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FPGA Design competition
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FPGA&LI(TE?

o Field Programmable Gate Array

— ZZa]gETR
=1 %'_’Ef{ 2SI . o
IRBBWZZEZISND SB=38=SB=3=SB
— 11 : 1] : 1]
- B DT 25) L6l I0B-€B &8 - LB - cB - I0B
_ PN
BHRE(CABI TERKRTED RIT—I|
SE—85=SB=3=5SB
LUT - 1 [
m IOB-—-¢cb LB - CB co-—-10B
0000 1 S 1] 1]
0001 0 S B=SB=H3=SB
0010 0O D Q¥ I
> I0B I0B
1110 1
1111 0 LB smiETOw cB Jxo>3a>JOwvy

;z bk S SB| XwFIJOw 10B AHAHTOvY

¥/ KYOTO UNIVERSITY




g2

° \

~

RETEBIE -

[_I.IJ:: |
)

%
il

5+
.“” R
1T T1]

Q

> o NE— N
)
)
X s 5 ) ‘
O\ g
= D,
O/VDED‘\

KYOTO UNIVERSITY




FPGA vs GPU

e« Pros Vivado™ HLS SUVA=)

_ sumEn C, G

— 1)) I/Q’I/A'li ' J\— RO T )75dih=:E
« Cons FPGARI A BRIt

- FRIAL (e | SDSoCT GO

Environment
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209357 I)SoC
—  Xilinx : Zynq
— Intel : SoC FPGA

@buntu 18.04 )

+  CPU(C(FRTOSYLinuxz5# o] [ ::ROS }
- £53AR0SE
. FIAZRSAINENLT AUA /

FPGAZT I\ A AEUTIRS CENTES

e FPGADEIEOBETIAZ =
Linuxm54i75 2 &EHBRJEE(C !
(Linux kernel 4.10L4p%) _ 3
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Linuxh 5 FPGAZIZ{E

e FPGAD:EZETYW —J)L C. CPUZ&EFPGAEIIER ZBCHRE
—YW—)UICKDLINnuxOYPIR T RL ANDENI D ZHTHITHND

o VMR RL X ZIRE
a. AEUITWYITRIO

- fdev/memTH (B
b. UIO(User space IO)

/

int uiol_fd = open("/dev/uiol™, O_RDWR);
hls_regs = mmap(NULL, 0x10000, PROT_READ|PROT_WRITE, MAP_SHARED, uiol_fd, @

int uio2_fd = open("/dev/uio2", O_RDWR);
dma_regs = mmap(NULL, ©x1000, PROT_READ|PROT_WRITE, MAP_SHARED, uio2_fd, @)

\

J

- I—Y70OCANSIEELEDAE D TI1RIF T DHEE
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v412_fd = open("/dev/pcamvideo®”, O_RDWR); ]
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sEAEH : ZytleBot

. + TurtleBot
— Zynq UltraScale+ MPSoC

—TurtleBot3 : ::: ROS standard platform robot kit
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TurtleBot3 & ZytleBot

360° LiDAR for SLAM &

Scalable Structure

OpenCR
(32-bit ARM Cortex®-M7)

DYNAMIXEL x 2 for
Wheels

Sprocket Wheels for
Tire and Caterpillar

Li-Po Battery

Raspberry Pi

Pcam 5C

USBCam
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PS(CPU)

Ubuntu 18.04

Driving System

e FHE2ANTHF

-SWiE=5

7I‘T ZN %i‘«‘z)

<+—» USB Webcam

v

Motor

(via OpenCR) v g,f_a#"yéb 7) |/:|‘ IJ X[Aé’ﬁi

::ROS
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« AT T4 >4 > RIJiE + SVM

e AJJ3:320pix*240pix T L — B
o MJ1:891MEIDTA > RODEEFER
- L1752 2milisec

—HW{ER : 6.22milisec = 160fps
SWad+ : 1700milisec = 0.58fps

v 275(E5EE1E

https://www.slideshare.net/takasehideki/zytlebot-
rosfpga/takasehideki/zytlebot-rosfpga

Q https://github.com/lp6m/ImageDetectionHW?2

8x8 BGRBX8 HSV HOG |

\ AR 2 /

SVM Classification
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https://github.com/lp6m/ImageDetectionHW2
https://www.slideshare.net/takasehideki/zytlebot-rosfpga/takasehideki/zytlebot-rosfpga
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e Welcome to ROS X FPGA
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ZytleBot to ROS 2!

TurtleB0t3 BB {K TurtleBot3

& ik

AMUR—F | Zybo Z7-20 A iR—F Ultra96
OS Ubuntu 16.04 OS Ubuntu 18.04
ROS Distro | Kinetic Kame ROS Distro Crystal Clemmys
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Why ROS 2?

« N X I NodeletZEtosbI=0)
e ./ — KPCZMacBook(C L7zL)Y
o launch>Z 77 1)L H\Python(C---?
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Why ROS 27

o« &DH X I NodeletZ26H/=1L\
e ./ — KPCZMacBookl(C L/7'—L\
« launch”Z 7 1 JLHPython|(C---

I\c_c‘:(c_ljliltx A

E{5HS Image AH /\(
\
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Why ROS 27

« £DHZ I NodeletZ 28Tz
° J o I\PCEMaCBOOK(: btb\ e Ubuntu 18.04 (Bionic): amdé4 and arm64
e launchZJ 77 1 J)LH'Python(C:--? Cvac 05 10.12 serra)

e Windows 10 (Visual Studio 2019)

Tier 1 platforms:

Tier 2 platforms:

e Ubuntu 18.04 (Bionic): arm32

Tier 3 platforms:
e Debian Stretch (9): amd64 , arm64 and arm32

e OpenEmbedded Thud (2.6) / webOS OSE: arm32 and x86

https://index.ros.org/doc/ros2/Releases/
Release-Dashing-Diademata/
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https://index.ros.org/doc/ros2/Releases/Release-Dashing-Diademata/

Why ROS 27

o« ENHZ I NodeletzE oIz
e ./ — KPCZMacBook(C L7zL)Y
« launchZJ 7 1 JLH\Pythonl(cC:--?

def generate_launch_description():
server = launch_ros.actions.Node(

xm| = Python}

package='demo_nodes_cpp', node_executable="'add_two_ints_server', output='screen')
client = launch_ros.actions.Node(

package="'demo_nodes_cpp', node_executable="'add_two_ints_client', output='screen')
return launch.LaunchDescription([

server,

client,
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Why ROS 2?

o« ENHZ I NodeletzE oIz
e ./ — KPCZMacBook(C L7zL)Y
o launch>Z 77 1)L H\Python(C---?
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ROS 2209529
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azebo=

§
—
\

« GazeboHBROS 2XJitx ! |

« EFILDEERFENST

Activities =] Terminal v

Trash

L

models
sou@sou: ~
h Terminal Help

currentl; linear vel 0.0
angular vel 0.6

age #camera_rgb_frame

Mon 04:58

canera_rgb_frane

#camera_rgb_frame

inage #camera_rgb_frame

e #camera_rgb_frame

File Edit C

World | Insert | Layes

Gul
Scene
Spherical Coordinates
Physics
Atmosphere
wind
v Models

[INFO] [s g #camera_rgb_frame >
Received im a_rgb_ [ﬂ"s
[INFO] a » floor

» road1

» road2

» road3

Received image #camera_rgb_frame

Property  Value
name ground_plane
is_static

e« ROS1TSTA>ZMIGUIZE
ROS 2T 5204 4T
— RATL—232HA RO | -
gazebo_ros_pkgsdDgitdWikiz&E .

& github.com/ros-simulation/gazebo_ros_pkgs/wiki

Real Time:

Migration

ROS 1 plugin ROS 2 plugin Migration guide

gazebo_ros_camera gazebo_ros_camera migration
gazebo_ros_triggered_camera gazebo_ros_camera migration
SN e A )
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ROS10orROS 27?
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ROS 2 25X &SR

o\I wation Score

Score | Traffic
IImRA| Stare Dbstacles
o) O O
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« HEART2019 @&l
e ROS 2TCHIES | Ohttps://qithub.com/sousou1/zvt|ebot ros2

Welcome to:::2 and FPGA
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https://github.com/sousou1/zytlebot_ros2

