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Abstract: In this paper, we propose an embedded robot system based on “ROS2 on Yocto” that can
support various robots. We developed a lightweight OS based on the Yocto Project as a next-generation
robot platform targeting cloud robotics. Yocto Project was adopted for portability and scalability in both
software and hardware, and ROS2 was adopted and optimized considering a low specification embedded
hardware system. We developed SLAM, navigation, path planning, and motion for the proposed robot
system validation. For verification of software packages, we applied it to home cleaning robot and indoor
delivery robot that were already commercialized by LG Electronics and verified they can do autonomous
driving, obstacle recognition, and avoidance driving. Memory usage and network I/O have been
improved by applying the binary launch method based on shell and mmap application as opposed to the
conventional Python method. Finally, we verified the possibility of mass production and commercialization
of the proposed system through performance evaluation from CPU and memory perspective.
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[Table 1] Comparison of Yocto and Ubuntu Debian

engine (ROS2 node2] H3h
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Issue

Yocto

Ubuntu

Compile

Fully cross compile

Target board or cross compile

Configuration,
Customization

Ease in hardware portability and maintenance
‘When configuring the same platform based on x86 and arm64, only
bootloader and kernel can be changed

Difficulty in hardware portability and maintenance
‘When configuring the same platform based on x86 and
arm64, needs to be developed separately

Manually select a package to create an image

Reproducibility Fully automated build system can be built Create with a script tool made by the developer
Patching A patch for the target chipset is required Impossible to predict and debug the impact of the patch
on the system
License Automatically included when creating a distro Manual extraction required
Boot time | Possible to optimize boot-time with bottom-up development method | Increase of boot-time by including unnecessary services

Memory

Minimization and optimization possible with the required package
configuration

Growing with unnecessary packages and patches

Learning curve

Difficult to learn, so developers shun it.

Develop like using a Linux desktop
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[Fig. 1] Software Architecture for Thin Client Robots
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[Fig. 2] Functional Block Diagram for Cleaning Robots
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[Table 2] Nodes and Responsibility of Cleaning Robots

[Table 3] Nodes and Responsibility of Indoor Delivery Robots

Node Responsibility Node Responsibility
Media manager Operation of front-top camera module Realsense dual Operation of front and bottom camera modules
3D sensing Operation of 3D sensing module and detection obstacles LiDAR Operation of LiDAR scan data processing
Data access Processing micom’s sensor data and control the motor Micom manager [Processing micom’s sensor data and controling the motor
Joystick Manual driving of the robot via Joystick Joystick Manual driving of the robot via Joystick
Navieation Request operation related to driving such as Sensor supervisor Delivery to the required node after collecting sensor
g cleaning start, stop, homing, docking, etc.. p and LiDAR data
Processing the current robot motion after receiving ExtInt/Action Performing driving functions such as destination
Motion obstacle information and robot position/state driving, docking, and kidnap recovery
information . . ..
Local map Creating and saving a map for driving
SLAM Recognizing the robot position o and making a maj
snme P € P SLAM Recognizing the robot position and making a map
Plannin Planning a map-based route and judging the B
anning completion of cleaning Global path plan Planning the global path based on map
Application Responsible for interface with navigation for driving Ground object |Recognizing obstacles up and down based on the road
- detection surface with the depth camera in front and behind.
Data access sim The role of data access node for simulator
— - - Creating a path using the position/angle of the charging
GazeboRosCam Providing raw image data on the simulator Station detector |station and the position/angle of the robot and perform
Media manager sim The role of media manager for simulator docking

engine, A& -& 913} navigation engine, "ol & <12 2
docking/undocking= 13} perception engine, Unity 7]1F2]
simulator T7-&-& 9]¢t robot simulator % ROS2 message handler
=2 9 AAEEY Y B engine52 ROS2
node= -8 % %12, ROS2 message handler=R0OS22] node
ZFBA1E 93 topic, service 2] interface S AP A|-&-$Hc}, v}
A2k 2 cloud bridge= Z2H-5 955 21 bridge node =
A ZeroMQE 53| 2323} A8 S A A3t} Zhnode] ke

o}2)| [Table 3]¢l| 4HA118] 7]<513Ich
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ros2 launch motion motion.launch.py

Binary (Shell) 714} 2 3§1}-2]
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[Table 4] RAM usage of python and binary launch method

Total Used Free
Memory (Python) | 471,188 KB | 436,852 KB 9,960 KB
Memory (Binary) | 471,188 KB | 257,932 KB | 149,632 KB

[Table 4] ZV2} Python 7]4ke] A 8JW-2] binary 7]4ke] 2
S A gato], AR O R zigzag TH AT A RAM
&S HolFa 9l

Python 7R} 21 8 Hl-A] o] 739 77]19] node (data access, navi-
gation, motion, SLAM, planning, media, 3D sensing) 23] A],
free RAM©] 9,960 KB (9.7 MB) =02 SA=|SIck v
Binary 7|5k e)r-4] 48 Aloll = free RAM©] 149,632 KB (146
MB) 5% 2.5 Python 2 &"-4] 1], F 140 MB ©]/d-] RAM
AREES AR 01, S8 free RAM S-S S1.3131 T}

3 g 5= g,
5.2 Network [/O 7§11

ROS2€] nodez+&41- bus7} o, TCP/UDPE: &% network
FAalo =2 o]FojXIt) 1 KB ©1/d9] huge data topic] F1H
B2 network 55} 2 message loss& e 4= 910, o]
o] gt A2 & $13ll IPC (Inter-Process Communication) 2-8-
o] F @3}, ¥ = A= huge data A 2] & $I3HIPCE T+
$Fo 2 network 1Ol thek 71238 X1 5l wh2 <5124
2= el It el 31U R/WE] storageS AHE-814] 9k,
DRAM®I| R QA #4751+ mmap 325 483131tk

huge data topic 2= 3D sensing, image dataZS X143} <.
™, [Fig. 6] 3D sensing®l| %]-8-¢F mmap®] &2 32)-& LER
32 0tk Mmap®] "X (ipc_mmap _info)+= 7153} 2] DDS &
A1 © 2 data”} 2] =™, 3D sensing data®] depth sensing_data
T-ZA = mmapS ©]-8-3F shared memory™2 © 2 huge data
E A5 At o|uf 57|38} EAlE #4351 91, data
Z mmap 2.2 433l file patholl writeS}aL, physical memory©ll
HEE syne 3FE5 AT

Mmap -8 25-9] 7’ @35 gR15}7] 93] free memory
9} network 1/0 57355 2331t free memory F5olle
“free’shell command-E, network 1/O 715:0l|+= “cat /proc/net/dev’
shell command = AF&-3}91 2.1, packet©l] TSt transmit, receive
] bytespk .= AxtaISITh

[Table 5] mmap -8 7122] free memory, network 1/02]
eSS 495 Bd531 YY) Free memory mmap -8
A%-o] Fo27}F ¢loL, network /O mmap 482 80
KB~100 KB®] 7}d 5217} 1= it
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Node Node
| Topic
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3D sensing node | navigation node

huge data for mmap
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mmap(read)

w_File Path
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User Space

Kernel Space @ ‘..__.-‘" @
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[Fig. 6] The operation flow of IPC (mmap)

[Table 5] Free RAM and network I/O before and after mmap [Table 6] Software version of the cleaning and delivery robots
Patch | Testltems | #1 | #2 | #3 | #4 | #5 Software version
Before Fre(T\AI]{gAM 69 60 66 65 63 ROS2 Foxy Fitzroy
applying ) Yocto Code name : Dunfell (version 3.1)
Network /O - - -
mmap (KB/s) 355 | 375 | 354 | 360 | 357 Kermel Linux version 4.4 (Cleaning Robot)

Free RAM Linux version 4.9 (Delivery Robot)

After 65 68 65 65 62
(MB)

i
appymg Network 1/0

275 | 274 | 274 | 275 | 275 [Table 7] Hardware specification of the cleaning robots

mmap (KBJs)

Specification
AP Rockehip PX30K
L=} S = —
6. A2 45 X 4547} pU Cortex-A35 X 4
(64bit-ARMV8 @1.296 GHz)
6.1 2T ES]o] Bl al=glo] ARF 1GB eMMC
Flash Memory (Code size limited to 512 MB)
ROS2 on Yocto -8l b2 4571141 L memory, network RAM DDR3 512 MB, 800 Hz
Micom STM32F(Coretex-M3)

10 W a3 A5 ] 918 LG AR ot B A=

3o slaslodrl Aesl Fasi W AHssie] v o .
& BEST 4% 5 AR Yoo, [Table 8] Hardware specification of the delivery robots

ROS2 % kernel 9] A~ E¢j|o] 1212 [Table 6]9} T

A7) AZL 93 AR A 2z W AgeEae] 5 Specification
o= 1o A oF HA~ X = 3
IR, e e Af sreTA AP NVIDIA Jetson TX2
= A 1 v
3101 AFE- [Table 7], [Table 8]+ €. opU Dual-Core NVIDIA Denver 2 64-Bit CPU
Quad-Core ARM® Cortex®-A57 MPCore
6.2 425 A&7 A5 D 57} Flash Memory 32 GB eMMC 5.1
e s ~ ) RAM 8 GB 128-bit LPDDR4
AR ARRE A agS A7)0l 4851, [Fig. 713 2ol 1866 MHx - 59.7 GB/s

g
zigzag 77|02 A&7 9 3)u| TS ST Micom TI Microcontroller(Coretex-R4F)




[Fig. 7] Autonomous driving verification of cleaning robots

[Table 9] The performance verification result of cleaning robots

Verification Items Verification results

CPU load 64%

Memory usage 374 MB (Based on 512 MB RAM)
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[Fig. 9] Autonomous driving using Nav2

[Table 10] The performance verification result of delivery robots
after applying Nav2 open source package

Verification items Verification results
Ubuntu Yocto
CPU load 46~54% 15%~19%
Memory usage 1.7GB 600 MB
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[Fig. 11] Autonomous driving using LG navigation

[Table 11] The performance verification result of delivery robots

Verification results
Verification items
Ubuntu Yocto
CPU load Over 90% 50%~55%
Memory usage 2.4GB 1.25 GB
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