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NAVER transforms cutting-edge technologies, including Al, into tools that anyone can easily use. In
2021, we introduced HyperCLOVA, Korea's very first hyperscale language model. It has since been
applied to NAVER's various services including search and shopping, contributing to the company's
development into a global leader in technology as an Al platform company.

Al is capable of efficiently addressing many issues we face in our daily lives. Applications of Al at
NAVER are not restricted to CLOVA (NAVER's Al platform) or NAVER LABS' robotics. Al recommends
personalized contents, products, and places to users, helps small business owners improve their
business performance by giving them the means to effectively utilize their data, and assists artists
and creators with various creative activities. For example, CLOVA AiCall, our customer service solution,
helps small business owners handle inquiries and reservations made over the phone. Recently, it is also
contributing to efforts combatting COVID-19 and to the safety of our society by making automated
calls to those who have contracted COVID-19 and need periodic check-ins.

While many see Al as a helpful tool that can solve many issues we face in our daily lives, there are
others who are more concerned about this cutting-edge technology. NAVER is making strenuous
efforts both within and outside the company to meet social demands while remaining competitive
in developing Al. NAVER has been working with Seoul National University Artificial Intelligence Policy
Initiative (SAPI) since 2018 to consult external experts on a continuous basis. An outcome of this effort
is the NAVER Al Ethics Principles, published in February 2021. NAVER believes our Al services are the
outcome of not just NAVER's efforts in developing the services, but of various interactions between
NAVER and users of our services.

This report provides a comprehensive overview of the Al technologies developed at NAVER -- natural
language communication, computer vision, recommendation, and robotics. We also explain in detail the
values we aim to provide to the users through these technologies. In addition, the report outlines how
NAVER Al Ethics Principles were established to share our thoughts and experiences regarding Al and Al
ethics with the larger Al community and society.

NAVER will continue to develop Al technologies and services with the aim of making people’s lives more
convenient and providing new values to our users, while striving to fulfill social responsibilities required of a
global leader in Al. We would like to ask the users, members of NAVER community, scholars, external experts
and stakeholders who make up NAVER's Al ecosystem for their support and advice along the journey.

Seong-sook Han

Chief Executive Officer
NAVER Corporation
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As Al permeates more deeply into our daily lives and concerns related to the use of Al intensify,
this report is a timely and meaningful joint effort by NAVER and Seoul National University Artificial
Intelligence Policy Initiative (SAPI). NAVER has been working closely with SAPI to establish an
implementable framewark for Al ethics and governance, taking into consideration not only the potential
Al holds, but also the varying impact it can have on different parts of society.

Building societal trust in Al'is crucial especially as we enter an era driven by data and Al. Finding the ‘right’
answer from the start would be an impossible task. It should be noted that throughout history, when
new groundbreaking technologies emerged, we have repeatedly tread a path of trial and error to find
solutions that could ultimately be embraced by the wider society. We believe that it will be no different
with Al

This report is NAVER's first public communication since its announcement of NAVER Al Ethics Principles.
One of the aims of this report is to provide insight into how Al is applied to NAVER's various services,
and why NAVER utilizes Al. By doing so, NAVER hopes that the wider society can better understand
what NAVER intends to incorporate into their Al technologies, and what knowledge and experiences
it hopes to connect by applying Al technology. What is just as important will be the feedback from our
society, including the readers of this report. It is through such communication that our society will be
able to build a healthier digital ecosystem.

Towards the end of this report, we also provide details of NAVER Al Ethics Principles and how it came
to fruition. The principles demonstrate NAVER's commitment to putting human-centered values at
the core of Al development and to continuously reviewing the direction of related developments. We
tried to be as detailed as possible in explaining the process by which the principles were established,
perhaps even overdoing so, as we believe in the value of transparent communication.

Establishing a trustworthy Al governance framework is not just the responsibility of companies that
utilize Al =it is a task that we should all take on as a society. We should facilitate in-depth discussions
on what social and structural systems should be built, so that every member of society can enjoy
the benefits of technological advancement in a sustainable way. Moving forward, we sincerely hope
that active conversations will be held on how Al should be developed in a way that does not suppress
creativity of companies and individuals in the digital age, and also does not harm the solidarity and
connection among the members of society. We hope this report contributes to such conversations in
the future.

Yong Lim
Director
Seoul National University Al Policy Initiative
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1. Al for People

Until only about a decade ago, Artificial Intelligence, or Al, was a term mostly used by scholars in
the field of computer science. However, following the introduction of AlphaGo, and various other Al-
powered services, the term is now widely used in many different contexts. Some use the term to refer
to the training of machine learning or deep learning models, while others use it to refer to computers
performing specific tasks such as playing a game of Go or driving an autonomous vehicle.

In general, the term Al is often used in areas where computers perform such intelligent tasks.
However, there still doesn't exist a single clear definition of Al, as even among the experts no
agreement has yet been reached. This is because while having a clear understanding of the concept
of intelligence is a prerequisite for defining Al, human intelligence itself is a field that still needs
further research. In one textbook on Al that is widely used at many universities across the world,
the authors focus on explaining how an artifact like a computer becomes an agent capable of acting
rationally in explaining the concept of Al (Russell & Norvig, 2016a). According to the authors, Al could
be understood as a computer that acts as an intelligent agent that perceives the environment and
takes appropriate actions.

NAVER offers a wide range of services enabled by Al. One example is CLOVA Lamp, a smart device
released by NAVER in October 2020. CLOVA Lamp is a smart desk lamp embedded with Al, capable
of not only providing light on books, but also reading them out loud. When a book written in Korean
or English is placed open under a CLOVA Lamp, the lamp can read out the texts on the page. The
lamp can also play music for some children's books (if applicable), and answer simple questions
asked by a child such as "How old is the Earth?". CLOVA Lamp's ability to read books aloud is enabled
by various Al technologies embedded in the device such as optical character recognition (OCR),
speech synthesis which allows the device to fluently read the recognized texts, and image analysis
that identifies whether the book is a pre-registered book from an affiliated publisher.
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CLOVA Lamp by NAVER: a lighting device that can read books aloud

A7 HOX|E Yol= e
ofojet &M S e HF 5

0t0[7} 81 42 Tjo| x|F B, ALt ZITSP olopIE ESHEELICE
T2 SLHE] JorHptx] ofo] ExtY = 2 A 21012 B = qlol2.
“X|THE & ojop 22 ofolel £7|Y HR= A cHEeEELICH
AUS 217| Alzpst ofolol|] HEE FEE E) £I0iS AHolle.

RTTYTI

an

Various Al technologies have been incorporated into CLOVA Lamp, including OCR (for recognizing characters), speech synthesis
(for fluent reading of texts), and image analysis (for recognizing books).
Source: NAVER CLOVA (https://clova.ai/ko/products/clova_lamp.html)

CLOVA is an Al platform developed by NAVER. While the name CLOVA might sound like it was named
after clover the plant, it is in fact an acronym of the CLOud-based Virtual Assistant that was jointly
developed by NAVER and LINE. NAVER and LINE developed CLOVA to bring the Al technologies,
contents, and services developed by each of the companies together onto one single platform.
Nowadays, CLOVA is applied to a diverse line of products including CLOVA Lamp and in services for
learning English, childcare, and online quizzes, contributing to making people’s lives more convenient.

CLOVA Platform Ecosystem
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CLOVA Interface Connect CLOVA Skill Tools

The CLOVA platform consists of CLOVA Interface Connect that enables users who have applications and devices to use Al services,
and CLOVA Skill Tools that helps them develop Al-enabled contents or services.
Source: NAVER CLOVA (https://clova.ai/ko/platform/)
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Al can also be used to solve many of the challenges facing our society. In 2019, CLOVA hosted a
campaign entitled “Together, we walk down the flower path”, in collabaration with NAVER's philanthropic
service Happybean, to use Al to create a font with handwritings of a patient suffering from cerebellar
atrophy, a rare, incurable disease caused by issues with cerebellum that leads to symptoms such as
gait disturbance, articulation disorder, and inaccurate movements. NAVER proposed the campaign after
hearing about the patient's story when the patient’s daughter submitted her mother's handwriting to
a handwriting contest to celebrate the Hangul Day (Korean Alphabet Day) with the hope of increasing
awareness of the disease. Using computer vision and image generation technologies, CLOVA analyzed
the mother's handwriting and successfully created over 10,000 combinations of characters. Her
handwriting was then turned into a font and named Let's Walk Together, to emphasize that those with
rare, incurable diseases are not alone and that the society will walk the journey of life together with them.
The Let's Walk Together font was distributed through Happybean free of charge, and over 6,000 people
made donations to support patients of rare, incurable diseases.

Let's Walk Together: Font created from handwriting using Al
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CLOVA's Al technologies such as computer vision were used to create a font (pictured right) using handwritten texts (pictured left),
to share unique stories behind the handwriting.
Source: NAVER Happybean (https://happybean.naver.com/goodAction/1122)

In addition to language models, NAVER also conducts research on many other Al technologies,
including chatbot, optical character recognition, speech synthesis, and item recommendation.
NAVER's services such as Webtoon, Shopping, Papago and VIBE use Al to analyze languages,
respond to users’ questions, recognize texts, and recommend news articles or products to users.
The Al technologies incorporated into NAVER's services can be sorted into four categories: natural
language communication, computer vision, recommendation, and robotics (see the chart below).
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Al Technologies in NAVER Services

Category

Sub-Category

Description

Natural Language
Communication

é;i

+ Chatbot

- Machine translation

+ Speech recognition

» Speech synthesis

Provides the optimal answer to users'
inquiries

Automatically translates texts from one
language to another

Converts sound into text through signal
analysis on human voice

Synthesizes texts into natural-sounding
voice

Computer Vision

+ Object tracking

» Optical character recognition

- Facial recognition

Tracks changes in where a certain object
is located in a video

Finds text information from photos and
distinguishes their meaning

Locates and analyzes faces in images and
videos

Recommendation

L e
-®

- ltem recommendation

- Place recommendation

« Content recommendation

 Music recommendation

Recommends items based on customer's
shopping behavior

Recommends places to visit based on the
user's current location

Recommends content catered to the
user's taste based on his/her content
experience

Recommends music after learning the
user's listening patterns

Robotics

@g}

+ Robot learning

* Robot vision

« Cloud robotics

+ Autonomous driving

Performs many complex tasks through
reinforcement learning

Identifies location by analyzing images
collected through camera sensors

Cloud-enabled multi-robot intelligence
system

Recognizes vehicles and pedestrians with
precision and predicts their route

The fact that many services provided by NAVER incorporate Al technologies shows that there are

09

many teams within NAVER that utilize Al In fact, nearly every team at NAVER, including search,

commerce, and content, are using Al. For example, Al Painter, a newly released service by NAVER
WEBTOON, uses Al to automatically color characters or backgrounds in webtoons, helping creators
to become more efficient in their work. Not only the teams planning and developing technologies,
but also other teams including corporate support are showing a keen interest in using Al. This
interest was witnessed during NAVER's internal meeting held early 2021 to discuss the NAVER Al
Ethics Principles (which will be explained in detail in Section 6). The meeting was held for employees
from many different teams in NAVER who either directly use Al in their work or are simply interested,

to get together and exchange their thoughts on the Principles.
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Now, Al technologies are developing faster than ever. In particular, there is a new trend in the field
of Al research where the volume of training data and the scale of the Al model are increasing at an
exponential rate. In Al, model size, or the number of parameters, has similar implications as the level
of integration in semiconductors. Similar to how semiconductors with higher levels of integration
show better performance, Al madels with a larger number of parameters are capable of solving
a greater number of issues. As such, global tech companies are heavily investing in the efforts to
develop larger, more advanced Al models. In October 2020, NAVER became the first Korean company
to set up a supercomputer with 700-PetaFlop (capable of processing 1,000 trillion calculations per
second), to further strengthen the infrastructure for processing massive amounts of data.

In May 2021, NAVER announced HyperCLOVA, the company's own hyperscale Al. HyperCLOVA is a
hyperscale language model optimized for Korean language trained on massive amounts of data, and
as a single madel can be applied to perform many different tasks. NAVER has since then applied
HyperCLOVA to services including search engine and shopping. For example, Ai Review Summary
is a feature introduced on Smart Store -NAVER's e-commerce platform- in July 2021 that uses
HyperCLOVA. For each product, it first analyzes keywords in reviews, then clusters contents with
similar meanings, and finally extracts a single sentence that best describes the product. With Ai
Review Summary, users don't have to read all the reviews to make their purchase decisions, as
HyperCLOVA summarizes them into a single sentence for users. HyperCLOVA is also embedded
in the Shopping menu on NAVER's mobile app to automatically revise product names that are too
complex, and in AIMD, a collection of items curated by Al

Al Review Summary automatically generates one-sentence reviews that best describe products
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Al Review Summary analyzes keywords in product reviews to group them by theme, and then clusters sentences that use similar
expressions or have similar meanings. Among the clustered sentences, representative reviews are selected, which HyperCLOVA uses

to generate a one-sentence summary of all the reviews.
Source: NAVER (https://blog.naver.com/naver_search/222447193436)
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NAVER views Al as a daily tool for humanity. In other words, NAVER believes that Al should be a tool
that peaple can easily use, and that humanity must be the highest priority for developing and using
Al. So far, NAVER has been developing technologies and services to make users' everyday lives
more convenient, and the same applies to developing Al. For NAVER, users are at the center of the
company's standards and principles. This was also highlighted in the keynote speech by NAVER CEO
Seong-sook Han at the NAVER CONNECT 2020 event, where she emphasized that “the foundation
of NAVER's business is to transform cutting-edge technologies such as Al and robotics into daily
tools that users can quickly and easily get their hands on.”

Using our expertise and experiences in Al, we hope to provide users with explanations about Al
used around us at a level easy for them to understand. We believe that providing users with a
clear picture of how Al is used around us can help prevent our society from being either overly
optimistic or pessimistic about Al. We will also continue to work closely with external experts to
address various ethical issues surrounding Al. NAVER has previously looked into the impact of
Al on our society from engineering, legal, social, economic, and philosophical perspectives with
external experts.

Publication of this NAVER-SAPI Al Report that shares our experiences with Al precisely captures
our such aim and efforts. The report gives a detailed overview of the following four categories
of Al: natural language communication, computer vision, recommendation, and robotics, and has
a separate chapter on Al ethics at the end, to share what NAVER has been working on to tackle
various issues around the topic. NAVER will continue to examine the Al technologies we use from
various perspectives, and share the outcome with users and the wider society. NAVER hopes that
sharing our experiences with society will contribute to boosting Korea's global competitiveness in Al.
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2. Natural Language Communication

Natural language refers to the language people use in their daily lives to communicate with each
other. It is the opposite of constructed language, which refers to the language created for a specific
purpose. Languages such as Korean, English, Chinese, and Japanese that are naturally used and
spoken in a country or region may be categorized as natural language. On the other hand, languages
such as Esperanto, which was constructed with the intention to become an international second
language, or Elvish language from 7%e Lord of the Fings and alien languages from sci-fi films could
be classified as constructed language.

Natural Language Processing (NLP) is a technology that uses computers to analyze and process human
language (Jeong 2020). NLP mechanically analyzes natural language used by humans to transform it
into a format that can be understood by computers. When a computer processes natural language,
it means that the computer is capable of understanding at least some parts of the language used by
humans to perform tasks such as text classification, information retrieval and extraction. One common
NLP application is chatbot, which provides appropriate answers to questions asked by humans.

Communication refers to the act of transmitting and receiving signals to exchange information (Russell
& Norvig, 2016b). Most animals use signals to transmit messages in many situations such as when they
spot a prey, see a predator approaching, etc. Humans exchange far more diverse and complex signals
than animals through language, and for computers to be able to communicate with humans, they must
be able to process human language.

For computers to understand human language, we need language models that can analyze and predict the
statistical distribution of the language. Natural languages such as Korean or English can create an almost
infinite number of sentences, and on top of that, there are many words and expressions with multiple
meanings in natural language. For instance, the word ‘cherry’ in the sentence “..the cherry on top.." could
either be referring to the fruit, or an expression that means the finishing touch. As such, a language model
should be able to identify what meanings are possible for a given text and analyze each of their probabilities.

2.1 Chatbot

NAVER conducts R&D on foundational NLP technologies including knowledge discovery, named entity
tagging/linking, word sense disambiguation, and automatic text summarization. To further improve the
performance of those technologies, we extract and establish natural language patterns from user logs
and user text corpus and apply machine learning methods such as deep learning. NAVER's chatbot
provides users with most suitable answers to their questions, by utilizing NLP-based cutting-edge
machine learning technology that analyzes the named entity, morpheme, structure, and meaning of the
input sentences. In addition to chatbots, NAVER offers various services through which computers can
interact with humans such as machine translation, speech recognition, and speech synthesis.
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NAVER Cloud's chatbot service is currently available on Samsung Card's mobile service for pet owners
called Ajinyangi, which offers pet health and care information from veterinarians, online pet owner
communities, etc. With NAVER Cloud's chatbot service incorporated into this service, users can more
easily and quickly check information about their pet's health and care tips. Since simple questions can
be easily answered by the chatbot, veterinarians are able to focus more on 1:1 sessions for cases that
may need more of their attention. The chatbot incorporated in the Ajinyangi service also supports other
languages including English, Chinese, and Japanese, so that people from countries outside Korea are
also able to use the service.

NAVER's chatbot Dr. Aji & Dr. Nyangi applied to Samsung Card's Ajinyangi service
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NAVER's chatbot offers answers to user inquiries by analyzing the meaning of the inquiries based on natural language processing (NLP)
technologies. With the chatbot applied to Samsung Card's Ajinyangi service, users are able to quickly and easily check information about
their pets’ health and care tips, and veterinarians are able to focus more on 1:1 sessions for cases that may need more of their attention.

Source: Samsung Card (https://www.samsungcard.com/personal/mobile/pet/UHPPMO0114M0.jsp)
2.2 Machine Translation

Machine translation refers to the process of automatically translating texts in one natural language
(source) into another language (target) (Russell & Norvig, 2016b). It is an area that computers have been
expected do well in since the early days of Al. However, it was only in the 271st century that machine
translation started to become more widely used. This is because machine translation is in fact more
complex than one would expect, as the computer must have a solid understanding of the input text in
order to accurately translate the text into another language. Even simple words must be well understood
to accurately translate them to another language, as they could have many different meanings
depending on the context. For example, the word 'sigan(A|2H)" in Korean has two different meanings -
'time" or "hour". If the word was used to describe a ‘time-consuming job(A|20] E0] Ze|&= XY, then in
English it should be translated into the word ‘time’, not ‘hour’. Likewise, if it was used to say 'l will be back
in 3 hours (3A|2F {0 S0t 2IELICH', then the correct English translation would be ‘hour’, not ‘time’.

The Korean language also has a system of honorifics which makes machine translation more
complicated. For example, to translate the English word 'him' into Korean, the computer must not
only determine who the person ‘him’ is referring to, but also the relationships between the people
mentioned in the given text to decide whether it should be translated into an honorific term. Even a
simple word like 'hi" should be translated differently depending on who says it to whom. In English-
speaking countries like the United States, a child would say 'hi’ to anyone regardless of their age or
social status, but in Korea, different expressions are used to say ‘hi' depending on the age or social
status of the person being greeted. If the child is saying 'hi’ to an elderly, for example, translating it to
‘Annyeonghaseyo(RHESHAM| ), the honarific expression for ‘hi’, would be more culturally appropriate
than the non-honorific expression "Annyeang(?Hd)’.
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NAVER's Papago team has been putting in tremendous efforts to translate the Korean language
into ather languages as naturally as possible. They were in fact the first in the world to add Korean
honorifics mode to English-to-Korean machine translation. When ‘honorific mode’ is switched on,
the English source text translates into Korean using honorifics. For example, the English word ‘me’
would be translated to ‘jeo(X)" (honorific term for "'me"), instead of ‘na(Lh)’” (non-honorific term for
'me’), and the English word ‘you' to ‘dangshin(&+!)" (honorific term for ‘you'), instead of ‘neo()’
(non-honorific term for 'you'), and the English word 'did" to 'haetseupnida(i&LICH (honorific term
for 'did’), instead of 'haetda(®{Ch' (non-honorific term for 'did’), and so on. Honorific mode was
developed by training artificial neural networks on English and Korean honorific data pairs.

Papago’s honorific mode gained much popularity among foreigners learning Korean. Mastering
honorifics is important for gaining fluency in Korean but is in fact very difficult for foreigners when
they first learn the language. Papago's honorific mode is widely acknowledged by Korean learners
as a machine translator they can confidently rely on.

Papago can also translate texts in images. In October 2020, Papago introduced a feature that
enables translation of texts in images, where the original texts would be overlaid with the translated
texts. Before the introduction of the feature, to translate texts in an image, the texts had to be
manually dragged and selected, which would then be extracted for translation and the translation
would be provided in a separate area, instead of being overlaid on the image. This often resulted
in inconsistent translation quality. However, with this feature, which is enabled by a deep learning
based Hierarchical Text Structuring (HTS) model developed by NAVER's Papago team, Papago can
directly analyze the design and sentence structure of the texts in the image, and overlay the texts
with the translated texts. This image translation service can be easily used to translate road signs or
restaurant menus in a foreign language, by simply taking a photo with the Papago app.

Papago Image Translation translates texts in images

Before After

All gates Baggage hall Arrivals hall

BE HAT +318 B4 B4

Papago can translate text in image. When a user takes a photo of a sign with the Papago app (see image above), Papago Image
Translation translates the texts in the image and overlays the translated texts onto the original texts, allowing the user to
understand what the sign says directly by looking at the photo. NAVER's Papago team developed a deep learning based HTS
(Hierarchical Text Structuring) model to enhance the translation quality by analyzing the design and sentence structure of the
source text to provide the most optimal translation.
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2.3 Speech Recognition

Introduced in August 2019, CLOVA AiCall is NAVER's cloud-based Al customer service that combines Al
technology with ARS (Automated Response System). It is a conversational Al service that uses NSpeech
(CLOVA's speech recognition engine) and Neural End-to-end Speech Transcriber (NEST) to convert speech
to text, and uses NLP technology to understand what the text means. It then processes what information
to return, converts it into natural language in a sentence form, and delivers the sentence to the user in a
realistic and natural voice using CLOVA's Speech Synthesis technology. The entire process is completed
within just 0.2 second of the user finishing his/her inquiry. NAVER's Korean speech recognition and
synthesis technologies have been widely recognized as top tier. Academic papers on these technologies
were accepted by top-tier conferences on speech technology including INTERSPEECH 2020 and ICASSP
2020 (Ha et. al, 2020; Ryuichi et. al, 2020; Hwang et. al,, 2020).

NAVER's AiCall also helped many people during the COVID-19 pandemic under the name Seongnam City
CareCall Service. The service, introduced by Seangnam City Government in collaboration with NAVER, makes
phone calls to people who contracted COVID-19 and are subject to periodic check-ins twice a day (at 9
am and 3 pm), to check if they are experiencing any severe symptoms. If the person does not pick up the
call, two more calls are made automatically at a 10 minute interval. If all three calls are not picked up, the
service sends an automatic email to a local public health center near the person. Before the introduction
of the service, this used to be a job manually carried out by staff at public health centers, but they were
becoming overwhelmed by the increasing number of cases. CareCall Service not only keeps a record of
the conversations made in each call, but also analyzes and extracts keywords from the conversations
so that if keywords indicating high risk are detected, it provides relevant advice accordingly. Government
staff at Seongnam City Government said, “We expect that CareCall service will contribute to boosting the
efficiency of public health centers and enable more prompt and timely response”. As evidenced by this
example, Al is effectively contributing to the pandemic response efforts and to the safety of people's lives.

Seongnam City CareCall Service: Al-enabled phone counseling service

Al customer service center

——_Inputmonitoring | Agent management Automatic calls —
L *I subjects twice a day
a {@®  Hello, this is CLOVA Care
4 9 """""" < Call bot.
’ How are you feeling now?

Call content analysis X
I've been feeling feverish w
Key phrase extraction \ since this morning and

Feverish since Dry cough and d my body aches.
this morning occasional chills |
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Keyword extraction f @  Doyouhaveacoughor
Keyword Value Category Frequency othersymptoms?
Individual contact made for Bodyache @ Chils Symptom 2 o
those white fever and ) Fever ® Fever Symptom 1 i I think | have a dry cough @
other symptoms D U Cough  ® Cough Symptom 1 S : EriIGEEEEIgilE
\ /Reporting of fever, Emoti : Reporting of fever,
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AiCall, NAVER's conversational Al service, has been applied to the Seongnam City CareCall Service which makes phone calls to
individuals who contracted COVID-19 and are subject to periodic check-ins twice a day, to check if they are experiencing any severe
symptoms. Al extracts keywords from the conversations to evaluate if the person is at high-risk and offers real-time responses to

help boost work efficiency at public health centers.
Source: NAVER Cloud (https:/

v.ncloud.com/product/aiService/CCAI)
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2.4 Speech Synthesis

In the past, training Al to generate sounds as natural as a real human voice required 40 to 100 hours
of human speech data. In November 2019, NAVER announced Natural End-to-end Speech Synthesis
(NES) technology, which can generate high-quality synthesized sound with just 40-minute of
speech data, allowing for quicker and easier development of voice services. Voices generated using
the technology can also express emotions such as happiness or sadness. NAVER has been applying
this speech synthesis technology to a wide range of services, such as Clova (smart speaker), NAVER
News, NAVER Map, Papago and Audioclip. In May 2020, NAVER successfully synthesized the voice
of former news presenter Oh Sang-jin to create an Al news presenter, to offer news reading service
for articles published on NAVER News. As the Al news presenter was created specifically for the
purpose of reading news, the exact tone and pitch patterns of the real news presenter Oh Sang-jin's
voice were replicated. This was made possible with the newly developed High-quality DNN Text-to-
Speech (HDTS) technology that is capable of higher quality speech synthesis than the existing Unit-
selection Text-to-speech (UTS) technology. The scope of speech synthesis technology at NAVER has
now expanded from synthesizing basic emotional expressions to synthesizing a news presenter's
respectable voice.

Al Voice technology applied to NAVER's news reading and chatbot services

NAVER CLOVA's Al Voice can synthesize high-quality sounds to naturally express humans' emotions and their ways of speaking. It
has been applied to build services such as news reading and giving dating advice, using voices of well-known people such as former
news presenter Sang-jin Oh and actress In-na Yoo.

Source: NAVER CLOVA (https://blog.naver.com/clova_ai/221981676372)
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3. Computer Vision

Computer vision is a technology that enables computers to see and understand the world via visual
information (Kim, 2020). Humans process visual information through eyes, a sensory organ we are
born with. However, computers need a visual system to 'see’, as they do not have the same sensory
organs as we do. When computers have vision, they can recognize letters on paper and identify
faces and objects.

NAVER's CLOVA Vision team develops algorithms that enable computers to understand and
process visual information and provide new experiences to users. NAVER conducts research on
various Al technologies in the field of computer vision, including image analysis, video analysis,
optical character recognition, and facial recognition. The Al trained on NAVER's large database
is able to extract useful information from images or search for specific images. When analyzing
videos (streamed or saved), the Al automatically identifies, searches for, and edits various objects
including humans, places, and scenes in the videos. When analyzing faces, the Al first identifies a
face in an image or a video and analyzes various complex information such as gender, age, and facial
expressions. Furthermore, using optical character recognition technology, the Al can detect and
understand texts in images. NAVER CLOVA has its own text analysis technology that can identify
various languages including Korean.

3.1 Object Tracking

In fall 2018, NAVER Sports introduced a feature that allows users to replay home run scenes during
KBO league games (the highest-level league of baseball in South Korea) on their devices, developed
using CLOVA's Al technology. The feature makes use of the aforementioned computer vision
technologies to enable real-time analysis of home runs during live broadcasts. This feature was
developed using video and image analysis technologies that identify and analyze specific objects in
each video frame.

Home Run Replay feature developed using NAVER's Al technology

Home Run Replay utilizes computer vision technologies and technologies that can read texts in videos to conduct real-time analysis

of live broadcasts, automatically generating home run clips.
Source: NAVER Sports (http://naver.me/5FJK2ING)
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These Al technologies are now also applied to the pitcher's mound, batter's box, and the field. About
a year later in August 2019, NAVER Sports introduced another feature called Al Score Highlight,
which automatically produces clips of scoring scenes during baseball games. Unlike the previous
video clips of the KBO League games that were manually edited, the Al Score Highlight feature
automated the whole process of analyzing, extracting, editing, and uploading the finished clips. The
feature is enabled by technologies including computer vision technology that analyzes the graphics
of baseball broadcasts, and technology that identifies pitching scenes. Al is now capable of providing
game highlights through real-time analysis of not only home runs, but also many other moments
during baseball games including hits and base steals (e.g.: Kiwoom Heroes vs LG Twins Al Score
Highlights [2020.11.02]).

NAVER's V LIVE is a live video platform that allows celebrities based in South Korea to broadcast live
videos such as live chat sessions with fans, performances, etc. In 2018, NAVER introduced a feature
called Auto Highlight into the platform, which automatically edits videos so that only scenes with a
specific person are extracted and stitched together, allowing fans to watch only the scenes where
a specific person (eg, from a K-pop group) that they like appears. The feature uses advanced face
recognition and object tracking technologies.

The Auto Highlight feature has two subcomponents: Auto Cut and Auto Cam. Auto Cut selects only
the scenes in a video where a specific individual appears and stitches them together into a new
video clip. Auto Cam automatically crops a video to zoom in on a specific individual. Auto Cam tracks
each member of a K-POP group in their stage performances and creates an individual fancam
for each member. The technology boasts high accuracy in tracking a specific person in videos,
offering fans a richer user experience. The Auto Cut and Auto Cam features have received positive
feedback from fans after being applied to videos of K-POP groups such as BTS, Wanna One, TWICE,
BLACKPINK, and VERIVERY.

Auto Highlight: technology which uses Al to automatically edit videos
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Al-powered facial recognition technologies and object tracking technology have been implemented in V LIVE. Auto Cut only selects
scenes in a video where a specific person appears, and creates a new video with only those scenes stitched together (left). Auto Cam
automatically edits stage performances of K-POP groups to emulate solo fancams (right).

Source: NAVER V LIVE (https://m.vlive.tv/search?query=autocut & https://m.vlive.tv/video/185637)
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3.2 Optical Character Recognition

Optical character recognition (OCR) is a technology that scans hand-written or printed texts as an
image file and identifies the texts in the image. This technology is often used to recognize documents
and accurately extract texts from an area in the document specified by the user. Far instance, verifying
a business license in the past took a long time as it had to be scanned and sent in, and humans had to
manually check the information in the document. With OCR technology, computers can automatically
recognize and verify the texts. OCR technology is also used in many other applications, including
automatic identification of license plates in self-parking lots and for scanning payment bills.

NAVER used CLOVA's Al technology to develop a high-performance OCR model, optimized for various
key business activities. CLOVA OCR supports Korean, English and Japanese. For Korean and Japanese,
it recognizes not only printed texts, but also handwritten texts. To recognize characters in many
different forms, the CLOVA team developed its own text area extraction and recognition technologies.
These technologies won first place in four different categories at ICDAR (International Conference on
Document Analysis and Recognition) in 2019, the most prestigious competition in the field of OCR.

In 2021, NAVER Cloud launched CLOVA Document OCR service that is optimized for extracting desired
information from business documents. The CLOVA Document OCR model utilizes natural language
processing technology to learn from unstructured data (various forms of business documents), and
can automatically extract key information from documents such as business name, branch name,
and corporate registration number, as well as automatically classify them by category. Receipts and
business licenses come in various forms depending on the issuer, which means that automatically
extracting the information the user wants is often a challenging process. Using the Document OCR
service, it is possible to accurately extract key information from receipts including branch information,
transaction details, and payment method, by automatically analyzing the types and pattern of receipts.
The OCR technology, capable of readily recognizing documents like name cards and credit cards that
come in many shapes and designs, will become a core technology for businesses in the near future.

CLOVA Document OCR accurately extracts key information from documents

CLOVA OCR uses world-class Al technology to extract key information from documents with high accuracy, which can recognize non-
linear texts, italics, and cursives. OCR automatically extracts information from receipts, business licenses, credit cards and name
cards, reducing the amount of time humans spend on repetitive tasks.
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3.3 Facial Recognition

NAVER's Al-powered facial recognition system is contributing to improving test taking
experiences. In June 2020, NAVER collaborated with Korea TOEIC (Test of English for International
Communication) Committee to implement NAVER's facial recognition system in TOEIC speaking test,
to prevent impersonations and to streamline the identification process. TOEIC speaking test is a
test designed to evaluate English speaking ability, and is widely used by over 1,700 companies and
institutes in their recruitment decisions.

NAVER's facial recognition system determines whether the test taker is the same person as the one
who applied to take the test, using Al to calculate and compare the facial features of the test taker
and the photo submitted in the application. The entire process only takes 0.1 second and boasts an
accuracy rate of over 99%. It was also designed to improve the test taking experience, as test takers
can now check in without having to enter additional information for identification such as their date
of birth and examination number. NAVER plans to implement facial recognition technology with
caution, focusing on areas where user demand for the technology is highest.

Facial recognition technology implemented in TOEIC Speaking

NAVER and Korea TOEIC Committee collaborated to apply NAVER's facial recognition system to TOEIC speaking test to streamline

the test taker identification process and prevent stand-ins.
Source: Korea TOEIC Committee (https://www.toeicstory.co.kr/1483)
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4. Recommendation

To recommend means to suggest that something or someone would be suitable for a particular
purpose. For example, if a customer at a bookstore asks Al for book recommendations, it will select
and suggest a few books that match the customer's taste. Al-powered recommendation engines
are now being used in various domains including online shopping, video streaming, and social media.
If a customer searches a specific book online (eg., ‘Reasons for Travel' by Kim Young-ha), the Al will
suggest other books written by the same author. If a customer purchases a product onling, the Al
will display products that are often purchased together with the product by other customers.

Al uses collabarative filtering and content-based filtering algorithms to recommend suitable items
to users (Droesser, 2018). Collaborative filtering algorithm analyzes how people rated items, in order
to recommend items that are highly rated by people similar to the user. For example, if user A and B
liked the same video, Collaborative filtering algorithm predicts that the two users have similar tastes,
and recommends videos that user A watched to user B, and vice versa. Content-based filtering
algorithm, on the other hand, analyzes information about the items. To take movie recommendation
as an example, content-based Filtering algorithm first analyzes features of different movies such
as their director, genre and cast and categorizes them into different groups, then evaluates user's
preferences to recommend movies that closely match the preferences. (Jeong, 2020).

4.1 Item Recommendation

One of the domains where Al-based recommendation systems are most widely used is online
shopping. Many local and international e-commerce websites have collaborative filtering algorithm
embedded in their platforms to recommend suitable products to users. This algorithm creates
a matrix from customer ratings of products and analyzes buying patterns of the customer to
recommend items that were highly rated by customers with similar buying patterns. However, this
approach is not applicable to users with little or no purchase history. To address this problem, in
August 2017, NAVER launched AITEMS, a deep learning-based personalized recommender system.
It is @ mashup of two words ‘Al' and ‘items’, to emphasize that the item recommendations are made
with Al. AITEMS is capable of recommending products even to users who rarely shop online, as the
recommendation is based on the user's behavioral data related to shopping.
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AITEMS recommends items by evaluating user preferences

NAVER Personalized Product Recommendation System
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AITEMS filters out a set of products that match the preferences of a set of users, then analyzes each user's purchase history and profile

as well as product metadata to make personalized recommendations. Users can access a more diverse range of products as AITEMS

recommends new products listed on less known websites as much as best selling items, if the products match the user’s preferences.
Source: NAVER (https://www.navercorp.com/promotion/pressReleas 2w/24101)

4.2 Place Recommendation

NAVER's Al-powered recommender system also assists users in their offline activities. If a user is
looking for a place to eat in an unfamiliar neighborhood, NAVER's SmartAround service recommends
places based on various information about the user and nearby businesses, such as age, gender,
type of business, as well as current time and location. The service relies on an Al-based location
recommendation engine named AirSPACE (Al Recommender System + Place and Context Embedded).

AirSPACE deploys Al to utilize contextual information about users, such as age, gender, and
current time and location, to recommend places most suitable for them. When a user logs in to
SmartAround, it first determines the most optimal radius around the user’s current location, then
finds places within the radius, analyzing customer ratings by time slot, age and gender, to suggest
restaurants and other places of interest that best fit the user's preferences. SmartAround can
also recommend various activities (e.g. performances, exhibitions, movies, one-day classes and
workshops) and provide location based services such as delivery and booking on a single platform.

Since its launch in 2018, SmartAround has on average 2.5 million monthly users. According to
D-Commerce Report 2020, NAVER's annual report on digital businesses operating on NAVER
platform, users are more likely to visit local stores and restaurants using SmartAround than through
keyword search. In addition, the conversion rate (ending in phone calls, using NAVER Map for
directions, and saving the location to the user's personal favarite list) was 23.2 times higher for
SmartAround than that of keyword searches. The Al technology embedded in NAVER's SmartAround
is creating new growth opportunities for stores and restaurants that were previously less known or
relatively less accessible to the public.
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ForYou, NAVER's search service that is tailored to each user, also runs on AirSPACE. When a user
searches, "famous restaurants in the Gangnam district”, a list of FarYou restaurants is recommended
by considering the user's preferences and top-ranking restaurants. ForYou uses matrix factorization
to provide customized recommendations from user preferences. When the user clicks on one of
the recommended restaurants, a responsive recommendation model based on long short-term
memory(LSTM) makes recommendations for other places near the clicked restaurant.

AIrSPACE is also applied to NAVER Booking, NAVER's reservation service. When a user makes a
reservation for an accommodation through NAVER Booking, they will see a list of recommendations
that include nearby restaurants or places to visit. For example, NAVER will recommend family-friendly
restaurants or amusement parks for users who booked a kid-friendly hotel, and for users who have
booked a guesthouse, NAVER will recommend places that are good to visit alone.

Every day, AirSPACE makes place recommendations to 2.2 million users and helps 45,000 SMEs (Small
and Medium Enterprises) receive new clicks. Going forward, AirSPACE will be implemented in more
services, to help connect more users and SMEs,

SmartAround: a location-based recommendation
system that suggests places to visit based on user
preferences and interests

AirSPACE incorporated in MY Bookings
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SmartAround uses Al to recommend places for users based on
information including the user's age, gender, current time and
location. By suggesting places most suitable for each user instead
of simply recommending most popular places, it has also created
new growth opportunities for stores and restaurants that used to
be less known or were relatively less accessible to the public.
Source: NAVER (https://www.navercorp.com/promotion/pressReleasesView/30274)

AirSPACE embedded in NAVER Booking makes recommendations
based on the attributes of the accommodation booked by
the user. For example, NAVER will recommend pet-friendly
restaurants and cafes to users who have booked a pet-friendly
accommodations.

Source: NAVER (https://www.navercorp.com/promotion/pressReleasesView/30466)
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4.3 Content Recommendation

In February 2017, NAVER introduced AIRS (Al Recommender System), an in-house Al-based
recommendation system. As the word ‘air’ in the name AiRS suggests, AiRS was built with the
objective of being around the users all the time to recommend useful contents. The core technology
of AIRS is a quality model that uses collaborative filtering algorithm (explained in 4.1 Item
Recommendation) and neural networks, to provide users with informative contents with higher user
satisfaction rate. Quality model recommends content to users based on the analysis and rating of
title, body, image(s), and time taken to create the content. AiRS uses collaborative filtering algorithm
and quality model to recommend contents a user might like best among contents consumed by
users with similar tastes and interests.

In 2019, NAVER incorporated AIRS to WEBTOON, one of NAVER's global businesses. AIRS applied to
WEBTOON analyzes various user attributes including recently read webtoons, hours spent reading
those webtoons, genres consumed, etc. For first-time users, an onboarding feature is activated
that asks them to select preferred genres and drawing styles. Once first-time users start reading
webtoons on the platform and enough data is collected about the webtoons and the users’ behavior
reading those webtoons, a recommendation service called ‘Recommendations for You' is activated
to recommend webtoons they might like based on those data. This recommender system increased
user satisfaction and returning user rate to a great extent, and contributed to the success of
WEBTOON in the U.S. market.

WEBTOON embedded with AiRS
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AiRS (Al-based recommender system) is embedded in WEBTOON. First-time users are asked to select their preferred genres and
drawing styles, based on which WEBTOON recommends stories that the user might like to read (left). Once more data is collected

about the user, such as recently read webtoons, hours spent reading those webtoons, genres consumed, etc., AiRS will offer
recommendations (right).

Source: NAVER (https://m.blog.naver.com/naver_diary/222046293232
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4.4 Music Recommendation

Al-powered recommendation services are also available in various entertainment services. NAVER's
VIBE uses deep learning to recommend music to users, largely through two different systems.
One is an item-based system, which recommends artists or songs similar to what users listen to.
Recurrent neural networks and collaborative filtering are used to learn metadata of the items (songs
and artists) and properties of the songs in consideration of the listening context.

The other is a personalized recommender system, which provides unigue recommendations to
users based on their preferences. Al creates music taste profiles for each user from their mid to
long term listening patterns, and recommends music users might like by utilizing the results of
learning the metadata of the user profile and the properties of songs through matrix factorization.
This personalized recommender system is currently applied to features such as Mixtape, DJ Station,
and New Songs You Might Like. The quality of VIBE's recommender system tends to increase with
the number of users. VIBE used to recommend music based on popular songs and similar music,
but now it is capable of recommending better content to users by considering the user's mood,
listening context and situations.

Using Al, VIBE recommends users songs that match their tastes or songs that are similar to the one they are currently listening
to. Mixtape recommends the songs users might like or be in the mood for by learning their preferences and their mid to long term
listening patterns.
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5. Robotics

Robots are physical agents that perform various tasks using effectors such as arms, legs, and
wheels that can apply forces to the surrounding environment (Russell & Norvig, 2016b). It is this
physical property that distinguishes robots from NAVER's various online services - robots can
provide useful services directly to humans in the real world. However, even to this day, robots have
mostly been used only in factories. Bringing robots into our daily lives to provide services safely and
efficiently is not as easy as it may sound, since our daily lives take place in @ much more complex
environment than in factories. To tackle this challenge, integrating Al with robotics is necessary.
To this end, at NAVER LABS—NAVER's affiliate that specializes in R&D— robotics engineers and Al
researchers are working closely together to develop new methods and technologies.

5.1 Robot Learning

NAVER LABS capitalizes on Al to achieve natural human-robot interaction (HRI) and to make
service robots readily available to the public. For example, NAVER LAB's AROUND, a platform
for service robats, utilizes reinforcement learning for robots to be able to quickly adapt to a
complex environment that keeps changing. This is because crowded places like restaurants and
supermarkets are full of obstacles and unexpected surprises to robots. It is also important that
humans do not feel intimidated or frustrated by robots. Reinforcement learning enables robots to
achieve high performance autonomous driving under various conditions and circumstances. NAVER
LABS is concentrating its research efforts on practical reinforcement learning techniques to achieve
both efficiency and stability.

AROUND C was developed to verify natural human-robot interaction by delivering coffees at cafes. The autonomous driving method
that utilizes reinforcement learning reflects human preferences, enabling robots to choose the most efficient walking route and move
at a speed similar to that of humans, and to smoothly avoid obstacles and reduce its speed to keep a safe psychological distance
when it detects humans ahead.
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NAVER LABS also conducts research an methods to teach human physical intelligence directly to
robots. Physical intelligence is a concept proposed by Kim Sang-bae, a professor at MIT and advisor
at NAVER LABS. It refers to the physical ability to perform trivial tasks unique to humans, such as
the ability to perform tasks such as spreading jam on bread or taking a coin out of the pocket. While
performing those tasks is rather trivial to humans, it is difficult to explain or quantify the process
and principles, which makes it challenging for engineers to teach such tasks to robots. To tackle this
challenge, NAVER LABS devised a creative method which enables humans to control robots through
a haptic device to have them perform tasks. The data collected through this process is then used as
training data for robots, thereby teaching robots the physical intelligence of humans. The process is
similar to how athletes learn new skills or moves by first observing demonstrations by their coaches,
then trying those out themselves. Through this training method, engineers can teach robots to
perform various complex tasks.

Task Learning process that utilizes haptic devices
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Through the haptic device developed by NAVER LABS, humans can demonstrate and teach movements to robots. The data collected
from the demonstrations is then used as training data for robots. Using this method, robots can successfully perform tasks with high
accuracy even with a single demonstration.

Source: NAVER LABS (www.naverlabs.com/storyDetail/184)

5.2 Robot Vision

For robots to be able to move around by themselves and provide services, they must know where
to go and which route to take. However, that is often not possible in places where GPS does not
work. To tackle this challenge, NAVER LABS utilizes an Al technology called Visual Localization, which
performs a real-time analysis of images through the robot's camera sensor to determine the robot's
current location. It is similar to how humans often figure out their current location by observing
sign boards or streets around them. NAVER LAB's Visual Localization technology is capable of
determining locations with high accuracy even when there are changes in the environment,
including the weather, season, lighting, space design, etc.
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Visual Localization technology can determine the robot’s current location even with a single photo

NAVER LAB's Visual Localization (VL) technology can identify the robot's location with high accuracy under various conditions such as
the time of day, season, and shooting angle from a single photo. It works in buildings where GPS lacks precision or fails entirely. The
acquisition of Xerox Research Center Europe (XRCE) in 2017 allowed NAVER to expand their technological capabilities and presence in
the global market. This pictured building is NAVER LABS Europe (NLE) located in Grenoble, France, that developed the VL technology.
NLE won first place in Autonomous Vehicle Challenge, second place in Local Feature Challenge, and fourth place in Handheld Devices

Challenge at CVPR 2020, a premier annual computer vision event.
Source: NAVER LABS

averlabs.com/storyDetail/166)

5.3 Cloud Robotics

NAVER LABS believes that cloud technologies, together with 5G communication network, is key to
the commercialization of service robots. NAVER LABS predicted that cloud technology would be able
to control the movement of robots by utilizing the ultra-low latency communication performance of
5G communication network, which was verified by successfully demonstrating the world's first 5G
robot control at CES 2019, one of the world's most influential tech events. Furthermore, in November
2020 at DEVIEW (Korea's largest developer conference), NAVER LABS unveiled ARC (Al, Robot, Cloud),
NAVER's cloud-based system that connects to robots through 5G communication networks.

ARC consists of the latest algorithms and high-precision data necessary for robots to coexist with
humans. Multiple robots can become more intelligent at the same time by simply being connected
to the ARC via ultra-low latency communication. NAVER's cloud platform can identify the exact
location and route of robots even in places where GPS completely fails, and plan and process
tasks on their behalf so that it can understand and manage both online and offline environment
surrounding robots and humans.
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ARC: a multi-robot intelligence system
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Multiple robots can become more intelligent at the same time by simply being connected to the ARC via ultra-low latency
communication. ARC acts as the eyes of robots to identify the exact location and route even in places where GPS completely fails to
work. In addition, ARC acts as the brain of the robots to efficiently plan and execute tasks on their behalf. ARC will be commercialized
for the first time in NAVER's second office building.

Source: NAVER LABS (www.naverlabs.com/storyDetail/185)

Interesting things can happen when tasks originally performed by robots are transferred to the
ARC system. Since the functions necessary for robots to offer services can be changed or updated
directly on NAVER's Cloud platform, robots that deliver parcels in the morning can be automatically
switched to do another task in the afternoon such as delivering coffee at cafes. It is also possible to
simultaneously update the algorithms of all robots with new data collected by a single robot. ARC
will be commercialized for the first time in NAVER's second office building, which is the world's first
robot-friendly building. It is expected to serve as a global reference for how our future workspace
should look like as the presence of robots become more prominent.

5.4 Autonomous Driving

In 2017, NAVER LABS became the first Korean IT company to obtain a license for autonomous
vehicles from the Korean Ministry of Land, Infrastructure and Transport. Since then, NAVER LABS
internalized all fields of autonomous driving technology, ranging from mapping, positioning, and
recognition to planning and control. NAVER LABS was able to develop the technologies at a fast rate
by utilizing Al technologies including computer vision and deep learning from the start. Accurately
identifying the vehicle's location, distinguishing nearby objects such as vehicles and pedestrians,
and predicting routes are all examples of those Al technologies. It is also important that all these
technologies work together in harmony instead of operating separately on their own. NAVER LABS
is currently working on ALT Project, which utilizes advanced autonomous driving technologies to
connect hubs in different cities to provide various unmanned services including delivery.
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NAVER LABS has also been conducting research on High-Definition Map (HD Map), an essential
element for autonomous driving. While many mapping companies usually create HD maps using
mobile mapping system vehicles, NAVER LABS devised a unique method named Hybrid HD Mapping
that extracts road layouts by scanning an entire city using an aircraft. Various technologies are
applied to this method, including a computer vision technology that recreates a 3D space using
aerial photos and a deep learning-based computer vision technology that automatically extracts
vehicle lanes and road signs. These all contribute to reducing the production time and increasing
the accuracy of the maps. Deep learning is also being used in technologies to detect changes to
keep the HD map up to date, and in technologies that enable precise positioning even with low-
cost sensors like cameras as opposed to high-end sensors like LIDAR. These technologies will play a
key role in the next-generation autonomous driving ecosystem. NAVER LABS is currently providing
the latest HD map data of major areas to startups, universities, and R&D labs in Korea for free, to
contribute to the improvement of Korea's autonomous driving technology.

Map of Seoul with a complete road layout constructed by NAVER LABS using aerial photos

NAVER LABS created a 3D model of the entire city of Seoul based on 2D aerial images (photo above) and extracted the road layout of
the entire city from the 3D model (photo below). This layout shows vehicle lanes and road signs in detail, which makes it possible to
provide directions and road information based on lanes as well as roads.

Source: NAVER LABS (https://www.naverlabs.com/storyDetail/165 & www.naverlabs.com/storyDetail/175)
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6. Al Ethics at NAVER

NAVER views Al as an everyday tool for people. This is because we believe that humanity should be
the utmost priority for the development and use of Al, and that Al should be easy to use. NAVER
has so far developed technologies and services with the aim of making users’ everyday lives more
convenient, and will continue to do so. NAVER Al Ethics Principles is a natural extension of this belief,

6.1 Impact of Al on Society

While interests in what Al can achieve and expectations that it will create a significant ripple effect
across the economy continue to grow, there is also an increasing interest in the social and ethical
impact of Al. In this context, NAVER decided that, instead of only focusing on how to best utilize Al,
it is necessary to look into how our saciety views Al and what they expect from Al companies like
NAVER. However, as the public perception of Al is often influenced by science fiction, NAVER decided
it was important 