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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,

governmen

tal and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the ISO/
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Introduction

Communication between users of different languages is a global trend that is increasing. Real-time, automatic
simultaneous interpretation is needed for different applications such as video calls, live lecture translation
and wearable translation devices. Market demands for real-time automatic simultaneous interpretation of
free-style continuous utterances in the travel sector, global event management, as well as for phone calls,
lectures or meetings, are also increasing. A standardized user interface (UI) for automatic simultaneous
interpretation systems fulfils these different needs for communication.

ISO/IEC 23773-1 provides a general description of an automatic simultaneous interpretation system
designed to interoperate among different natural languages for spontaneous speech and text.

3 E 2 addresses
the functiohal equivalent of consecutive interpretation, this document focuses on the functional equivalent
of simultaneous interpretation.

ISO/IEC 23773-2 provides the requirements and functional components for the UI of automatic sijnultaneous
interpretatjon systems.

This docuIlent provides a reference architecture for automatic simultanegus interpretatipn systems
including fyinctional modules and communication interfaces in a high-level approach.

© ISO/IEC 2024 - All rights reserved
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hent provides a description of a system architecture for real-time automatic sil
jon systems for spontaneous speech designed to interoperate among different natura

litional speech-to-speech translation addresses the functional equivalent of
jon, this document focuses on the functional equivalent of simultaneous interpretatio

ent does not cover sign language interpretation.

ative references

o normative references in this document.

5 and definitions
poses of this document, the following terms and definitions apply.
maintain terminology databases foruse in standardization at the following addressé

ine browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

al knowledge learning
accumulated through learning from previous experiences in the context of translatio

simultaneous interpretation
hterpretation where the translation is performed continuously while the speaker spe
the translation to finish sentence by sentence

multaneous
languages.

ronsecutive
n.

«

ks without

Note 1 to en

(ry: Inputis speech or text, or both, and outputis speech or text, or both.

Note 2 to entry: While interpretation deals with spoken language in real time, translation focuses on written content.

3.3
interpreta

tion unit

unit of the user’s utterance which is the target for interpretation in the simultaneous interpretation in order
to make the continuous translation

© ISO/IEC 2024 - All rights reserved
1


https://www.iso.org/obp
https://www.electropedia.org/
https://iecnorm.com/api/?name=a37ef3ae051df7d663fce15f7c706027

ISO/IEC 23773-3:2024(en)

4 Abbreviated terms
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tecture of simultaneous interpretation system
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htic simultaneous interpretation system.¢onsists of the following functional compor
ed in Figure 1. Clause 5 describes, in detail, the functional components, their sub-m
imong them. Figure 2 presents theflow chart of the automatic simultaneous intery
he functional components interactin the interpretation process.

ineous interpretation application: The simultaneous interpretation application
hent is the top layer of. the interpretation system that provides the interface b
etation service and the(system components.

lous speech recoghnition: Speech recognition is performed continuously on the spee
Ce units or interpretation units from vocalized speech. The vocalized speech is input
by the speech recognition engine that uses an acoustic model and a language mode
htion of continuous speech recognition, see ISO/IEC 24661.

etation\umit extraction: A real-time interpretation unit extraction functional compa
more of the speech units into an interpretation unit.

ents which
odules and
retation to

functional
btween the

ch units as
n real time
l. For more

nent forms

Real-ti

.......... ancla arol
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olatcuiiitvat
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tlanguage

based on the interpretation unit which is formed by the real-time interpretation unit extraction module
to produce natural translation results without stopping.

Incremental knowledge learning: Knowledge required for the speech recognition and translation is

acquired from different knowledge sources such as speech data, user log data, user and domain data
and on-line data. The knowledge is incrementally learned and structured into a speech/translation
knowledge DB and a user/domain knowledge DB that will be accessed and used by the system processes.

Presentation of translation results: The functional component of presentation of translation results

processes the output of the interpretation system and manages the presentation control functions. The
translation results are presented to the users in different output formats, such as text, speech, or gestures

© ISO/IEC 2024 - All rights reserved
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including sign languages, for different devices depending on the service types that the interpretation
system provides.

Simultaneous interpretation application

: T

Continuous speech recognition Presentation of translation results

Interpretation unit extraction Real-time simultaneous interpretation

ALT text fdr

Figure 1 co
figure and

boxes are (
Another ar

Box 1 cons
are four bo
side of the

top box is I

application|

box under

Speech/translation
knowledge DB

Domain/user
knowledge DB

User log data

Incremental knowledge learning Speech corpus,

user/domain corpus,
on-line data

Figure 1 — Architecture of simultaneous interpretation system

Figure 1
hsists of three big boxes. The first'box (Box 1) is the biggest one and it is located at th

e top of the

the other two boxes (Box 2 and'Box 3) are located horizontally under the first box. The three big

onnected by arrows. One arrow goes from Box 2 (Incremental knowledge learning
rfow goes from Box 3 to Box-2.

sts of several boxestThe top box is labelled as “Simultaneous interpretation applicaf
kes under the top box, two on the right side and two on the left side. The first box un
Fop box is labelled as “Continuous speech recognition”. The second box under the leff
belled as “Interpretation unit extraction”. The two boxes under the “Simultaneous int
are “PreSéntation of translation results” and then the “Real-time simultaneous inte

to the seco
simultaneo|
goes from

t. The arrow goes from the top box to the first box on the left and an arrow goes frq
nd box.on the left. A horizontal arrow goes from the second box on the left to the

') to Box 1.

ion”. There
der the left
side of the
erpretation
rpretation”
m that box
“Real-time

S mterpretatlon box and another arrow goes up to the first box on the right. Finall

y, an arrow
1. They are

“Speech/translation knowledge DB” box and Domaln/user knowledge DB”. The two boxes are connected to

each other with a plus “+

u ” M ”

mark. There is also an arrow from the plus “+

mark to the upper boxes.

Under the big Box 1, there is Box 2 (Incremental knowledge learning) and it is connected by an arrow

pointing to

the big Box 1.

Finally, the last big box, Box 3 has two boxes vertically aligned: “User log data” box and “Speech corpus, user/
domain corpus, on-line data” box. An arrow points from Box 3 to Box 2 (Incremental knowledge learning).
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Speech/text input

Continuous speech recognition

Interpretation unit extraction

Real-time simultaneous mmterpretation

Presentation of translation results

Speech/text output

Figure 2 — Flowchart of simultaneous interpretation process

r Figure 2

hnected to the bottom text “SpeechfText output”.
inuous speech recognition'module

heral
ognition is perfermed continuously on the speech input in real time posed by

module are a\feature extraction/noise processing module, an utterance adaptation
lecoder.

Continuous speech recognition

nnnnnnnnnnnnnn Mazldinla dacadas

hsists of four horizontally-aligned boxes and textat the top and bottom. Arrows point lownwards
p text through the four boxes to the bottom text. The text on the top is “Speech/
The first box under the top text is connected by a dowhward arrow and is labelled as “Continy
". Likewise, the second box is labelled ag¥Interpretation unit extraction". The third bo
e simultaneous interpretation”. The fourth box is labelled as “Presentation of translat

text input.”
ous speech
k is labelled
ion results”

the speech

engine of the simultaneous interpretation system. The submodules of a continupus speech

module and

o preatCoacT

(language/gender)

noise processing adaptation

Figure 3 — Continuous speech recognition module

ALT text for Figure 3

Figure 3 consists of a big box which is labelled as “Continuous speech recognition”. It contains three
horizontally-aligned small boxes which are titled: “Feature extraction/noise processing”, ”"Utterance
adaptation”, and “Multiple decoder (language/gender)”.

© ISO/IEC 2024 - All rights reserved
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Feature extraction/noise processing

The feature extraction/noise processing sub-module extracts features from the input speech signal and
removes noises. In addition, the feature extraction sub-module extracts voice characteristic information
such as pitch, vocal intensity, speech speed and vocal tract characteristics of an original speech. The voice
characteristic information is used in the personalized speech synthesis module to generate a synthetic
sound with characteristics similar to those of an original speaker’s voice.

5.2.3 Utterance adaptation

Utterance adaptation function aims to improve the speech recognition performance by applying a speaker’s
features in the deep learning acoustic model as a speaker embedding vector. Unsupervised utterance

adaptation aims at improving the accuracy from an unknown speaker.

5.2.4 MlJltiple decoder

The multip
time. The p
In the conti
this sense,
for the aco

e decoder function performs speech recognition and language/gender identification
erformance of the speech recognition is important because of the multiple finction of
nuous speech recognition, the past information is constantly used as the context info
the recurrent neural network (RNN)-based long short-term memory {LSTM) metho
iIstic model training. For the end-to-end model, attention based DNNs such as liste
(LAS) and fnulti-head attention-based transformer model are applied.

at the same
he decoder.
rmation. In
1 is applied
n and spell

5.2.5 Interfaces of submodules
Table 1 desfribes the input and output of each sub-module of the continuous speech recognition.
Table 1 — Input and output of sub-modules in continuous speech recognition

Function nhme Input Output

Feature extfaction/ Speech signal Features, clean speech

noise procepsing

Utterance afaptation Acoustic model Adapted acoustic model

Multiple de¢oder Speech Text

5.3 Integpretation unit extraction module

5.3.1 Genperal

A real-time| interpretation unit extraction functional module forms one or more of the speech upits into an
interpretatjon unit. Itis\necessary to extract optimal interpretation units from the input. The interpretation
unit can be|a phrase;a'clause, or a sentence depending on the input. For example, a long speech cpnsisting of
several senfences:€an be spoken in one breath, a single sentence can be spoken with multiple bredths, speech

could be le
correct tra

PSe cases, a

t unfinished by a sentence, or meaningless interjections are frequently made. In th

hslation result cannot be generated using a conventional automatic translation methodology in

which translation is performed for each sentence unit.

Interpretation unit extraction

Input buffer manager

Interpretation
former

Unit-separating

Voice unit analyser
morpheme analyser

unit

Figure 4 — Interpretation unit extraction module
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ALT text for Figure 4

Figure 4 consists of a big box which is labelled as “Interpretation unit extraction” and contains four
horizontally-aligned boxes which are titled: “Input buffer manager”, “Unit-separating morpheme analyser”,
“Voice unit analyser” and “Interpretation unit former”.

5.3.2 Input buffer manager

The input buffer manager stores a voice unit that is input text from the speech recognition module. It also
manages the remaining voice units that had not been included in the previous interpretation unit. The
current voice unit and remaining voice unit will be processed together to form the interpretation unit.

5.3.3 Un

t separating morpheme analyser

parating morpheme analyser detects the morpheme of the input voice unit from-the i|nput buffer
e POS analysis. The POS analysis results are, for example, noun, verb, pronoun

The unit se
based on th

5.3.4 Voice unit analyser

The voice U ralidate the

correct voi

nit analyser re-separates the voice unit based on the morpheme amalysis results to
fe unit which will be included in the interpretation unit.

5.3.5 Interpretation unit former

b form the
erpretation
init former

The interpfpetation unit former combines the current voice unit and previous voice unit t
interpretatjon unit. Voice units from the input buffer are combined or separated to form int
units, which are the units for correct translation. The information used for the interpretation

includes fed
are words
features in

tures such as lexical features, POS features, time/features and acoustic features. Lexi
hat show signals for the separation of an interpretation unit such as “For example”. T

ral features
he acoustic
bination of

clude pauses, prosody and accents. These features are used independently or in con

several features among them.

5.3.6 Interfaces of submodules
Table 2 desfribes the input and output of €ach sub-module of the interpretation unit extraction module.
Table 2 — Input and(output of sub-modules in interpretation unit extraction
Function name Input Output
Input buffelf manager Text Voice unit
Unit separafing morphemeranalyser |Voice unit Voice unit with morpheme annotation

Voice unit ahalyser Voice unit with morpheme annotation | New voice unit
Interpretatfon unitformer New voice unit Interpretation unit
5.4 Realttime simultaneous interpretation module

5.4.1 General

The user speech is continuously translated into a target language based on the interpretation unit which
is formed by the real-time interpretation unit extraction module to produce natural translation results
without stopping. The translation is performed by rule-based translation using language analysis, context-
based translation, and translation based on machine learning (ML) methods such as DNN. Those different
approaches are combined as the hybrid translation and final translation results are produced. The sub-
modules are described in Figure 5 and the flow chart of real-time simultaneous interpretation is presented

in Figure 6.

© ISO/IEC 2024 - All rights reserved
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Real-time simultaneous interpretation

Rule-based translation ML-based translation

Context management

Hybrid translation
(rule+DNN)

Figure 5 — Real-time simultaneous interpretation module

ALT text for Figure 5

Figure 5 cqoansi
four horizo

management” and “Hybrid translation (rule+DNN)".

Text input

d contains

ntally-aligned boxes which are titled: “Rule-based translation”, “ML-based translatien”, “Context

\

)

l1le-based translation

POS analysis

l

Sentence structure
analysis

l

Word reordering/
connecting word generation

:

Text generation
in target language

Context

nmanagement

ML-based translatjon

Hybrid translation

Translation results

Figure 6 — Flowchart of real-time simultaneous interpretation

ALT text for Figure 6

Figure 6 consists of one big box with text “Text input” on the top and text “Translation results” at the bottom.
The two texts are connected with downward vertical arrows with a big box in the middle. The big box has
four different sub boxes among which three are on the upper part [i.e. Boxes 1 (Rule-based translation), 2
(Context Management), 3 (ML-based translation)] and one smaller Box 4 (Hybrid translation) at the lower
part. From the middle point of the top in the big box, there are three arrows pointing downwards to connect
to the three sub boxes. The first sub box is labelled as “Rule-based translation” and has four vertically aligned

© ISO/IEC 2024
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boxes which are connected with downwards arrows: they are labelled as, “POS analysis”, “Sentence structure
analysis”, “Word reordering/connecting word generation” and “Text generation in target language”. The four
boxes are connected to another box labelled as “Context management” with four bidirectional arrows. The
“Context management” box is connected to the “ML-based translation” box on the right with a bi-directional
arrow. From Box 1 (Rule-based translation), Box 2 (Context Management) and Box 3 (ML-based translation),

there are three downward arrows connecting to Box 4 (Hybrid translation).

5.4.2 Rule-based translation

The text from the interpretation unit extraction module is sent to rule-based translation, ML-based
translation and the context management module as input. In the rule-based translation module, the input
text is processed through language analysis steps such as POS analysis, sentence structure analysis, and
word reordering and connecting word generation, then finally text generation in target language. The
translation|results are fed into the hybrid translation module to combine with the ML-based [translation
results.

5.4.3 Malchine learning (ML)-based translation

ion and the
the hybrid

The text in
intermedia
translation

but from the interpretation unit extraction module is processed throudgh ML translat
Le translation results are generated. The intermediate translation results are fed inta
module to combine with the rule-based translation results.

As the varipus DNN algorithms develop, more end-to-end translationsystems are emerging. I} cases that
the end-to-end neural machine translation (NMT) independently apphigs, input text in the sour¢e language
is processdd with a memory to store a real time interpretatiorkand translation program for the input
token. The processor to execute the translation program combines an output of a translation network with
an output ¢f an action network to compose a final translation result in the communication mgdule of the

interpretatjon application.

5.4.4 Conptext management

The contex
and translg
analysis an|

5.4.5 Hy

In the hybr
results are

t management sub-module stores the\previous input sentences with language anal
ition results. That information is provided for the translation module as context
d for enhanced translation by error correction to reflect in the subsequent interpreta

brid translation (rule+DNN)

d translation sub-module, both rule-based translation results and ML (such as DNN)
combined to generate the final translation results. Hybrid machine translation

combines
the stabili

NMT system with a well-developed rule-based machine translation (RBMT) syste
of RBMT to ‘eempensate for the inadequacy of NMT in rare resource domains.

experiments showed that'the translation accuracy of the hybrid system was improved especial

ysis results
for correct
kion units.

translation
technology
m to utilize
A series of
y in out-of-

domain trapslationsfhere training data are not enough for NMT.

5.4.6 Intprfaces of submodules

Table 3 describes the input and output of each sub-module of the real-time simultaneous interpretation module.

Table 3 — Input and output of sub-modules in real-time simultaneous interpretation

Function name Input Output

Text
Text

Rule-based translation Text in target language

ML-based translation Text in target language

Context management Previous results Context information

Hybrid translation Tagged text in source language Text in target language

© ISO/IEC 2024 - All rights reserved
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5.5 Incremental knowledge learning module

5.5.1 General

Knowledge required for the speech recognition and translation is acquired from different knowledge sources
such as speech data, user log data, user and domain data and on-line data. The knowledge is incrementally
learned and structured into a speech/translation knowledge DB and a user/domain knowledge DB that will

be accessed and used by the system processes.

Incremental knowledge learning

B - Knowledge Knowledge support Knowledg

I'TOr paSEU CIITAIICEIIIEIIC . 3 e T _
extraction/learning and tools adaptatier
Figure 7 — Incremental knowledge learning module

ALT text fqr Figure 7

Figure 7 consists of a big box which is labelled as “Incremental knowledge learning” and coptains four

NG
J

horizontall
“Knowledg

y-aligned boxes which are titled: “Error-based enhancemernt
e support and tools” and “Knowledge adaptation”.

Knowledge extractior

5.5.2 Ernor-based enhancement

ased enhancement module finds errors included in the translation results of thg
interpretation module. It corrects the errors and generates edited sentences. This function
implement¢d as automatic post-editing (APE) for tramslation output as the post processing modu
process redeives the source sentence and translated\sentence at the same time as the input and g
sequence-tp-sequence model to reflect in the translation DNN model. The error correction data
after the speech recognition or translation is;al$o reflected in the knowledge base (KB) by the §
enhancemgnt module.

5.5.3 Knpwledge extraction/learning

It is critical to collect spontaneous speech data for continuous speech recognition. Radio
and broaddasting text are examples of good candidates for spontaneous speech feature exti
simultaneopus interpretatipn,-diverse domain data are needed to minimize the out of vocabulary
as IT, computer, social media, politics, education and art. Those data are classified into sub are
into text DBs. They aferalso used for the data sets to build a language model to learn N-Gram
sequence of adjacerit words, for different domains.

/learning”,

automatic
is usually
le. The APE
onstructs a
by the user
brror-based

interviews
action. For
(O0V) such
hs and built
which is a

5.5.4 Knpwledge support and tools

For simultaneous interpretation, the interpretation unit-based corpus is most highly in demand. The
interpretation unit-based corpus is composed of pairs of sentences in two different languages where the
interpretation units are recognized and translated sentences are aligned with the source sentences by
the interpretation unit. To construct this aligned corpus, word alignment, sentence segmentation, and

reordering of the interpretation units should be performed.

The newly added KB data helps to improve translation accuracy. Data for the KB can also be collected by the

following tools:

News search and crawling to input specific keywords to initiate a targeted search for relevant news

articles. Subsequently, the system engages in crawling these articles through their respective URLs,

systematically extracting valuable information.
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— Sentence segmentation and translation to segment the collected data by sentence, to correct the
translation results of the sentence and to store in the KB as a parallel corpus to be used for the DNN
training data.

— Terminology extraction to automatically extract terminology according to the frequencies from the
sentence-based news contents. If the translated terms exist in the document, the pair of words and
translated words are stored. Otherwise the translated terms should be added by searching in the on-
line dictionaries. The generated list of translation words with their original terms will be used in the
translation module b learning mechanism.

— Textextraction from documents to extract text from documents and do the segmentation by the sentence
unit. The next step is to extract new words and proper nouns and construct dictionary to be used for the
translation module.

5.5.5 Knpwledge adaptation

Knowledgeladaptation function aims to improve the performance when the new domaimdr*user dlata are not
enough for fhe translation function. The existing data for other domains and differentusers are utilized after
being modified accordingly. Transfer learning is a method to adapt to a new domain with sparse training
data using the existing data resources from other domains.

5.5.6 Intprfaces of submodules

Table 4 desfribes the input and output of each sub-module of the incremental knowledge learning module.

Table 4 — Input and output of incremental' knowledge learning

Function name Input QV Output
Error based enhancement KB Enhanced KB
Knowledge extraction/learning Data KB/language model
Knowledge support and tools KB/tools KB/tools
Knowledge pdaptation Knowledge-data Adapted knowledge data

5.6 Presentation of translation results

5.6.1 General

The functignal component of the'presentation of translation results processes the output of the intprpretation
system and manages the presentation control functions. The translation results are presented fo the users
in different output formats;-such as text, speech, or gestures, including sign languages, for differlent devices
depending pn the seryice'types that the interpretation system provides.

Presentation of translation results

Personalized cpﬂnr‘h Text prncnnfnfinn Error correction for

synthesis on the screen translation results

Figure 8 — Presentation of translation results

ALT text for Figure 8

Figure 8 consists of a big box which is labelled as “Presentation of translation results” and contains three
horizontally-aligned boxes which are titled: “Personalized speech synthesis”, “Text presentation on the
screen”, and “Error correction for translation results”.
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