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Chapter 1. Software Set up

1-0. PC Setup
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1-1. ROS Melodic A %]

1) source.list &%
- package.ros.org 225 AZEQOE YO0t = U= PCE ME L Ch

task@task:~S sudo sh -c¢ 'echo "deb http://packages.ros.org/ros/ubuntu $(1lsb_release -sc) main”
> fetcfapt/sources.list.dfros-latest.list’

$ sudo sh -c 'echo "deb http://packages.ros.org/ros/ubuntu $(Isb_release -sc) main" > /etc/a

pt/sources.list.d/ros-latest.list'

2) keys 7
task@task:~$ sudo apt-key adv --keyserver 'hkp://keyserver.ubuntu.com:80' --recv-key C1CF6E31E6
BADE886881?2B4F42ED(’)FBA81?C654I

$ sudo apt-key adv --keyserver 'hkp://keyserverubuntu.com:80" --recv-key C1CF6E31E6BADE
8868B172B4F42ED6FBAB17C654

* keyserver 20| HZ 2|7} SrMSICHH Qo] HHOJOA " +O| LIS hkp:pgp.mit.edu:80 &2
hkp://keyserverubuntu.com:80 2 = HHYEA|Z HFEfL|CE

3) melodic install
- Debian I{7|X| =52 %43} gLt

task@task:~$ sudo apt update

$ sudo apt update

- Desktop-full &X|& gfL|LCt.
task@task:~5 sudo apt install ros-melodic-desktop

k:~% echo "source fopt‘rogfmelodicfsetup.bash" == ~f.bashrc
k:~% source ~/.bashrc

$ echo "source /opt/ros/melodic/setup.bash" >> ~/.bashrc

$ source ~/.bashrc

5) o EE WX 2= EX|

task@task:~5% sudo apt install python-rosdep python-rosinstall python-rosinstall-
generator python-wstool build-essential

$ sudo apt install python-rosdep python-rosinstall python-rosinstall-generator python-wstool

build-essential
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-O|EE 7| UE X = HO|l'E B roscore £ A0} YHHO 2 HX|E A=A 20

_ i

task@task:~S roscore

... logging to fhome/task/.ros/log/eB7c8f10-df90-11eb-84fe-80ee73f1cO46/roslaunch-tas
k-27304.1log

Checking log directory for disk usage. This may take a while.

Press Ctrl-C to interrupt

Done checking log file disk usage. Usage is <1GB.

started roslaunch server http://task:45415/
ros_comm version 1.14.11

PARAMETERS
* frosdistro: melodic
* frosversion: 1.14.11

NODES

auto-starting new master
process[master]: started with pid [2731
ROS_MASTER_URI=http://task:11311/

setting /run_id to e07c8f10-df90-11eb-84fe-80ee73f1cO46
process[rosout-1]: started with pid [27326]
started core service [/rosout]

6) rosdep 7|z}

task@task:~$ sudo apt install python-rosdep
g package lists Done
Building dependency tree
Reading state information... Done
python-rosdep is already the newest version (0.21.6-1).
0 upgraded, ©@ newly installed, @ to remove and 2 not upgraded.
task@task:~S sudo rosdep init
Wrote fetc/ros/rosdep/fsources.list.d/20-default.list
Recommended: please run

rosdep update

tas ask:~$ rosdep update
reading in sources list data from fetc/ros/rosdep/sources.list.d
Hit https://raw.githubusercontent.com/ros/rosdistro/master/rosdep/osx-homebrew.yaml
https://raw.githubusercontent.com/ros/rosdistro/master/rosdep/base.yaml
https://raw.githubusercontent.com/ros/rosdistro/master/rosdep/python.yaml
https://raw.githubusercontent.com/ros/rosdistro/master/rosdep/ruby.yaml
https://raw.githubusercontent.com/ros/rosdistro/master/releases/fuerte.yaml
Query rosdistro index https://raw.githubusercontent.com/ros/rosdistro/master/index-v4.y
aml
p end-of-life distro "ardent"
p end-of-life distro "bouncy"
p end-of-life distre "crystal”
ip end-of-1life distro "dashing
p end-of-1life distro "eloquent
Add distro "foxy"
Add distro "galactic”
ip end-of-1life distro "groowvy"
end-of-1life distro "hydro"
end-of-1life distro
end-of-1life distro
end-of-1life distro
end-of-1life distro "lunar”
dd distro "meledic”
Add distro "noetic”
Add distro "rolling"
updated cache in /home/task/.ros/rosdep/sources.cache

$sudo apt install python-rosdep

$sudorosdep init

$ rosdep update
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1-2.Realsense SDK 4 X| (SDK 2.42.0)

1) source code Ct2
https://github.com/IntelRealSense/librealsense/releases/tag/v2.42.0At0| E 0| %510

" Source code(targz) ‘& CH2E Y= oixeLICt.
&= oM = YHS E BHE Ol = YEE 17| o EHE 4Lt

task@task:~5 cd 11brtalenSE 2.42.0/

taskmtask ~-11hrea1'"' 2.42.0% mkdir build
5 . .05 cd build

taskmtask *-llhreal‘enre-= 42 .0 fbuilds I

$cd librealsense-2.42.0
$mkdir build
$cd build

2) Download lib

task@task:~/librealsense-2. /buildS$ sudo apt-get update
Hit:1 http: ffpackagcs ros.org/ros/ubuntu bionic InRelease
Hit:2 http://security.ubuntu.com/ubuntu bionic-security InRelease
Hit:3 http://kr.archive.ubuntu.com/ubuntu bionic InRelease
Hit:4 http://kr.archive.ubuntu.com/ubuntu bionic-updates InRelease
Hit:5 http://kr.archive.ubuntu.com/ubuntu bionic-backports InRelease
Reading package lists... Done
task@task:~/librealse 2.42.0/build$ sudo apt-get install python3 python3-dev
Reading package lists... Done
Building dependency tree
Reading state information... Done
python3 is already the newest version (3.6.7-1-~18.04).
python3 set to manually installed.
python3-dev is already the newest version (3.6.7-1~18.04).
python3-dev set to manually installed.
0 upgraded, ® newly installed, © to remove and 2 not upgraded.
task@task:~/librealsense-2.42.0/build$ sudo apt install libgtk-3-dev libxcursor-dev lib
xinerama-dev
Reading package lists... Done
Building dependency tree
Reading state information... Done
libxcursor-dev is already the newest version (1:1.1.15-1).
libxcursor-dev set to manually installed.
libxinerama-dev is already the newest version (2:1.1.3-1).
libxinerama-dev set to manually installed.
The following additional packages will be installed:
libatk-bridge2.0-dev libatspiz.®@-dev libdbus-1-dev libepoxy-dev libxkbcommon-dev
libxtst-dev wayland-protocols xllproto-record-dev
Suggested packages:
libgtk-3-doc
The following NEW packages will be installed:
libatk-bridge2.06-dev libatspi2.0-dev libdbus-1-dev libepoxy-dev libgtk-3-dev
libxkbcommon-dev libxtst-dev wayland-protocols x1lproto-record-dev
@ upgraded, 9 newly installed, ©® to remove and 2 not upgraded.
Need to get 1,468 kB of archives.
pAfter this operation, 15.6 MB of additional disk space will be used.
Do you want to continue? [Y/n] YI
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$ sudo apt-get update

$ sudo apt-get install python3 python3-dev

$ sudo apt install libgtk-3-dev libxcursor-dev libxinerama-dev

3) Make and Build

$ cmake ..

$make -j4

$sudo make install

$ export PYTHONPATH=$PYTHONPATH:/usr/local/lib

4) launch

-HIE 2t 3 realsense-viewer £ M0 oKX o2 HX| &R} =X 2QletL|Ct,

=

task@task:~/librealsense-2.42.0/build$ realsense-viewer

Intel RealSense Viewer v2.42.0

o Add Source

5) rule &7

task@task:~$ cd librealsense-2.42.0/
task@task:~/librealsense-2.42.05 cd config/

task@task:~/librealsense-2.42.0/config$ sudo cp 99-realsense-libusb.rules [etc/udev/rul
es.d/
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$ cd librealsense-2.42.0
$ cd config

$sudo cp 99-realsense-libusb.rules /etc/udev/rules.d

$sudo service udev restart

1-3.Realsense ROS AX| (v 2.2.22)
1) realsense2 camera & X|

task@task:~% export ROS_VER=melodic

task@task:~% sudo apt-get install ros-SROS VER-realsense2-camera

[sudo] password for task:

Reading package lists... Done

Building dependency tree

Reading state information... Done

The following additional packages will be installed:
ros-melodic-ddynamic-reconfigure ros-meledic-librealsense?

The following NEW packages will be installed:
ros-melodic-ddynamic-reconfigure ros-melodic-librealsense2
ros-melodic-realsense2-camera

B upgraded, 3 newly installed, ® to remove and 2 not upgraded.

Meed to get 13.1 MB of archives.

fter this operation, 36.5 MB of additional disk space will be used.
Do you want to continue? [Y/n] VI

$export ROS_VER=melodic

$sudo apt-get install ros-$ROS_VER-realsense2-camera

2) realsense ros download

catkin_.ws 27} §1 9™ mkdir catkin. ws HEHO|Z2 E2EHE MAdgtL|C}

$mkdir catkin_ws
$cd catkin_ws

$mkdir src

$git clone

$cd realsense-ros/
$git checkout ‘git tag | sort -V | grep -P "A2.Wd+W.Wd+" | tail -1°
$cd ..
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3) Make

task@task:~% cd catkin ws/
task@task:~/catkin_ws$ catkin_make |

$cd catkin_ws

$ catkin_make

4) package M &

$echo "source ~/catkin_ws/devel/setup.bash" >> ~/.bashrc

$source ~/.bashrc

5) realsense_ros &9l
realsense ros T 7| X| 7t X| 2| Q= X[ 20151 7| (S E{ O] 2 & S A= CH2 1t 20| 2 & L

$ roslaunch realsense2_camera rs_camera.launch

o2 ESF72ddote rviz ST LICL

task@task:~5 rviz

[ INFO] [1625728372.216886193]: rviz version 1.13.17

[ INFO] [1625728372.216936272]: compiled against Qt version 5.9.5

[ INFO] [1625728372.216943572]: compiled against OGRE version 1.92.0 (Ghadamon)

[ INFO] [1625728372.220708926]: Forcing OpenGl version O.

[ INFO] [1625728372.336498295]: Stereo is NOT SUPPORTED

[ INFO] [1625728372.336537627]: OpenGL device: Mesa DRI Intel(R) UHD Graphics 63
B (CFL GT2)

INFO] [1625728372.336563607]: OpenGl version: 3.0 (GLSL 1.3).

rviz Z2 10| M| ™ Displays 2| Fixed Frame 2 camera_link 2 B 3¢L|C},

File Panels Help

(ﬂ_"| Interact == Move Camera i__iSelect - Focus Camera ™0 Measure * 2D Pose Estimate /2D Nav Goal 0 Publish Point

Add E22|$t= By topic 2| Image EMESIE OK E2 2Lt

I pisplays [%]
~ % Global Options
Background Color [ 48; 48; 48
Frame Rate 30
Default Light v
* v Global Status: Ok
v" Fixed Frame OK
» <@ Grid v

10
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File Panels

Help

) Interact | % Move Camera  [_jSelect < FocusCamera =N Create visualizaton -
] pisplays (x|
+ & Global Options By display type | By topic
~ jcamera
Background Color I 48; 48; 48 - /colpr
Frame Rate 30 ~ Jimage_raw
Default Light v EE camera raw -
* v Global Status: Ok == DepthCloud = -
o freme o =
» @ Grid v mage raw |
~ /depth

Fixed Frame
Frame into which all data is transformed before
being displayed.

Add

(5 Time
ROS Time: |1625728786.87

Reset

» J/image_rect_raw
~ Jclicked_point

® PointStamped
~ finitialpose

" PosewithCovariance
~ /move_base_simple

~ [goal
~ Pose

Show unvisualizable topics
Description:

Displays an image from a sensor_msgs/Image topic, similar to
image_view. More Information.

Display Name

! Image I

ROS Elapsed: 414.37

¥ Cancel

1
S

le}

=

Image 2O S22 Lt =X|=tQlgtL Tt

3 pisplays | x|
v & Global Options

Background Color [l 48; 48; 48

Frame Rate 30

Default Light v
v v Global Status: Ok

v/ Fixed Frame OK

» ® Grid v
» (& Image v
Fixed Frame
Frame into which all data is transformed before
being displayed.
Add

11
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1-4.Cartographer 2 %]

1) ninja-build T{7|X| HX]|

-IH7|X SE Halst 2 Oi7|X| @& T

task@task:~$ sudo apt-get install -y python-wstool python-rosdep ninja-build stow

$ sudo apt-get update
$ sudo apt-get install -y python-wstool python-rosdep ninja-build stow

2) cartographer 2157 M

task@task:~$ mkdir cartographer_ws

task@task:~$ cd cartographer_ws/f
task@task:~/cartographer_ws$ wstool init src
Writing fhome/task/cartographer_ws/src/.rosinstall

update complete.
task@task:~/cartographer_ws$ wstool merge -t src https:f/raw.githubusercontent.comfcarto
grapher-project/cartographer_ros/masterfcartographer_ros.rosinstall

Performing actions:

Add new elements:
cartographer, cartographer _ros

Config changed, maybe you need run wstool update to update SCM entries.
overwriting fhome/task/cartographer_ws/src/.rosinstall

update complete.
task@task:~/cartographer_wsS wstool update -t src
[cartographer] Fetching https://github.com/cartographer-project/cartographer.git (versio
n master) to fhome/task/cartographer ws/src/cartographer
into '/fhome/task/cartographer _ws/src/cartographer’'...
Enumerating objects: 14658, done.

: Counting objects: 100% (12/12), done.

: Compressing objects: 100% (12/12), done.

: Total 14658 (delta 1), reused 8 (delta @), pack-reused 14646
Receiving objects: 100% (14658/14658), 5.78 MiB | 6.68 MiB/s, done.
Resolving deltas: 100% (11691/11691), done.

[cartographer] Done.
[cartographer_ros] Fetching https:/fgithub.com/cartographer-project/cartographer_ros.git
(version master) to fhome/task/cartographer ws/src/cartographer_ros

into '/home/task/cartographer ws/src/cartographer_ros'...

Enumerating objects: 4498, done.

: Counting objects: 100% (18/10), done.

: Compressing objects: 100% (8/8), done.

: Total 4498 (delta 2), reused 6 (delta 2), pack-reused 4480
Receiving objects: 100% (4490/4490), 4.28 MiB | 6.01 MiB/s, done.
Resolving deltas: 100% (3169/3169), done.

[cartographer ros] Done.

$ mkdir cartographer_ws

$ cd cartographer_ws

$ wstool init src

$ wstool merge -t src https://raw.githubusercontent.com/cartographer-project/cartographer_
ros/master/cartographer_ros.rosinstall

$ wstool update -t src
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3) cartographer ros &4 AX|

task@task:~/cartographer_ws% sudo rosdep init
ERROR: default sources list file already exists:
fetcfros/rosdep/sources.list.d/20-default.list
Please delete if you wish to re-initialize
task@task:~fcartographer_ws% rosdep update
reading in sources list data from fetc/ros/rosdep/sources.list.d
https://raw.githubusercontent.com/ros/rosdistro/master/rosdep/osx-homebrew.yaml
https://raw.githubusercontent.com/ros/rosdistro/master/rosdep/base.yaml
https://raw.githubusercontent.com/ros/rosdistro/master/rosdep/python.yaml
https://raw.githubusercontent.com/ros/rosdistro/master/rosdep/ruby.yaml
https://raw.githubusercontent.com/ros/rosdistro/master/releasesffuerte.yaml
Query rosdistro index https://raw.githubusercontent.com/ros/rosdistro/master/index-v4.y
aml
Skip end-of-life distro "ardent"
skip end-of-1life distro "bouncy"
ip end-of-life distro "crystal"”
end-of-1ife distre "dashing”
end-of-1life distro "eloquent”
Add distro "foxy"
Add distro "galactic”
Skip end-of-1life distro "groovy"
Skip end-of-1ife distro "hydro"
ip end-of-1ife distro "indigo”
end-of-1ife distro "jade"
end-of-1life distro "kinetic"
end-of-life distro "lunar”
Add distro "melodic”
Add distro "noetic”
Add distro "rolling”
updated cache in fhome/task/.ros/rosdep/sources.cache
task@task:~/cartographer_ws$ rosdep install --from-paths src --ignore-src --rosdistro=5%
{ROS_DISTRO} -y

$sudo rosdep init
$ rosdep update
$ rosdep install --from-paths src --ignore-src --rosdistro=${ROS_DISTRO} -y

4) abseil-cpp 2t0[E 22| HX|

task@task:~/cartographer_ws$ src/cartographer/scripts/install_abseil.sh

$src/cartographer/scripts/install_abseil.sh

5) Build & install

task@task:~/cartographer_ws$ catkin _make isolated --install --use-ninja

$catkin_make_isolated --install --use-ninja

13
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1-5. ROS Package %]

$ sudo apt-get install ros-melodic-move-base

$ sudo apt-get install ros-melodic-teb-local-planner

$ sudo apt-get install ros-melodic-serial

$ sudo apt-get install ros-melodic-navigation

$sudo apt-get install ros-melodic-spatio-temporal-voxel-layer

$ sudo apt-get install ros-melodic-ar-track-alvar

$sudo apt-get install ros-melodic-rgbd-launch

14
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1-6.USBRule 27

1-6-1 usb cam(AR marker) rule 4%
Il /dev & 0| 8% FHA| =0l

tetra@tetra:~$ 11 fdev

list Ol A video HHZ 2Ql(video H &= PC OiCt £

root tty
root tty
|*"::31: tty
root tty
root tty
root tty
root tty
root tty
root tty
root tty
root tty
root tty
root tty
root tty
root tty
root tty
root tty
root tty
root tty vcsus

root tty vcsué

root root L E viio/f

root root ] : :42 vga_arbiter
root root ' ' = :42 vhei

root root ' - vhost-net
root root ' ' - : vhost-vsock
root wvideo 1, : 142 videol2
root video 1, - = :42 video13
root root : E Zero

root root 16, E zfs

uu

vcsl
vcs2
vCcs3
vcsd
vCs5
vCcs6
vCsa
vcsal
vcsaz
vcsa3l
vcsad
vcsas
vcsab
vCsu
vcsul
vcsuz2
vcsu3
vcsud

CrW-rw----
CrW-rw----
CrW-TW----
CrW-rw----
CrW-rw----
CrW-rw----
CrW-TW----
CrW-rw----
CrW-rw----
CrW-rw----
CrW-TW----
CrW-rw----
CrW-rw----
CrW-rw----
CrW-TW----
CrW-rw----
CrW-rw----
CrW-rw----
CrW-TW----
CrW-rw----
drwxr-xr-x

£ W W W £ W W W £

£

W W £ W W W £ .

e I B B R e B N P e i M M I REN N RN

.

el el el el e e e e e e e e T e T e e T T T e e T I e S e T P e

_

video H= 20l & AR FX|Q £4 &0lZ 2I5H0] ofzfet 20| cmd &of &=
-list 01|A1 2Ol ofjof gt H 22 ATTR{index}, ATTR{idPoroduct}, ATTR{idVendor} £2& 22I5}0] rules

$ udevadm info --attribute-walk /dev/video12

15
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looking at device '/devices/pci@0e@:08,/0000:00:14.0/usb1/1-6/1-6:1.0/videodlin
ux/video12':
KERNEL=="video12"
SUBSYSTEM=="video4linux"
DRIVER==""
ATTR{dev debugl}=="0"
ATTR{index}=="0"
ATTR{name}=="USB 2.0 HD Camera : USB 2.0 HD "

looking at parent device '/devices/pcio0o0:00/0000:00:14.0/usb1/1-6/1-6:1.08":
KERNELS=="1-6:1.0"
SUBSYSTEMS=="usb"
DRIVERS=="uvcvideo"
ATTRS{authorized}=="1"
ATTRS{bAlternateSetting}==" 0"
ATTRS{bInterfaceClass}=="0e"
ATTRS{bInterfaceNumber}=="08"
ATTRS{bInterfaceProtocol}=="08"
ATTRS{bInterfaceSubClass}=="01"
ATTRS{bMumEndpoints}=="061"
ATTRS{iad bFirstInterface}=="00"
ATTRS{iad bFunctionClass}=="08e"
ATTRS{iad bFunctionProtocol}=="008"
ATTRS{iad bFunctionSubClass}=="83"
ATTRS{iad _bInterfaceCount}=="62"
ATTRS{interface}=="USB 2.8 HD Camera "
ATTRS{supports_autosuspend}=="1"

looking at parent device '/devices/pciffoo:08/0000:00:14.0/usb1/1-6":
KERMELS=="1-6"
SUBSYSTEMS=="usb"
DRIVERS=="usb"
ATTRS{authorized}=="1"
ATTRS{avoid reset quirk}=="@"
ATTRS{bConfigurationValue}=="1"
ATTRS{bDeviceClass}=="ef"
ATTRS{bDeviceProtocol}=="01"
ATTRS{bDeviceSubClass}=="062"
ATTRS{bMaxPacketSize@}=="64"
ATTRS{bMaxPower }=="28060mA"
ATTRS{bMNumConfigurations}=="1"
ATTRS{bNumInterfaces}==" 2"
ATTRS{bcdDevice}=="16001"
ATTRS{bmAttributes}=="88"
ATTRS{busnum}=="1"
ATTRS{configuration}==""
ATTRS{devnum}=="4"
ATTRS{devpath}=="6"
ATTRS{idProduct}=="3822"
ATTRS{idVendor}=="058f"
ATTRS{1ltm_capable}=="no"
ATTRS{maxchild}=="0"

udev rules oY ZZ22Z 0|5 ot = webcam.rules It

tetra@tetra:~% cd fetc/udev/rules.d/
tetra@tetra: Jetc/udev/rules.d$ sudo gedit webcam.rules I

$cd /etc/udev/rules.d

$sudo gedit webcam.rules
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otZfet 2ol 2+& 7t

webcam.rules

KERNEL=="video*", GROUP="video",ATTRS{idVendor}=="058f", ATTRS{idProduct}=="3822",ATTR{index}=="0", SYMLINK+="cam_rear"

KERNEL=="video*", GROUP="video", ATTRS{idVendor}=="058f",
ATTRS{idProduct}=="3822" ATTR{index}=="0", SYMLINK+="cam_rear"

-ATTR{index}, ATTR{idPoroduct}, ATTR{idVendor} E2& usb H&0| IH U st = X

1-6-2 IMU A H

usb rule A1} OFEILX| 2 || /dev & O| 2}

2
oz
~Ras
fot
ro

ttysSs
dialout : - ttyso
dialout 188, £ - ttyuseeo

root 10, :21 udmabuf
root 10, 239 e - uhid
root 10, 223 - uinput

YK &9 =20lS 2510 of2fet 20| cmd HOf &

tetra@tetra:~5 udevadm info --attribute-walk fdev,’tt}fUSBBI

$ udevadm info --attribute-walk /dev/ttyUSBO

looking at parent device '/devices/pci0000:00/0000:00:14.0/usb1/1-8':
KERNELS=="1-8"
SUBSYSTEMS=="usb"
DRIVERS=="usb"
ATTRS{authorized}=="1"
ATTRS{avoid_reset_quirk}=="0"
ATTRS{bConfigurationvalue}=="1"
ATTRS{bDeviceClass}=="00"
ATTRS{bDeviceProtocol}=="00"
ATTRS{bDeviceSubClass}=="00"
ATTRS{bMaxPacketSize0}=="64"
ATTRS{bMaxPower}=="100mA"
ATTRS{bNumConfigurations}=="1"
ATTRS{bNumInterfaces}==" 1"
ATTRS{bcdDevice}=="0100"
ATTRS{bmAttributes}=="80"
ATTRS{busnum}=="1"
ATTRS{configuration}==""
ATTRS{devnum}=="4"
ATTRS{devpath}=="8"
ATTRS{idProduct}=="ea60"
ATTRS{idVendor}=="10c4"
ATTRS{Ltm_capable}=="no"
ATTRS{manufacturer}=="Silicon Labs"
ATTRS{maxchild}=="0"
ATTRS{product}=="CP2102 USB to UART Bridge Controller"
ATTRS{quirks}=="0x0"
ATTRS{removable}=="removable"
ATTRS{rx lanes}=="1"
ATTRS{serial}=="0001"
ATTRS{speed}=="12"
ATTRS{tx_lanes}=="
ATTRS{urbnum}=="13151339"
ATTRS{version}==" 1.10"

udev rules I} AZZ 0|F ot & IMU.rules TS AN
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tetra@tetra:~5 cd Jetcfudev/rules.d/f
tetra@tetra: fetc/udev/rules.d$ sudo gedit IMU.rules I

IMU.rules

KERNEL=="ttyUSB*", ATTRS{idVendor}=="10c4", ATTRS{idProduct}=="ea60", ATTRS{serial}=="0001",
MODE:="0666", GROUP:="dialout", SYMLINK+="IMU"

-ATTR{serial}, ATTR{idPoroduct}, ATTR{idVendor} 522 usb 20| LA L st = H&

- ttyUSB HeHEH
tetra@tetra:~% sudo usermod -a -G dialout SUSER

$ sudo usermod -a -G dialout $USER

- M& = H0Old &of sudo service udev restart £ 3 =

4o
B
(@)
i
=
4r
om
Ot
re
nx
ox
=)
re
il
.l

Xbashrc
OFX|THO 2 ROS 2HE A7 O 2 XS5 2 OEEHFY| 2I5H0] bashre It 0| 2E23

tetra@tetra:~$ gedit -~/.bashrc

$getdit ~/.bashrc

bashrc L} 0| 2| HIOFX|2tof o2 2t-Z O] IP 2 path E%2150] MASTER_URI, HOSTNAME IP £ PC 0

A goHof o

.bashrc

# You may want to put all your additions into a separate file like
# ~/.bash_aliases, instead of adding them here directly.
# See fusr/share/doc/bash-doc/examples in the bash-doc package.

if [ -f ~/.bash_aliases ]; then
. ~f.bash_aliases
fi

# enable programmable completion features (you don't need to enable
# this, if it's already enabled in /etc/bash.bashrc and /fetc/profile
# sources fetc/bash.bashrc).
if ! shopt -oq posix; then
if [ -f fusr/share/bash-completion/bash_completion ]; then
. Jusr/share/bash-completion/bash_completion
elif [ -f fetc/bash_completion ]; then
. fetc/bash_completion
fi
fi

export ROS I CE=[TE2118002
export RO RI=http:[/192.168.20.960:11311
export ROS AME=192.168.20.90

source fopt/ros/melodic/setup.bash
source ~/cartographer_ws/install_isolated/setup.sh
source ~/catkin_ws/devel/setup.bash

sh v Tabwidth:8 = Ln120. Col 22 v INS

X = 473 bashre TS X8
]

tetra@t

tra:~5% source ~/.bashrc

$source ~/.bashrc

18
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Chapter 2. SLAM

2-1. Node &H

TETRA-DS 2t A EI 7|2 Node SES & &5t7| 25+ configuration launch IH A

agtetra:~5

roslaunch tetraDS_2dnav tetra_configuration.launch

cartographer S0| &850 2B X| = E%d517| 2/t mapping launch Tt =
tetra@tetra:~5 roslaunch tetraDS 2dnav cartographer_mapping.launch

bnmﬂ % Move Camera [ ] Select -FocusCamera = Measure .~ 2DPose Estimate .~ 2DNavGoal @ Publish Point ¢ =
Displays.
+ @ Global Options
¥ ¥ Global status: Ok
» S TF v
+ P2 Map v
v
Topic JTE2118002/s...
Unreliable

submap query service Jsubmap_query
Tracking frame TE2118002/b...
lution v

1

v

‘
Marker Topic /TE2118002/...
Queue Size 100
Namespaces

A=A 2RO S5 WEA 2780t &|H 2hgof waf 0|02 F0| TYE0f /XXt

EE= Mol E0E 5 A7| WEO| mapping A0l =4 = E MM S| 5L mapping 23l OFet
0.3

2-2. JoyStick =%

ZO|AES =4ot0] FHEZO| TSt mapping A& e = UAS

19
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1) dSERE SET) / 5HEY)

2) AL ETE: AE=Y) / (=)
3) YHE: HEESTt ++

4) AHE: MEEZA-

5) BHE: ZAEES7t ++

6) XHI E: ZtSEZa

7) LTHE: STAH OS] =Z A%}

S
8) LBH &: ST AH O] Fate] =L S

9) RBH{£:AR Tag Landmark 5%

10) ZEMEARK]: &' D2 &[0 AOF &

2-3.L.andMark S &

o
TETRA 2[R EF S +AU2 T I X 2F E23t7|I8H Mapping Al Landmar
oA

=
of =
EQIAISHA | HO2) 2 ZO| TF(ar_marker_ID)7H A E| 1 =

SEof Fo{oF &
ES

=
Ol

rage-out aistance 1
» %2 pointCloud2 v
> Trajectories
» $° Landmark Poses v
» $° Constraints
v @ Marker v
» v Status: Ok

ar_marker_0

TR0 B LIEHIAE

20
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*S &3t Landmark list = /home/tetra/LANDMARK Of| X & =

—

2-4.X| = X%

Mapping &8 2 2HEX| =8 XN ZSH7| {8l service 2F

B L L

rqt service caller &%

rosrun rqt_service_caller rqt_service_caller

rqt_service_caller &0j A Ot2{Qt 20| 3t&tE EE S 285l0] TE7ts o MHAZE 20l

rqt_service_caller__ServiceCaller - rqt

[~ Service Caller
& | service [TE2118002/ar_track_alvar/get_loggers
Request

Topic Expression

Type
JTE2118002/ar_track_alvar/get_loggers roscpp/GetLoggersRequest

Response
Field Type Value

21
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MH|AZE0f| A savemap_cmd S &4

- JTE2118002/joint_state_publisher/get_loggers -

> service Calld /TE2118002/joint_state_publisher/set_logger_level D/2@ - o
_ | /TE2118002/joy_node/get_loggers
C | service /TE2118002/joy_node/set_logger_level doa
e | /TE2118002/landmarklist_cmd
T°"/E:E21 150, /TE2118002/led_cmd
/TE2118002/ledtoggle_cmd
/TE2118002/locationlist_cmd
JTE2118002/log_cmd
/TE2118002/maplist_cmd
Response | /TE2118002/mapping_cmd
Field | JTE2118002/navigation_cmd {

| /TE2118002/nodekill_cmd ‘
/TE2118002/read_metrics
/TE2118002/robot_state_publisher/get_loggers
JTE2118002/robot_state_publisher/set_logger_level

| /TE2118002/rqt_gui_py_node_15333/get_loggers
JTE2118002/rqt_gui_py_node_15333/set_logger_level
JTE2118002/rviz/get_loggers
/TE2118002/rviz/reload_shaders
/TE2118002/rviz/set_logger_level
JTE211 Booz/savemap_cmkd
JTE2118002/servo_cmd
/TE2118002/setinitpose_cmd
JTE2118002/setlocation_cmd
JTE2118002/setspeed_cmd
JTE2118002/sick_tim571_2050101/get_loggers

H e
Fa2

| EA|E

H
o

Expression e Zalslo] HASIIA 8l= 0|2 &M & Call HEZS 2!

[>service Caller D@ -0
@ | service /TE2118002/savemap_cmd v || Jcal
Request
Topic Type Expression
~ /TE2118002/savemap_cmd tetraDS_service/setsavemapRequest

map _name string office
Response
Field Type Value

*N =7t MEE|l= 4 2 =/home/tetra/catkin_ws/tetraDS_2dnav/maps Of| X & &
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Chapter 3. Navigation

3-1. Node A&l

TETRA-DS 2t2HH 7|2 Node =228 5H7| 2510 configuration launch It &
tetra@tetra:~5 roslaunch tetraD5_2dnav tetra_configuration.launch

$ roslaunch tetraDS_2dnav tetra_configuration.launch

TETRA-DS EA=F &St/ | 2Tt launch ThE Al

tetra@tetra:~5 roslaunch tetraDS 2dnav move base tetra.launch

$ roslaunch tetraDS_2dnav move _base tetra.launch

Ot Z2 RVIZZIHO| LIEILIH HAIXMOZ AlSHE| Z4QIL|C}

Eile Panels Help

) Move Camera ) Interact Iselect .~ 20PoseEstimate .~ 20 NavGoal Measure @ PublishPoint ] CresteRestrict & = &

2 Displays
» @ Global Options
» v Global Status: Ok
» @ Grid
|+ RobotModel v
b TF v
» @ scaN v
» [ ultrasonic
» [ RGBD

- Bumper Hit

Amcl Particle Swarm
|» # Full Plan
|+ v polygon

@ Marker
» ~ Path v
» @ image v
~ @ Marker v

» v Status: Ok
Marker Topic TE2118
Queue Size 100
~ Namespaces
marker_0 v
marker_7 v
marker_8 v
Add
=)

Fo|Atgt
*TETRA-DS5=3 HAH| 0 H0| = Z &[0 = Efof OF Rt
AW =M tetra_configuration launch It 0| MW E| 1 2 0f| cartographer mapping launch

EE = move_base_tetra launch 7} & £|0fofgt

23
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3-2. #1%| 0| F

3-2-1 2D Nav Goal
RVIZ StHO| M AEFO|2D Nav Goal &
S A= X[0|ORLAZ E2| O SHHS TR X| 2 TETRA 7+0| & SHA & LI L.

File panels Help I/ A
4 Move Camera (M interact [ Select coal }

~ 20 Pose /zn | )| = Measure @ Publish Point
£
A

» © Global Options

3-2-2Joystick AtE

ZO|AEIZ 220 TETRA

24
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3-2-3MH|A &

rqt service caller &3

$ rosrun rqt_service_caller rqt_service_caller

sSletEE = AH A F 20

il

[ service Caller D@ -0
& | service [TE2118002/ar_track_alvar/get_loggers l\\g < call
Request
Topic Type Expression

JTE2118002/ar_track_alvar/get_loggers roscpp/GetLoggersRequest

Response
Field Type Value

MH| A= Z 0] A goto_cmd 2

_ /TE2118002/depthimage_to_laserscan2/set_logger_level _

[>service Calle /TE2118002/depthimage_to_laserscan2/set_parameters D@ - O
@ | service | /TE2118002/docking_Stop Jcall
Request /TE2118002/docking_cmd
Topic /TE2118002/getinfo_cmd

/TE21180 /TE2118002/getlocation_cmd

/TE2118002/global_localization

/TE2118002/goto_cmd2

/TE2118002/gotocancel_cmd

/TE2118002/joint_state_publisher/get_loggers

/TE2118002/joint_state_publisher/set_logger_level

/TE2118002/joy_node/get_loggers

Response
: /TE2118002/joy_node/set_logger_level

Field

Expression O AHE Of| K ZoH | X[ 7| & = call H{ E S22 25 2| Bl F K| = 0| 58

rqt_service_caller__ServiceCaller - rgt o

|~service Caller D@ -0
& | service /TE2118002/goto_cmd - & call
Request
Topic Type Expression

= [TE2118002/goto_cmd tetraDS_service/gotolocationRequest
Location string LOCATION1

Response

Field Type Value
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3-3. K| M

Q| X|0| =25l S K| EXF St LA I setlocation_cmd MH|AEZ ESHO MY e = A& LI

$ rosrun rqt_service_caller rqt_service_caller

SHALES 52 AHIAS 220l

= =
e el 00
> service Caller D@ -0
' | service [TE2118002/ar_track_alvar/get_loggers % < Call
Request

Topic Type Expression

JTE2118002/ar_track_alvar/get_loggers roscpp/GetLoggersRequest

Response
Field Type value

MH|AZE 0| A] setlocation_cmd 41 EH

_ [TE2118002/rviz/reload_shaders -

[>service Callg /TE2118002/rviz/set_logger level DIZ@ -0
@  service | /TE2118002/savemap_cmd 2 call
Request /TE2118002/servo_cmd
Topic JTE2118002/set_map
/TE21180| /TE2118002/setinitpose_cmd
JTE2118002/setlocation_cmd 3
/TE2118002/setspeed_cmd
JTE2118002/sick_tim571_2050101/get_loggers
JTE2118002/sick_tim571_2050101/set_logger_level
JTE2118002/sick_tim571_2050101/set_parameters
JTE2118002/sloptime_cmd
/TE2118002/static_map

Response
P ITF?118002 /tetran&/net lanners

Expression Of| K| &St 0 X}S5HH=0|E7| Y= call HEZ 2

rqt_service_caller__ServiceCaller - rqt [ x ]

[>>service Caller D@ -0
| service /TE2118002/setlocation_cmd - J call
Request
Topic Type Expression

~ /TE2118002/setlocation_cmd tetraDS service/setlocationRequest
Location string

LOCATION1

Response

Field Type Value

*2| X| T} 2 =2 /home/tetra/DATA 0| X ZHEl LI C}

26
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MY X EL TSI SHMB|AFE

— 17

JTE2118002/depthimage_to_laserscan2/set_parameters
JTE2118002/docking_Stop
- . JTE2118002/docking_cmd
©|service | +e2118002/Followme_cmd

[~service Calle

L | /TE2118002/getinfo_cmd

TO";;EN 750 /TE2118002/getlocation_cmd
JTE2118002/global_localization
JTE2118002/goto_cmd
JTE2118002/goto_cmd2
JTE2118002/gotocancel_cmd

Response JTE2118002/joint_state_publisher/get_loggers

Field | JTE2118002/joint_state_publisher/set_logger_level

| /TE2118002/joy_node/get_loggers
JTE2118002/joy_node/set_logger_level
JTE2118002/landmarklist_cmd
JTE2118002/led_cmd
JTE2118002/ledtoggle_cmd
JTE2118002/locationlist_cmd k

() JTE2118002/log_cmd
JTE2118002/map_server/get_loggers

Call H{ =52 &5} Response H 0| M T &l 9| X[ 7] =2t = F 0| LtE}

Ofl A locationlist_cmd

A EH

—

=

D\i@ -0
< call

rqt_service_caller__ServiceCaller - rgt

[>service Caller
& | service /TE2118002/locationlist_cmd

Request
Topic Type Expression
JTE2118002/locationlist_cmd tetraDS_service/getlocationlistRequest

Response

Field Type Value

-/ tetraDs_service/getlocationlistResponse
list_num int32 4
location_name  string[] ['POINT1', 'CONVEYOR2', "CONVEYOR1', 'HOME']
command_Result bool True

D@ -0
Jcall
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3-4. QK| B

3-4-12D Pose Estimate

X ETSLEE TG0 N 23 00| =& ol I XITH2D Pose Estimate’ HESE &l ot=
map SOUMAMZ RO XX ZHEZRLL 25 Mold # SO L HN SR X 20|52 L2

oA ELCt

File Panels Help

= = r
¥ Move Camera t’_‘_‘]mterxt [ select : ~ 2D Pose Estimate |, 2DNavGoal == Measure

L3 Displays

» & Global Options

3-4-2MH|~ B &
MH| A EETPW HY S DX O = rqt service caller M 2ot
un rqt_

rosrun rqt_service_caller rqt_service_caller

rqt_service_caller__ServiceCaller - rqt

(> Service Caller D@ -0

& | service /TE2118002/ar_track_alvar/get_loggers ]\\) < call
Request
Topic Type Expression

JTE2118002/ar_track_alvar/get_loggers roscpp/GetLoggersRequest

Response
Field Type Value

28
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S EE S MH AS 220l

i B |

rqt_service_caller__ServiceCaller - rqt

> Service Caller
& | service /TE2118002/ar_track_alvar/get_loggers
Request

Topic Type Expression
JTE2118002/ar_track_alvar/get_loggers roscpp/GetLoggersRequest

Response
Field Type Value

D@ -0

setinitpose_cmd 41 EH

/TE2118002/request_nomotion_update

B Sarvice Calld /TE2118002/robot_state_publisher/get_loggers
/TE2118002/robot_state_publisher/set_logger_level

© | service /TE2118002/rqt_gui_py_node_7615/get_loggers

Request | /TE2118002/rqt_gui_py_node_7615/set_logger_level
T°p/i;521 o /TE2118002/rviz/get_loggers
JTE2118002/rviz/reload_shaders
JTE2118002/rviz/set_logger_level
/TE2118002/savemap_cmd
/TE2118002/servo_cmd
Response | /TE2118002/set_map
Field /TE2118002/setinitpose_cmd A

| /TE2118002/setlocation_cmd
JTE2118002/setspeed_cmd
/TE2118002/sick_tim571_2050101/get_loggers
/TE2118002/sick_tim571_2050101/set_logger_level

| /TE2118002/sick_tim571_2050101/set_parameters

/TE2118002/sloptime_cmd

b

ot

Call HES 2SI HAK EFZ S LA

rqt_service_caller__ServiceCaller - rqt

> Service Caller

& | service /TE2118002/setinitpose_cmd

Request

Topic Type Expression

JTE2118002/setinitpose_cmd tetraDS_service/setinitposeRequest

D@ -0
Joak
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Chapter 4. ROS

4-1. TETRA-DSV ROS Service

service name | Input Output Description
boolcommand_Result
float32poseAMCLx
. fl0at32poseAMELY 1 o v of sixy x| TI0lE SOl
getlocation_cmd float32poseAMCLgx ‘B|EIO B X YAHE(mE) S HELI @) A AL
float32poseAMCLqy
float32poseAMCLgz
float32poseAMCLgw

boolcommand_Result
float32goal_positionX
float32goal_positionY

float32goal_quarterZ
float32goal_quarterW

(o]
= o T
oto_cmd stringLocation float32goal_quarterX
90t ° ] 329 ST | v elseze sEumet HESIAO XYHE, HEl
oat32goal_quarter
goed oA@7) 7t 44!
float32goal_quarterZ
float32goal_quarterW
float32goal_positionX
float32goal_positionY
90u-P 280 SHY%| 0|5 Y
float32goal_quarterX = ~
goto_cmd2 fot3200a! ery boolcommand_Result * YYo= XYyIES HEHUAGNHOIEE HE
oat32goal_quarter v BlHozL sEAI A4

setlocation_cmd

stringLocation

boolcommand_Result
float32goal_positionX
float32goal_positionY
float32goal_quarterX
float32goal_quarterY
float32goal_quarterZ
float32goal_quarterW

*

ERO AKX MT Y.

YR = AMRAKE MNYEY /AKOISEXE) H
2

o

*2|HeRE 2EAD
2477 =4

tet, AxjeI X0l X Y=tE, HEHL

int32 running_mode

HYE HX SHER| o K=o MY HY.
savemap_cmd string map_name bool command_Result *UHo2 = MY X Lo O|E(EXE)THS.
*Z|HoRE ZEAD A
bool command_Result 2RO HEfEHE =ol FH.
int32 battery *2|Ho 2= HiEE| Y, o2 R E, HlSF X AX H|
int32 Error_code 3, BN, STELE N2, SEHZETL =4
getinfo_cmd int32 EMG VB O RE= oz Ojgd Al 02 2IE.
int32 bumper . &2 E(running_mode) M Y:
int32 charging 0 7| 2HEf 128X = &Y BE, 2 XEFY 2
|

locationlist_cmd

int32 list_num
string[] location_name
bool command_Result

220 MZE WaypointHE =0l
|[H o2& Waypoint2| & 7H=2t Zt22| Waypoint

O|E(2AtE) HIE +=4

['U

delete_location_

cmd

string location

bool command_Result

B NEE Waypoint“x'll
22 WaypointO| S(ZXE)E ©&

l2q
Ho
Hoz= 4HO L 7‘ﬂf7f 4

*
EIIC’)

maplist_cmd

int32 list_num
string[] location_name

bool command_Result

'/home/tetra/catkin_ws/src/tetraDS_2dnav/maps 4 &
of MEE mapEEeQ FY

*2|HO 2= mapll & W52t 2429 mapO| E(ZAt
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SCER

* pgm ZHEXALDE A

mapping_cmd

boolflag_mapping

bool command_Result

cartographerE 0| 8% X| =21y 7|58 &S ¥
* Ao R trueE TS
*EHeRE SEEL

* TN AHEFY 7|50l 2ES

navigation_cmd

string map_name

bool command_Result

*QHORE HBFUS UAT mapo 0152 WS
rElHOZE SHAD A

FOlAteh: X =5 7|50] 2EFO0|H, nodekill 2 H

nodekill_cmd

bool command_Result

tetra_configuration.launch& X Qs 2£0| d3F

2l ROS nodeE2 25 TESH= FE.

*
]
i
0
Hu
Ir
=+
c
[0]
!
2]
B

*
o

delete_map_cm
d

string map_name

bool command_Result

Rl

bal
0
ot

*
e o
I
|0

3
SEZN A

*
o
rm
|o

turnon_cmd

int32 1D

bool command_Result

tu
Mo
=2
0

ZHALE| LED On/Off MO &,

O 2= LEDQ| ID, OnO|E|&= 7t AIZH OnAl2l Bf

*
o
1

N
ra
ob

M
1
|o

BEE 3EZEL

led_cmd

int32 ID
int32 led brightness

bool command_Result

| &%=l LED On/Off HIO{E &,
LEDS| ID ©&. (1: &, 2: 2, 3: ZH20n, 4:

B
W Jo I2 o
OEEQ
3 10
HU
rir

)
|0
S
rir
for
T
iy
i
+
r>=

int32 light_accel

tu
o
=2
02
&2t
rn
—

ED Toggle MOIYH. (ZH0| =)

int32 led_High_brightness * YHO 2= LEDQ| OnO|&|&= ZH5A[ZE OnAlLl BH7],
ledtoggle_cmd _ ) bool command_Result Lol o g
int32 light_decel OffZ|& 7t A|ZE, OffAlQ 87| 22 TS,
int32 led Low_brightness *EHOZRE SEAL A
2o E™AX olaF A~ HE
gotocancel_cmd string location_id bool command_Result *QHoz L ZHMBAXIES M
*EHOZR = TEAL 4
BRO| Z[£E HE5le B
float32 set_vel *YEoz s 2RO A MEE ghdouble)E TS,
setspeed_cmd float32 speed ol L
bool command_Result (Z123f: 0.5) Bt m/s
*FHORE AN HEE MEE gUS WS
2ROl PEH MEDEHE ZHE On/Offsts HH
servo_cmd int32 data bool command_Result * QIO 2 = data(10|H On, 20|H Off) & TS
*EHOoRE TEZANE TS
SHAH 0|41t Docking® &
- * QO R id 0, data= 12 MB
. int32 id — R =
docking_cmd 30 bool command_Result *ZEOoRE SEZANE ®ME
int ata
# STUAHO|MO| id7t HAE|H, HAE idHZE E0]
OF &
220t ZHAHO|MI| dockings&E ZHZE FX|
A7l BE
docking_stop = Ut £30| &L
* YO TEE|H BERO| M ZAEEE 002 Tt
=1 ZX[g Lt
virtual_obstacle_ int32[] list_count bool command_Result 7t /O ES A2ls EHY
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cmd

float32[] form_x
float32[] form_y
float32[] form_z

3.

- list_count: 7B /20l =2| 4=

- mode: HOHE2| HEHE Fote M (1: A £ &,

2. M, 19| Ch2tY)

- form_x: 0= 2| XZt#.

- form_y: =2 YZE.

- form_x: modeZ} 19! AE{O| AN S0l O2Ct 3™

949| X &€ 2l0/stH, 1 0[2/0= 25 0.02 AHE
EHOoRE SEZNE HS

X ZHH = amcl_pose?| ZHE7|F O[T, th2l= mEH Q.

X MH| A AREHEE Of A

- 8% I3 20| 28 WO X|S05mAto|=2l J
= 1,2, 3mX[HO| StLiY Yde 2
* list_count(]: [1, 1, 1]

* form_x: [1.0, 2.0, 3.0]

* form_y: [0.0, 0.0, 0.0]

* form_z: [0.5, 0.5, 0.5]

_|

landmarklist_cm
d

int32 list_num
string[] landmark_name

bool command_Result

E20| M E Landmark| HE 2|AE =0l
_olge oip O 9IS

* list_num: Landmark’d & 7{==

* landmark_name: LandmarkO| & (2%t Q) HiE =41

* command_Result: &4 S EZ1t

delete_landmark

_cmd

stringLandmark

bool command_Result

2529| XA E LandmarkSE AHK|

* YHO 2 landmarkE7t MEE text filedS Y
(Oll: marker_0 -> 0% landmark)

*Z|Ho 2= AH|Of R ZAuIt =4,

setinitpose_cmd

int8 m_iAR_tag_id
float64init_position_x
float64init_position_y
float64init_position_z
float64init_orientation_z
flaot64init_orientation_w

bool command_Result

-

SHE AR Tag IDE Q! ot 21 /X2 K2 2Al
-2E2 4 AR Tag 7t QAR Oz ST AR

Tag ID 2 91X §E7} £ &

int8 Output0
int8 Output1
int8 Output2
int8 Output3

TETRA-DS50] LHEE GPIOS| 7|s2ZA Digital
Output 878 ME2 7Y on/OffR|OE = A& 7|5,
(o]

output_cmd _ bool command_Result * @ o=z 2+Zto| Digital Output 12 Y2 SHH On,
int8 Output4 oo
. 2 YHSHHOf
int8 Output5 N
*Ch 1 EE 0 B LEslof gt
int8 Output6
int8 Output7
TETRA-DS50| M & &l LocattionES PatroldtE 7|s.
2]
on: Patrol2] M3t OE (TrueE enable, False=
bool on disable
patrol_cmd int32 list_count bool command_Result list_count: location2| 7i==

string[] location_name

location_name: location2AtE 2 @2 HIE.
1=y 1=y
= =

O Al) P12t P2E PatrolStl A2 42 one True,
list_count=2, location_name2['P1,'P2'1E YUH

*EHORE SEAME 2|H.
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gotoconveyor_c

md

stringLocation
int32 id

int32 movement

bool command_Result

TETRA-DS5E 117HY Convetor?X|2 0|5t HH

(Conveyor®|X|0f= X4 &l AR_tag ID7} R{0{0F &)
oy

. id: Conveyor0fl £2HEl AR tag ID HZ

. Location: Conveyor®|X| 0|52 A& EXtL
. movement: loading or unloading2| &

MEH (0: nomal, 1:

Loading, 2: Unloading)
*ZH SasE ANNE 2|H

loadingcheck_se

rvice_cmd

bool command_Result

TETRA-DS57} ConveyorOfl Dockingdtdl Loading2 2t

BEY=X|E Holste Bt

*EHORE LoadingA =R E 2|H.

unloadingcheck

_service_cmd

bool command_Result

TETRA-DS57} Conveyor0 Docking3t0] Unloading=
AZY=XE 205t S

* ZHOR2 Unloading2tZ20{ &5 2|H.

savemark_cmd

bool command_Result

TETRA-DS52| Mapping Mode Ol A2t AF20| ZHSRHL
ch.

oY MH|AE =ESHH, Z0lE AR tag IDE HEE
Lict.

deletedataall_c

bool command_Result

TETRA-DS52| Map, Location, Landmark Datag 2 25
APFgL ct
* B|E MHAS SZEEH,

/home/tetra/catkin_ws/src/tetraDS_2dnav/maps/ &E

md o A= Map data®t
/home/tetra/DATA/ AE0] U&= Location data,
/home/tetra/LANDMARK/ A 20| & Landmark data
= pe AbFSHCE
Conveyor0f| &%=l Loadcell2| Callibrationg A A|EL|
ct.
ol etE S ET B0 RHE 00kKgeE 2¥Y
CAL_cmd bool command_Result et

* o gtes £7(0 SHHTE S ESE ROMO| MEE
L.

Auto_Move_cm

TETRAS| Conveyor AtSEZE 7|5 4=L|Ct,

* start£ Loading or Unloadingg Start/Stopdste &H

p int32 start bool command_Result UL|Ct
. start: 0 --> Loading or Unloading Stop
. start: 1 --> Loading or Unloading Strat
TETRAS| Conveyor =&ZX% 7|5 &=L}
* modeOfl= S Yo thot YHLS YL

Manual_Move_c | .

g int32 mode bool command_Result . mode: 0 --> Conveyor®&X|

m
. mode: 1 --> Unloading 5% &3,
. mode: 2 --> Loading & M.
TETRA-DS5 Motor Drive2t @ Parameter®| 7| &2
L|C}.
* Input: numOl-= Parameter= & QI 2%tLIC} (0~30
#7kR])

parameter_read_ | . int32 data * Qutput:

int32 num

cmd

bool command_Result

. dataOfl= Sl 2 Parameter1 59| Gj|O|E| ZtO| 2|HE
LICF.

. command_Results= =& ZA 17t .
T HWe| B0l gle o 8T 7|52 AFESHA| OtA|
.
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parameter_write

_cmd

int32 num
int32 data

bool command_Result

TETRA-DS5 Motor Drive& Parameter2| A 7| &=
Lict.

* Input:

. numOi|= Parameter = & A BHLICE (0~30HHK|)
. dataOf = ST ParameterH S0 8 2 LHY
Lict.

* Qutput: command_Resulte = Z1t7t 2|HE LT}
oh Hwel #MZo| gl ot sliE 7|

.

mode_change_c

md

int32 mode

bool command_Result

TETRA-DS5 Motor Drive2t# SAZE H2h ghg=QlL|
ch.

* Input: modeZt 12 Z2 Position Mode, 091 &<
Velocity Mode 2 LICt. (7] &2 0)

* Output: command_Results S ZZDt7t 2| H & L|Cf,
L__|- leA‘iX‘l 7|‘—0|OE J.L1)\}'A|O-” Al—o

linear_move_cm
d

int32 linear_position

bool command_Result

* Input: linear_position O -rlxl us célEj' ohL|ct.

Olsg &2 100002 )

* Qutput: command_ResultEs @ ZZ 07t 2| HE LT}
T 27|84 7| 5Uo2 HAA|O| AFRSEX| Q& LCt,

angular_move_c

md

int32 Angular_degree

bool command_Result

TETRA-DS5 Motor Drive2t¥# Zt/23|™ S gL
=

* Input: Angular_degree0l| 2T e tZ UTLICH
(0= E 2T 22 90002 )

* Output: command_Result= @ ZZ 17t 2| H & L Ct,
CH X7|8N 71502 HAAO AFRSIR| Y& L|CH

pose_estimate_c

md

floatb4estimate_position_x
float64
estimate_position_y
float64
estimate_position_z
float64
estimate_orientation_x
float64
estimate_orientation_y
float64
estimate_orientation_z
float64

estimate_orientation_w

bool command_Result

RVIZO| & 2D Pose EstimateS AMH|AZ S EE 5
A= 1| RtSE sFS~ QI L|C}
* Input: 228 0| S84t 8t= X2 XpA| B0l H

A=
* Qutput: TEZ 1}

gpio_status_cm
d

uint8Input0
uint8Inputl
uint8Input2
uint8Input3
uint8Input4
uint8Input5
uint8Input6
uint8Input7
uint8 Output0
uint8 Output1
uint8 Output2
uint8 Output3
uint8 Output4

TETRA-DSOl| U= GPIOS| HEHE =oldt= MH[2Y
LIC.

*Input: 2.

*Qutput: Input 0~7 H,0utput

0~7 HIX| 2| JHY 2| H
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uint8 Output5
uint8 Outputb
uint8 Output7

bool command_Result

float64 init_position_x
float64init_position_y

float64init_position_z

set_ekf_cmd float64init_orientation_x bool command_Result

float64init_orientation_y
float64init_orientation_z

float64init_orientation_w

TETRA-DSOll & Q|X|Z EKF Poselt Imug 25 x7|3}
St= g Lot

*Input: mapZtE 7|EL 29| & EX posedt

4-2. TETRA-DSV ROS TOPIC

Topic name Message Type Description
nav_msgs/Odometry
q 28 J|F9| position G 2.2} orientation H &,
odom
[http://docs.ros.org/en/noetic/api/nav_ms MEEet 244 r HE,
gs/html/msg/Odometry.html]
geometry_msgs/PoseWithCovarianceStam
ped
S EH WM 2RO FEE XX
amcl_pose . o ] )
[http://docs.ros.org/en/api/geometry_ms | A|Z& 7|F2Q| 2& position ‘EE 2} orientation Q&
gs/html/msg/PoseWithCovarianceStampe
d.html]
sensor_msgs/Joy KO|AE| Q20| Tfet AE|T HEHE, (B, ZO|AE]
joy axes[0.0, 0.0, 0.0, 0.0, 0.0, 0.0] -
Aol AZ WPt Update)
buttons[0, 0,0, 0,0, 0,0, 0,0, 0, 0, 0]
data 7t 10| |, 2&£9| Odometry 7} 25 022
2 24 Fol= 022 MY E)
PoseRest data _ N
X7| T2 AS A9 SMAHO|M ZZAZ Al
AESE g
BRO MKzt AERET Y= HE
cmd_vel data
(Navigation &%F A| Update &)
FOl_IhEE EEEZ MUE FE IISREN
accel_vel data N
B FHEs0 g2 E = ASUCL
22| 2 MY On/Off HE
Servo_ON data (Data 7} 10| ™ On, 20| ™ Off 00| ™ f |2} 2FEH
)
22 HiHZ| &
tetra_battery Data
0~1007tX| 2| HHE 2| & %7} Update &
ERN STUAHOIM Ho| = HENE HAl
1: Nomal 4FEf.
2: 2RO| EtXtet STAHO[HQ| AL HHE
S EY
docking_status data U AR = Xl

11: Conveyor Loading station Contact & Loading

possible
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12: Conveyor Loading station Contact & Loading
impossible
13: Conveyor Unloading station Contact &
Unloading possible
14: Conveyor Unloading station Contact &

Unloading impossible

2RO FAE HHER 22X| 9 On/Off SEf HE.

emg_state data 1: HIAEX| 22/X| On
2: HIAEX| ALK Off
22X ddof FEE HHALX| 2] On/Off SEf HE.
bumper_data data 1: HIH Y On
2. Hi ¥ Off
25 ddof| FAE HH AL X2 On/Off SEHE
bumper_pointcloud data[](PointCloud?) ) L
Pointcloud2 HIO|H 2 #2tot HE

move_base/result

move_base_msgs/MoveBaseActionResult
- status.status

- status.text

E 09| Navigation SEH0f| Lot &Ef EA|
status: A EfE HZ I} 2|
o] X

text: AHEf A QH(

move_base/TebLocalPlanner
ROS/global_plan

http://docs.ros.org/en/api/nav_msgs/html
/msg/Path.html

E& Navigation 22Y A& A3t SHo=20t

AFE)

move_base/TebLocalpanner
ROS/local_plan

http://docs.ros.org/en/api/nav_msgs/html
/msg/Path.html

2%& Navigation 22 A (A|Ztst B O 20 ALE)

move_base/TeblLocalPlanner
ROS/obstacles

http://docs.ros.org/en/api/costmap_conve

rter/html/msg/ObstacleArrayMsg.html

Yoz BENS EY

Ultrasonic_D_L

sensor_msgs/Range
http://docs.ros.org/en/noetic/api/sensor_

msgs/html/msg/Range.html

tu
L
10
B
A

SHEHO FAHE =3I A Ho|E

[

(EtelE m)

Ultrasonic_D_R

sensor_msgs/Range
http://docs.ros.org/en/noetic/api/sensor_

msgs/html/msg/Range.html

chof| KRS X 2T} 41M Elo|E

[

Ultrasonic_R_L

sensor_msgs/Range
http://docs.ros.org/en/noetic/api/sensor_

msgs/html/msg/Range.html

2ROl = zhx0l| YA E =30 M Ho|E
(

Ultrasonic_R_R

sensor_msgs/Range
http://docs.ros.org/en/noetic/api/sensor_

msgs/html/msg/Range.html

range_points_DL

sensor_msgs/PointCloud2
http://docs.ros.org/en/noetic/api/sensor_

msgs/html/msg/PointCloud2.html

range_points_RL

sensor_msgs/PointCloud2
http://docs.ros.org/en/noetic/api/sensor_

msgs/html/msg/PointCloud2.html

range_points_RR

sensor_msgs/PointCloud2
http://docs.ros.org/en/noetic/api/sensor_

msgs/html/msg/PointCloud2.html

ER0| 24t xE0| YA E EZIH0| Ci2t range

data £ PointCloud2 data 2 B2t

range_points_DR

sensor_msgs/PointCloud2
http://docs.ros.org/en/noetic/api/sensor_
msgs/html/msg/PointCloud2.html

map

http://docs.ros.org/en/api/nav_msgs/html
/msg/OccupancyGrid.html

docking_progress

data
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1 EZEY AE,
2: 02| RIXPHA| 2.
3: AbAlof CHSH 2781
4: XEM[Of CHetRE 2
5: 2H| O] IXHX| AT
6 PR

ar_pose_marker

ar_pose_marker

(ar_track_alvar/AlvarMarkers )

A= artag o] Z= BE0| EHE LILCY

-artag o ID JE, AX/AN HE

cameral/..

cameraz/..

https://github.com/IntelRealSense/realsen

se-ros

TETRA-DS5H & ShEt /20| Z&FEl 242H0| RGBD-

Camera 2t HH,

depthimage_to_laserscan1/..

depthimage_to_laserscan2/..

http://wiki.ros.org/depthimage_to_lasersc

an

TETRA-DS5HE StEF Z/R0f ZH&HEl 24210 RGBD-
Camera 2| Pointcloud B EE Laser scan @22
Haotsl HE,

particlecloud

geometry_msgs/PoseArray
http://docs.ros.org/en/api/geometry_msg
s/html/msg/PoseArray.html

ZEHOM FX| HE|Sts 2= FFY MEYLCL

sensor_msgs/LaserScan

SICK TIM5710{ A 253t Laser Scan Data &

scan http://docs.ros.org/en/api/geometry_msg oyt
s/html/msg/PoseArray.html s
sensor_msgs/LaserScan TETRA | Mt SICH Z4=0f 9| X|$F RGBD-
pcl_1 http://docs.ros.org/en/api/geometry_msg Camera(camera1)2| Point Cloud & Laser Scan
s/html/msg/PoseArray.html Data 2 BHatst HE LT}
sensor_msgs/LaserScan TETRA 2| T} St @Z0f 2|X|%t RGBD-
pcl_2 http://docs.ros.org/en/api/geometry_msg Camera(camera2)2| Point Cloud & Laser Scan
s/html/msg/PoseArray.html Data 2 2ot HE AL L}
usb_cam/.. http://wiki.ros.org/usb_cam =8 USB Ftoet 2t FEL|Ch
Y E SE X E(map)dof 7=
http://docs.ros.org/en/api/visualization_m N
marker/node Landmark(ar_tag)2| &7} HHUSLICE
sgs/html/msg/Marker.html N -
XEet Landmark 2| 7= CHE =L L
GPIO_msg
nouto TETRA-DS50]| L{ZEEl Digital Input87i 2} Digital
nput0,
_ P OutputeZHol 4ef B,
gpio_status Inputl,Input2,Input3,Input4,Input5,Input6,

Input?,
Output0,Output1,Output2,Output3,Outpu
t4,0utput5,0utput6,Output?

* 12 On, 02 Off £ o|O|gtL|C}.

* GPIO 2H& custom msg & A2 L CH

Cameral/Imu

sensor_msgs/Imu

http://docs.ros.org/en/noetic/api/sensor_

msgs/html/msg/Imu.html

Realsense D435i 1THOZ HE M2
IMU B Lct
* geometry_msgs/Quaternion orientation: N/A
* geometry_msgs/Vector3 angular_velocity: x, y, z
axis
* geometry_msgs/Vector3 linear_acceleration: x, y, z

axis

battery_voltage

data (Float64)

TETRA-DS5 HIHZ|2| T &f(Voltage)’d = & LIC}.
* 0.1V CH|2 710| |IHo|E ELCt

battery_current

data (Float64)

TETRA-DS5 HYE{2|2] M 2 (Current)™ & I L|C}.
*0.1A TH|2 k0| YHIo|E gL Lt

conveyor_loadcell

data (Float64)

Conveyor O LHZ &l Loadcell Ol A F7&3t
weight B & L|C}
*0.1Kg HHPl2 YOO|E =, €F AMZEDE
2 YHOlE Lt

A= H

37




HYULIM

* T 270| e MEfE 0.0~ 0.3Kg 24S EHELIC

(O|= mh

conveyor_sensor

data

TETRA O] Z%HEl Conveyor | &7/&2F MA

o 1
HE|ZtS YOOI gL Ch

* data: 0 --> 7/ET MM 25 Off &Ef.
* data: 1 --> 27 MA On &E.
* data: 2 --> &7 MA On &H.

* data: 3 --> 7/ET M 25 On HEH,.

conveyor_movement

data(Int32)

TETRA Off &%=l Conveyor 2 S AEfZtS
AHIO|E gL
* data: 0 or 1 --> SEFHX| AEY
* data: 3 --> 29 & 5.

*data: 5 --> HE2E & F.

imu/data

http://docs.ros.org/en/melodic/api/sensor
_msgs/html/msg/Imu.html

TETRA Off &&=l IMU AlA| H|O]E

38




