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GLOSSARY

Autonomous Mobile Robot (AMR): A mobile robot with the ability to autonomously
map, localize, and navigate through the surroundings without any static guides.

Badan Informasi Geospasial (BIG): Also referred to as the Indonesian Geospatial
Information Agency and previously known as Badan Koordinasi Survei dan Pemetaan
Nasional is an agency within the Indonesian government which focuses on geospatial

information.

Constantly Operating Reference Station (CORS): Stations that are continuously

monitoring GNSS signals from satellites providing correction as reference stations.

End-of-Life (EOL): A point when developer or company no longer provide technical

support and issuing security patches and updates for a piece of software or hardware.

Global Navigation Satellite System (GNSS): A term to describe satellite systems that

provide positioning, navigation, and timing services both globally and regionally.

Networked Transport of RTCM Messages via Internet Protocol (NTRIP): A

protocol for streaming correction messages over the internet.

Radio Technical Commission for Maritime Services (RTCM): A convention for
messages containing corrections for the implementation of a Digital Global Navigation
Satellite System (DGNSS).

Robot Operating System 2 (ROS2): A set of open-source software libraries and tools

that are useful for robotic software development.

RQt: A software framework with multiple GUI tools in ROS2 utilized to display data,

publish messages onto existing topics, node inspection, and debugging.
RViz2: A software framework in ROS2 mainly utilized to display sensor data.

Simultaneous Localization and Mapping (SLAM): A process to simultaneously

estimate the position of a robot while mapping out the surroundings.
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APPENDIX A - RTK-BASED GNSS SETUP

1. Obtaining credentials to use VRS from InaCORS
e Sign up for a free SBC account through

http://inacors.big.go.id/sbc/Account/Reqister

e The NTRIP username and password, annotated by the square box in Figure
A-1, will be used by the NTRIP clients for access to connect to the VRS.

e Upon login, the NTRIP caster details including address and port can be found
under Account Details — User Profile — Preferences as shown in Figure A-2.
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Figure A-2 NTRIP caster details
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2. Connecting to the NTRIP client with u-center application (Windows)

The NTRIP client in u-center application by u-blox can be found under
Receiver — NTRIP Client as shown in Figure A-3.

To connect, provide the credentials and details previously obtained from
InaCORS in the NTRIP caster settings section. Have the NTRIP mount point
setting to “Nearest-rtcm3” as this will select the closest VRS for use.

° u-center 22.07

File Edit View Player Receiver Tools Window Help

DE&E~| &4 Connection >

A Baudrate > S =T
adamoE OENEEOSESE

a v v || | P

2(o|ln» W
g L LR A

NTRIP Client...

MQTT Client...
Autobauding
Debug Messages
Generation

Protocol Filter

Action

Differential GNSS Interface...

Epoch detection...

Figure A-3 NTRIP client in u-center application

s
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T
NTRIP client settings X
|- NTRIP caster settings
Address: | 103.22.171.6
Port: | 2001
Username: | oliviadh
P L I EEXXEXXXXEEE
—NTRIP stream
Update source table| (3| Request Interval (seq) |
NTRIP mount point: |Nearest-rtcm3 | [Mount point details |
™ Use manual position
Longitude (deg): |0
Latitude (deg): |0
Altitude (m): o
Geoid sep. (m): I 0
[ ok | canca |

—

Figure A-4 NTRIP credentials in u-center application
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3. Connecting to the NTRIP client in ROS2

All code related to RTK-based GNSS utilizing u-blox antennas and NTRIP
client through ROS2 topics have been compiled in

https://github.com/olvdhrm/RTK GPS NTRIP.qgit

Configuration files for the u-blox GNSS antennas can be found under
ublox_gps — config as shown in Figure A-5.

For this thesis, the zed_f9p.yaml file is utilized and includes the parameters
that have been configured accordingly as a rover.

NTRIP caster details and credentials previously obtained from InaCORS are
to be provided to the NTRIP client in the ntrip_client_launch.py file as shown
in Figure A-6.

RTK_GPS_NTRIP / ublox_gps / config / (& Add file - -

[) <94 mBp_roveryam Add fles

Add files via upload

Figure A-5 u-blox GNSS configuration files

Code | Blame . e @& 2 - B

Figure A-6 NTRIP credentials in ROS2
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APPENDIX B — LOCALIZATION CONFIGURATION FOR INTEGRATION
OF GNSS DATA

gpsargh.launch.py + X

generate_launch_description

=] launch_ros.actions.Node(
package=" on',
executable= ra orm_node',
name='n F

parameters=[ekf_config_path],
remappings=[( !

launch_ros.actions.Nede(
package="robot_loc
executable=

[ekf_config_path],
remappings=[('odomet 1

launch_ros.actions.Node(
package="robot_1lo
executabl hf_

parameters=[ekf_config_path],
remappings=[('c

launch_ros.action
package="tf2
executable=

'base_footprint', 'gp

Figure B-1 Robot localization with RTK GNSS integration
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APPENDIX C - BRINGUP OR LAUNCH PROCESS

1. To launch the following packages altogether,

e Driver for ublox receiver and antennas (ublox_gps)
e NTRIP client (ntrip_client)
e Fix to NMEA converter (fix2nmea)

As shown in Figure C-1 below, run the following command in the terminal
ros2 launch ublox_gps rtk_combined_launch.py
Otherwise, follow the instructions in the GitHub repository below

https://github.com/olvdhrm/RTK GPS NTRIP.git

g S ros2 launch ubl
[launch]: All log files can be found
[launch]: Default logging verbosity is
[ublox_gps_node-1]: process start ith p [3511]
[ntrip_ros.py-2 process started with pid [3513]
[fix2nmea-3]: process started with pid [3515
X_gps_node-1] [INFO] [ gps_node]: U-Blox: Opened serial port /dev/ttyAcCM1
: U-Blox: Set ASIO baudrate to 9600
client_node]: Connected to http://103.22.171.6:2001/Nearest-rtem3
| U-Blox:
_node-1] vy
_node-1]

38400
57600
57600, In/Out Protocol: 35 / 1

.00 (f10c36), HW VER: 00190000

_node-1]
_node-1]
_node-1]
_node-1]
_node-1]
node-1]
node-1]
node-1]
node-1]
node-1]
_node-1]

_node-1]
_gps_node-1]
ublox_gps_node-1]

[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[INFO] [16
[DEBUG] [1
[DEBUG] [1
[DEBUG] [1
[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[DEBUG]
[WARN] [16
[WARN] [16;
[ERROR] [1
[INFO] [16
[DEBUG] [1
[INFO] [16
[DEBUG] [1
[DEBUG] [1

ELEE] [ub
451441] [ublo

1
.803098777]
.803108231]
.803122520]
.803130291]
.803137206]
.803143464]
.803164001] >
9119.886302311] [ublox_
9119.806341627] [ublox_gps_node]
529120.809056177] [ub
9135.810718099] [ublox
529135.812045412] [ublox_gps_node]:
9135.813159070] [ublo>
529135.813252402] [ublo:
529135.817611456] [ublox_gps_node]:

gps_node]:
s_node]:

node]:
node]:
_node]:

s_node]

118B2060

to 1080 ms and nav rate to 1 cycles

© Num.

configuration is different
Configuration is different 1, 1
Configuration: 353435649
353435649
-configuring GN
re-configured, cold resetting device.
R ting u-blox. If device address changes, node must be relaunched.

e]: U-Blox ASIO input buffer read error: Operation aborted., ©

: U-Blox: Reset serial port /dev/ttyACM1

ps_node]:
gps_node]

Disabling TMODE3

U-Blox configured successfully.
bscribing to U-Blox messages

Configuring INF messages

Figure C-1 RTK-based GNSS combined launch

2. To launch the following packages altogether,

e LinoRobot framework (linorobot2)
e State estimation and NavSat transformation nodes from robot_localization
(robot_localization)

As shown in Figure C-2 below, run the following command in the terminal

ros2 launch linorobot2_bringup bringup2.launch.py
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squ@sgu: ~/Documents/linorobot2

u: -/Docum ackages Test 5 /Docy [Packages Test

983546-59u-3798

help for new

sptantng un

jescription topic

Figure C-2 Linorobot2 framework bringup

3. To perform keyboard teleoperation on the robot. After launching the LinoRobot
framework package, run the following command on the terminal

ros2 run turtlebot3_teleop teleop_keyboard

S

increase/decrease linear velocity (Burger : ~ 8.22, Waffle and Waffle PL : ~ 0.26)
increase/decrease angular velocity (Burger : ~ 2.84, Waffle and Waffle Pi : ~ 1.82)

key, s : force stop

CTRL-C to quit

Figure C-3 Keyboard teleoperation

4. To launch the navigation package, run the following command on the terminal

ros2 launch turtlbot3_navigation2 navigation2.launch.py
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$ ros2 launch turtlebot3_na
AUl log files can be found below /home/sgu/.
INFO] [launch]: Default logging verbosity is set to IN
component_contatner_tsolated-1]: process started with pid [5897]
rocess started with pid [5899]
Ignoring XDG_SESSION_TYPE=wayland on Gnome.
solated-1] [INFO] [1686629983.869960094] [nav2_container]:
6629983.897112894] [nav2_contatner]
[1686629983.897150739] 2_container]
] [1686629983.897157486] [nav2_contatner]
[1686629983.968587788] [map_server]:
ated-1] nap_server lifecycle node launched
10ad_conposable._

_container_isolated-1]
conponent_contatner_tsolated-1]
conponent_contz lated-1]
conponent_contatner_isolated-1]
conponent_contalner_isolated-1]
conponent_contatner_tsolated-1]
component_contatner_isolated-1]
conponent_container_isolated-1]
[ conponent_contatner_tsolated-1] xternal lifecycle transitions to activate
conponent “tsolated-1] see https://design.ro ycle.htal for

[INFO) [1686629983.959762
_nodes]: Loaded node
1686629983 .964426530]

igation2 navigation2.launch.py

INFO] [launch]: ros/109/2023-06-13-11-19-42-229437-59u-5881

Use QT_QPA_PLATFORM=wayland to run on Wayland anyway.
Load Library: /home/squ/Docunents/gpsnavz/navigation2_hunble/tnstall/nav2_nap_ser
Found class: rclcpp_components: :NodeFactoryTemplate<nas _server::MapSaver>
Found class: rclcpp_components: :NodeFactoryTemplate<nas _server::MapServer>
Instantiate class: rclcpp_components: :NodeFactoryTemplat

rviz2-2] Warning

conponent_contatner_t r/Uib/1ibnap_server_core.so

“map.

<nav2_map_server::MapServer>

in contatner 'nav2_contatner'

[INFO] [1686629983.908 _se
[INFO] [1686629983.938862069] [nav2_container]:
[INFO] [1686629983.946097605] [nav2_container]:
[INFO] [1686629983.946136680] [navz_contatner]
[INFO] [1686629983.954881224] [ancl

mcl lifecycle node launched

/Anstall/nay
_ancl: :AnciNode>
e<navz_amcl: :AnciNode>

Load Library: _amcl/Lib/11bancl_cor
Found class

Instantiate class:

/home/sgu/Documents/gpsnav2/navigation2_humbl
rclepp_components : :NodeFactoryTenplate<nay
Fclcpp_components : :NodeFactoryTenpl

more information.

INFO] [ o

Vcomporém’cama\n
re.so

conponent_contatner_tsolated-1] [INFO]

lated-1] [INFO]

lated-1] [INFO)

launch_ros.actions.load_cong

conponent_contatner_tsolated-1] [INFO]

isolated-1] [INFO]

\m ted-1] [INFO

in container 'nav2_container
_contat Load Library: /home/sgu/Documen:

! famcl
[n

comy
_tsolated-1] [INFO] [ /gpsnavz/navigation2_hunble/install/nav2_lifecycle_manager/1ib/ibnav2_lifecyc

LifecycleManager>
:Lifecycledanager>

Found class: rclcpp_components: :NodeFactoryTenplate<nav2_lifecycle manager
Instantiate class: rclcpp_components: :NodeFactoryTemplate<nav2_lifecycle_nanager:
Creating

{n contatner

[1686629983.966555558] [nav2_contatner
[1686629983.966580618] [nav2_container
[1686629983.975934086] [L1fe: manager_localization]:
ble_nodes]: Loaded node '/lifecycle_manager_locallzation'
[1685629983.980921204] [L1fecycle_panager_localtzatton]:

984573696] [lifecycle_manager_localization]:

[1686629983.984931146] [Lifecycle_manager_localization]:
conponent_contatner_Lsclated 1) [INFO [1686629983.985350810] [nap_server]: Conflguring

onponent_contalner_solated-1] [INFO] [map_to]: Loading yanl file: /home/sgu/Documents/turtlebotws
conponent container Lsalated.1] [DEBUG] [nap.to]: resolution: 6.01

ontainer_isolated-1] [DEBUG] [map_io]: origin[6] 5
nt_contatner_isolated-1] [DEBUG] [nap_lo
nent_contalner_isolated-1] [DEBUG] [nap_Lo

conponent_contatner_tsolated-1] [DEBUG] [map_to]:
conponent_container_isolated-1] [DEBUG] [map_io]:
conponent_contatner_t

conponent_contatner L
conponent_contatner_tsolated-1] [INFO]
conponent_contatner_isolated-1] [INFO]
conponent_contatner_tsolated-1] [INFO
‘conponent_contatner_isolated-1] [INFO
conponent_contatner_tsolated-1] [INFO]
conponent_contatner_isolated-1]
conponent_contatner

2_contalner

nstall/turtlebot3_navigationz/share/turtlebot3_navigationz/nap/blank_nap.yanl

0
sh: ©.196

6.65
mode:
negate
Loading inage_ ‘\le' /home/sgu/Docunents

trinary

: /turtlebotws/install/turtlebot3_navigation2/share/turtlebot3_navigation2/nap/blank_nap.pgn
[1686629984.638647299] ntainer]: Load Libra ome /sgu/Docunents /gpsnavz/navigation2_hunble/install/nav2_controller/lib/1ibcontroller_:
[1686629984..045612151] [nuu contatner]: Found class: rclcpp_components: :NodeFactoryTemplate<navz_controller::ControllerServer>
[1686629984.049685677] [nav2_contatner]: Instantlate class: rclcpp_components: ryTemplate<nav2_controller::ControllerServers
[1686629984.061287648] [controller_server]:
controller_server lifecycle node launched.
Waiting on external 1¢ le transitions

erver_core.s

to act
4] [amcl]: Conf
tnt
7] [wrmo\\,
n{tPubSU
Subscr

tgurin

conponent_container_isolated-1] [INFO]
conponent_contatner_tsolated-1] [INFO
ontatner_tsolated-1] [INFO]
contatner_tsolated-1] [INFO
isolated-1] [INFO]
[1686629984.151599833]
1686629984. 151737559
lated-1] [INFO]
conponent_container_is
conponent_contatner_{
conponent_contatner tsolated-1] [INFO]
rvizz-2] [INFO] [1686629984.175057525] [rviz2]:
fconponent_contatner_tsolated-1] [INFO] [1686629984
conponent_container_isolated-1] Tocal_costnap 1
conponent_contatner_tsolated-1] Watting on extern
conponent_container_isolated-1] e 3
conponent_contatner_tsolated-1] [INFO] (1686629984
INFO] [launch_ros.actions. load_conposable_nodes]
conponent_contatner_tsolated-1] [INFO] [168602998
ponent_contatner_isolated-1] [INFO] [1686629
ent_contatner_tsolated-1] [INFO] [1686629984.2
conponent_contatner_ (1685629384
conponent_contatner_t
ontatner_{solated

2998.

[1686629984.
{1686

bed to map

{1nFO)

[INFO)

ifecycle,

cycle manager.
[1686629984. 172419849 ]
Stereo is NOT

al_costmap]:
Taunched

sitions to te

node_lifecycle.htnl for more information.

ostmap]: Creating Costmap

in contatner 'nav2_contatner
Load Library: /home/squ
Found class: rclcpp_compon
Instantiate class: rclcpp_e

tbsmoother_server_core.so
snootherserve
_smoother : : Smootherserver>

nav2
ntatner] ryTenpl
transitions to activate
org/articles/node_lifecycle.htnl for
moother_server]: Creating smoother
" ' in contatner 'nav2_cont
Load Library: /home]
Found class: rclcpp_compone:
Instantiate class: rclcpp_compones

ore information

le/Anstall/nav2_planner/lib/libplanner
nner::PlannerServer>
2_planner : :PlannerServe:

nav2/navigati server_core.so
ctoryTemplate<n

:NodeFa

NodeF
nt

[ Im 0]
[INFO]
[INFO)

. 2_container]
eoncanenEcontatnerst ntatner]
conponent_contalner_isolated
conponent_contatner_tsolated-1]
conponent_container_isolated-1]
conponent_contatner_{solated-1]
conponent_contalner_tsolated-1]
conponent_container_isolated-1]
conponent_contalner_Lsolated.1]
onpon
conponent_contatne
ponent_contalner_Lis

vate

ycle.htal for more information
[INFO]
[INFO
[INFO
[INFO)
[INFO]
[INFO]

[ma 289 Server map_server connected

6629984

1686629984.290018310
[1686629984.381023148] [glo
global_costmap lifecycle

umnnq on external lifecy sitions
L ] ht /design.ros2.org/articles/node_lifecy
isolated-1] [INFO] [l()ﬂob_,, 382734359] [global_costmap.global c
03d_composable_nodes]: Loaded node ' /planner_server
[1686629984.368038456] [na ntatner]

e tran

ponent_contatner

INFO] [launch_ros.acttions.

[ conponent_contatner_isolated-1] [INFO _behaviors/lib/libbehavior_server_core.so
:Behaviorserver>

Load Libr
Found class

/navigation2_huni
ryTemplate<behavior_server

conponent_contatner_isolated-1] [INFO

1686629984 .317572210] [nav2_c
conponent_contatner _tsolated-1] [INFO] 9 ¢

[1686629984.317613661] [nav2_c:
3

ontatner]
ntatner]
serv

Instantiate class: rclcpp_components: oryTemplate<behavior_server::BehaviorServers

conponent_contatner_tsolated-1] [INFO]
component_contatner_tsolated-1]
conponent_container_isolated-1]

[1686629984.. 8163] [behavior
ehavior_server lifecycle node launched.
Waiting on external 1i: 1le transitions to

conponent_container_isolated-1] [INFO] Found class:
conponent_contatner_tsolated-1] [INFO
conponent_contatner_isolated-1] [INFO]
conponent_contatner \olated 1]
onponent_container_isolate
conponent_contatner_tsolated- :] s / 3
ponent_contatner_tsolated-1] [INFO] [mauovwsa 384290007] [bt_navigator]: Creating
launch_ros.actions. load_conposable_nodes]: Loaded node '/bt_navigator contatner
conponent_contatner_isolated-1] [INFO] [168662 598438751 4863] [navZ_container]: Load Library

[1686629984.363380947] [nav2_container]
[1686629984.363413188] [nav2_contatner]
[1686629984.384235804] [bt_navigator]
bt_navigator Lifecycle node launched.
le transitions to activate
rg/articles/node L fecy

n

[INFO) Found class
[INFO]
[INFO
[INFO
[INFO
[WARN]

[1686629984.396241664] [nav2_contatner]:
[1686629984.396298613] [nav2_container]:
[1686629984.396519784] [11fecycle s

[1686629984.396557959] [Lifecycle_nanager
[1686629984.396596449] [Lifecycle_manager_loc.
[1686629984.462424108] [ancl]: New subscription di

[u.nco 9984.412467961] [waypoint_follower]:
t_follower lifecycle node launched.
uau\ng on external lifecycle transitions to
conponent_contatner_isolated-1] ee https://design.ros2.org/articles/node_Lif
 conponent_contatner_tsolated-1] [INFO] [1686629984.414888324] [waypoint_follower]: Creating
INFO] [launch_ros.actions.load_conposable_nodes]: Loaded node '/waypotnt_follower’ in c
conponent_contatner_tsolated-1] [INFO] [1686629984.418132911] [nav2_container

conponent_contatner_tsolated-1]
conponent_container_isolated-1]
conponent_container_tsolated-1]
conponent_container_isolated-1]
conponent_contatner_tsolated-1]
conponent_container_isolated-1]
policy: RELIABILITY_QOS_POLICY
conponent_contatner_lsolated-1
conponent_contatner_tsolated-1]
conponent_contatner_isolated-1]

Tlocalizatior

[INFO)

activate

ntat
contatner]:

conponent_contatner_{solated-1] [INFO] Found class
conponent_contalner_isolated-1] [INFO] [168662998
conponent contatner tsolated-1] [INFO] [1686629984,448629344] [velocity_snoother]
INFO] [launch_ros.actions.load_conposable_nodes]: Loaded node '/vel
[ conponent_contatner_tsolated-1 veloctty_smoother lifecycle
conponent_contalner_isolated-1] Waiting on external 1ifec
conponent_contatner_tsolated-1] see https://design.ros2.org/articles/node_Lifec
conponent_container_isolated-1] [INFO] [1686629984.451361492] [nav2_container]: Found
ontatner_{solated-1] [INFO] [1686629984.451392634] [nav2_contatner]:
conponent_contatner [INFO]
INFO] [launch_ros.actions. oad_conposable_nodes]: Loaded node '/lifecycle_manager_navigation'
conponent_contatner_tsolated-1] [INFO] [1686629984.581759176] [1ifecycle_manager_navigation]:
) [1686629984.501937 [rel.logging_rosout]: Publisher already registered
Asting publisher. As soon as any node with str

[1685629584.421011019] [ns

1

activate

class:

out over the e

A e
conponent_contatner_tsolated-1]
conponent_container_isolated-1]
conponent_contatner_tsolated-1]
conponent_contatner_{solated-1
conponent_contatner_tsolated-1]
conponent_contatner_isolated-1
f conponent_contatner_tsolated-1]
conponent_contatner isolated-1]
conponent_contatner_tsolated-1]
conponent_container_{solated-1]
conponent_container_isolated-1]

[INFO
[INFO
[INFO]
[INFO]
[INFO
[INFO
[INFO
[INFO]
[INFO]
[INFO

[1686629984.534013079] [lifecycle_manager_navigation]:
[1686629984.534054551] [ifecycle_nanager_navigation]
[1686629984.534195841] [controller_
[1686629984.534681131] [controller_server]
[1686629984.534918158] [controller_server]
[1686629984. 534967505] [local_costmap.local_costmap]
[1686629984.542048770] [Llocal_costmap.local_costmap]:
[1686629984.552351817] a1_costmap. local tmap]
[1686629984. 559948368] [local_costmap.local_costmap]:
[16a6625964..566016806] [local_costnap. Local costnapl:
562312646] [local_costmap. local_costmap]

Instantlate class

Instantiate clas
_localization]

ycle. htal
ntatner
Load Library:
Instantlate class: r

in container

ycle.htal

Instantiate class:
[1686629984.497994269] [Lifecycle_manager_navigation]:

for pr
cted it will unregister the publisher,

Configuring controller
getting goal checker
Controller frequency set to 10.0008Hz

bt_navigator
bt_navigator:

:BtNavigator>
BtNavigator>

rclcpp_components
rclepp_components :

deFactoryTemplate<nav
:NodeFactoryTenplate<nav2_

e.htal for more information.

‘nav2_contatner"

/home/sgu/Documents/gpsnav2/navigation2_humble/install/nav2_waypoint_follower/lib/1ibwaypoint_follower_core.s
waypotnt_follower
_follower:

WaypotntFollowers
:WaypointFollower>

rclepp_components: :NodeFactoryTenplate<nar
rclcpp_conponents : :NodeFactoryTenplate<navz_waypoint.
Server amcl connected with bond.

0]

altzation]
overed on topic '/particle_cloud’, requesting incompatible (x

to it. Last incompatibl

or more information
*navz_contatner
/hone/sgu/Docunents/gpsnav2/navigation2_humble/tnstall/nav2_velocity_smoother/lib/Ubvelocity_smoother_core
elocitySnoother>

velocttysnoothers

omponents: toryTenplate<nav2_velocity_smoother
cpp_components : :NodeFactor yTemplate<nav2_velocity

rclepp_

3t _smoother: :

nav2_container

for more information.
rclepp_components: :NodeFacto

Fclcpp_components : :NodeFactoryTemplate<navz_Life
creating

tn contatner

tfecyclemanage
cycle_manager: :Lifecycleanager>

'navz_contatner'

If this is due to multiple nodes with the same name then all logs for
preventing any further logs for that name from being publishe

that logger name wi
on the rosout topic

vided node nam

interface
plugins

Configuring
ustng plugtn
subscribed
Inttialized plugin
Ustng plugin “voxel_
Subscribed to Topics

obstacle_layer
Topt

Figure C-4 Nav2 bringup
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1.2 Performance

Parameater

Specification
Multi-band GNSS high precision receiver

Receiver type

Accuracy of time pulse signal RMS 30 ns
99% 60 ns
Frequency of time pulse signal 0.25 Hz to 10 MHz
(configurable)
Operational limits® Dynamics =4g
Altitude 80,000 m
Velocity 500 mys
Velacity accuracy® 0.05 m/s
Dynamic heading accu racg.l'3 0.3deg
Table 1: ZED-F9P-04B specifications
GNss* GPS+GLO+GAL+BDS GPS+GLO+GAL GPS+GAL GPS+GLO GPS+BDS GPS
Ac:quisition5 Cold start 25s 25s 30s 25s 30s 30s
Hot start 2s 2s 2s 2s 2s 2s
Aided start® 28 2s 2s 2s 2s 2s
Max navigation ATK THz 10Hz 15 Hz 14 Hz 13Hz 20 Hz
update rate” PVT 9Hz 10Hz 20 Hz 20 Hz 16 Hz 25 Hz
RAW 185 Hz 18Hz 25 Hz 25 Hz 25Hz 25 Hz

similarly to RTK

L - ]

-4

Assuming Airborne 4 g platform

50% at 30 my/s for dynamic operation

GPS used in combination with QZSS and SBAS
Commanded starts. All satellites at-130 dBm. Measured at room temperature.

Dependent on the speed and latency of the aiding data connection, commanded starts
Measured with primary output only, secondary output disabled (default)

PPP-RTK position accuracy depends on the quality of the SSR service used, high-quality SSR services can perform

GNss? GPS+GLO+GAL+BDS GPS+GLO+GAL GPS+GAL GPS+GLO GPS+BDS GPS
Convergence RTK <10s <10s <10s <10s <10s <30s
time®
Table 2: ZED-F9P-04B performance in different GNSS modes
GNSS GPS+GLO+GAL+BDS GPS+GLO+GAL GPS+GAL GPS+GLO GPS+BDS GPS
Horizontal pvT? 1.5m CEP 1.5 m CEP 1.5mCEP 1.5mCEP 1.5mCEP 1.5mCEP
pos. accuracy
sBas? 1.0m CEP 1.0m CEP 1.0mCEP 1.0mCEP 1.0mCEP 1.0mCEP
mTK'® 0.01m 0.01m 0.01m 0.01m 0.017m 0.01m
+ 1 ppm CEP + 1 ppm CEP +1ppmCEP +1ppm CEP +1ppm CEP +1 ppm CEP
Vertical pos.  pyT? 2.0 m R50 2.0 mR50 20mR50 20mR5S0 2.0mRS0 2.0mRS50
accura
i cgas? 1.5m RS0 1.5 mRS50 1.5mR50 1.5mRS0 1.5mRS0 1.5mRS50
BTK® 0.01m 0.01m 0.01m 0.01m 0.01m 0.01m
+ 1 ppm RS0 + 1 ppm R50 +1ppmRS0 +1 ppm RS0 + 1 ppm RS0 + 1 ppm AR50

Table 3: ZED-F9P-04B position accuracy in different GNSS modes

Figure D-1 ZED F9P datasheet — performance
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5.5 Default interface settings

Interface

Settings

UART1 output

UART1 input

UARTZ output

UARTZ input

UsE
12C

5Pl

38400 baud, 8 bits, no parity bit, 1 stop bit.

NMEA protocol with GGA, GLL, GSA, GSV, RMC, VTG, TXT messages are output by default.

UBX and RTCM 3.3 protocols are enabled by default but no output messages are enabled by
default.

38400 baud, 8 bits, no parity bit, 1 stop bit.

UBX, NMEA and RTCM 3.3 input protocols are enabled by default.

SPARTN input protocol is enabled by default.

38400 baud, 8 bits, no parity bit, 1 stop bit.

UBX protocol is disabled by default.

RTCM 3.3 protocol is enabled by default but no cutput messages are enabled by default.
NMEA protocol is disabled by default.

38400 baud, 8 bits, no parity bit, 1 stop bit.
UBX protocol is enabled by default.

RTCM 3.3 protocol is enabled by default.
SPARTN protecol is enabled by default.
NMEA protocol is disabled by default.

Default messages activated as in UART 1. Input/output protecols available as in UART1.

Available for comnmunication in the Fast-mode with an external host CPU in slave mode only.
Default messages activated as in UART 1. Input/output protecols available as in UART1.
Maximum bit rate 400 kb/s.

Allow communication to a host CPU, operated in slave mode only. Default messages activated as
in UART 1. Input/output protocols available as in UART 1. SPIl is not available unless D_SEL pin is
set to low (see section D_SEL interface in Integration manual [1]).

Table 23: Default interface settings

Figure D-2 ZED F9P datasheet — default interface settings
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3.3 Intel® RealSense™ Tracking Camera T265 Device

Figure 3-3. Intel® RealSense™ Tracking Camera T265

Mote: Fuypate may differ from linal production images

331 Intel® RealSense™ Tracking Camera T265 Mechanical Dimensions

Table 3-13. Intel® RealSense™ Tracking Camera T265 Mechanical Dimensions

Dimension Min Nominal Max Unit
Width 107.88 108.00 108.15 mm
Height 24.38 2450 2468 mm
Depth 1238 12.50 1265 mm
Flatness Tolerance - 015 - mm
Weight 57 60 63 o
33.2 Intel® RealSense™ Tracking Camera T265 Thermails
Table 3-14, Max Skin Temperature
Max Skin Temperature
Tracking Camera (25°C Ambient in Open Environment)
T265 40°C

Figure D-3 T265 Tracking Camera datasheet 1

333 Intel® RealSense™ Tracking Camera T265 Storage and Operating Conditions

Table 3-15. Storage and Operating Conditions

Condition Description Min | Max | Unit
T (s d, Cot ¥ o 40 °C
Storage (Still Air), Not Operating Temperature (Short Exposure)™ -30 65 <
Humidity, Non-Condensing 90% RH, 30°C
Operating(3) (Still Air) Temperature (] l 35 ] ©
NOTES:
1.  Controlied conditions should be used for long term storage of product.
2, short exp: y max kmits for transpor

3. Component case temperature kmits must be met for all operating temperatures

334 Product Identifier and Material Code

Table 3-16. Product Identifier and Material Code

Production Product Material Code

Intel* RealSense™ Tracking 99940
Camera 7265

Figure D-4 T265 Tracking Camera datasheet 2
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Figure 6-8. Intel® RealSense™ Tracking Camera T265 Center of Tracking Location

Note: Recommended torque for both M3 mounting points is 0.4Nm.

6.8 Tracking System Coordinate System
Figure 6-9. Tracking System Coordinate System
mymunf Camera T208
World Cooranates
w_/
Notes:
1 Posttive X direction & towards nght images (same for workd coordnates)
2. Postwe Y direction & upwards top of {same rid
1 Postwe 2 direction & inwards Back of the device (same

Figure D-5 T265 Tracking Camera datasheet 3
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Intel® RealSense™ Depth Camera D415

Features

Depth

RGB

Major Components

Physical

TECH SPECS

Use environment:
Indoor/Qutdoor

Image sensor technology:
Rolling Shutter

Depth technology:

Stereoscopic

Minimum depth distance (Min-Z) at max
resolution:
~45cm

Depth Accuracy:
<2%at2m

RGB frame resolution:
1920 x 1080

RGB frame rate:
30fps

RGB sensor technology:
Rolling Shutter

Camera module:
Intel RealSense Module D415

Form factor:
Camera Peripheral

Length x Depth x Height:

99 mm x 20 mm x 23 mm

Ideal range:
5mto3m

Depth Field of View (FOV):

65° x 4(

Depth output resolution:
Up to 1280 x 720

Depth frame rate:
Up to 90 fps

RGB sensor FOV (H x V):
69° x 42°

RGB sensor resolution:
2MP

Vision processor board:
Intel RealSense Vision Proc

Connectors:
USB-C*3.1 Gen 1*

Mounting mechanism:

—0One 1/ UNC thread mounting point
—-Two M3t d mounting points.

Figure D-6 D415 Depth Camera specifications
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Switching Power Supply PSU 24V 30A High Quality,
24 Volt 30 Ampera Fan

Terjual 100+ « 4.9 (61rating) « Diskusi (2)

Rp185.000

Detail

Kondisi: Baru
Min. Pemesanan: 1 Buah
Etalase: POWER SUPLAY 24V

SAAT TERIMA BARANG ADA KERUSAKAN BISA CHAT KITA YA BOS

POWER SUPPLY 24V DC OUTPUT 30A (720 WATT) + FAN

- AC Input : 220V +/-15%
-DC Output : 24V - 30A (720 Watt max)
- Ukuran : 22x11,5x5 cm

- Merubah tegangan AC 220Volt menjadi DC 24Volt

- Digunakan untuk bermacam macam piranti elektronik yg
menggunakan tegangan 24 Volt DC

- Dipastikan sudah dilakukan test sebelum dikirim ke customer
- No Warranty

CARA PEMAKAIANNYA :

- Kabel listrik di hubungkan ke lambang Input AC

- Lambang -V ( - ) di hubungkan 24 V- (min )

-Lambang +V ( +) di hubungkan 24 + ( plus )

- Lambang V ADJ untuk mengatur tegangan DC supaya tepat menjadi
24VDC

Lihat Lebih Sedikit

Figure D-7 Power Supply Unit specifications
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ZeWs

Battery Products

PC18-12 12visaH
SLA Battery

Capacity (25°C)

20HR (0.90A, 10.5V) = 18.00AH
10HR (1.73A, 10.5V) = 17.30AH
SHR (3.24A, 10.5V) = 16.20AH

THR (10.85A, 10.5V) = 10.85AH

Operating
Temperature Range

Charge = -15°C to +50°C
Discharge = -20°C to +60°C
Storage = -20°C to +60°C

Approx. Weight

5.5kg

Internal Resistance

Fully charged at 25°C : < 12mQ

Self Discharge

2% per month at (25°C)

Capacity Affected
by Temp. (20HR)

40°C=102%
25°C =100%
0°'C=85%

-15°C = 65%

* Completely sealed, maintenance-free,
low self-discharge

* State of the art AGM and grid alloy
formula technology

* Non-spillable, stable quality and high
reliability with excellent re-charging
performance

* Floating and standby use up to: 5 years
* Cycle use: Up to 260 cycles at 100% DoD
* Cycle use: Up to 500 Cycles at 50% DoD

» Container and Cover Material —
ABS UL94-HB (optional UL94-V0)

» Transportation - D.O.T, LATA & FAA

Charge Voltage
(25°C)

Cycle Use = 14.4-14.7V (-30/mV/°C)
Max Current = SA ‘
Float Use = 13.5-13.8V (-20mV/°C)

Dimensions
(Nominal)

Length: 181mm (7.12 in.)
Width: 77mm (3.03 in.)
Height: 167mm (6.57 in.)
Total Height: 167mm (6.57 in.)

L) (SREE ) ()

= APPLICATIONS

zeusbatteryproducts com

Multipurpose Alarm & Security System  DC Power Supply

Telecommunications ~ Comm. Power Supply Auto Control System
st Elec. Power System (EPS)  Traffic Control Signaling
Medical Equipment  Emergency Backup Power  Emergency Lighting
Terminal Type
HEET T == sTerminal M = Terminal NB
e =1
8] ® T AR1H
M5 Bolt M5 Bolt & Nut

Page 101 of 106

SO m Terminal F2 0.250" x 0.032"
queck disconnect tabs

877 469 4255

REV VLY

sales zeusbatteryproducts com

Figure D-8 Battery datasheet 1
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Effect of Temperature on Capacity 25°C (77°F)

PC 2

Capacity Retention Characteristic

[}

Capacty s

n

&

Trickle (or Float) Service Life

" =

[CEETRED
@ o o»
Temperature

“w =
104 223

s
2
=]
A-Na::ﬂn:m:n
Regular Charge / Float Charge / Storage

o
m

Cascty |5)

th

v

Aemaining Capacity
1 3

“w " "
Storage Time (months)

Cycle Service Life

1EN000 S0 MN000

Ah sl Tewgeiaire AL PP

00 00 ] e o0
Hambaral Cycen (T

* Charging valtage temperature compensation heeds to be applied when temperature is below 0°C and above #45°C.
= Charging in temperaturés below 0°C, the charge current should not exceed 0.1C as the core battery temperature can increase rapidly
and damage the battery.

* During floating charge or when in storage, the ide of the battery is cut in half for every 8°C temperature rise over 25°C

Discharge
* Discharging ot el d 5
* Low temperature affects the

Iimproves parformance of the battery yet shortens its e due to scodlerated aging

infernal resistance and lowers its capacity. The battery provides 100% specied capacity at 25°C
It will deliver 50% of &3 staled capacity at -20°C with 0.1C discharge current and 20% with 2C discharge current.

FV/Time | Smin | 1 15enn 3h 5h 6h 10h
1.85V/Cell | 59.18 | 3494 | 2846 | 1790 | 1045 | 604 | 464 | 3808 | 3120 | 2544 | 1.668 | 0.867
1.80V, | 6031 | 3560 | 2898 | 1824 | 1065 | 615 | 473 | 3880 | 3.180 | 2532 | 1700 | 0883
1.75V/Cell | 61.44 | 3627 | 3061 | 1858 | 1085 27 | 481 | 3053 | 3239 | 2641 | 1.732 | 0900
T.70V/Cell | 6697 | 3845 | 3222 | 192 04 | 638 | 4900 | 4023 | 3296 | 2687 | 1.762 | 0dl6
1.67V/Cell 7373 41N 3478 2040 5 A5 495 4.066 3.332 2.716 1.781 0.926
1.60V/Cell | 7987 | 4389 | 3500 | 2128 | 1127 | 652 | 500 | 4110 | 2358 | 2745 | 1800 | D.936

Oons o U arge ~
EV/Time | 5min | 10min | 15min | 30ma | 1h 2h 3h 4h 5h 6h 10h | 20h
1.85V/Cell | 11540 | 68.12 | 5354 | 3490 | 2037 | 11.77 | 904 | 7.43 | 608 | 496 | 3256 | 169

| 1.80V/Cell | 11761 | 6943 | 5457 | 3657 | 2076 | 1200 | 921 | 767 | 620 | 505 | 341 172
T.75V/Cell | 11081 | 70.73 | 5569 | 3624 | 2115 | 12.22 | 939 | 7.71 | 632 | 515 | 338 | 176
1.70V/Cell | 13050 | 7497 | 5892 | 37.68 | 21652 | 1244 | 955 | 784 | 643 | 6524 | 344 | 178
1.67V/Cell 14377 | 8134 6393 39.79 21.75 12.57 9.66 7.93 6.50 5.30 3.47 181
7.60V/Cell | 15576 | 8558 | 67.26 | 41.49 | 2199 | 1271 | 9.76 | 801 | 657 | 6535 | as1 | 182

zeusbatteryproducts com

877 469 4255

REVViL

sales zeusbatteryproducts com

Figure D-9 Battery datasheet 2
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No | Item Name Price/ Qty Qty Total Price Notes

1| Roller Chain 35-1 with Connector CL35-1 Rp119,000.00 2 Rp238,000.00 Passed down

2| Sprocket RS35-30T Rp49,000.00 2 Rp98,000.00 Passed down

3| Pillow Block UCP 204 Rp28,500.00 8 Rp228,000.00 Passed down

4 [ Pillow Block UCFL 204 Rp30,500.00 2 Rp61,000.00 Passed down

5] AS S45C 35mm Rp195.00 900 Rp175,500.00 Passed down

6| AS S45C 25mm Rp112.00 800 Rp89,600.00 Passed down

7 | Aluminium Profile 3030 Rp820.00 512 Rp419,840.00 |Passed down

8| Aluminium Plate 2mm 59x46x2mm with Laser Cut Fee Rp325,000.00 1 Rp325,000.00 Passed down

9| T Hammer Nut M53030 Rp1,950.00 104 Rp202,800.00 Passed down
10| L/ Socket Head Cap Screw M5x15 (10 pcs/ pack) Rp7,000.00 11 Rp77,000.00 Passed down
11| Gusset 3030 Aluminium Profile Bracket Rp5,700.00 32 Rp182,400.00 Passed down
12 | Steel Screw HTB Grade 10.9 Rp2,600.00 16 Rp41,600.00 Passed down
13]13in Wheel Rp85,000.00 4 Rp340,000.00 Passed down
14 | DKM Motor 24V 90W Rp300,000.00 2 Rp600,000.00 Passed down
15]1:50 DKM Gearbox Rp1,500,000.00 2 Rp3,000,000.00 | Passed down
16 | Rotary Encoder Hanyoung NUX HE50B-8-360-3N-24 Rp687,500.00 1 Rp687,500.00 Passed down
17 | Gland PG13.5 Cable Rp11,600.00 1 Rp11,600.00 Passed down
18 | Electronic Case Enclosure Plastic Box with Clear Cover Rp74,500.00 1 Rp74,500.00 Passed down
19| PCB Printing Rp10,000.00 1 Rp10,000.00 Passed down
20 AWG12 Cable Rp2,000.00 12 Rp24,000.00 Passed down
213D Printing Rp140,000.00 1 Rp140,000.00 Passed down
22 | Acrylic Laser Cut Rp70,000.00 1 Rp70,000.00 Passed down
23| Resistors, Capacitors, Jumpers, Terminal Blocks, and Conn-Sill Rp20,000.00 1 Rp20,000.00 Passed down
24| Teensy 4.1 Board Rp635,000.00 1 Rp635,000.00 Passed down
25[10cm Pigtail Cable SMA Female to U.FL/UFL Rp25,000.00 1 Rp25,000.00 Passed down
26| IBT-2 Motor Driver Rp62,500.00 2 Rp125,000.00 Passed down
27 | Optocoupler Rp9,000.00 2 Rp18,000.00 Passed down
28 [ Heat Shrink Rp15,000.00 1 Rp15,000.00 Passed down
29 | Cable Jumper Male to Male (20 pcs/ pack) Rp5,400.00 3 Rp16,200.00 Passed down
30| IMU MPU9250 Rp65,500.00 1 Rp65,500.00 Passed down
31 | SparkFun GPSRTK2 Board (ZED-F9P) Rp3,911,600.00 | 1 Rp3,911,600.00 |Passed down
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32 | ANN-MB-00-00 Antenna Rp913,548.00 1 Rp913,548.00 Passed down
33 | Battery PC18-12 12V 18Ah Rp478,900.00 1 Rp478,900.00
34 | Switching Power Supply Unit 24V 30A Rp185,000.00 1 Rp185,000.00
35| Intel NUC717BNH-16S480 Mini-PC Rp6,000,000.00 1 Rp6,000,000.00 | Passed down
36 [ Intel NUC6CAYH Mini-PC Rp2,200,000.00 1 Rp2,200,000.00 | Passed down
37| Intel T265 Tracking Camera Rp6,000,000.00 1 Rp6,000,000.00 | Passed down
38| Intel D415 Depth Camera Rp4,000,000.00 1 Rp4,000,000.00 | Passed down
Total Price| Rp31,705,088.00
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CURRICULUM VITAE

OLIVIA DHARMADI

Mechatronics Engineering Student
Phone: (+62) 8170041001 | Email: olivia.dharmadi@outieok.com | Linkedin: www linkedin.comfin‘olviadharmadi

EDUCATION

Swiss German University

Bachelor's Degree Mechatronics Engineering Exgpected graduation: 2023
Current cumulative GPA: 3.987 4.00

Fachhochschule Sidwestfalen

Bachelor's Degree Mechatronics Engineering Ewxpected gradustion: 2023
Double degree prograrm and exchangs student for Winter 2021 and Surnmer 2022 semesters

WORK EXPERIENCE

Swiss German University

Teaching Aszistant for Mechatronics April 2023 - Present
Conduct sessions for 2™
Engine=ring Labs.

* Prepare and execute pre-session test and post laboratory Q&4 sessions to reinforce understanding.

semester Mechatronics and Biomedical Engineering students for Physics and Electrical

»  Owersee lsboratory sessions and provide feedback for student reporis.

Siemens Healthineers
Mechatronics Fellow at Innovation Think Tank Mechatronic Products March — August 2022
Implementing the Innovation Think Tank methodology im solving pain peints in the healthcare technology industry within
the scope of Mechatronic Products.
# Partake in design development of existing medical imaging modalities tasking inte consideration customer
feedback and both technical and clinical requirements.
»  Lhilized Unity Game Engine to develop virtusl use-case testing platforms for 2 existing healthcare modalities
for wirtwal prototyping and product visualization.
» Conducted Design of Experiment to eveluate different sensing methods used in obstacle avoidance systerns
within the clinical satting.

Industrial Pelytechnic Akademi Teknik Mesin Industri Cikarang
Student Trainee Practical Training Mowemibrer — December 2021
#  Practical fraining in basic operations of lathe and milling machines, mechanical banchwork, technical drawing,
reverse enginesrng. assembly. and welding.
#*  Practical training in electrical benchwork, circuit and circuit board design, and electrical installation.

ORGANIZATIONAL AND LEADERSHIP EXPERIENCE

Mechatronics Student Association
Head of Academics March — December 2021
Lead & division within the Mechatronics Student Association with 4 members which aims fo aid and enhance the
understanding of mechatronics students in academics whilst providing a platform for personal growith.

# |nitiated and proposed & peer-to-peer tutoring program to increase productivity and boost the understanding of

Mechatronics students in Machatronics subjects during online classes.
# Facilitated tutoring program for 2 batches over & subjects and 22 tutoring sessions since March 2021,
# Provided opportunities for 17 students to help and reinforce their understandings onto their peers.

Mechatronics Day 2021
Head of Mechatronics Day 2021 February — Movember 2021
Taking on the theme “Innovation Amidst the Pandemic®, Mechatronics Day 2021 intreduces and challenges high school
students to innovate and create technology-based solutions for problems that emerge in the pandemic.

# (Gained support from Indonesia’s Ministry of Youth and Sports, ASIOTI (Indonesian loT Association) and

pemimpin.id (a2 prominent Indonesian platform for personal growth and soft skills development).
# Conducted webinars around the topic of applications of loT and the Industry 4.0 era with 250 attendees.
# Smart Living Competition and workshop participated by 24 teams of high school students nation-wide.
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ACHIEVEMENTS

XL Axiata Future Leaders
Batch 10 Awardee Meovember 2021 - Present
XL Axiata's CSR program that focuses on self and leadership development through 2 core competencies: Effective
Communication, Entreprensurship & Innowvation, and Managing Change.
»  Selected as one of the 120 scholarship program swardees with an scceptance rate of 0,480,
*  Confributed as a member of the core team as Head of Finance for Jakarts 1 Cohort's social project responsible
for owerseeing and performing budget planning to financial report.

SKILLS

Indonesian Mative Proficiency

English Professional Working Proficiency
Garman Elementary Proficiency (A2)

] Microsoft Office (Word, Excel, PowerPoint), Microsoft Teams, Google Suite

L] Microcontroller programming with Arduino IDE

»  Object-oriented programming with C++ and Python

» 3D Design with Autodesk Fusion 360, Siemens MX, and SOLIDWORKS (2018)
. Electrical circuit design and simulation through MuliSIM and PowerSIM

L] Electro-pneumatic circuit design and simulation through Fluid Sk

*  \irtual use-case testing platform development through Unity Game Engine

Olivia Dharmadi



