising outputting the second data file and/or the audio data.

The computer-implemented method according to any preceding claim, wherein the
second data file is edited by a user prior to being input to the sound production

process.

The computer-implemented method according to of claims 1 to 13, wherein the
second data file is automatically input to the sound production process without

being edited by a user.
The computer-implemented method according to any preceding claim, wherein the

unstructured text data is any data to which semantic analysis can be applied in order

to determine audio data related to the unstructured text data.
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17.

18.

19.

20.

The computer-implemented method according to any preceding claim, wherein the

unstructured text data is a story.
The computer-implemented method according to any preceding claim, wherein the
generated audio data is audio data for a radio play, television program or film

soundtrack.

A computing system that is configured to perform the method of any preceding

claim.

A computer program that, when executed by a computing system, causes the

computing system to perform the method of any of claims 1 to 18.
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