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1. LG Al Companion Device ‘Q9’
Q9 was unveiled to the public at CES 2024 & IFA 2024

CES 2024 IFA 2024
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LG goes gaga for Al and even unveils a

.
from this year's show product or two at CES 2024 Blesse this Messe
Also unveiled: The Smart Home Al Agent, a small robot on wheels - _d
The biggest tech show in the world has delivered once again. These are inis of the Poo-Chi els dog toy from Sega in the early 00s.
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7 ; i LG unveiled a walking, talking smart home robot as part of their B8

techradar.

Best of
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"Zero Labor Home" initiative. This remarkable creation boasts

1 two-legged mobility, user recognition, and seamless integration

) v with LG's smart appliances. Its Al and machine learning

capabilities elevate household tasks to a whole new level of

\
\

temperature and air quality of your home to learn your habits ai

(Image credit: LG) convemence.
r
LGisn'tonly up onits TV A-game, it's also revealed a cute and powerful new LoE M Al b Hub (cod
ectronics' Mobile Al Home Hub (code name:
smart home Al-powered agent: a two-legged robot called the Al Agent! And d - e |
N o rmedia at IFA 2024, Europe's lar consum
it looks like Wall-E and Eve from the Disney Pixar movie had a baby. The future that The Jetsons lived in is finally here. At CES 2024, LG unveiled its Al ;
Agent, a robotic home manager, to usher in the company'’s vision of a “zero-labor to the 10th. [Photo source = LG Electronics)]
The Al Agent uses Al and multi-modal technologies to move, lea E E yme!’
engage in complex conversations in and around your home. It cz § expected, artificial intelligence is everywhere at this year's CES, and this latest t d
The robot companion Svioe from LG brings Al even further into the the smart home realm, LG's Al Agent ecnradar

't just another Siri or Alexa that responds to basic voice commands. Instead, this

bt lsams o anticipse and cter o s ownr's needs, Oh no, | might actually want LG's
infuriatingly adorable Al robot smart

accordingly, like an Al-automated smart home hub.

Just look at that face: how could you net give it a T3 Best of CES
Awards badge?

German Chancellor Olaf Scholz (second left), who visited the IFA 2024
LG Electronics Exhibition Hall on the 6th (local time),
is listening to an explanation of LG Electronics' mobile Al home hub (Q9).

|5 TheKorea Herald

[Photo News] LG Al home manager

LG Electronics said Wednesday it will unveil its artificial intelligence smart home robot at the

upcoming CES 2024 next month. The latest Al agent boasts robotics and multimodal
technologies that enable it to move, learn, comprehend and engage in complex conversations.
The company said the latest device will play a role as an all-around home manager and a

companion to enhance users® daily lives by lessening the burden of house chores. (LG LG's Al Agent lears to respond to ts users facial and vocal expressions.

Electronics)



@) LG Electronics

1. LG Al Companion Device — Use Case
Q9 can be a companion, a butler, a personal assistant, etc., and YOU nameit! - LGE is releasing Q9 SDK to robot developers today.
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1. LG Al Companion Device — Open Platform Ecosystem

From the customer's perspective, we continuously add features tailored to various use cases, ultimately expanding the ecosystem of
LG ThinQ UP 2.0 (upgradable home appliances powered by operating system and Al chipset) based on an open platform

Open Platform Scene — Q9
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Open SDK at ROSCon2024

Upload of the Developer Production Program

Feature Implementation after Review
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2. Software Architecture of Q9

Q9 uses LGE Robot SW Platform - based on ROS 2 on Yocto project
- supports multiple chipsets (including low-end ones) for multiple robot form-factors
- provides APl and Software Development Kit (SDK) for robot developers = You don’t have to yocto-build it for yourself

v Ul Applications Legend

‘/ - ) - In-house Dev
- Open Source

\/ROWSER 3rd PARTY LIBRARY
\/ Q9-related

Developer
Chromium Navigation2 SLAM Toolbox 3rd party SDK
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Interaction Navigation Device
Engine Engine Engine

ROS2 m Open Source \/ROBOT MANAGER

lacig;

Manipulation
Engine

ROS Middle Ware (RMW)

L . mmap-basec
Data Distribution Service (DDS) Shared Memory

Robot State Manager

CHIPSET (SoC) v' aresies
BT
NVIDA Qualcomm Intel

Linux Yocto Project
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2. Performance Enhancement - mmap-based Shared Memory
Q9 uses mmap for larger than 1KB/s data, e.g., image data, transfer between processes

- mmap is a memory-mapped file 1/O that maps files into specific locations in DRAM
- data is copied to Kernel Shared Memory (mmap) and only its file information, which is small, is transferred through a network interface (2),(3®) have to yocto-build it for yourself

Network IPC

Icameraldepth/image_rect_raw
realsense_node Icameralinfral/image_rect_raw slam node
(publishing thread) Icameraldepthlimage_rect_raw -

(subscribing thread)
I image_rect_raw

@ uint32 height | @
uint32 width

string  encoding

uinté  is_bigendian

. uint32 ste
Pu_hllsher flow uint8[ | daf; Subscriber flow
- File create and open - Subscribe topic with mmap information
- Map with mmap API ‘ - Open file and map with mmap API
- Data write - Data read
- Publish topic with mmap information - Unmap and close file
- When deactivate this node, unmap and Idevishm/depth/image_rect_raw - Processing the data
close the file. Idevishm/infral/image_rect_raw

Idevishmlinfra2limage_rect_raw

Kernel
Shared
Memory
(mmap)

TCP/UDP TCP/UDP
socket buffer socket buffer

image_
rect_raw

[ ipc_mmap_info I

string filename

uint32 total_size
uint32 data_sze
uint32 buffer_cnt
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2. Performance Enhancement - mmap-based Shared Memory (Test Result)

» Large image data is reliably transported when the shared memory technique is applied
» Also, note that BW is remarkably low because it only needs to transport the memory information (small) of the actual image data (large)

Topic Frequency (Hz) Topic Delay (ms) Topic Bandwidth (KB/s)

16 3 16000
14 30 14000
12 25 12000
10 10000
20 8000
8 15 6000
6 4000
4 10 2000
5 0

(2) 0 infral_bw|KB/s] infra2_bw([KB/s] depth_bw RB/s]

infral_hz infra2_hz depth_hz infral_delay infra2_delay depth_delay mmap Not Applied  ® mmap Applied

mmap Not Applied B mmap Applied

* Test setup details
- 3 images from D435i camera : infral, infra2, depth
- image size : infral/infra2 (1280*720), depth(1280*2*720)
- image frame rate : 15 fps
- FastDDS in wired LAN
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3. Software Development Kit (SDK) for Q9

Developers can freely make a new feature and deploy it into Q9
- Q9 SDK can be downloaded from Q9 developer site (http://q9.developer.lge.com)

Deploy to the
Developer Site

Contents of SDK

* Toolchain, library
* Documentation
+ API (ROS topic) list
Documentation for each topic
- Topic name
- Description
- Message type/data
- How to run
» Sample code, tutorials

* Trouble shooting

https://q9.developer.Ige.com/

APl list
w/ Sample code,
Tutorial

Vkt®

System Integration Company

Google Cloud

() /A Azure QWS A

Robot Service Developer ~ Cloud Service Provider

SDK Install

U

Toolchain
(w/ library)

New Feature Development

U

Cross Compile

U

https://q9.developer.lge.com/

Tutorial
(Robot initial setup
NW environment setup)

Deploy (USB)

Deploy (SOTA)

Installation File



http://q9.developer.lge.com/
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3. Q9 API List

LGE provides the pre-defined APIs for smart home application
- They are in 8 categories and being continually updated

DISPLAY

SOUND

NAVI

RECOG
NITION

= Facial expression

= Custom screen output
= Display control

= Pop-up message

= Pre-defined sound play = STT/TTS
= Custom sound addition = Mic. record/play
= Waiting for wake word

= Move forward/backward, Rotate
= Move to goal

= Return to charging station

= Come-here/Follow-me mode

= Person detection
= Face detection/recognition
= Emotion recognition

SENSOR

MOTION

NETWORK

SETTING

= Sensor data acquisition (from battery, thermostat)
= Headset/ hip sensor control

= Get motion state
= Start/stop pre-fined motions

= ThinQ App Push
= ThinQ App Response
= Network connection

= Background application status check
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3. Q9 API Simulator

- It is based on “Blockly” GUI Tool from Google
- Q9 APIs are the “code-blocks” and can be drag-and-dropped for easy programming
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4. Overview on Q9 Developer Site (http://q9.developer.lge.com)

LGE Q9 developer site is ready now
- You can build a development environment through SDK install without any knowledge on Yocto. (Installation is done within 5 minutes)
- ROS 2 nodes can be created using the regular “colcon build” and other external sources can also be created as an installation file with “make build”



http://q9.developer.lge.com/
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Q9 Demo @KBIS 2024




Thank You >
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