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https://www.youtube.com/watch?v=ecV-dXOlTAo
https://www.youtube.com/watch?v=AisDUFRm39E
https://www.youtube.com/watch?v=kCG8RzyGDmY
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2% 83 HE T TerminalZ0M =AM Z HH(0f2H 2tH £ H)
01_Install_docker.sh

02_Install_ros_and_dr.sh

source ~/.bashrc

cd ros2_ws

colcon build

source install/setup.bash https://boundless—binder-063.notion.site/ROS-and-DR-1389786e552e800480e8d88cfb5f2fb5

source ~/.bashrc

ros2 launch dsr_bringup2 dsr_bringup2_rviz.launch.py mode:=virtual host:=127.0.0.1 port:=12345 model:=m0609

. Rviz2}'H0|| Doosan Robot0] 20|™ AMZ2 TerminalZ0llA{ Otz HZ0] A3l
11.
12.
13.
14,

cd ros2_ws
source install/setup.bash
export PYTHONPATH=$PYTHONPATH:~/ros2_ws/install/common2/lib/common2/imp -> .bashrcOl| ZH F7}5}7|

ros2 run example dance


https://boundless-binder-063.notion.site/ROS-and-DR-1389786e552e800480e8d88cfb5f2fb5

Activities W ryiz2 Apr178 16: 31

fhome fsparkx/fros2_ws/install/dsr_description2/share/dsr_description2/rviz/deFault.rviz* - RViz
Eile Panels Help
™) interact amer: era = e ” » Estimate  2DGoalPose @ Publish Point
. Views
' :'“Z"F:;E: Type: | Orbit (rviz_defar = | Zero
Background Color 5 : ~ Current View Orbit (rviz)

Mear Clip ...
Invert Z Axi

Frame Rate
Global Status:

Status: ok
Visual Enabled
n Enabled

+ Mass Properti

Update Interval o

Alpha 1

Description Source Topic

ription Topic  robot_description

TF Prefix

v Links

RobotModel

al representation of a robot in the
rrect pose (as defi _E-d by the current TF

Add Duplicate Remove Rename Remove Rename

Reset 31 fps
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Error Control

ModuleNotFoundError: No module named 'DR_intit'
ModuleNotFoundError: No module named 'DSR_ROBOT2'

terminate called after throwing an instance of 'rclcpp::exceptions::RCLError'

what(): could not create subscription: rcl node's context is invalid, at ./src/rcl/node.c:428
[ros2run]: Aborted
XX SHEE Of|2] LrAl AI
export PYTHONPATH=$PYTHONPATH:~/ros2_ws/install/common2/1ib/common2/imp Of2ff HH0|= atdte 47
oo 7|E} Of|2] 2 Al
killall -9 gzserver Gazebo simulation z:I-I'“ %E —$—
killall -9 gzclient

CrA| e
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pip3 install pybindll

sudo apt install qtbase5-dev qtchooser qt5-gmake gtbase5-dev-tools -y
sudo apt install libqt5widgets5 qttools5-dev gttools5-dev-tools -y

D Recent

* Starred
sudo apt install build-essential -y

- . Gt H doosan-robok2
sudo apt install libopencv-dev -y G} Home ¥
sudo apt install -f -y B Documents B oz_ros2_control

¥ Downloads

7 Music

& Pictures

% cpp_gt_plugin.zip2 ros2_ws CIHEZ|} Y=E7|

= Videos

ros2 run cpp_gt_plugin cpp_qt_plugin

fi, Trash

+ Other Locations
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Activities W rviz2 Apri7¢ 17: 38 i en v o 4

sparkx@sparkx-550XDA: ~ - Jhome/sparkx/ros2_ws/install/dsr_description2/share/dsr_description2/rviz/default.rviz* - RViz
sparkx@sparkx-550XDA: ~ 80x26 | Eile panels Help

= [m]

e o B N t <tat . 1 . \N : finteract Move Camera &+ Focus Camera mm Measure # 2D Pose Estimate # 2D Goal Pose § Publish Point ap

sparkx@sparkx-550XDA: ~/ros2_ws

sparkx@sparkx-550XDA: ~/ros2 ws 80x24

Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options.
=2.71 + - Y |483.84 + -

-57.36 + Z 1129.12 +

-61.48 Rx 8.04

36.52 Ry -178.54

-0.74 Rz |-130.35

Control Commands | Move_J Move_L Grip Release

joink1 joi joi joints  jointé
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X Eo| example danceE Z=oll0F GUIS| 2t +=HAI20] ME&|0{ Robot0]| S&f

/home/rokey/ros2_wsfinstall/ds_description2/share/dsr_description2/rviz/default.rviz® - RViz

s @ Publishroint 4
e Views

Rokey

Type: |Or

- Current View  OrbIt (rviz)

Joint Positions Cartesian Positions
Joint status  walue increment decrement Axis status wvalue increment decrement
J1 0.00 + - X |555.00 + -

0.00 + Y |34.50 +
90.00 + Z |651.50 +
0.00 Rx |180.00

90.00 Ry |0.00

0.00 Rz |180.00

Control Commands | Move_J Move_L i Release

H E,I- j- EH |_ J OI nt OI H1 2I__ I il_%nl. ) Lefe-click: Middleclick: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More aptions.



j1: ©.00, j2: 6.80, j3: 0.00, j4: 0.00, j5: 6.00, j6: 0.00
x: 0.00, y: 34.50, z: 1452.50, Rx: 0.00, Ry: 6.00, Rz: .00

Ctrl+VE 512 $i7HO| Jointatat TCPO FEE 201 22 2 US
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Rokey

Joint Positions Cartesian Positions
Joint status  wvalue increment decrement Axis status  value increment decrement
0.00 0.0 + - 0.00 0.0 + -

0.00 0.0 + - 34.50 0.0 + -
0.00 0.0 + - 1452.50| 0.0 + -
0.00 0.0 0.00 0.0

0.00 0.0 y 0.00 0.0

0.00 0.0 0.00

Control Commands | Move_J Move_

\are jdse_deseription2/eviz/derault.ryiz - RViz

- Views
Type: Orbit (rviz_defa. -
Fixed Frame base_link yoe: x
Background Color Il 46; 48; 48 * Current View  Orbit (rvz)
0 N 001

oK
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Default - rqt

File Plugins Running Perspectives Help - Plugin —) Visualization —) Plot ﬂE_Ili

[EMatPlot
Topic /dsr01/joint_states/position[0] g | =~

® € °'I"Q‘=E

. TopicOi|
1400 1 —— /dsro1/joint_states/position[0
i chtem /dsr01/msg/current_posx/datal0]

/dsr01/msg/current_posx/data[2]
—— /dsr01/msg/current_posx/data[3]
/dsr01/msg/current_posx/data[4]
—— [dsr01/msg/current_posx/data[5]

/dsr01/msg/current_posx/data[5]

g 371

current_posx= TCP2| 7|2E|A|9t ZtEE LIEHH

Axes Curves

Title

X-Axis

- e I HES =2

= o= gl 4 UTE
SEERSE:

Bottom
Top 1452.5
Label

Scale linear

(Re-)Generate automatic legend

@apply || @cancel | Qok |

[l
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OpenCV2t ROS2

AlX SH74 1 X Heot A : opencv.zip

ort subscriber X

= opencv.zip gh=0f 27|

fimage_publisher foriginal_image /hough_transform /hough_transform /rgt_gui_cpp_node_70804

- —
cl| ot ClH 2| | % $homell opencv HIAAHO|A A2 THE7| | I: rc
opencv.zip

hough_transform.py

img_pub.py
__init__.py

hough_transform.cpython-310.pyc

img_pub.cpython-310.pyc

img_sub.cpython-310.pyc

__init__.cpython-310.pyc
package.xml

I'
src

hough_transferm coin.png sudoku.png

R total 32 |

L— hough_transform
setup.cfg
setup.py

test_copyright.py
test_flake8.py

test_pep257.py

hough_transform packagexml / setup.py d FWXIrWXr-X

- drwxr-x---
drwxrwxr-x
drwxrwxr-x
drwxrwxr-x
drwxrwxr-x

drwxrwxr-x
hough_transform.py img_pub.py d FrWXrwxr-x

hough_transform

OWWWooWwWww

N

NN
N

7 directories, 16 files



OpenCV2t ROS2
A
s A8 1S

= Step 1. opencv LIEIELD|Z 0|F = Step 2. opencv.zipItU Q| Qt=2S sHiH| &
/srcet /img Y= opencv 2 &7|7|

>
>

(XX XX
cd opencv unzip opencv.zip
= Step 3. colcon build = Step 4. source install/setup.bash
o000 o0o

colcon build source install/setup.bash



OpenCV2t ROS2

+ Step 5. 24240 E{0| 20l TS} 22 B0 Y2
000

ros2 run hough_transform image_publisher --ros-args -p image_path:=1mg/sudoku.png

ros2 run hough_transform hough_transform --ros-args -p method:=11ine

rqt

o[>



OpenCV2t ROS2

: rqt ME

3% Default - rgt@user

File m Running Perspectives Help

[ container

[5) Actions

[ Configuration

[ Introspection

[ Logging

[ Miscellaneous Tools

[ Services

[ Topics

[= Visualization
Perspectives

L]

. lork that is able to load
.5 as dockable windows.
. no plug-ins selected. To
_items from the Plugins

i particular arrangement
¢ [2] Image View
men| [& Plot

A GUI plugin for viewing sensor_msgs/lmage topics.

>
>



OpenCV2t ROS2

= Step 7. EX MEH
/hough_transform

31 Default - rqt@user

File Plugins Running Perspectives Help
=llmage View

& 0 10.00m (3|

/hough_transform Smooth scaling o°

Joriginal_image

>
>



OpenCV2t ROS2

IT

= Step 8. Z4t=Ql: #=2 00| X] vs o
I_IAJ 7-|’<—HA-| XEAHOE Ho:lol‘

HoughLinesP()2| I2I0|EE XHo

pl I E
LI Default -

Het 0]

ot} F=te

O

rqt@user

Eile Plugins Running Perspectives Help

DE® -

EHimage View

=

foriginal_image  ~ 0 10.00m =

je_mouse_left Smooth scaling 0°

>
>

Oj x|

ol

o)
=

=
IT VN

o
=]

fujru

A
T

a

i Default - rgt@user
FEile Plugins Running Perspectives Help

Timage View DE@ - o x

=

-
-

Jhough_transform - 10.00m

£

m_mouse_left Smooth scaling 0°




OpenCV2t ROS2

>
>

rqt_graph

graph_RosGraph - rgt@user — O
Graph D@ - o
& | | Nodes/Topics (active) ' ! E 3>

Group: |2 |+| Namespaces Actions mages | v Highlight v/ Fit [Z3

Hide: « Dead sinks v/ Leaf topics v Debug tf v Unreachable v Params

/hough_transform

227t MItHE HO|X| LY=LCHH Nodes/Topics (active)2 HA & MEIE HES Z&
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OpenCV2t ROS2 N

n Append|x AIM 0|20 circlee ZX| 7ts

ros2 run hough_transform image_publisher --ros-args -p image_path:=img/coin.png

ros2 run hough_transform hough_transform --ros-args -p method:=circle

rqt



OpenCV2t ROS2

File Plugins Running Perspectives Help Eile Plugins Running Perspectives Help

Eimage View

Eimage View

Joriginal_image /hough_transform ~ | | &2 o = 10.00m |5 |3

I_image_mouse_left Smooth scaling ansform_mouse_left Smooth scaling 0°

"y ¥

Mexico Russia United States
of America

Mexico Russia United States
of America

% sudoku.pngZ circledE3dE 7], coin.pngZ line AE8HE7|
X1 e J130o 2 gliH7|

>
>



OpenCV2} ROS2
OpenCVEt?

OpenCV

= OpenCV
AHE HIH 2HS ?et Python 2t0|E2{E]

= HRHHIH
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OpenCV<e} ROS2
OpenCVEt?

= OpenCVe| EZ

-
(0,0)

OpenCV ZHEA|

ZHEO[ (0, 0)2= A

N
gh
NumPy

HIOIE EIE

OpenCVE numpytig
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OpenCV2} ROS2
v Canny Edgett?

Canny(

image = "%ANE &
thresholdl "0l K ‘
threshold2 = "UAl= 2!

Case1
47| B45}17} threshold 1 2Lt 2t9 M edge?} OFH ZHO 2 71

Case2

- O|OJRIOIA] ZAIS BH= WHOR 87| ¥t 2 HES M0t edge2 7| #I8I7} threshold2ECH 3 H A5t edgeZ 245
X510 20| SUS 25

= Threshold= 20[L} 248t 97| BI817} UO0{0F edgeZ QIMEIKIZ 2  Case3

ot 71&E 2+7| B3t threshold 12 CH 211 threshold2 2Lt 2O ™ 5t edge 2 7tF
ofot edge= F=HO| et edge’t ULH HZold! J1FX| pI2H edge”f OfH A= 7t

()]

Fx) @ ® . f(x) @ ® gt Th resho %g Tlp

Ry

\ P
| V ) /\ & Fus s = ’éﬁﬁfﬁ' > XIm edge))tXI =2 49l
I,
—/ NV sl

} o MO 2 Lower= Upper2l 0.4 ~ 0.52 AH(50, 150)

(a) (b) (a) (b) (c)



OpenCVQ.I' ROSZ Ref. HoughLines(image, rho, theta, threshold)
v 3‘|E EQOIEI_F? Line XX y=mx+b > 2AEAZ B

P(rho) = x cos 8 +y sin B(theta)

HoughLinesP(
image = "CGIAIE H=Z & Ol0OIAl",
- > rho = "&2 oAl OHCH &8 ALY,
theta = "9 2D A& HA",
@ @ threshold = "2 H 2t 2

@ minLinelLength = n& Ol& X
axLineGap = "Ct@l =& 0|AF EOf;

® ® ; Rho(psiaeE, =)ot Theta(osiAts, 2HE|QH
O XIMS AN £E5| AAS 201712 MHsH= M2to|E
O ® 200] 242 MEITE ZIF5HK|DH HARI0| SO0fH
@) threshold
O M| &|7] QI3 HO| £|A JH42 HO|Hs mp2to|E

: thresholdz{0] ZOFL42E O L XIM0| HEE
¢ : (ex, 50 = 5071 O| A2t HO|H Z|
minLineLength(z£st 24 M2 210|)

rx
e &
Hu .
ro
oz

XM ZI ALOl [} RIMO 2 miHSH= 11
= E|Mo| WHAS BISO0|M 1 KME K|LH= | 4Tt Threshold & SOPEnOle= T HASS H30l= TEblE
r minLineLengthZ0| X0[&+= O B2 40| 2=

28 97| KMo Her 2
(ex, 50=MZ ZO0|7t 0Lt BOH

» AN HEIE 0|2 MEO| X5 RH= HIH )
THA SHE _'T :E‘I HEE "rZ oy T maxLineGapXgzt 2|ty 52712
+ 0| BOIM U SES ORI BT N2 MBI, 8 EE) T o e mesie morale
S AZEOE 1 IEIS THESHS RSS DO At Ui 74 B4 Af0I2] A7t nOI2l 1 MO 2 BB TiRHUIE
) RSAE SHQIE LM HOj2|S XIMOR QIAIS 5150| 2
= BB, y1, x2, y2)S HHGHM HIE HMS I 2 US
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v |1 tHE10|2t? Circle

/ | ><,y}
/ | o .
/ h

! )
L/ﬁl g \;

TAN©® = y—-b
X —a

b=TAN©a + (y-x TAN )

>t
-

O|0|X|0|A edgeE AE5t1 Zt edgedl| &8t ME0|| LY
‘tset BE HO St HIX|ES Al
2Io| ZAOZ HAZE| 27} threshold=S H7|™H

]:[

02| 2(0] Ho| S+t BHX[S0] &

Edge ZZ&(Canny, Sobel, Laplacian) = Line or Circle(Hough Transform)

-
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o] Het0|2? Circle

minDist(Z&g S 2t 22 AH2))
dEE 2= MO|9] SeE a9l z|AgtsS d%ote M2t0|H=Z, minDist
o060 w0l &=E M2 71712 BS0| HO| 4&EE + UCH, S5& 0| 4=
HoughCircles( 2 7t580| E(ex, 50= & 7t H2|7t 50T 0|4 HORI JTt M2 Q1Y)
image = "=S% 0
method = "& F(LUEO 2 cv2.HOUGH_GRADIENT AMS)" i
] = Param1(Canny Edge Z£9| =2 A7)
- Hal, = =
paraml = o] ArEt 1ML Canny edge AE719| got AAIUS HFolk= Lt0|EIZ, param1 20|
param2 = "3& ASAE [ kSt edgec HEE

minRadius

maxRadius

o dES flot ol HEo| AARE d¥ol= LIStO|E =, &0| 2E+S
20| & 71540 J0re 4 918

method
HE OpenCVOIAM= HOUGH_GRADIENTZH ALt

minRadius2} maxRadlus'— Asst g9 z|A 1 z|f HIX|E8 AHol=
Op2t0|E 2, He7t S35 et 27(|2| 20| A=&
(ex, minRadius=10 > HIX|E 10HMHLC} 22 22 ZA[,

maxRadius=100 > HIX|2 100 HLCH 2 /2 2A|)

o

ST HlE= ’é’éﬂ% hj—HJIHE A | =20 =&
t
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OpenCV2t ROS2 Al

TE 4% - img_pub.py

Import
% 2ol
000
$ ros2 interface show sensor_msgs/msg/Image

import rclpy g AR ———

H $ ros2 interface show sensor_msgs/msg/Image
# This message contains an uncompressed image

from rClpy-NOde 1mp0rt NOde # (0, 0) is at top-left corner of image
f rom Sensor_msgs . msg lmpo rt Image std_msgs/Header header # Header timestamp should be acquisition time of image
. . . builtin_i f i
from cv_bridge import CvBridge s see e A
. uint32 nanosec
lmpo rt CV2 string frane td # Header frame_id should be optical frame of camera

# origin of frame should be optical center of cameara
# +x should point to the right in the image
# +y should point down in the image

= |mage : sensor_msg Ii7|X|0{|A] K|S St= 0|0|X| G|O|E] E}E] 712 should polnt info to slane of the trage

# message associated with the image conflict
# the behavior is undefined

- CVBr'dge ROSZ—Q—l OlDIIl E”OlE.'I% Pythono.”A-I AI-% 7}%6}}” EQ6H$—E %EHﬁ uint32 height # image height, that is, number of rows

uint32 width # image width, that is, number of columns
= ¢cv2 :openCV &= AZ25H| ot SeA b IF yor wnt o Stondardize o now string ommeb goch o I
oT = o T =2Hll— . . ] .

# ros-users@lists.ros.org and send an email proposing a new encoding.

string encoding # Encoding of pixels -- channel meaning, ordering, size
# taken from the list of strings in include/sensor_msgs/image_encodings.hpp

uint8 is_bigendian # is this data bigendian?

ImagePublisher 22jA H2 S L e e
: $

000
* Node A E A&40} image_publishergt= ROS2 =E MM
class ImagePublisher(Node): « II2HHE S EOIRE HIME 85
def __init__(self): L
super().__init__("image_publisher") * CvBridgeE =7|s}
self.declare_and_fetch_parameters()
D = R = OpenCV 0|0]X| € - ROS2 sensor_msgs/Image Hgt
self.publisher = self.create_publisher(Image, "original_image", ) = Image type HIA|X|E original_image Topic22 publishing, 10=HI{37|

self.setup_timer()
* self.setup_timer2 HEZA| £7((0.1%)2 4N
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nE A% - img_pub.py

def

def

def

declare_and_fetch_parameters(self):
"""Declare and fetch the image path parameter."""
self.declare_parameter("image_path", "")
image_path_param = (
self.get_parameter("image_path").get_parameter_value().string_value
)
if not image_path_param:
self.get_logger().error(

"No image path provided. Use '--ros-args -p image_path:=<path_to_image>"'"

)
rclpy.shutdown()
self.image_path = image_path_param

setup_timer(self):
"""Set up a timer to publish images at regular intervals."""
self.timer = self.create_timer( , self.publish_image)

publish_image(self):

"""Read an image from file and publish it."""

cv_image = cv2.imread(self.image_path)

if cv_image is None:
self.get_logger().error(f"Failed to load image from {self.image_path}")
return

ros_image = self.bridge.cv2_to_imgmsg(cv_image, encoding="bgr8")
self.publisher.publish(ros_image)
self.get_logger().info(

f"Published image: {self.image_path} with shape {cv_image.shape}"
)

>
f>

declare_and_fetch_parameters()
HA0{2| QIXIE MU O|0[X| HZS XE3

T BFO ARt L @RS S3Hot= &

ol

A
T

image_path2t= 0|SC 2 OfetH|E MAHSELT image_path_paramOf] X%

setup_timer()

self.create_timer(0.1, self.publish_image) &45 0|25t0 publish_image&f£=7} 0.1

P

(10Hz)OLC} 0|0|X|Z publishingst= & MXst=

oot
e

publish_image()

0|0|X] IIUZ 222 & imgmsg HAIOZ Metst CHE publishingdte

oot
e

openCVZE self.image_pathZd 22| 0|0|X|E 2|0 cv_imagelf X%
cv_image(numpy array, dtype=uint8, shape=(h, w, 3)) > ROS2 O|0|X| HA|X|Z2 et
ros_image MA|X|(sensor_msgs/msg/Image) 20l encoding="bgr8”, data=image

X OtoF SHH(grayscale)0|0|X|E publishingst ACHH? & mono8(8bit grayscale)



>
>

OpenCV2t ROS2
I A% - img_pub.py

st MA 2l publisher A&

a1 —

ro

|

def main(args=None):
rclpy. (args=args)
node = ImagePublisher()
rclpy. (node)
rclpy. ()

graph_RosGraph - rqt@user *nl P roce S S

sraph
= | | Nodes/Topics (active) ||/
Group: |2 |+ Namespaces | Actions [v|tf [v|Images | v Highlight |v|Fit |[Z]

Hide: | Dead sinks |v| Leaf topics |v/| Debug tf ¥/ Unreachable | Params

* imgmsg_to_cv2 Hgt

& 17| cv2.imread cv2_to_imgms Het = publishing 9 - Hough Transform &I/A 2=

LR ]
LR ]
LR ]




OpenCV2t ROS2

7 E A% - Hough_transform.py
Import

import rclpy

from rclpy.node import Node

from sensor_msgs.msg import Image
from cv_bridge import CvBridge
import cv2

import numpy as np

class HoughTransform(Node):
def __init__(self):
super().__init__("hough_transform")
self.method = (
self.declare_parameter("method", "").get_parameter_value().string_value
)
self.bridge = CvBridge()
self.subscriber = self.create_subscription(
Image, "original_image", self.process_image,
)
self.publisher = self.create_publisher(Image, "hough_transform", )
if not self.method:
self.get_logger().error(
"No method provided. Use '--ros-args -p method:=<method>""
)
rclpy.shutdown( )

>
>

Node A E M40} hough_transformO0|2h= ROS2 L= MM

method2t= ROS2 W2tH|E|E MAS}1 BH0HS(--ros—args —p method:=circle)
method?| default = “" (8l 2A}L), self.methoOf| X%

CvBridge Z4#| 4-d(OpenCV 0|0|X| € > ROS2 sensor_msgs/Image H#t)
“original_image” 2= Topic2 subscribing

HA|X|7} =2t6HH self.process_image callback &7} & E(Queue size=10)
2= imageE publishing & publisher 244. Topic0lE2 “hough_transform”
BlO|E EIE sensor_msgs.msg.Image

methodZ line E= circle = 5tL}Z X| ™5l 0} &t
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ACE A% - Hough_transform.py

def

process_1image(self, msg):
cv_1image = self.bridge.imgmsg_to_cv2(msg, "bgr8")

if self.method == "circle":
processed_image = self.detect_circles(cv_1image)
elif self.method == "line":

processed_image = self.detect_lines(cv_image)
else:

self.get_logger().error(f"Invalid method: {self.method}")

return
self.publisher.publish(

self.bridge.cv2_to_imgmsg(processed_image, encoding="bgr8")

)

process_image()

* subscribe node?| St &t4+=2 0|0|X|E ros2 imgmsgYAO|A numpy array= H

method(line/circle)0l [2tA “Hough Transformation ” & 48 $t C+S CtA| ros2 imgmsgZ HIEO publis

 encoding2 bgr8(blue, green, red, 8bit)

* Method?} circleO|H &2 a1, line0|H M2 &OH

=
« X2|E OpenCVO|O|X|E CtA| ROS2 H|X|X|2 HESHT “hough_transformation” Topic2Z Publishing®t

CtOfl Z2 02} 52

ho

=

[s1¢
=

A
T

f>
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TJCE Mo

def detect_circles(self, img):
gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
circles = cv2.HoughCircles(
cv2.GaussianBlur(gray, (9, 9), 2),
cv2.HOUGH_GRADIENT,

2

]
paraml=50,
param2=37,
minRadius=80,
maxRadius= ,

)

if circles is not None:

for x, y, r in np.round(circles[0, :]).astype("int"):
cv2.circle(img, (x, y), r, (0, , 0), 4)
cv2.circle(img, (x, y), 2, (0, 0, ), )
return img

def detect_lines(self, img):
edges = cv2.Canny(cv2.cvtColor(img, cv2.COLOR_BGR2GRAY),
lines = cv2.HoughLinesP(edges, 1, np.pi / 5 , None,
if lines i1s not None:
for x1, yl, x2, y2 in lines[:, 0]:
cv2.line(img, (x1, y1), (x2, y2), (0, , 0),
return img

0|2

detect_circles()
O|0|X|E Z0flM SHO= HEt
cv2.HoughCircles() &f+8 XEot0 ¥ EX|
GaussianBlurZ 0|X H|H & & 37|
parameter
@ 1:0|01X|2t 5 HI{O| Sl HIE @ 20: H 34 Zh 2|lAaHE
® Param1 : Canny Edge ZZ=7]| Aot @ Param2 : & 4% threshold
® minRadius, maxRadius : #11X} 5= 22| Z|A/Z|L] HIX|S

20| WARH TAF(E ST SO B2t H BA|)

detect_lines_image()

=™ Hough Transformation 2 XMS S
Parameter
ofl &t = (24T Q1)

@ 11 H2lohAE(pixel =) @ np.pi/180 : A&

@ 10: FA EEA @ 20 : ME9o| x|A ZI0|
® 2:MF XS M09 Z|Of 7+

0] 124 OJ0|X|E =&
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dl
1
z
oL

Ja
0t

Q! &8 M5t HoughTransform()= &

def main(args=None):
rclpy. (args=args)
node = HoughTransform()
rclpy. (node)
rclpy. ()

- O

graph_RosGraph - rgt@user X
*nl PFOCGSS D@ - o

.Mode Graph
& | | Nodes/Topics (active) - || =R

Group: |2 |+ Namespaces | Actions [v|tf [v|Images | v Highlight |v|Fit |[Z]
Hide: | Dead sinks |v| Leaf topics |v/| Debug tf ¥/ Unreachable | Params

* imgmsg_to_cv2 Hgt

& 17| cv2.imread cv2_to_imgms B3t Z publishing 9 Hough Transform /A1 2=
. HE

LR ]
LR ]
LR ]
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0
ODpenCV

)

$3:ROS2

sensor_msgs.msg_Image

shape(2, 2, 3) 2 (h=2, w=2, 3ch)

np.array([
bgr 2 [[255, 9, @], [e, 255,

[[ > J ]J [ ¥ ;|
], dtype=np.ulnt8)

cv_image =

[255, 0, 0,

11,

]]~

A

sensor_msgs.msg_Image

uint32 height
uint32 width

# image height, that is, number of rows
# image width, that is, number of columns

# The legal values for encoding are in file src/image_encodings.cpp
# If you want to standardize a new string format, join
# ros-users@lists.ros.org and send an email proposing a new encoding.

Encoding of pixels -- channel meaning, orderin
taken from the 1list of strings in include/sens

string encoding #
=
is this data bigendian?

Full row length in bytes
actual matrix data, size is (step * rows)

uint8 is_bigendian #
uint32 step #
uint8[] data #

32-bit integer

32-bit integer

0OAOBOCOD

Memory Memory

Big-endian Litfle-endian

Big—Endian(Z5 ARM) vs Little-Endian(x864IQ)

0, 255, 0,‘0, 0, 255,‘255, 255, 255]

self.publisher.publish(
self.bridge.cv2_to_imgmsg(processed_image, encoding="bgr8")

X step A4 : Step = width x (Ri'2 & HIO|E &= x &Y &)

3= 2t EL

Height 2 0|0 X| =0](2%t)

header:

stamp:
sec: @
nanosec:
frame id:

)
I-\.l

height: 222
width: 229
encoding:

step: 687

bgr8
is_bigendian: ©

o

Width 2 0|0]X| HH|(2R)

Encoding I8, 3xl'd, 8bit uint

Is_bigendian 0 =little_endian, 1=big_endian

0
Step 6 1E" A HIOIE & = L{H|(2) x HE(3)

Data R 1XHEC 2 HAT E4 glojH

GEYEE
- 254
- 254
- 254
- 254
- 254
- 254
- 254
- 254

254 222 x 229 x 1(mono8)

- 254
- 254
- 254
- 254
- 254
- 254
- 254
- 254
- 254
- 254
- 254
- 254
- 247
- 247
- 247
- 246
- 246
- 240
- 253

1 687 =

Step=7?

229 x 3(bgr8)



WorkSpace 2]

Workspace 22|

Ct=7H2] Workspace(Z2HE) &2

# OpenCV Workspace

.bashrcOl =7}¢t function | function ocv() { € opencv workspaceZ 0|S
cd ~/opencv

source install/setup.bash

echo "Switched to OpenCV Workspace"

}

# Ros2_ws Workspace € ros2_ws workspaceZ 0|S
function rw() {

cd ~/ros2_ws
source install/setup.bash
echo "Switched to ros2_ws"

}

#colcon build
function colcon_build() {
cd ~/ros2_ws && colcon build && source install/setup.bash

}
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fg 7|$
" 0|D|xl x"i‘lal . OlDle% _I-A-| 7|'I|0'|| I—léué
= 2210|9 =L 7| : 0|0|X| AN SI&E FAHS 0|=6HH XA

28 =0t

A HE(L0| X H|A, AbAf St ZhAl

Straight

0|0|X| MX{2]




ROS2%} x|41014|

AlA 574 1= | lane detection & &t

RViz*

B o &
File Panels Help
dinteract | %FMove Camera [ jSelect  <#:FocusCamera ==Measure  ~ 2DPoseEstimate . 2DGoalPose @ PublishPoint =3

[ Displays o]

# Global Options
+ ® clc 15 Warrn

©-r

>

an No tf data. Actual error: Frame [map] does not exist
» & Grid v
[—

~ |& Image v
» v Status: Ok
» Topic /video_frames
~ @ image v
» v Status: Ok
» Topic /processed_frames _ B S S
" @uarkar : Left position: 137, Right position: 504
» Topic /lane_info_marker
» Namespaces
|3/ Image |©]|/= Image (0]
‘ i
‘ B
i
I
1
il
i
H
i
Fixed Frame
Frame into which all data is transformed before being displayed.
Add
(© Time [
ROS Time: 1746322854.19 ROS Elapsed: 421.34 Wall Time: |1746322854.22 wall Elapsed: 421.34

Experimental

Reset = Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options. 31 fps



R0822} N vde
25 285

St S
l-

3 eh=0f 27

* Publisher?} subscriber X

fvideo_publisher

L

/video_frames Ivideo_subscriber

ncve| 5t7 CIEEL]

lane_detect.zip I}Y > 7|= opencv 2t0f| OI242} ZH0| = Z7|

opencv

camera_processing.py

lane_detector.py

video

track_video_1.mp4

publisher_node.py

lane_detect

slide_window.py

X Qo m : [ane_detect.zip

Iprocessed_frames

1. /video_frameZ subscribe_node0f HZ

flane_info_marker

2. /processed_frames&t /lane_info_markerE Rviz0j| $1Z

subscriber_node.py

subscriber_node.py=

publisher_node.py22E S34 TS 56110
camera_processing.py2t slide_window.py&
importst] XHME ZX|
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File Panels Help
fMinteract | “$*Move Camera | _JSelect  <#-FocusCamera T™mMeasure .~ 2D PoseEstimate ¢ 2D Goal Pose @ PublishPoint  dk =

D pisplays (0]

~ # Global Options C
Fixed Frame map
Background Color [ 48; 48; 48
Erama Daka an b’

Grid

Displays a grid along the ground plane, centered
at the origin of the target frame of reference.

Add

|2/ Image

Left position: 151, Right position:

|@ image [o]

Reset

Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

526

31 fps

#Node Graph
2 | | Nodes/Topics (active) il
Group: |3 3| Namespaces v Actions v/ tf v|Iimages | v!Highlight v!Fit |3

Hide: v| Deadsinks v/ Leaftopics v|Debug ¥/ tf v Unreachable v/ Params

@m\_listener_impl_63eﬁbba7c600

D@

-C

[ERERENIC]

/video_publisher

Jvideo_frames

/processed_frames
/video_subscriber
Nlane_info_marker
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2507

sparkx@sparkx-550XDA: ~/ope c$ tree

“hdugh_trénsform.py

img_pub.py
__init__.py

hough_transform.cpython-310.pyc
img_pub.cpython-310.pyc
img_sub.cpython-310.pyc
__init__.cpython-310.pyc

— package.xml

— hoﬁgh_transform
— setup.cfg
— setup.py

— test_copyright.py
— test_flake8.py

— test _pep257.py

— camera_processing.py
— __init__.py

— publisher_node.py
— slide_window.py

— subscriber_node.py
— package.xml

L— lane_detect
— setup.cfg
— setup.py

FEE test_copyright.py

test_flake8.py
test_pep257.py

9 directories, 26 files
sparkx@sparkx-550XDA: yencv/src$

opencv ClE|E2] X

EXPLORER

Vv OPENCV

> build
> img
> install
> log

W SIC

G EEO &

vscode X

v hough_transform

> hough_transform

> resource

> test

a package.xml
{ setup.cfg

@ setup.py

v lane_detect
> lane_detect
> resource

> test

a package.xml
& setup.cfg

@ setup.py

> video



ROS22} XHMOIAl

Al
=
AlAS
= =ot7/|
opencv/src&0] Ol2{0]l /lane_detectE2HE 0|3 Al
LII'IZ:Lp lane_de tect. Z:Lp build install log src video

opencvEL Ot2{0f| /videoEHE 0|S Al y r . . n

lane_detect resource test package. setup.cfg setup.py
build install log SrC video
lane_detect = = O x
{ :: opencv VidED - Q = - = = O x n . n n n
camera_ _init__.py publisher_ slide_ subscriber_
processing. node.py window.py node.pv
Py 5items selected (13.8kB)
track_
video_1.

mp4 “track video 1.mp4" selected (27.6 MB)




ROS29} AFAOIA
A =i
Al 5ot

= Step 4. Ij7|[X] RE=517

colcon build

source install/setup.bash

o[>
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AlAS
&l =9l
= Step 5. 3712| HO|S&0| 242 HHAE Y olLt,
Terminall

ros2 run lane_detect publisher_node —-ros-args —p video_path:=/video/track_video_1.mp4

ros2 run lane_detect publisher_node --ros-args -p video_path:=/video/track_video_1l.mp4 < G4 publishing

Terminal2
ros2 run lane_detect subscriber_node

000
< 4 subscribingdt XAl Q1415 0|0 X|Z CHA| publishing
ros2 run lane_detect subscriber_node

Terminal3

rviz2

rviz2

>
>
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sparkx@sparkx-

total 32
drwxrwxr-x
drwxr-x--- 3
drwxrwxr-x
drwxrwxr-x
drwxrwxr-x
drwxrwxr-x
drwxrwxr-x
drwxrwxr-x

NDABRRBRANABRAO®

sparkx@sparkx-
sparkx@sparkx-

total 16
drwxrwxr-x
drwxrwxr-x
drwxrwxr-x
drwxrwxr-x 5
sparkx@sparkx-

(4 [ o JN =N

sparkx@sparkx-550XDA:~/opencvS$ ros2 run lane detect publisher_node --ros-args -p video_path:=video/track_video_1.mp4

sparkx
sparkx
sparkx
sparkx
sparkx
sparkx
sparkx
sparkx

sparkx
sparkx
sparkx
sparkx
-550XDA+

550XDA:

550XDA:
550XDA:

= Step 5. E{O|E 5™

~/[opencv$ 11

sparkx 4096 May 3 20:52 ./
sparkx 4096 May 3 22:55 ../
sparkx 4096 May 3 20:53 build/
sparkx 4096 May 3 23:23 img/
sparkx 4096 May 3 20:53 install/
sparkx 4096 May 3 20:53 log/
sparkx 4096 May 3 20:52 src/
sparkx 4096 Oct 28 2024 video/

~fopencv$ cd src
~/opencv/src$ 11

sparkx 4096 May 3 20:52 ./
sparkx 4096 May 3 20:52 ../

sparkx 4096 Oct 28 2024 hough_transform/
sparkx 4096 Dec 19 10:55 lane_detect/
/‘\Aa,v.,fa.-,-t ~A

i)

5 DA $ . install/setup.bash
X=550XDA: $ ros2 run lane_detect subscriber_node

sparkx@sparkx-550XDA: ~/o

sparkx@sparkx-

Warning: Ignorlng XDG_SESSION=RRE=wa¥y'land on Gnome.

S550XDA:

r ]
S '[VitZ2

[INFO] [1746282604.766000229] [rviz2]: Stereo is NOT SUPPORTED

[INFO] [1746282604.766069956] [rviz2]: OpenGl version: 4.6 (GLSL 4.6)

hINFO] [1746282604.778968835] [rviz2]: Stereo is NOT SUPPORTED

Use QT_QPA_PLATFORM=wayland to run on Wayland anyway.



ROS22t RHMQIA
AI '“I.jl

File Panels Help

¥ Move Camera

\“_\ Interact

ocus Camera ™ Measure

I pisplays
Global Options
Fixed Frame map
Background Color [l 48; 48; 48
Frame Rate 30

e Notfdata. Actualerr...
v

Grid
Displays a grid along the ground plane, centered
at the origin of the target frame of reference.

RViz*

# 2D Pose Estimate

# 2D Goal Pose

¥ Publish Point

&+

rviz

Create visualization Create visualization

By display type | By topic By topic
~ [clicked_point
® PointStamped
~ [goal_pose
~ Pose
~ finitialpose
" PoseWithCovariance

lane_info_marker

By display type
~ [clicked_point
® PointStamped
~ [goal_pose

~ Pose
~ finitialpose

¥~ PoseWithCovariance
- flane_info_marker

MACK

E& camera
= image
- fvideo_frames
EE camera
= image

& camera
= image

show unvisualizable topics show unvisualizable topics

Description: Description:

Displays visualization_msgs:Mark{  The Image display creates an

image.

Display Name Display Name

Marker Image

rviz2
Create visualization
By display type = By topic
~ [clicked_point
® PointStamped
[goal_pose
~ Pose
finitialpose
¥~ PoseWithCovariance
flane_info_marker
¥ Marker
[processed_frames
& camera
& Image

Show unvisualizable topics

Description:

The Image display creates a new rendering window with an

image.

Display Name

Image

Ocancel || QoK |

>
>
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RViz*
File Panels Help
" Interact =¥ Move Camera Focus Camera ™= Measure # 2D Pose Estimate # 2D Goal Pose

Displays

Global Options

Fixed Frame map

Background Color [ 48; 48; 48

Frama Daka an
Grid
Displays a grid along the ground plane, centered
at the origin of the target frame of reference.

Left position: 151,  Right

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

@ Publish Point

position:

526

>
>
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e self.marker_publisher.publish(marker) ::ROS2

Al
=d

Left position: 151, Right position: 526

detected, left, right, processed = self.lane_detect(frame)

Eile Panels Help

Frame map
ground Color [l 48; 48; 48
o an

processed_msg = self.bridge.cv2_to_imgmsg(processed, encoding='bgr8')
e self.image_publisher.publish(processed_msg) 3HROS 2

ese

Displays a grid along the ground plane, centered
t at the origin of the target frame of reference.

frame, filtered = self.camera_processor.process_1image(frame)

if frame is not None:
slide_frame = frame[frame.shape[0] - :frame.shape[0] - , o]
detected, left, right, tmp_frame = self.slide_window_processor.slide(slide_frame)
processed_frame = self.slide_window_processor.lane_visualization(frame,left,right)

1

lane_detect(self, frame):

1

listener_callback(self, msg): $:ROS2

1

vidéb_subscriber :_VideoSubscriber()

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

t $ROS2
0 video_publisher = VideoPublisher(fps=30)
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HEQt A : publisher_node.py

import rclpy
from rclpy.node import Node

from sensor_msgs.msg import Image . JepNE=2=T"
from cv_bridge import CvBridge pUthherOﬂ -I |'OE
import cv2
import os

(XX

class VideoPublisher(Node):
def __init__ (self, fps=10):

super(). init_ ('video_publisher')

self.declare_and fetch_parameters()

self.fps = fps

self.bridge = CvBridge()

self.publisher = self.create_publisher(Image, 'video_frames', )

self.setup_timer(self.fps)

self.cap = cv2.VideoCapture(self.video_path)

if not self.cap.isOpened():
self.get _logger().error(f'Failed to open video file: {self.video_path}"')
rclpy.shutdown()

>
>

2= import

self.declare_and_fetch_parameter()
- videod = 7IH27|

cv2.VideoCapture()

- o H29| video HUNHR7|
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declare_and_fetch_parameters()
os BE9| os.path.dirname()2} os.path.realpath()S At2al 34Xl video_path2| ML AEE AS

f>

A 4 |

def declare_and_fetch_parameters(self):
self.declare_parameter('video_path', '')
video_path_param = self.get parameter('video_path').get parameter_value().string value
1f not video_path_param:
self.get logger().error(
'No video path provided. Use
)

rclpy.shutdown()
script _dir = os.path.dirname(os.path.realpath(__file_ ))
script _dir = '/'.join(script _dir.split('/"')[:4])
self.video _path = f'{script_dir}/{video_path_param}'

--ros-args -p video_path:=<path_to_video>
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setup_timer() / timer_callback()

f>

A 4 |

— { |

fpsE 71222 videoZ publishing® AlZt ZH4S X[ videol| of Zef| &4 1014 publishing®!

F

ol

01OF videoZ [ 0|4t Q12 &= QICtH(video? BLIH) videol| XL Q|X|Z SO07tA] CHA| XAl

O

def setup_timer(self, fps):

timer_interval = / Tps & fps7t 300|122 1/30sec = 0.03sec = 30ms = 303|/=Z
self.timer = self.create_timer(timer_interval, self.timer_callback)

def timer_callback(self):
ret, frame = self.cap.read()
if ret:
img_msg = self.bridge.cv2_to_imgmsg(frame, encoding='bgr8')
self.publisher.publish(img_msqg)
else:
self.cap.set(cv2.CAP_PROP_POS_FRAMES, 0)
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main()

v—

main(XlA ros25 =7|3t6t1 30fps@ 2 videoZ publishingdt
Otk publisher?t Z&&|™ VideoCapture()0| £H= XS ofA|

(s} Home / opencv / video : Q

000 X 42 18%(258%), 30fps x 258% = 7740frames
o track_video_1.mp4 Properties
def main(): _video_
rclpy. init() - _ :
video_publisher = VideoPublisher(fps= o icen VNN M S e o

rclpy.spin(video_publisher)
video_publisher.cap.release()
video_publisher.destroy_node( )
rclpy.shutdown()

if  name_ == "' main__':
main( )

Media Playback Audio Video Subtitle Tools View Help

>
f>

@ i

"track_video_1.mp4" selected (27.6 MB)
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subscriber_node.py

v—

visualization_msgs.msg import Marker
RvizO| IAES A[ZfefolV| flet Ea

from lane_detect import slide_window
from lane_detect import camera_process

MxX2|E ?let camera_process, XH1Q1AIZ 2[gt slide_window

import rclpy

from rclpy.node import Node

from sensor_msgs.msg import Image

from visualization_msgs.msg import Marker
from cv_bridge import CvBridge

import cv2

import numpy as np
from lane_detect import slide_window

from lane_detect import camera_processing

>
>



>
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Eof A%
_init__()

video_framesEZ|A] O|0|X| I1=

rvizO| Al ME& 00| X|2t marker HIA|X| publisher A2

camera_processZiH|2} slide_window ZHA| M2

v—

class VideoSubscriber(Node):
def __init__(self):

super().__init__('video_subscriber') € nodeO|&

self.subscription = self.create_subscription(
Image, < Image Ef} HIAIX|
'video_frames', & TOpiC E
self.listener_callback, =

)
self.image_publisher = self.create publisher(Image, 'processed frames', 10) < X|2|El O|0|X|Z processed_frames Topiclil publishing & publisher 444

self.marker_publisher = self.create_publisher(Marker, 'lane_info_marker"', ) 1= MHE A7F =} = AHAd
S iFbilde = CBelidet < lane 4E HEE A|Z43HRViz) & MarkerZ publishing & publisher 244

self.camera_processor = camera_processing.CameraProcessing( )

XN X aj ~=9 O|5} = O| OJAE{A AHA]
self.slide_window_processor = slide_window.SlideWindow(None) < O[O|X| X2 A lane FES ?let F /12| ALHA 4T
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ROS22t X

f>

b 5}

® 09 video frames Topic2 2 =02 Image HIA|X|E X2|5}t= callback

frame = self.bridge.imgmsg_to_cv2(msg, desired_encoding='bgr8"')

< ROS2 Image HIA|X|E OpenCV Numpy HIE2
self.lane_detect(frame)

A SH

= T o

)

def listener_callback(self, msqg)
& H2SH frame= lane_detect HIAME0 H7 laned=S
25104 publishing

lane ZX| G{&
|x| detected, left, right, processed =
= self.bridge.cv2_to_imgmsg(processed, encoding='bgr8'
self.image_publisher.publish(processed_msqg)
< processedE CIA| imgmsgE He
{left}, Right position: {right}’
< left = right 2AIEE Het

callback()
XHAQIA] 8t+E S E010
- - = detected
RHHQIA O EQF XHM 9| ZHH,
_ - = Left, right : lane &
XHAO] Al2t3tEl O[0jX|2 : *
i} * Processed : X2|E I processed_msg
publishingotCt ;
info_text f'Left position
Marker
() marker = Marker()
header: ZHE |2} E}QUAEIT S X0| marker.header.frame_id = "map"
_ marker.header.stamp = self.get_clock().now().to_msg()
type: OtH2| YE{ X|H(HIAE) marker.type = Marker.TEXT_VIEW_FACING _
_ - marker.action = Marker.ADD = RViz& 07 0|O|X| 4
pose: HIAES| x| marker.pose.position.z = = XHA= map
_ = SXf A|7IO2 MX
- BHIAEO marker.scale.z il (! =3
scale: 1AE9] F 7| marker.color.a = = O EM2 Text
: . P = 72} 7|ECE AU HH
color: EIAEO| AHAI} ETHL- marker.color.r ="
B | M 3 marker.color.g = = HAE 20/ 2m, X371 0.5
SHEIAE L2 marker.color.b = - =50 2y
marker.text = info_text
self.marker_publisher.publish(marker) < Ot{0f 2{0[A] 2= Text ‘210 Publishing

text: EAIS
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noopenCV 1. W2 H|OQ TYYS Hx2
2. lane H&
000 ) . o
% 17 frame0i| Ci3H lane ZESt= HIANE 3. ZME publishing
def lane_detect(self, frame): AMEHE >
frame, filtered = self.camera_processor.process_image(frame) 4, HHE Text2 H0{F

if frame is not None:

frame.shape = (480, 640)

slide_frame = frame[frame.shape[0] -

detected, left,
processed_frame =
self.processed_frame
return detected,

right,

tmp_frame =

processed_frame

left, right, self.processed_frame

:frame.shape[0] -

3

.1 € frame U Of2HZ A
self.slide_window_processor.slide(slide_frame) €< Slide windowZ lane A=
self.slide_window_processor.lane_visualization(frame,left,right)

22(200 ~ 150

< 4E ZUE M

OIAMl =
=2 T

l?l

NS

et

250X laneY x|, A

>
f>

return False, None, None, frame

track_video_1.mp4 - VLC media player

(0,0)

edia Playback Audio Video Subtitle

Tools View Help

lane_detect()

process_image() = 0|0|X|0f] MX{2| M
frame[frame.shape[0]
slide() > &£2t0|d 2= MESI0] X2 A& £

lane_visualization > XtAM QIAISE QIX|E £XI0 2 SEt6h

- 200:frame.shape[0] - 150, :] > MX2|=l 0|0|X| FH

AEES

=

xt27|

e

HA|

-200
-150
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maln()
main(0lM ros2E E7|3t5k A3l

v—

def main(args=None):
rclpy.init(args=args)
video_subscriber = VideoSubscriber()
rclpy.spin(video_subscriber)
video_subscriber.destroy_node()
rclpy.shutdown()

if __name__ == '_main__':
main()

>
>
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ROS22} XfMOIAl
— ME
nEel A
- 34 OpenCV
camera_processing.py =
12 AZ617| 95t X2 2
CIAIS 7% Q= 0|0|X|2 XA QIAlS |5t 0|0 X|2 tHEt
=24 WE «— 0|l e3¢
— s | M =ZE mot

AMdE 4
= %

(5) _
Warptat
(3)

CI29
, Cv2.THRESH_BINARY)

OB E®
, img):

def process_image(self
if img is None:

return None
091!‘[]9 self.remove_lighting(img)
_, 1mg = cv2.threshold(img, self.bin_threshold,
cv2.medianBlur(img, self.MedianBlur)
self choose_filtered_img(img)@

(x=130, y=252) ~ R

self.camera_processor.process_image(frame)
0

img
filtered, img
return img, filtered

self.warp(img)

def lane_detect(self, frame):
frame, filtered =

if frame is not None
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1. S 0|0|X|2 H18t5}7|

gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY) < GRAY SCALE=Z gt

® 00 XU 5)OR QIFt NoiseS MBS E4(EE HE)

def remove_lighting(self, img):
gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
blurred = cv2.GaussianBlur(gray, (self.LightRemove, self.LightRemove), 0)

diff_img = cv2.subtract(gray, blurred)
normalized_img = cv2.normalize(diff_img, None, 0, , cv2.NORM_MINMAX)

return normalized_img

nx
>



original - @ remove_light - &

GR00EEARE®A

def remove_lighting(self, img):
gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
blurred = cv2.GaussianBlur(gray, (self.LightRemove, self.LightRemove), 0)
e diff_img = cv2.subtract(gray, blurred)
normalized_img = cv2.normalize(diff_img, None, 0, , cv2.NORM_MINMAX)
return normalized_img

(o]
original - &= remove_light - x
& Y7 B & G €Y @

CRo0EEeReEE

=2l= O|0|X|E S3oHH(REEA) TS A O[0|X|Q| CIHYS AfK|StLE
| Hobt 2 RE(EE 32)U 5E(ZE €&, 130 & 20 0= H|H)

2. subtract > 7|& O|0|X|(¥&)0|M S2{& 0|0|X| |7
7|2 O|0|X|0IAM Lol M5t oot SIS AtMISHE| CIE|Y(B7] XI0))2 EHE
3. normalize - 0|0|X|2| & H2IE

2|40, Z|CH 2662 Z7Yol0] 8{7|(BL CHH)E #

tAl 2

ol
B

A8 MA 250 oE HEIK| MEet B&
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class CameraProcessing:

_ _ = e _ . def __init (self):

3. HiZTt B XHMS 22|517|(0| 213}, thresholding) el Gauss arBlr =

self.LightRemove =

self.MedianBlur =

self.bin_threshold =

Sell.Kernets =
'vertical': np.array([[-1, ,

_ ) = = Il
= TIAMIO| 9t7 |7} MASH QA ZHbin_threshold=10)ELCt 3™ 255(&M), ZOH O(HHM)O 2 HEt 2. 0. 2].
- o =] = = [_ H ) ]]
= BinThreshold?t= HHH O Hets| 22 + U= ‘diagonal_1': np.array(]
= OfX|2F ZHO|L & HiAL I E0]| M7 HOE = UZ > 28 HAH €1i2E ER e

- - . - - e
- [P - e

[
[
[
‘diagonal_2': np.array([[
[
[

e °°.
_, img = cv2.threshold(img, BinThreshold, , Cv2.THRESH_BINARY) }

original - X bin_threshold - X
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4. medianBlur &

» X0 HHE MX|TOFR] LLO| X7} A= > =24 TLE{(medianBlur) ML

= A2 0|2 MA H AEE AN 7A

=<

original - @ remove_light

MedianBlur =
img = cv2.medianBlur(img, MedianBlur)

>
>

MedianBlurgt?

= FE Z4oH E= 0=, 5| A2-FF E3(salt & pepper noise)

OJ0]X] MU0l CHaHA 3x3EEH Y XY

T 971 ZVAof CishM S2tat MEiSte 45k Fl= 2014 x)E HMA

LS LE{Q| AIO|ZE 3x3, bxb, 7x72 S8 4= UCH (2T 7t5) AOIZ7t AHESF
0= HAH §50| poliXl= 2, Harg Lot ok

[20, 21, 19] [20, 21, 19]

[22, ,18] > [18,19,20,20, ,21,22,22,200] > [22, ,18]
[21, 20, 22] =7t 4k 21 [21, 20, 22]



ROS22t X}AQIAl
E2 2%

5. Warptﬂ%(olﬂlll E\| HSHO 2 XM LWalisHA ot 7|

24X medianBlurZ7tX|

SELIREES

Q def warp(

, 1mg):
h, w = img. [:2]
src = np. ([
[170, 300],
[40, 380],
[500, 300],
[630, 380],
1)
dst = np. ([
[140, 0],
[140, 480],
[ H ]’
[500, 480],
1)
M = cv2.

warped_img = cv2.
return warped_img

>
>

(src, dst)
(img, M, (w, h))
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5. WarptHeto 2 XtMS malisHA| Ots
WarptHet2 = 9| EA|HStS 0[Zot0] Lol
HX 2=20[0|X|oAM E20 OHE AH F
(Of2H O|OX|0|A] 7O = HASH £HH)

el
El-rpgtfiu:
IO';. “" ’-"”" “[jh & &
simmll “‘““7’ Tﬂ'"mi;
am s 1r‘_Tlr—_—_ - ‘-\ ------ i

Src =

[

[40,
[
[

>
>

offd XtH | FHO| Waliot XM O 2 tHetE
np.float32([
]’
]7
]7
]’
X Warping Y QOf
1. €2 0|O|X|0 M 470 ZRIEE X|H(src)
2. Het S =HE o 474 ZIEE X|H(dst)
3. OpenCV &2 Hat IHESAS HAAt
4., HStME



000

src = np.float32([
[ b ],
[ ¥ ],
[ b ]’
[ I,

BOHA &

LolotH HO|=F TH5

. O D12 YTAIT|S 240]7| 0] o] FMO| X|LIXIH 20| Bl
s (140, 0) (500, 0)
v - A _ ] '&LJ ll\
7o il
.;g%?;&ﬁﬁ%ﬁj'ﬁ'J & ;ﬁ,bf”
< el AUUU [jh E’....:l
el gy
SR N !
y |
(500, 480)

(140, 480)

00

dst = np.float32([
[140, 0],
[140, 1,
[ b ]’
[ b ]’

>
>
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def choose_filtered_img(self, img):
OSHH 0|0|X| MX{2|Lt XI=F max_edge_strength = -

best_filtered_img = None
best kernel name = None

for kernel_name, kernel in self.kernels.items():
filtered_img = cv2.filter2D(img, -1, kernel)
edge_strength = np.sum(np.abs(filtered_img))

-1

if edge_strength > max_edge_strength:
2 2 : max_edge_strength = edge_strength
best_filtered_img filtered_img
best kernel _name = kernel _name

-1

Sobel EE{= 3x3 37|92 HE =, Zto| 80| M2t X=F, Y&, = M A E
=010 0|0|X|2] BAIE HXlot=Hl AHEE

self.kernels = {
'vertical': np.array([

return best_kernel_name, best_filtered_img

] 0|2 MASH HD(HE)SS A2 MEEA7|H 713 E2 4HE =6 ZHE
] best_kernel(AL{Zt &HE XA
11), = cv2.filter2D() &=

[-
[- ;
[
(

‘diagonal_1': np.array(|[

-

, 0, 1, LIRS £ 4% W0 TES N M, LIS I
D, 2k ol HEIS X

-

[

[-

[-
‘diagonal_2': np.array(l[ 2, ’

[

[

3 ] - ] =/ =2 T M
, -1, ~21]) - T3 WE WO XM HE 24 S0 28
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camera_processing.py
A 2=

import numpy as np
import cv2

class CameraProcessing:
def __init_ (self):
self.GaussianBlur = 3
self.LightRemove = 15
self.MedianBlur = 3
self.bin_threshold = 10
self.kernels = {

'vertical': np.array([[-1, 0, 1],
[_2: 0’ 2]5
[_ls @) 1]])5
'diagonal_1': np.array([[ 0, 1, 2],
[-1, o, 1],
[_2; _1: 0]])7
'diagonal_2': np.array([[ 2, 1, 0],
[ 15 (Da _1]3
[ (D) _1: _2]])

}

def process_image(self, img):
if img is None:
return None

img = self.remove_lighting(img)
_, img = cv2.threshold(img, self.bin_threshold, 255, cv2.THRESH_BINARY)

img cv2.medianBlur(img, self.MedianBlur)

img = self.warp(img)@
filtered, img = self.choose_filtered_img(img) Q

return img, filtered

def

def

def

choose_filtered_img(self, img):
max_edge_strength = -1
best_filtered_img = None
best_kernel _name = None

for kernel_name, kernel in self.kernels.items():
filtered_img = cv2.filter2D(img, -1, kernel)
edge_strength = np.sum(np.abs(filtered_img))

if edge_strength > max_edge_strength:
max_edge_strength = edge_strength
best_filtered_img = filtered_img
best kernel _name = kernel_name

return best_kernel_name, best_filtered_1img

remove_lighting(self, img):

gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

blurred = cv2.GaussianBlur(gray, (self.LightRemove, self.LightRemove), 0)
diff_img = cv2.subtract(gray, blurred)

normalized_img = cv2.normalize(diff_img, None, 0, 255, cv2.NORM_MINMAX)
return normalized_img

warp(self, img):
h, w = img.shape[:2]
src = np.float32([
[170, 300],
[40, 380],
[500, 300],
[630, 3801,
1)
dst = np.float32([
[140, 0],
[140, 480],
[500, 0],
[500, 480],
1)
M = cv2.getPerspectiveTransform(src, dst)
warped_img = cv2.warpPerspective(img, M, (w, h))
return warped_1img
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Fcgot MY

» Slide() > &1t QLEX XIMZ 20 XM 2t 2| 7|20 2 SAMME AH0|E
» Lane_visualization() > 32 XS 7|HICE /IERE [MI2}7}H XM MHIE IH=

s2lo|g ez
Tj2ioEf 4%

@ (2
—>

0|0|X] ROIMH

Frame - X processed - X

GRODEEAB®EE GRODEEAB®EE
| §
a C| 9| a

\ \ £310|2 IES0fA] 2at0|z &I
| | NS Bt 7O e

1 1 {1 1 T T [ 1 L_J|

— 1 I 1 1T 1T 1 1§ I 1 I T T

|
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def lane_detect(self, frame):
frame, filtered = self.camera_processor.process_image( frame)

'Lf R ic nr\+ Mr\no-

slide_frame = frame[frame.shape[0] - :frame.shape[0] - 5 81
detected, left, right, tmp_frame = self.slide_window_processor.slide(slide_frame)

processed_trame = self.slide_window_processor. lane_visualization(fTrame, leTt,right
self.processed_frame = processed_frame

return detected, left, right, self.processed_frame
return False, None, None, frame

warp - X

subscriber_node.pyXA slide_window¥112|&2 S£& [ 0|0[X|e] YRt HefN Mol

slide X

COolEEQAEB

-200 I ” I 280
-150 ' 330

(x=265, y=47) — R:0

XMMO0| A&tz 71 OFHEE S HetM MEE X [Z2] 2f O OF2HZ O|0| XIS E AIRSHK| 272
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2. 2ci0|d HER 7[2Hs ME
0|2 S0 A 1% XS 140,
QEX XME 50022 MHM7| T2
AHMQ| 7+2HIE 320, XHMQ| L{H|E 3602,
1% X712 140, LEX X732 50022 MY

= window_height, window_width :
=2i0|d =22 2710|12

= minpix : T A g
2= 2t O|0]X|0f| EXKof

=
A= 9718 AHd0l=t TH

0|2

X X 000

def __init__(self, control_node=None): = T np‘ﬂ(])at32([
self.center_old = [ ’ H
self.lane_width = [ : 1, ’
self.left_old = self.center_old - self.lane_width / [ , 1,

self.right_old = self.center_old + self.lane_width / 1)

500 - 140 = 360
500 + 140 =640 /2 = 320
00 /
window_height = < 360 >
window_width =
minpix =
= X2 MZ2Z 71 FEEM Mze 5210130] M
= JIERoE SEEA MUSHH 27| Yo 7127t S(30)
= LO|X0i| 25t RNt RpMD Shi= XS =XHEM H 407H)
0 140 320 500
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AC o} Mo

nonzero = img.nonzero()

nonzeroy = np.array(nonzero[0])
nonzerox = np.array(nonzero[1l])
left_idx = right_1idx =

= nonzeroy, nonzerox : 0 0] Ot B= T HS 7[4Q7|. AMAXNE HO|= THAS 37| ¢

F

gol

* nonzerot SIAM(2565) LA AHE DS > XM SH ZM
EIM O|%|2

= left_idx, right_idx : &} Q=& Xt0|
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for in range(n_windows):
if not find_left:
win_L_y_low = y_center - window_height //
win_L_y_high = y_center + window_height //

win_L_x_high = x_center - left_idx * window_width
win_L_x_low = x_center - (left_idx + 1) * window_width

if not find_right:
win_R_y_low = y_center - window_height //
y_high = y_center + window_height //
x_low = x_center + right_idx * window_width

x_high = x_center + (right_idx + 1) * window_width
cv2.rectangle(c_img, (win_L_x_low, win_L_y_low), (win_L_x_high, win_L_y_high),
cv2.rectangle(c_img, (win_R_x_low, win_R_y_low), (win_R_x_high, win_R_y_high),

good_left_1inds = (
(nonzeroy >= win
(nonzerox >= win

) .nonzero()[0]

good_right_inds = (
(nonzeroy >= win_R_y_low) & (nonzeroy < win_R_y_high) &
(nonzerox >= win_R_x_low) & (nonzerox < win_R_x_high)

) .nonzero()[0]

=i

y_low) & (nonzeroy < win_L_y_high) &
x_low) & (nonzerox < win_L_x_high)

if len(good_left_inds) > minpix and not find_left:

find_left = True
left_start_x = np.int32(np.mean(nonzerox[good_left_inds]))
for ind in good_left_inds:
cv2. le(c_img, (nonzerox[ind], nonzeroy[ind]), 1, (O, , 0), -1)

else:
left_idx +=

if len(good_right_inds) > minpix and not find_right:
find_right = True
right_start_x = np.int32(np.m
for ind in good_right_inds:
cv2.circle(c_img, (nonzerox[ind], nonzeroy[ind]), 1, (O,

in(nonzerox[good_right_inds]))

else:

right_idx +=

(
(

window_height

window_width =

minpix =

H1
40
W

9|2 21 Qa3 LMo S8

= (RE3H WM JH2Tt minpixELEH 2X| 20l

Z/QEZOR glidingstHA “SIM M 2

(x=265, y=47) ~ R:0

A
;O

«-------

B:0
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if find_left and find_right:
dist = right_start_x - left_start_x
self.center_old = np.int32((right_start_x + left_start_x) / 2)
if dist_threshold < dist < dist_threshold +
self.left_old = left_start_x
self.right_old = right_start_x

self.center_old = np.int32((left_start_x + right_start_x) / 2)
return 'both', left_start_x, right_start_x, c_img

% YZ L &2 42 > dist, center_old, left_old, right_old & 02| H+S2 YOIO|ESH XM HE (both)E Hist

Of
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if find_left:
find_right = False
dist_from_center = self.center_old - left_start_x
dist_from old = abs(left_start x - self.left old)

if dist_from_center >

and dist_from_old < 3
self.center_old = left_start_x + (dist_threshold //
change = left_start_x - self.left_old

right_start_x = self.right_old + change
self.left old = left _start x

self.right_old = right_start_x

return 'left', left_start_x, right_start_x, c_img

elif find_right:
find_left = False
dist_from_center = right_start_x - self.center_old
dist_from_old = abs(right_start x - self.right old)

if dist_from_center >

and dist_from_old <
self.center_old = right_start x - (dist_threshold //
change = right_start_x - self.right_old

left_start_x = self.left_old + change

self.left_old = left_start_x

self.right_old = right_start_x

return 'right', left_start_x, right_start_x, c_img

)

)
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T

| X12F Bl

2 > centers EH5t
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o0 = 0|9 Zh(oldZh) 2= CHA|SHO Bt
return False, . s . , c_img = O|'|C'>r? | E'”OIO'”HI_ x x I-Xl I', 7_(l'tlol |7:|I-X|'7| A|'E|'X|X| ?J%I\-; 7'|E-|'
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def lane_visualization(self, img, left_x_start, right_x_start):
NeLlgnt, wudin = mg.snape
output_img = np.dstack((img, img, img))

window_height =
window_width =

minpix = Mg X2 S 7|1ECE £210/F EERE Of UM 2|2 0|SotHAM M2
left_x_current = left_x_start tc'jéfgl J_(H_'I% 7;‘4'%
right_x_current = right_x_start
left_lane_pts = [] 000
right_lane_pts = []
for y in range(height - window_height, 0, -window_height): for point in left_lane_pts:
win_left_x_low = int(left_x_current - window_width // 2) cv2.circle(output_img, point, 1, (0, , 0), -1)

win_left_x_high
win_y_low = int(
win_y_high = int

int(left_x_current + window_width // 2) for point in right lane ptS‘
window_height) - -

(yy_) cv2.circle(output_img, point, 1, (0, 0, ), -1)

left_lane_pts/right_lane_ptsOl 2t2t £ Mol ZEE XAGH0 AlZst
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slide_window.py

I - E . O win_L_y low = win_L_y_high = win_L_x_low = win_L_x_high = 0

- win_R_y_low = win_R_y_high = win_R_x_low = win_R_x_high = 0
MA| T E ! indent0f =9

for _ in range(n_windows):
X N ] if not find_left:
win_L_y low = y_center - window_height // 2

import numpy as np win_L_y high = y_center + window_height // 2
import cv2 win_L_x_high = x_center - left_idx * window_width

win_L_x_low = x_center - (left_idx + 1) * window_width

class SlideWindow:
def __init__(self):
self.center_old = 320
self.lane_width = 360
self.left_old = self.center_old - self.lane_width / 180
self.right_old = self.center_old + self.lane_width / 180

if not find_right:
win_R_y low = y_center - window_height // 2
win_R_y_high = y_center + window_height // 2
win_R_x_low = x_center + right_idx * window_width
win_R_x_high = x_center + (right_idx + 1) * window_width

cv2.rectangle(c_img, (win_L_x_low, win_L_y_low), (win_L_x_high, win_L_y_high), (0, 255, 0), 1)

def slide(self, img): cv2.rectangle(c_img, (win_R_x_low, win_R_y_low), (win_R_x_high, win_R_y_high), (0, 0, 255), 1)

height, width = img.shape

c_img = np.dstack((img, img, img)) good_left_inds = (

(nonzeroy >= win_L_y_low) & (nonzeroy < win_L_y_high) &
window_height = 15 (nonzerox >= win_L_x_low) & (nonzerox < win_L_x_high)
window_width = 30 ).nonzero()[0]
minpix = 40 good_right_inds = (
n_windows = width // 2 (nonzeroy >= win_R_y_low) & (nonzeroy < win_R_y_high) &
pts_center = np.array([[width // 2, 0], [width // 2, height]], (nonzerox >= win_R_x_low) & (nonzerox < win_R_x_h1igh)

np.int32) ).nonzero()[0]

cv2.polylines(c_img, [pts_center], False, (0, 120, 120), 1)
if len(good_left_inds) > minpix and not find_left:

nonzero = img.nonzero( ) find_left = True .
nonzeroy = np.array(nonzero[0]) left_start_x = np.int32(np.mean(nonzerox[good_left_inds]))

nonzerox = np.array(nonzero[1]) e e i gent LEE el
cv2.circle(c_img, (nonzerox[ind], nonzeroy[ind]), 1, (0, 255, 0), -1)

else:
left_idx += 1

x_center self.center_old
y_center = height // 2

if len(good_right_inds) > minpix and not find_right:

left_idx = right_idx = 0 find_right = True
find_left = find_right = False right_start_x = np.int32(np.mean(nonzerox[good_right_inds]))
) for ind in good_right_inds:
left_start_x = right_start_x = 0 cv2.circle(c_img, (nonzerox[ind], nonzeroy[ind]l), 1, (0, 0, 255), -1)
dist_threshold = self.lane_width else:

dist = None right_idx += 1
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v slide_window.py
= MA| ZE : indent0f 32

if find_left and find_right:
dist = right_start_x - left_start_x
self.center_old = np.int32((right_start_x + left_start_x) / 2)
if dist_threshold < dist < dist_threshold + 80:
self.left_old = left_start_x
self.right_old = right_start_x

self.center_old = np.int32((left_start_x + right_start_x) / 2)
return 'both', left_start_x, right_start_x, c_1img

if find_left:
find_right = False
dist_from_center = self.center_old - left_start_x
dist_from_old = abs(left_start_x - self.left_old)

if dist_from_center > 50 and dist_from old < 55:
self.center_old = left_start x + (dist_threshold // 2)
change = left_start_x - self.left_old
right_start_x = self.right_old + change
self.left_old = left_start_x
self.right_old = right_start_x
return 'left', left_start_x, right_start_x, c_img

elif find_right:
find_left = False
dist_from_center = right_start_x - self.center_old
dist_from_old = abs(right_start_x - self.right_old)

if dist_from_center > 50 and dist_from old < 55:
self.center_old = right_start_x - (dist_threshold // 2)
change = right_start_x - self.right_old
left_start_x = self.left_old + change
self.left _old = left_start x
self.right_old = right_start_x
return 'right', left_start_x, right_start_x, c_img

return False, self.left_old, self.right_old, c_img

def lane_visualization(self, img, left_x_start, right_x_start):
height, width = img.shape
output_img = np.dstack((img, img, img))
window_height = 30
window_width = 30
minpix = 40

left_x_current = left_x_start
right_x_current = right_x_start

left_lane_pts = []
right_lane_pts = []

for y in range(height - window_height, 0, -window_height):
win_left_x_low = int(left_x_current - window_width // 2)
win_left_x_high = int(left_x_current + window_width // 2)
win_y_low = int(y - window_height)
win_y_high = int(y)

win_right_x_low = int(right_x_current - window_width // 2)
win_right_x_high = int(right_x_current + window_width // 2)

cv2.rectangle(output_img, (win_left_x_low, win_y_low), (win_left_x_high, win_y_high), (0, 255, 0), 2)
cv2.rectangle(output_img, (win_right_x_low, win_y_low), (win_right_x_high, win_y_high), (0, 0, 255), 2)

nonzero = img[win_y_low:win_y_high, win_left_x_low:win_left_x_high].nonzero()
nonzerox_left = nonzero[1l] + win_left_x_low
nonzeroy_left = nonzero[0] + win_y_low

nonzero = img[win_y_low:win_y_high, win_right_x_low:win_right_x_high].nonzero()
nonzerox_right = nonzero[1] + win_right_x_low
nonzeroy_right nonzero[0] + win_y_low

left_lane_pts.extend(list(zip(nonzerox_left, nonzeroy_left)))
right_lane_pts.extend(list(zip(nonzerox_right, nonzeroy_right)))

if len(nonzerox_left) > minpix:

left_x_current = np.int32(np.mean(nonzerox_left))
if len(nonzerox_right) > minpix:

right_x_current = np.int32(np.mean(nonzerox_right))

for point in left_lane_pts:

cv2.circle(output_img, point, 1, (0, 255, 0), -1)
for point in right_lane_pts:

cv2.circle(output_img, point, 1, (0, 0, 255), -1)

return output_img
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* PointCloud HIO|E|E CtR= 3D QAUSX|s9| LH(CiYet Hald D H)

1. PointNet
= [|0]E| H2&tI0] Pointcloud H|O[HE J1ti= oM stsol= B2, Standford CHSIOA 2 HE
» (Classification, Semantic Segmentation & 7ts
2. Voxelnet
= Pointcloud HIO|E{Z25E] Voxel FeatureE F& = 0| oliMaliA| EX|Z ZdSot= 3D Object DetectionZ 2
= 3R B VoxelHQE L= & Voxel 219 MES Voxel Feature Encoding Layergte H2ld WEQFIE 7K Feature Map €0
3. PointPillars
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X Qo O : point_cloud.zip

A= =
A4 4=

= Open3D.zip &h=0f ©7]
iIsher?t subscriber £ P@ J:ublisher_D /pcd @subsﬁber_@
subscribe_node0f| ¢1Z4
I /parameter_events @sform_listener_impl_55b4ba77€D

Rviz0f| H&

opencv

encvl| ot L E2|

point_cloud

setup.py

pcd_publisher_node= point cloud H|O|E{Z publisat1l

pcd_subscriber_node= 11 H|O|E{E BIOtA rviz 2
pointcloud

O] F

open3dE AlZtatet 4= U

gon

L 4
ped_subscriber fragment.ply

pcd_publisher

pcd_subscriber_node.py
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source install/setup.bash
|

pip install open3d

O Recent
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(st Home

2 Documents
¥ Downloads
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hough_transform
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= Step 3. 2212 E[O|20] BHO0=S &=
Terminal1: fragment.plyIt2 Q| HZ 9} voxel_sizeZ SMOZ T

ros2 run point_cloud pcd_publisher_node src/point_cloud/resource/fragment.ply 0

Terminal2

ros2 run point_cloud pcd_subscriber_node



i)

Open3D2}t ROS2 Al

v Numpy version 25 SHHA| 1.24 42 reinstall(orve=mu Sz )

al victor@victor-VirtualBox: ~/opencv_ws 140x39

e P R .
victor@victor-VirtualBox:~/opencv_ws$ ros2 run point_cloud pcd_publisher_node ~/opencv_ws/fsrc/point_cloud/resource/fragment.ply @
Jusr/lib/python3/dist-packages/scipy/__init__.py:146: UserWarning: A NumPy version ==1.17.3 and <1.25.0@ is required for this version of SciP
y (detected version 2.2.4

warnings.warn(f"A NumPy version =={np_minversion} and <{np_maxversion}"

A module that was compiled using NumPy 1.x cannot be run in

NumPy 2.2.4 as it may crash. To support both 1.x and 2.x

versions of NumPy, modules must be compiled with NumPy 2.8.

Some module may need to rebuild instead e.g. with 'pybindii1s=2.12'.

If you are a user of the module, the easiest solution will be to
downgrade to 'numpy<2' or try to upgrade the affected module.
We expect that some modules will nee

victor@victor-VirtualBox:~/opencv_ws$ python3 -c "import numpy; print(numpy. version_ )
Traceback (most recent call last): ||2.2.4
e>
sys.exit(load_entry_point('point-cloud==0.0.0", 'console_scripts', 'pcd_publisher_node')())
File "/home/victorfopencv_ws/install/point cloud/lib/point cloud/pcd publisher node". line 25. in _importlib load entrv point
return next(matches).load(|yictor@victor-virtualBox:~/opencv_wsS$ pip3 install --force-reinstall numpy==1.24.4 --user

File "/fusr/Llib/python3.10/im| . _
module = i.mport_modlﬂ_e(rnatx[{:"]‘]‘Eﬁﬂ:-":-"ng| numpy==1.24.4

File "/usr/lib/python3.16/im| Downloading numpy-1.24.4-cp310-cp31@-manylinux_2_17_x86_64.manylinux2014_x86_64.whl.metadata (5.6 kB)
return _bootstrap._gcd_impdDownloading numpy-1.24.4-cp310-cp310-manylinux 2 17 x86 64.manylinux2014 x86 64.whl (17.3 MB)
File "/home/victor/opencv_ws) 17.3/17.3 MB eta 0:00:00
<module= . .
import open3d as o3d Installing collected packages: numpy
File "/home/victor/.local/lil Attempting uninstall: numpy

_import open3d.ml _ Found existing installation: numpy 2.2.4
File "/home/victor/.local/1lil Uninstalling numpy-2.2.4:

from . import datasets . e
File "/home/victor/.local/lil Successfully uninstalled numpy-2.2.4

from open3d._ml3d.datasets|Successfully installed numpy-1.24.4
File "/home/victor/.local/li}y{ctor@victor-VirtualBox:~/opencv_ws$
from .semantickitti import -
File "/home/victor/.local/lib/python3.18/site-packages/open3d/ ml3d/datasets/semantickitti.py”, line &, in <module=
from sklearn.neighbors import KDTree
File "/home/victor/.local/lib/python3.10/site-packages/sklearn/__init__.py", line 73, in <module=>
from .base import clone # noga: E402
File "/home/victor/.local/lib/python3.108/site-packages/sklearn/base.py”, line 19, in <module=

a
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victor@victor-VirtualBox: ~fopencv_ws

- victor@victor-VirtualBox: ~/opencv_ws 140x10

1997 pip3 install numpy==1.24.4 --user --force-reinsall

1928 pip3 install --force-reinstall numpy==1.24.4 --user

1999 ros2 run point cloud pcd publisher node ~/opencv ws/src/point cloud/resource/fragment.ply @
2000 ros2 run point_cloud pcd publisher node ~/opencv _ws/src/point _cloud/resource/fragment.ply 0.05
2001 cd opencv_ws/

2002 . install/setup.bash

2003 history

PP | AT T N - v & 14000

foéé }Gﬁ ﬁdiﬁt_cloud ﬁcﬁ_publisher_node ~fopencv_ws/srcfpoint_cloud/resource/fragment.ply @

victor@victor-VirtualBox: ~fopencv ws 140x13

4m an L Lt U

ros2 run point_cloud :cd_5J35:rizer_wode[‘

victor@victor-VirtualBox: ~/opencv ws 140x12
ROS2 "Humble" is activated

S=te&Ba 1l /setup.bash

rvizz

rviz2]: Stereo is NOT SUPPORTED
rviz2]: OpenGl version: 4.5 (GLSL 4.5)
z2]: Stereo is NOT SUPPORTED

N_TYPE=waytamd=en Gnome. Use QT_QPA_PLATFORM=wayland to run on Wayland anyway.
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The Point Cloud2 display shows data from a (recommended)
sensor_msgs/PointCloud2 message.
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~ & Global Options
Fixed Frame map
Background Color [ 48; 48; 48 ~ Current View Orbit (rviz)
Frame Rate 30 Near Clip... 0.01
3| Status Invert Z Axis
No tf data. Actual err... \ Target Fra... <Fixed Frame>
v Distance 4.16003
Focal Shap... 0.05
Focal Shap... v
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Pitch 0.275399

Type: Orbit (rviz_defaul ~ Zero

» Focal Point  1.2912;-0.4257; ...

Remove Rename
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ros2 run point_cloud pcd publisher_node src/point_cloud/resource/fragment.ply 0.05

* voxel_sizeE 0.052 47YolH 5354 HHY L= 3DEES = + U

>
>
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RViz* - D @

File Panels Help

| Hl] Interact =2 Move Camera lect <-Focus Camera ™ Measure # 2D Pose Estimate /2D Goal Pose ¥ Publish Point 9P =
[ pisplays (O] »@ Views
e CfIObal Opions Type: | Orbit (rviz_defat ~ Zero
Fixed Frame map
Background Color [ 48; 48; 48 ~ Current View Orbit (rviz)
Frame Rate 30 Near Clip... 0.01
‘ S Invert Z Axis
. ed Frame  No tfdata. Actualerr... ; Target Fra... <Fixed Frame>
7 I R Distance 5.05261
s : TR S L) ‘ Focal Shap... 0.05
PointCloud2 v e ; S N Focal Shap... v
R 2 Yaw 4.12358
. . : . S Pitch 0.410398
rviz 2 B : A » Focal Point  0.58059; -0.3944...

Remove Rename
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 31fps
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pcd_publisher_node.py

= struct: PythonO|A] O|%! C|O|E{(=XxtLt Xt 22 HI0|E)Z CfE [ AFEot= 20|22
= open3d: 3D O|0|E|E X2[ot= 2H0[E 22

O

import sys

import os

import struct

import rclpy

import sensor_msgs.msg as Sensor_msgs
import std_msgs.msg as std_msgs
import numpy as np

import open3d as 03d

from rclpy.node import Node

o[>
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3D 24F|0| 2YS K
M, B 50| YEE B
181} 22 TCE 5

Aol= ]1|-0| Al

off 3D HIO|HE X%
i .plyIIYS numpy HIE 2 HIE £ AS

data = open3d.io.read_point_cloud( "fragment.ply")
points = np.asarray(data.points)

@
A LHEOA S HE
0.7 array([[ ’
0.8 [ ’
0 0.5 [-0.2, -
-0.6 [
[

o[>
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fragment.ply - GHex

File Edit View Windows Help

elefeleleletele] i@ 6C 79 0D BA 6E 61 72 79 5F 6C 69 Eﬂy..format binary little end
geeeeelDd 69 61 6E 20 31 6E 74 20 50 43 4C 20 ian 1.0..comment PCL generatel
00B00A3A 64 OD OA 65 6C 74 65 78 20 31 39 36 d..element vertex 196133..pro
poeoeesy 70 65 72 74 79 OA 70 72 6F 70 65 72 perty float x..property float
gpeeee74 20 79 6D BA 70 6C 6F 61 74 20 7A 6D y..property float z..propert
ppeeEe91 79 20 75 63 68 72 6F 70 65 72 74 79 y uchar red..property uchar g
ODOOEOAE 72 65 65 6E 6D 20 75 63 68 61 72 20 reen. .property uchar blue..pr
OpeeeeCB 6F 70 65 72 74 78 0D DA 70 72 6F 70 operty float nx..property flo
OOOOEOES 61 74 20 6E 79 79 20 66 6C 6F 61 74 at ny..property float nz..pro
gpeeeles 7O 65 72 74 79 72 76 61 74 75 72 65 perty float curvature..elemen
poeoel22z 74 20 63 61 6D 6F 70 65 72 74 79 20 t camera l..property float vi
OeeeE13F 65 77 5F 70 78 79 20 66 6C 6F 61 74 ew _px..property float view py
0peeE15C 0D BA 70 72 6F 61 74 20 76 69 65 77 . .property float view pz..pro
gpeeel79 70 65 72 74 79 61 78 69 73 78 0D OA perty float x _axisx..property
ppeee196 20 66 6C 6F 61 OD OA 70 72 6F 70 65 float x axisy..property floa
Opeee1B3 74 20 78 5F 61 70 65 72 74 79 20 66 t x_axisz..property float y_a
gpeeelbe 78 69 73 78 6D 20 66 6C 6F 61 74 20 xisx..property float y axisy.
OOPOE1ED ©OA 70 72 6F 70 74 20 79 5F 61 78 69 .property float y axisz..prop
0eee020A 65 72 74 79 20 78 69 73 78 6D 0A 70 erty float z _axisx..property
poeee227 66 6C 6F 61 74 OA 70 72 6F 70 65 72 float z axisy..property float

AAAAAT A T T L T B T TP e

A mAa ,e e

Signed 8 bit: | 112 Signed 32 bit: | 226061424 Hexadecimal: | 70
Unsigned 8 bit: | 112 Unsigned 32 bit: 226061424 Octal: | 160
Signed 16 bit: 27760 Signed 64 bit: 8245921636100435056 Binary: 01110000
Unsigned 16 bit: | 27760 Unsigned 64 bit: 8245921636100435056 Stream Length: | 8
Float 32 bit: | 7.685958e-31 Float 64 bit: | 1.674930e+243

Show little endian decoding show unsigned and float as hexadecimal

Offset: 0x0
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pcd_publisher_node.py

self.load_point_cloud() Z2IE SRt MY =22 7|
S S22 MEE rviz ZEAQt TH27| 20| 3™ 2 0|S2 A|7{0f &

self.points = self.rotate_points_90(self.points) 222 3D M== 90k 3|HA|Z

self.points[:, 2] += 2.5 S22 M=2 z=29| YO = 0|SA|A

sensor_msgs/PointCloud2 HIA|X|Z publishinggt

000
class PCDPublisher(Node):

def __1init__(self, voxel_size, pcd_path):
super().__init__('pcd_publisher_node')

self.voxel _size = voxel_size
self.pcd_path = pcd_path

self.load_point_cloud() < Pointcloud 2
self.points = self.rotate_points_90(self.points

self.points[:, 2] += € XF 71222 0k 3|H & 7% X[ M= 2.55
self.pcd_publisher = self.create_publisher(sensor_msgs.PointCloud2, 'pcd', )
self.timer = self.create_timer(1l / , self.timer_callback) & 30Hz Publishing 2t A3l

>
o[>

EIHNNM HRE 1)
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p x@spark :~$ ros2 interface show sensor_msgs/msg/PointCloud2
ThlS message holds a collection or N-dimensional polNts, wWhich may

Voxel -
# contain additional information such as normals, intensity, etc. The
# point data is stored as a binary blob, its layout described by the
. = - # contents of the "fields" array.
= Volume'd} Pixel'2| 0=, 3x SZH0AQ] 'TA'S 2|0| .
# The point cloud data may be organized 2d (image-like) or 1d (unordered).
A = 1T -= = — # Point clouds organized as 2d images may be produced by camera depth sensors
— 2DO'||A-I—O—| I—L! 1IOI I-IOE OII:IlIlE oI_I-I:I-DI_:Ia 3DO‘IIA-I: Voxelol # such as stereo or time-of-flight.
(@) o II & # Time of sensor data acquisition, and the coordinate frame ID (for 3d points).
x—!'._ X D:IX'HE 3D EX'" °|_:I std_msgs/Header header ;

builtin_interfaces/Time stamp
" ®) L OIO 2 -|6l- A Ol int32 sec
Voxel_l 37' 'LLO“ |- |- =2 T MO uint32 nanosec
string frame_1id

# 2D structure of the point cloud. If the cloud is unordered, height 1is
# 1 and width is the length of the point cloud.
uint32 height

Voxel8| 27|7} &2 Ij Voxel2| 7|7} 2 mj uint32 width

# Describes the channels and their layout in the binary data blob.

PointField[] fields
uint8 INT8
uint8 UINTS8
uint8 INT16
uint8 UINT16
uint8 INT32
uint8 UINT32
uint8 FLOAT32
uint8 FLOAT64
string name
uint32 offset
uint8 datatype
uint32 count

< PointCloud?2 interface

LI | | | | O 1|

O~NOUVT D WN =

HHEH R R

bool is_bigendian # Is this data bigendian?

uint32 point_step # Length of a point in bytes

uint32 row_step # Length of a row in bytes

B : ] 2 ! I
K1E|§EEE Hf%% uint8[] data # Actual point data, size is (row_step*height)

bool is_dense # True if there are no invalid points
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O

o3d.io.read_point_cloud(:--)
HOIE S2fRE H0|H S8 27|

000
def load_point_cloud(self): pCd.VOXGI down Sample('")
if not os.path.exists(self.pcd_path): 3DO|0|E Q] HMEE U= Gia

raise FileNotFoundError("File doesn't exist.")
Voxel2| 7|2 ¢/
pcd = 03d.1o.read_point_cloud(self.pcd_path) . = "™
if self.voxel size > 0: down_sampling &5 XNe|&2 7 EaEpX|X| 2t
pcd = pcd.voxel_down_sample(self.voxel_size) Qo] EAM EAMSHX
< down_sample : Z TubeQtf| U= HOIESS StLIZ [HESHE WAIOZ HOIE T4 £ 3DEZ0| 54 5o

LI [FENITES. 21 I BB e oGRS )é point= (x, v, z) Open3D2| Vector3dVectorEtI(N, 3)

self.colors np.asarray(pcd.colors) :
< color= (r, g, b) Open3D2| Vector3dVectorEt(N, 3) Create_p0|nt_CIOUd_m GSSGQG( )
def timer_callback(self): 0~ 1 floati 3D H=9| %|(Points)2} MAHColors)S 7|= AHE

S22 'map’0fl 33 ROS2 HIA|X[2 Hetet
pcd_msg = self.create_point_cloud_message(self.points, self.colors, 'map')
self.pcd_publisher.publish(pcd_msg)

% 2 0 ~ 255 int 20| OtL| 1! float 2X&7}?
* OpenGL, VulkanZ2 3D J12ZHA EFAPIS2 0 ~ 1.0 floatzt At

Before voxel down_sample After voxel down sample (voxel size=8.1 _ - i
_________________________ e : . HFSHO ~ 1)2 HOIERIM HSE 34
*_point) - . N = otA 7| Ato] H&H(Interpolation)
* * * = H2=] 2o float color = int color /
£ & * X E & E —_ —_
E S £ £
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cost) —sind X

sinf costO

XIS LEHLH= #E (1, 1)01 21 Het WS SotH 0UF 2T Fo| U0| L=
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OlAl: 90°2F =|THAIZA [}

cos90 —s1n90
s1m9Y90 cosY0

—1
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rotate_points_90()

" xF0| 1FE =M lES 0[Fot0 At = 90k

HE X5 7|82

create_point_cloud_message()

= IIOIE + MA H|0|E{E sensor_msgs/PointCloud2 EEHOZ tH3t
= 22k (x, y, 2)2t (r, g, b)E packingdliAl 16byteE M

» Field A74. x, vy, z, rgb 2t2H0]| CHall PoingField 244

» Z[ZHOZ PointCloud2 HIA|IX| H&|E BHS0] Hhet

>
o[>

def

def

rotate_points_90(self, points):

theta = np.radians(90)
rotation_matrix = np.array([
[’ b ]’
[0, np.cos(theta), -np.sin(theta)],
[0, np.sin(theta), np.cos(theta)]
1

return np.dot(points, rotation_matrix)
create_point_cloud_message(self, points, colors, parent_frame):

ros_dtype = sensor_msgs.PointField.FLOAT32

data = [
struct.pack('fffIl', x, y, z, (int(r * ) << ) | (int(g * ) << 8) | int(b *
for (x, y, z), (r, g, b} in zip(points, colors)

|

data = b''.join(data)

fields = [
sensor_msgs.PointField(name='x"', offset=0, datatype=ros_dtype, count=1l),
sensor_msgs.PointField(name="'y', offset=4, datatype=ros_dtype, count=1l),
sensor_msgs.PointField(name='z', offset=8, datatype=ros_dtype, count=1),

sensor_msgs.PointField(name='rgb', offset=

count=1),

]

header = std_msgs.Header(frame_id=parent_frame)
return sensor_msgs.PointCloud2(
header=header,
height=1,
width=points.shape[0],
is_dense=False,
is_bigendian=False,
fields=fields,
point_step=16,
row_step=16 * points.shape[0],
data=data

, datatype=sensor_msgs.PointField.UINT32,
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def create_point_cloud_message(self, points, colors, parent_frame):

ros_dtype = sensor_msgs.PointField.FLOAT32

data = [

struct.pack('fffI', x, y, z, (int(r *

) << ) | (int(g * ) << 8) | int(b * ))

for (x, y, z), (r, g, b) in zip(points, colors)

]
data = b''.join(data)

flelds = [

sensor_msgs.PointField(name='x"', offset=0, datatype=ros_dtype, count=1}),
sensor_msgs.PointField(name='y', offset=4, datatype=ros_dtype, count=1),
sensor_msgs.PointField(name='z"', offset=8, datatype=ros_dtype, count=1),
sensor_msgs.PointField(name='rgb', offset=12, datatype=sensor_msgs.PointField.UINT32, count=1),

]

header = std_msgs.Header(frame_id=parent_frame)

return sensor_msgs.PointCloud2(
header=header,
height=1,
width=points.shape[0],
is_dense=False,
is_bigendian=False,
fields=fields,
point_step=16,
row_step=16 * points.shape[0],
data=data

O TEL A} ALA BIOJEIS HIO|LIZ] HENZ HEHsln 72X}

oo

o[>
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points = [

0|2t Z2 KA| HIO|E{7} %% H
X, y, z ZEZ2 floatEIYS
colorsE intEI O 2 Hf# f

fFFI :
fFFI :

b ? b

b ? b

>
>

RGB: &7

. H
|nt(161|4$- i *&,

Ox F ooéoo
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O

fffI : 1.0,
fffI : 4.0,

-'-|o —_1—

\OO\00\80\3f
\00\00\80\40

=Mooz [

[t £0| Bj0| 2| IE= HE

\00\00\00\40
\00\00\a0\40

\00\00\40\40
\00\00\c0\40

\OO\OO\TT\0OO
\OO\TF\OO\0OO

o[>
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def main(args=None):

if

rclpy.init(args=args)

if len(sys.argv) <=

. n oielol mQSHU|ICE ™ C

raise ValueError("ply IOj0| ZLPILICt. ") n1a|n()
e e e 0] voxel_size i CHgot QIXtL2f
voxel_size = float(sys.argv[2]) if len(sys.argv) > 2 else plyIlLO ZZZ HHOpA]

HIO|E{E publishing®t
pcd_publisher = PCDPublisher(voxel_size, pcd_path)
rclpy.spin(pcd_publisher)
pcd_publisher.destroy_node( )
rclpy.shutdown( )

__nhame__ == '_main__"':

main( )
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pcd_subscriber_node.py

from sensor_msgs.msg import PointCloud2, PointField
ROS20{|A 3D HIO|HZ X2|ot7| flol ArSEl= HAX| FAS S2=E BE

import struct

import math

import sys

import rclpy

from rclpy.node import Node

import sensor_msgs.msg as Sensor_msgs

import numpy as np

import open3d as 03d

from sensor_msgs.msg import PointCloud2, PointField

o[>
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pcd_subscriber_node.py

000
= self.vis = 03d.visualization.Visualizer()
class PCDListener(Node): Open3D| AlZisl £7= 7|3}

def __init__(self):
super().__init__('pcd_subscriber_node"')

self.vis = 03d.visualization.Visualizer() = self.vis.create_window()
self.vis.create_window( ) Open3D A|Zf5} 22 MM

self.o3d_pcd = o3d.geometry.PointCloud()
self.pcd_subscriber = self.create_subscription(
sensor_msgs.PointCloud2,

ocd’ = self.03d_pcd = 03d.geometry.PointCloud()
pca-,
self.listener_callback, HIO] = EQIE S2tRE ZHFNE 4H

ROS2Z E35ff 22 {|0|E{(subscribing)2 XM&at7| 5t %
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000
def listener_callback(self, msg):

points = read_points(msg, field_names=("x", "y", "z"),
skip_nans=True)

pcd_as_numpy_array = np.array([point[:3] for point in
points])

if pcd_as_numpy_array.shape[0] ==
self.get_logger().error("Received empty point cloud")
return

self.vis.remove_geometry(self.o3d_pcd)
self.o3d_pcd = o03d.geometry.PointCloud(
o3d.utility.Vector3dVector(pcd_as_numpy_array)

)

self.vis.update_renderer()

self.vis.add_geometry(self.o3d_pcd)
self.vis.poll_events() #7|E} A|Zt3t U 4HI0|E A=

PointCloud2 MIA|X| £=A1 = © x, vy, z, rgb HIO|E{ &% > = Numpy H{EZ

>
>

listener_callback()

HEQIE SR H0|HE Xelotil Al2at

» points = read_points(msg, field_names=("x", "y", "z"),
skip_nans=True)
Point Cloud HIAIX|0M x, v, z HE2| ZtH HI0|E{ 2t 714 =Z

» pcd_as_numpy_array = np.array([point[:3] for point in points])
pointsH|0|E{E numpyti€2 Ht= ZE

» self.vis.remove_geometry(self.o3d_pcd)
O| 0| AlZfetE EQIE S2HREE MA > = HIOES YK

» self.o3d_pcd = 03d.geometry.PointCloud(

o3d.utility.Vector3dVector(pcd_as_numpy_array)
AZtSHE 2|sH numPy B H|0|E{E Open3D2| PointCloud 2|2 tHat

B3t > Open3D PointCloud(self.03_pcd)0fl 22 >  3lH0| 3DZ A|Zts}
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3D HIO[E{0fl S0{7k= 2t HS2l FH (ol /I, 4 S)7t

x
XX :
Ofc A0 2 MEE|=X|S LIEMH HIO|E| 7

_DATATYPES = { < ZF G|O|E| EFUO|| Z 2F0{2t HIO|E 5 HO|
PointField.INT8: ('b', 1),
PointField.UINT8: ('B', 1)

)

# PointCloud? message format.

PointField.INT16: ('h"', , uint8 INT8 =1
PointField.UINT16: ('H', 2), uint8 UINTS - 2
PointField.INT32: ('i', 4), uint§ INT16 - 3
PointField.UINT32: ('I', 4), uint UINT16 - 4
PointField.FLOAT32: ('f', 4), : fj':;i; :2
PointField.FLOAT64: ('d', 8) e riony
} uint8 FLOATG4 = 8



>
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cloud is not a sensor_msgs.msg.PointCloud2’

PointCloud2),

def read_points(cloud, field_names=None)
get_struct_fmt(cloud.is_bigendian, cloud.fields, field_names)

Open3D2t ROS2
Eof A%

assert isinstance(cloud

O

fmt = _
width = cloud.width
height = cloud.height
point_step = cloud.point_step
cloud.row_step

row_step =
data = cloud.data
struct.Struct(fmt).unpack_from

unpack_from

for v in range(height)
offset = row_step * v
for u in range(width):
yield unpack_from(data, offset)
offset += point_step
= unpack_from = struct.Struct(fmt). unpack from
: GIOJES ofH AUS = AQUX| 0|2 FefsliF= HE.
yieldE Sall &t &3l S2H0| unpackst S returndiiE

parsing & THAOIAN A

assert isinstance(cloud, PointCloud?2)
2 E H|0|E{7} PointCloud2 &A{QIX| 2ol(HB)dl=

Ll

ik

1M ZE QryYy
o L]
Rk

fmt = _get_struct_fmt(cloud.is_bigendian, cloud.fields, field_names)

ol
ol

Xist 'Hol's 0S| bigendian, fields, field_name2
8824

2|, CIOJE] W

0

D HIO|E(ZQIE 17H)E X

= ol
21—

ol0f CIOIE S
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EQ_I- AlH def _get_struct_fmt(is_bigendian, fields, field_names=None):
e =0
fmt = '>' {f 1s_bigendian else '<'
offset =

fields_sorted = sorted(fields, key=lambda f: f.offset)
for field in (f for f in fields _sorted if field names is None or f.name in
field _names):
1f offset < field.offset:
fmt += 'x' * (field.offset - offset)
offset = field.offset
if field.datatype in _DATATYPES:
datatype_fmt, datatype_length = _DATATYPES[field.datatype]
fmt += field.count * datatype_fmt
offset += field.count * datatype_length
else:
print(f'Skipping unknown PointField datatype [{field.datatype}]’
file=sys.stderr)
return fmt

= fmt=")"if is_bigendian else (’ fields_sorted = sorted(fields, key=lambda f: f.offset)
. H|O|E|E S ik 50| : 3D HIOJE{0f] Z&HEl 2 HMHE(x, vy, z ZHH)E offset U 7|&EC= HA

= offset=0 * Forg

(HIOIHE 47| AlEE 91XIS 022 83 : HIO|E A0 2USHAH oS M = return
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main()

000
def main(args=None):

rclpy.init(args=args)
pcd_listener = PCDListener()
rclpy.spin(pcd_listener)
pcd_listener.destroy_node( )
rclpy.shutdown()

pcd_publisher_node.py

pcd Y-S AU S

>
>

pcd_subscriber_node.py

pcd Topicg 1=

Numpyz & 7t5(81H, 7% 0|3)

PointCloud2 HIA|X|Z parshingdiA numpyE S

PointCloud2 HIA|X| 44-d 3! Publishing

E% numpy arrayE Open3DZE A|Zts}

30Hz 7|2 Publishing

M=Z2 20| SHH HEHE HH0|E
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isplays
Global Options

Fixed Frame map

Background Color [ 48; 48; 48

Frame Rate 30

) F F No tf data. Actualerr...
Grid v

PointCloud2 v
v/ Status: Ok
Topic /pcd
Selectable v
Style Flat Squares
Size (m) 0.01
Alpha
Decay Time
Position Transf.
Color Transfor...
Axis
Autocompute
Use Fixed Frame

D Displays
& Global Options
Fixed Frame p
Background Color M 48; 48; 48
Frame Rate 30

No tf data. Actualerr...
v
PointCloud2 v
» v Status: Ok
» Topic /pcd
Selectable v
Style Flat Squares

Alpha

Decay Time
Position Transf...
Color Transfor...

Size (m)
Point size in meters.

Global Options

Fixed Frame ma|
Background Color [l 48; 48; 48
Frame Rate 30

No tf data. Actualerr...
v

» v Status: Ok

+ Topic /pcd
Selectable v
Style Flat Squares
Size (m) 005
Alpha 1
Decay Time 0
Position Transf... XYZ
Color Transfor...  AxisColor
Axis z
Autocompute V. v
Use Fixed Frame v

Size (m)

>
>

Color Transformer
Set the transformer to use to set the color of the
points.

Point size in meters.

Add
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