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GLOSSARY

AMR (Autonomouus Mobile Robot)

ROS (Robot Operating System)

SLAM (Simultaneous Localization and Mapping)
URDF (Unified Robot Description Format)

IMU (Inertial Measurement Unit)

LiDAR (Light Detection and Ranging)

Mohammad Rizky Gartina



REFERENCES

Ananda, D. (2021). Kenalin Platform 10, IDE Modern untuk Embedded Device.
https://www.anakteknik.co.id/traper/articles/kenalin-platform-io-ide-modern-
untuk-embedded-device

Fikri, A. A., & Anifah, L. (2021). Mapping and Localization System pada Mobile Robot
Menggunakan Metode SLAM Berbasis LiDAR. Journal Information Engineering
and Educational Technology) ISSN, 2549, 869X.

Garrido, P. (2022). Vulcanexus includes micro-ROS.
https://micro.ros.org/blog/2022/08/03/vulcanexus/

Ge, S. S., & Lewis, F. L. (2006). Autonomous Mobile Robots : Sensing, Control,
Decision Making and Applications. Taylor & Francis.

Goodwin, D. (2020). The Evolution of Autonomous Mobile Robots.
https://control.com/technical-articles/the-evolution-of-autonomous-maobile-
robots/

Ismailov, A., & Jo'rayev, Z. (2022). Study of arduino microcontroller board. Science
and Education Scientific Journal, 3(3).

Krishnamurthy, B., Barrows, B., King, S., Stewis, T., Pong, W., & Weiman, C. (1989).
Helpmate: A mobile robot for transport applications. Mobile Robots 111, 1007,
314-321.

Last Minute Engineers. (2022). How HC-SR04 Ultrasonic Sensor Works & Interface It
With Arduino. https://lastminuteengineers.com/arduino-sr04-ultrasonic-sensor-
tutorial/

Lutkevich, B. (2019). Microcontroller (MCU).
https://www.techtarget.com/iotagenda/definition/microcontroller#:~:text=A
microcontroller is a compact,peripherals on a single chip.

Macenski, S., & Jambrecic, 1. (2021). SLAM Toolbox: SLAM for the dynamic world.
Journal of Open Source Software, 6(61), 2783.

Mehendale, N., & Neoge, S. (2020). Review on LiDAR technology. Available at SSRN
3604309.

Mobile Industrial Robots. (2023). MIiR100. https://www.mobile-industrial-
robots.com/solutions/robots/mir100

NASA. (2003). A Robot to Help Make the Rounds.
https://spinoff.nasa.gov/spinoff2003/hm_4.html

Oliveira, V. De. (2020). FIWARE Foundation Member TIS Inc. and the University of
Aizu Complete a Proof of Concept for Automating Logistics Systems, Using
Autonomous Mobile Robots. https://www.fiware.org/news/fiware-foundation-
member-tis-inc-and-the-university-of-aizu-complete-a-proof-of-concept-for-



IMPROVING SERVICE ROBOT USING ROS 2
HUMBLE AND MICRO-ROS Page 86 of 130

automating-logistics-systems-using-autonomous-mobile-robots/

Pepe, M., Alfio, V. S., Costantino, D., & Herban, S. (2022). Rapid and Accurate
Production of 3D Point Cloud via Latest-Generation Sensors in the Field of
Cultural Heritage: A Comparison between SLAM and Spherical VVideogrammetry.
In Heritage (Vol. 5, Issue 3, pp. 1910-1928).
https://doi.org/10.3390/heritage5030099

Pjrc. (2022). Using External Power and USB.
https://www.pjrc.com/teensy/external _power.html

Quigley, M., Conley, K., Gerkey, B., Faust, J., Foote, T., Leibs, J., Wheeler, R., & Ng,
A. Y. (2009). ROS: an open-source Robot Operating System. ICRA Workshop on
Open Source Software, 3(3.2), 5.

Techsource. (2023). What 1Is SLAM? 3 things you need to know.
https://www.techsource-asia.com/resources/slam-simultaneous-localization-and-
mapping/

Tourani, A., Bavle, H., Sanchez-Lopez, J. L., & Voos, H. (2022). Visual SLAM: What
Are the Current Trends and What to Expect? In Sensors (Vol. 22, Issue 23).
https://doi.org/10.3390/s22239297

Vilches, V. M. (2022). ROS 2 Humble Hawksbill with Yocto and PetalLinux.
https://www.hackster.io/vmayoral/ros-2-humble-hawksbill-with-yocto-and-
petalinux-b89fd8

Mohammad Rizky Gartina



IMPROVING SERVICE ROBOT USING ROS 2
HUMBLE AND MICRO-ROS

Page 87 of 130

APPENDICES

Appendix 1 Data Testing of Ultrasonic Sensor
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Appendix 2 Data Testing of LIiDAR
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05m 0,75 m Im 1,25m 1,5m 1,75m 2m 5,25 25m 3m K5 4m 4,5m Sm

0,504990995 | 0, TAM000013 LO180000DT | 1, 256000042 | 1,5090000% | 1,751000047  2,013999939 2 256000069 | 1 513900930 3051000118 3,53300092 4014990866 4,524000168 | 5065000057
0,504990995 | 0, TAM000013 LO1BOODM0T | 1, 256000042 | 1,51 1000037 1, 756000069 2, 016000032 2255000114 2 513999939 3, 1 3530099899 4, 4534999847 5,065000057
0, 504000008 | 0, TAM000013 LO1800000T | 1,254900095 | 1511000037 1,761999965 2,013999939 2255000114 2 515000105 3052000046 3,53300002 4034900847 4,534000847 | 5077000141
0, 504000008 | 0, TAM000013 LO19000053 | 1,256000042 | 1506990969 1,761999965 | 2016000032 2,25690006% 2 515000105 3051000118 3,536900041 4,014900866 4,524000168 5077000141
0, 504000008 | 0, TAM000013 LO19000053 | 1,256000042 | 1,51 1000037 | 1,756900063  2,013999939 2 257000897 | 1 515000105 3051000118 3 532000065 4028990805 4,539000034 | 5041909817
0,504000008 0,748000026  1,018000007 1256000042 1511999965 1,751000047 2,016000032 2,257090897 2,513000030 3,040000052 3536000013 4,026000023 4,547009859 5048900786
0,504990995 | 0, TAM000013 LO180000DT | 1,256000042 | 1,51 1000037 | 1,763000011 201699996 2255000114 2, 519990981 3051000118 3 525000095  4,02699995 4,532000002 | 5 (48909786
0,504990995 | 0, TAM000013 LO19000053 | 1,253000021 | 1506990069 1,763000011 2,015000105 2255000114 2513000011 3048000097 3 526000023 4,020990008  4,534909847 | 5 072000027
0,504990995 | 0, 748000026 1019000053 1,254999905 1 511000037 1, 761000037 2,016000032 | 2, 256000069 2519000081 | 3 049909952 3 535000086 4,035999775 4534000847 5,056000233
0,504990095 | 0, T48000026 1019000053 | 1,254909095 1 511000037 1, 758000016 2015000105 2256000042 2, 519000053 | 3, 049000025 3,530900899 | 4,022909763 4,531000137 5,058000088
0, 504990095 | 0, T4R000026 1018000007 | 1, 256000042 1511999965 1, 751000047 2,013999939 2 2, 3, 3530000800 4032000065 4534999847 5,0T0000172
0,504990995 | 0, TAM000013 LO19000053 | 1,253909049 | 1, 50990900 1,756000060 2015000105 2250000063 | 2,522000074 3049000025 3 520000044 4020990008 4,541999817 | 5072000027
0,504990995 | 0, TAM000013 101699996 1256000042 150900000 1 T4R090053 2 016000032 2257900897 2,513999039 3 052909073 3 526000023 4,020909008 | 4,528000805 5,066000012
0,504990995 | 0, TAM000013 101699996 1256000042 1511000037 1, 756000042 2016000032 | 2253000049 2512000084 3051000118 | 3,532000002 4,020909008 | 4,550000191  5,066999912
0,504990995 | 0, TAM000013 LO19000053 | 1,254900005 | 1511000037 | 1,753999049 2013999939 2 250000063 | 2,513990930 3049000025 3,532000002 | 4032000065 4,550000191 | 5066009012
0,504990995 | 0, TAM000013 101699996 1, 256000042 1508900044 1 758000016 201699996 1256000060 1 51690006 3 040000025 3, 536000013 4017000198 | 4,525000095 5,065000057
0,504999905 0,748000026  1,019000053 1,254000005  1,50000000 1,753009040 2,015000105 2,263000030 2,516000032 3,03300002 3528000116 4017000198 4,530000034 5072000027
0,504990995 | 0, TAM000013 LO19000053 | 1,256000042 | 1,5090000% | 1,758000016 2,015000105 2256000042 2 519900081 3049000052 3 532000065 4017000198 4,525000095 | 5081909779
0,504999995 | 0, T4R000026 LO1699996 1, 254090095 | 50000000 1 756990060 2016000032 2256000069 2516000032 3053900001 3,52699095 4020909008 452609005 5072000027
0,504999995 | 0, T4R000026 101699996 1,254000095 1, 511999065 1, 751000047 2016000032 | 2, 253000049 2 519000053 3049900952 | 3 528000116 4,032999992 4, 537000179 5,056000233
0,504990995 | 0, TAM000013 LO1800000T | 1,256000042 | 1,51 1000037 | 1,751000047  2,015000105 2255000114 2515000105 3051000118 3,530909899 4024000168 4,546000004 | 5072000027
0,504990995 | 0, 748000026 L O1B00000T | 1,256000042  1,511000037 | 1, 756990069 2013999939 2 263000011 2513000011 | 3 048000097 353390092 4,038000107 4,53T000179 5,056000233
0,504990995 | 0, TAM000013 LO1800000T | 1,254900005 | |, 508990044 1,754909905 2 016000032 2255000114 2, 513000011 | 3051000118 3,532900002 4022900763 4,541990817 | 5 089000225
0,504000008 | 0, 748000026 1 O1B00000T | 1,256000042  1,508900044 | 1, 754900095 | 2 015000105 2, 259000063 2, 516000032 | 3, (48000097 3,528000116 | 4,014909866 4531000137 5072000027
0,504990995 | 0, TAM000013 101699996 1, 256000042 1508900044 1, 754000005 2 013999939 2 253000049 2 520000008 3035000086 3,520000044 4,017000198 | 4,539000062 5,04 1999817
0,504990995 | 0, TAM000013 LO19000053 | 1,254900005 | 1511000037 | 1,756900069  2,013999939 2 256000042 | 2516000032 3049000052 3 526000023 4017000198 4,521999836 | 5074909809
0,504990995 | 0, TAM000013 101699996 1,254900095 1, 511000037 1,756990069 2015000105 2256000069 2519000053 3055000067 3,52690005 4,014999866 | 4,521909836 5,0T0000172
0,504999995 0,749000013  1,018000007 1256000042 1508999944 1,748999953 2,015000105 2,257999897 2,516000032 3051000118 3532000065 4,014999866 4,534999847 5070000172
0,504990995 | 0, TAM000013 LO180000DT | 1,254900095 | 1, 508990044 1,758000016 2,013999939 2 253000021 | 2,51699096 3045000076 3,52699095 4032000065 4,537000179| 5063000202
0,504990995 | 0, TAM000013 LO1800000T | 1,256000042 | 1,51 1000037 1,763000011 | 2,016999%6 2, 257900897 2 516000032 | 3046000004 3,540900889 4032000065 4,553990001 | 5056000233
0, 504000008 | 0, TAM000013 LO180000DT | 1, 256000042 | 1,5090000% | 1,756000060 2013000011 2256000069 2 51690006 3048000097 3 530000890 4032000065 4,546000004 | 5066000012
0, 504000008 | 0, TAM000013 LO1800000T | 1,254900095 | | 508000016 1,754999995 2015000105 2,25390004% 2 516000032 3049000052 3532000002 403000021 4,539000062 | 5 056000233
0,504990995 | 0, TAM000013 LO180000DT | 1,254900095 | 1511000037 1,754999995 2013999939 2 256000069 2 513000039 30469000031 3528000116 4,022990763  4,546000004 5 089000225
0,505990982 | 0, T49000013 101699996 1,254990995 1, 513000011 1,756990069 2016000032 2256000069 2516000032 3,032900092 | 3 528000116 4,022999763 | 4,539000061 5081999779

1,01 BOHWR0T | 1, 251900974 | 1 50990099 1, T6L0MD3T | 2, 016000032 | 2 256999060 2 513000011 3046999931 | 3528000116 4,032909992 4,531000137  5,03044021
101699906 | 1256000042 | 1, 506909069 1 7610037 2 01500105 2 256000069 2 SITIO0RRT 3051000118 3 520000044 4028999805 4,532000002 5 058000088
101699906 | 1,254000095 1 513000011 | 1, T48990953 2 01500105 2 I5TOH0RGT | 2, 3, 25 3,52699995 402699095 4,528000805 | 505000021
101699906 1, 253000021 | 1,51 1999065 | 1 TSLOMM4T 2 01699006 2 156000060 2 S22MWMT4 | 3051000118 3 526000023 4024000168 4, 525000095 5, 066999912
1019000053 | 1,254999995 | 1 511999965 | 1, 763000011 | 201699996 2 253040021 2 516000032 3046000004 3532000065 4008999825  4,52699995 5 07200027
1018007 | 1,254900995 | 1 50000099 1,751999974| 2 015000105 2 56042 2 515000105 3020990971 | 3, 530000034 4,028909805  4,550000191 5059999043
1,01 B00WR0T | 1, 253040021 | 1, SOB0AOLE | 1, TS1999074| 2 015000105 2, 2 513000011 3, (4B0000T | 3, 520000044 | 4020900008 | 4,5250d00095 | 5, 0T2HN2T
101 BMER0T | 1, 254000005 | 1, SOB000044 | 1, 756000060 2 013999030 2 IS6MMMM2 | 2 513000011 | 3 (4B0M0OT | 3,530000062 | 4,032000065 | 4,534900847 5059990043

0, 504000008 | 0, 740000013 | 10190053 | 1 2560042 | 1 SOR900044 | 1, TS6000060 2 013999939 2 256000042 2 516000032 3 (4MMNH2S 3, 532000065 4,014999866 4, 528000805 5,0TR900906
0,504999995 | 0, 740000013 | 1018000007 | 1251999974 | 1 SORG00044 | 1, TS6000069 2 013909939 2 256000060 2 513000030 3 (MBM0AT | 3, 526000023 | 4,024000168 4, 550000191 | 5,0T2HMH2T
0, 504999905 | 0, TAHD013 101699906 1, 256000042 | 1, S0B900944 | 1, 763000011 | 2,01 5000105 2, 250063 2, 513000011 3051000118 352699995 4,013999939 4,528999805 5085999966
0,504999995 | 0, 740000013 | 1018000007 | 1,254909095 | 1 S11MMET  1,756990069 2 016000032 2 253000049 2 512000084 3 (40000052 3 530000034 4,024000168 4, 550000191 | 5,0T2HMH2T
0, 504999995 | 0, TAH0013 101699906 | 253000040 | | SORMKMDNE 1, T56909069 | 2015000105 2 356000069 2 519000081 | 3051040118 3532000002 402609995 4,530000062 5 06340202
0,504099995 | 0,749000013 | 1,019000053 1254999905 | 1,511999965 1, 758090944 2,015000105| 2,256999069 2,517999887 3,040000025 3,528000116 4,020090908 4,530900062 | 5063000202

0, 50400008 | 0, TAHM013
0, S48 | 0, TASMMIL3

dats

101699906 1254000005 1 508909044
1,016999%  1,254990005 | 1, 508990944

std

1,758990044 2 013999939 2 I56000069 | 2 513090930 3 (MOMMA2S 3 535000086 4022999763 4,5320090002 5 00108
1, 756000042 | 2,013999939 2, 253990040 2 51600032 | 3052000046 | 3528000116 4024000168 | 4,532999992 | 5059999043

average = ERROR

0,5
0,75
1
1,25
1,5
1,75
2
225
2.5
3
3,5
4
4,5
5

0, 96512

0, 000388083

0, 504719999
0, T4BE20015

O, (M TS 48R3

L 01 T000d05

0, 001030374
0, 0] 470673
0, 39 T2
0, 001015206
0, 02 1 0623
0, {2H2R133
0, D202
0, 000742

0, aR4822
0, B524298

0,01 325822

1,2551400 14
[,5 100 19494
|, 756439043
2,01510de021
2, 2156639005
2515960047
3, 048240037
3,53 1 W1 3
4, 023990067
4, 53589002
5, 06588004 1

0, 43990728
0, 157351288
1, T B

0,41 120104

0, 67460608
0, 36791 1
0, T3504 1 (635
0, 2951 10408

0, 6384026
|, i8R0 228
0, 885714604
0, 590900 84
0, T¥TTTT5%
1,3 17600824
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Appendix 3 Data Tesing of IMU

T
—— Jimu/data/linear_acceleration/x
—— Jimu/data/linear_acceleration/y
Jimu/data/linear_acceleration/z
10 ol e e e L e e
8
6
a4
> & P et -‘J—‘-L‘Lﬂ T M i i hwl ahewns Jowlatiaty M_U:- " rTey o FOTT o
0
T — A b " ey . skt " et i "
T oy T \ w e m ey Hp b N ] i ol e o iple
100 110 120 130 140

linear_acceleration:
X: 2.1171973561868

TR,

X
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Appendix 4 Data Testing of Encoder

* odom
Parent
= Position
X
B
z
+ Orientation
» Relative P...
» Relative ...
* rear_caster ...
v left_ wheel li...
¥ right wheel ...
+ Tree
* .. RohatMadel

~* odom
Parent
= Position
x
Y
z
v Orientation
» Relative P...
» Relative ...
» rear_caster ...
v left_wheel li...
v right wheel ...
v Tree
* .. RnhaFMnardal

map

0.81675; -1.5698; 0
0.816746

-1.56977

0

0;0; 0.64669; 0.76275
0.81675; -1.5698; 0
0;0; 0.64669; 0.76275
"4

v

W

v

map

1.0731;-1.795; 0
1.0731

-1.79502

0

0;0;0.71559; 0.69852
1.0731;-1.795; 0
0;0;0.71559; 0.69852
v

v

v
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Elle panels elp

Firmac | Gmow camers  [Jsslex  hrosCamers  mmesmuwe  # DPosessimate . 20God
= (9]
- @ Global aptions o
Fired Frame  map
Background Color W 117:135;133
Frame Rate 3
+ ¥ Clobal Status: Ok
» & Gid
2 TF 2
v Status: Ok
Showmames ¥
Show Axes C]
‘Show Arrows )
Marker Scale 05
Update Interval 0
Frame Timeout 15
~ Frames
AlEnabled ¥
» base_footprint ¥
»obaselink ¥
> camera_dep... ¥
+ camera_link [l
» front_caster... ¥
+ imu_link v
» laser v
» map E .
~ odom v
Parent map
- Position  1.0731;-1.795;0
x 1.0731
v -1.79502
0
71555;0.69852
1.0731;-1.795;
0;0; 0.7155%; 0.69852
vl
 wheel li...
» right_wheel_... v
> Tree
< i RobotModel ¥
» v Status: Ok
visusl Enabled ¥
Collision Enabled s
| Add
| Reset Left-Click: Rotate. Middle-Click: Move /Y. Right-Click: Zoom. Shift: More options. 3fps

Elle panels Help
[Finerat |mwvecamera  [seler  d-Fouscamers  mmesswe . 2DPoseEsumats . 20 Goall

~ 8 Global Options 14
Fixed Frame map
Background Color 117135133
Frame Rate 30
+ + Clobal Status: Ok
v e Grid v
- TR v
b v Statusi Ok
Names

All Enabled
+ base_faotprint ¥
» base_link

» camera_dep...
» camera_link

» front_caster...

+ imu_link
> laser
+ map

BT

Parent ma
~ Position 1.7342;-2.0206;0
173421

¥ 2.0206

> orlentatien 0; G; 0.81407; 0.58085
» Relative P... 1.7342;-2.0206;0
.. 0,0;0.81407;0.58085

* ik RebotModel

b v Status: Ok

visual Enabled ¥
Collision Enabled

* odom v
Parent map
-~ Position 3.0808; 2.5581;0
X 3.0808
Y 2.55814
z 0
Orientation 0;0;-0.25932; 0.96579
Relative P... 3.0808; 2.5581;0
Relative ... 0:0:-0.25932:0.96579
* rear_caster ... v
v left_wheel li... v
¥ right wheel ... v
+ Tree
* .. RohatMadel o

v v
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- odom v
Parent map
-~ Position 5.1075;-0.67336; 0
x 5.10753
hd -0.67336
Z 0

v Orientation 0;0;0.98522;-0.17131
» Relative P... 5.1075;-0.67336:0
» Relative... 0;0;0.98522;-0.17131
» rear_caster_... v
v left_wheel li... v
v right wheel ... v

v Tree
* a.. RnhatMadel v
~ odom v
Parent map
-~ Position 5.4913; 1.5388; 0

X 5.49134

Y 1.53876
z 0

» Orientation 0;0;-0.74711; 0.6647
+ Relative P... 5.4913; 1.5388;0
* Relative... 0;0:-0.74711; 0.6647
» rear_caster ... v
v left_wheel li... ¥
v right wheel ... v
b Tree
* .. RnhatrMadsl v
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Elle panels elp
Firac | Gmowcamers  [lsex  dhrocscamens  mmemue < DPosessimate  # DGoslross @ RbiaRom 4 =
[ Displays. (2]
- @ Global aptions o
map

Background Color W 117:135;133

Frame Rate
+ ¥ clobal status: ok

H
FEEE
cwae &

update Interval
Frame Timeout

» base_footprint
base_

» camera_dep...

o
50

v
v
v
v
v
v
v
v
v
v
m;
0;0;
]

0

0

» right_wheel ... ¥
e
< i RobotModel ¥
v Status:
visusl Enabled ¥
Collision Enabled

add
Reset Left-click: Rotate. Middle-Click: Move %/Y. Right-Click: Zaom. Shift: More options. s

~ odom
Parent map
= Position 0.24308; -0.03496; 0
x 0.243077
Y -0.0349604
z 0
* QOrientation 0;0;0.15296;0.98823
» Relative P... 0.24308;-0.03496;0
» Relative... 0:0;0.15296;0.98823
» rear_caster ...
» left_wheel_li...
» right wheel ... v/
v Tree
= .. RohatMndal v
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Appendix 4 Data Testing of Mapping

[home/gartinas/linorobot2_ws/install/linorobot2_navigation/share/linorobot2_navigation/rviz/linorobot2_slam.rviz* - RViz

File panels Help

‘d‘_wmmmm ‘%?Mwecamera elect  <f-FocusCamera  =oMeasure 7 2D PoseEstimate .~ 2DGoalPose @ PublishPoint & =

~ % Global Options
Fixed Frame maj
Background Color [ 117;135;133
Frame Rate 30
+ Global Status: Ok

»
» @ Grid

» - TF

» i, RobotModel
» 2 Map

» @ Laserscan

JEEEE

[_add_|[Duplicate |[ Remove |[ Rename

s |

/home/gartinas/linorobot2_ws/install/linorobot2_navigation/share/linorobot2_navigation/rviz/linorobot2_slam.rviz* - RViz

e Panels Help

%‘Mwecamera [Tiselect  <f-FocusCamera =mMeasure .~ 2D PoseEstimate .~ 2DGoalPose @ PublishPoint

~ # clobal Options
Fixed Frame maj
Background Color M 117; 135; 133
Frame Rate 30

» v Global Status: Ok
» & Grid

» - TF

» i, RobotModel

» P2 map

» = LaserScan

| Add |

| Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click: Zoom. Shift: More options. 31fps.
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/home/gartinas/linorobot2_ws/install/linorobot2_navigation/share/linorobot2_navigation/rviz/linorobot2_slam.rviz* - RViz

ile panels Help

‘[ﬂ_wllnteract “‘{}‘Mme Camera lect ~ <f-FocusCamera  =mMeasure . 2D PoseEstimate . 2DGoalPose @ PublishPoint &

4 Global Options
Fixed Frame map
Background Color W 117; 135; 133
Frame Rate 30
+ + Global Status: Ok
» @ Grid d
v W TF Vi
- v Status: Ok
v base_foo... Transform OK
v base_link  Transform OK
v camera_d... Transform OK
v camera_link Transform OK
¥ front_cas... Transform OK
¥ imu_link  Transform OK

v laser Transform OK
¥ map Transform OK
¥ odom Transform OK
+ rear_cast... Transform OK
+ left_whe... Transform OK « «
v right_wh... Transform OK
Show Names v
Show Axes v
Show Arrows v
Marker Scale 0.5

Update Interval 0
Frame Timeout 15

» Frames
» Tree
+ 4 RobotModel v
» X Map v
* *% LaserScan V|
|
[__add_][Duplicate |[ Remove || Rename |

e |

File Ppanels Help

‘dhlmmt “{}’Mmecamem Select  <f-FocusCamera  ==Measure . 2DPoseEstimate ¢ 2DGoalPose @ Publish Point =

~ 4 clobal Options
Fixed Frame map
Background Color W 117;135; 133
Frame Rate 30

v Global status: Ok
@ Grid

2 TF

th, RobotModel

P2 map

“1. LaserScan

| Add |
| Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click: Zoom. Shift: More options. 31fps
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/home/gartinas/linorobot2_ws/install/linorobot2_navigation/share/linorobot2_navigation/rviz/linorobot2_slam.rviz* - RViz

ile panels Help

‘[ﬂ_wllnteract “‘{}‘Mme Camera lect ~ <f-FocusCamera  =mMeasure . 2D PoseEstimate . 2DGoalPose @ PublishPoint &

4 Global Options
Fixed Frame map
Background Color W 117; 135; 133
Frame Rate 30

v Global Status: Ok
@ Grid
M- TF
1 RobotModel
= Map
@ Laserscan

JERRE

[__add_][Duplicate |[ Remove || Rename |

RViz is ready. 31fps N

/home/gartinas/linorobot2_ws/install/linorobot2_navigation/share/linorobot2_navigation/rviz/linorobot2_slam.rviz* - RViz

ile panels Help

EmMeasure 2D PoseEstimate . 2D GoalPose @ Publish Point =

Frame Rate 30
+ v Global Status: Ok
b @ Grid
~ W TF
b v status: Ok
Show Names
Show Axes
Show Arrows
Marker Scale
Update Interval
Frame Timeout 15

~ Frames
AllEnabled
~ base_footprint
Parent odom

~ Position 0.64879; 0.86091; 0
X 0.648789
Y 0.860514
z 0 « )

~ Orientation 0; 0; 0.89225;-0.45155
X 0
Y 0
z 0.892245
w -0.451551

+ Relative P... -0.011785;0.02637; 0

+ Relative ... 0;0;-0.7415;0.67095 |
base_link v

camera_dep...
camera_link
front_caster...
imu_link

laser -

deR kR

| Add |

| Reset | 31fps
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Panels Help

‘@lnterm ‘ =2 Move Camera

/home/gartinas/linorobot2_ws/install/linorobot2_navigation/share/linorobot2_navigation/rviz/linorobot2_slam.rviz* - RViz

lect  <f-FocusCamera  =mMeasure .~ 2D Pose Estimate

2D Goal Pose

@ Publish Point

&+

Show Arrows
Marker Scale 0.5
Update Interval 0
Frame Timeout 15
~ Frames
All Enabled v
~ base_footprint v
Parent odom
~ Position 0.11617;-0.41806; 0
X 0.116168
Y -0.418055
z 0
} Orientation 0;0;0.92277;-0.38535
» Relative P... -0.00020279;-0.0096..
} Relative ... 0;0;-0.83424;0.55141
» base_link v
+ camera_dep... ¥ ‘
» camera_link v
» front_caster... v
» imu_link v
v laser v
> left_wheel li... v
+ map v
» odom v
} rear_caster_... v
» right_wheel_... v
b Tree -
| Add |
| Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click: Zoom. Shift: More options.

31fps N
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Appendix 5 Program

firmware.ino

bool
(1im

flashLED

void

ENT_CON®
CUTE_EVERN

C~ Tabwidth: 8 Ln 37, Col 1
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firmware.ino

void * msgin)

id twistCallback(const

(LED_PIN, !digitalRead(LED_PIN));

prev_cmd_time = millis();

3
J

bool createEntities()
allocator = rcl_get_default

RCCHECK(rclc_support_inti
RCCHECH

RCCHECK(rclc_publisher_init_default(
&odom_publisher,
node,
SIDL_GET_MSG_TYPE
odom/unfiltered"

SUPPORT(nav_msgs, msg,

geometry_msgs,

nitialized

ON_NEW_DATA
)5

(rclc_node_init_default(&node, "linorobot_base_node",

&allocator));

&support));

Odometry),

m

C v Tabwidth:8 v Ln 37, Col1
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firmware.ino

ecutor,

C~ Tabwidth:8 ~ Ln 37, Col1
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firmware.ino

e '|‘t:|' pm4

ent_rpmi)
nt_
nt_
nt_

Tab width: 8 ~ Ln 37, Col1
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rcl_publi
rcl_publis

d 1059 long

= ros_tim

+ time_off

Ln 37, Col1
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framework = arduino
upload_port = /dev/ttyACMO
platform = teensy
board = teensy40
upload_protocol = teensy-cli
lib_extra_dirs = ../firmware/1lib
build_flags =

-I ../config

//board teensy36

//board = teensy35

.ini ~  Tabwidth: 8 ~ Ln24, Col 16

= gartina5@GartinaROG: ~ ol =

:S wget https://www.pjrc.com/teensy/00-teensy.rules
--2023-06-14 17:59:26-- https:f/www.pjrc.com/teensy/00-teensy.rules
Resolving www.pjrc.com (www.pjrc.com)... 162.254.150.250
Connecting to www.pjrc.com (www.pjrc.com)|162.254.150.250|:443... connected.
HTTP request sent, awaiting response... 280 0K
Length: 2062 (2.0K)
Saving to: ‘@8-teensy.rules.5’

00-teensy.rules.5 100%[ 2.01K --.-KBfs in Bs

2023-06-14 17:59:28 (348 MB/s) - ‘00-teensy.rules.5’ saved [2062/2062]

:~$ sudo cp 00-teensy.rules /etcj/udev/rules.d/
[sudo] password for gartinas:
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#define USE_GENERIC_1_IN_MOTOR_DRIVER

#define USE_MPU6050_IMU

MOTOR_MAX_RPM 60
MAX_RPM_RATIO ©0.95

MOTOR_OPERATING_VOLTAGE 12
MOTOR_POWER_MAX_VOLTAGE 12

MOTOR_POWER_MEASURED_VOLTAGE 12

COUNTS_PER_REV1 45
COUNTS_PER_REV2 45
COUNTS_PER_REV3 45
COUNTS_PER_REV4 60
WHEEL_DIAMETER 0.21
LR_WHEELS_DISTANCE 0.27
PWM_BITS 8
PWM_FREQUENCY 2000

#define MOTOR1_ENCODER_A
#define MOTOR1_ENCODER_B

#define MOTOR2_ENCODER_A
#define MOTOR2_ENCODER_B

#define MOTOR3_ENCODER_A
#define MOTOR3_ENCODER_B

#define MOTOR4_ENCODER_A
#define MOTOR4_ENCODER_B

#ifdef USE_GENERIC_1_IN_MOTOR_DRIVER
#define MOTOR1_PWM 7

#define MOTOR1_IN_A 1
#define MOTOR1_IN_B 1

#define MOTORZ_PHM 6
#define MOTORZ_IN_A 1
#define MOTORZ_IN_B 1

#define MOTOR3_PWM 22
#define MOTOR3_IN_A 23
#define MOTOR3_IN_B ©

#define MOTOR4_PWM 4
#define MOTOR4_IN_A 3
#define MOTOR4_IN_B 2
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firmware.ino

#include <Arduino.h>
#include <micro_ros_platformio.h=>
#include <stdio.h=>

#include <rcl/rcl.h>

#include <rcl/error_handling.h=>
#include <rclc/rclc.h>

#include <rclc/fexecutor.h=>

#include <nav_msgs/msg/odometry.h=
#include <sensor_msgs/msg/imu.h>
#include <geometry_msgs/msg/twist.h>
#include <geometry_msgs/msg/vector3.h>

#include "config.h"

#include "motor.h"

#include "kinematics.h"

#include "pid.h"

#include "odometry.h"

#include "imu.h"

#define ENCODER_USE_INTERRUPTS
#define ENCODER_OPTIMIZE_INTERRUPTS
#include "encoder.h"

#tdefine RCCHECK(fn) { rcl_ret_t temp_rc = fn; if((temp_rc != RCL_RET_OK)){rclErrorLoop();}}
#define RCSOFTCHECK(fn) { rcl_ret_t temp_rc ;3 if((temp_rc != RCL_RET_OK)){}}
#define EXECUTE_EVERY_N_MS(MS, X) do { \

static volatile int64_t init = -1; \

if (init == -1) { init = wxr_millis();} \

if (uxr_millis() - init > MS) { X; init = r_millis();} \

while (0)

C~ Tabwidth:8 -« Ln37, Col1
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firmware.ino

long long tim
long prev,
long p

ytor3_controlle

Motor r4_controll

PID m

LED_PIN, OUTPU

bool ir = imu.in

(!'imu_

C

Tab width: 8 ~ Ln37, Col1
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Appendix 6 RQT Graph
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Appendix 7 Data Sheet of Teensy 4.0

Digital Pins
digrafead
dgitatite
pniNode

Analog Pins
anaogfead

PWM Pins
analogWinte

Digital Audio
Audio Uorary

Serial Ports
Sariall - Serial]

SPI Port
SPI Unrary

CAN Bus

FlexCAN
Lrary

®
Welcome to Teensy” 4.0
32 Bit Arduino-Compatible Microcontroller
To begin using Teensy, please visit the website & click Getting Started.
www.pjrc.com/teensy
o B3 EE EEE
Loading Status
am. RRady e L
::17;4'-: 'Ahatr’n; | - é = g
bick: NoUS8 £ 2 & =
E é g E ﬁgég =
Fa) - o = 0N o
2 E BE ES3E23
(=} —
« S2zz223232=2§
SEARANRKRBEE Q=D
"ee Fseees
= @ iv 18 ft - L On/Off
N i Sl ] Program
: L GND
',. L 3.3V
LT 38 b9 10 1 WEEEE
B N R B LB R L
Qe NmMTne~®o Qoo g;
* g -7 B
2= 2E BO== 133
O - B iy
g3 EE_Egpg o
CODSmR=00=0=0=
- S RE R RC RC 8- SN 8- N 4 -
EEAEAAAAAAEEEER
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Teensy” 4.0 Back Side

Additional pins and features available on the back side

PWM SCL2 TX6 AL0 24 25 ALl RX6 SDA2 PWM
MOSIL Al2 26 27 Al3 SCK1

PWM T 28 29 Y R e
CRX3 0 31 CTx3 ¥ sing battery
OUT18 2 33 MCLK2  PWM) [ o exerms

'..QQO....QQ..

¥ 1718192021 22 23.3V. o 4
Al ===l LT e e S

Program KL JRIE iy
GND ‘ 81 D- '
3.3V BBl A g D+
VBat £ BB ’ "":. ) 0%, 7
R B B R @ Ll
Usa 3V can call for Date & Time 34 DATI MIS02 PWM
and power managemant Batues 75 DATO  MOSR2 m
SD Card (4 bit SDIO) GND |
SD Lbrary , 3 COX (€S2 PWM
SD.begin{BULTN SDCARD)  Temsy4Osignaipins 3 3y
are not SV tole@nt. =
'EH&{; =y Domtaplymorethan 31 CMD SCK2  PWM
SR 33‘0'5‘03'”‘1 38 DA RX5 PWM
For solutions to the most common issues
and technical support, please visit:
www.pjrc.com/help
Teemsy 4.0 System Requirements:
PC computer with Windows 7, 8, 10 or later
or Ubuntut Linux 14.0M or later
or Macintosh OS-X 10.8 or later
USBE Micro-B Cable

7" 14833 87948
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Appendix 8 Data Sheet of RPLIDAR A2

Q

i =
Angular Measuring Measuring Sampling Rotational Angular RPlidar Applications
Range Range Accuracy Frequency Speed Resolution Dimensions
360 ° 0.2M-16M 2.5% (5-25M) 8K-16K 5-15Hz .225°-0.45 41* 76*72.5 mm
ltem Unit Min Typical Max Comments
. Bzzed om white
Distance Meterlm] 195 - 8 j
Rangs
Angular 2
Range Deagree 0-340
Distance ) 0.5 <1.5 metars
Resalution mm «1% of the distance All distance range™
Argl_lar. Degree D0.45 0.2 1.35 10Hz =can rate
Resolution
Sample Millisecondlms 033 s .
Durstion ] g
Sample Hz 2000 4000 4100
Frequency
The rate is for 2 round
of scan. The typica
Scan Hate Hz 3 10 135 value 15 messurec
when RPLIDAR tzke=
400 samples per scan
RPLiDAR Performance
ltem Unit Min Typical Max Comments
Laser Nanemeterinm] 775 783 785 gt
wavelength Band
Lzzar power Milliwstt (mW] = 3 5 Pezk powsar
Pulse length Microsecondius) &0 a7 o0 =
zzer s V¥
Lesersafay - FDAClass| - -

Clzzs

RPLiIDAR Optical Specification

Color

Red

Yellow

Grean

Elack

Elue

o o
VCC Power
TX Output
Rix Imput
GMD Power
MOTOCTL Input

Description

Total Power

Serial port output of
the scanner core
Serial port input of the

sSCanner core

GHD

Scan motaor [PWM

Control Signal [active
high, intermal pull
down)

RPLIDAR External Interface Signal Definition

Min Typical Max
L9 oV 5.5V
ov e ey 3.3V
ov e ey 3.5V
ov ov oy
ov v ay
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If the volt=ge exceeds the

Power Voltage W 49 3 3.3 max value, it may damage
the core
Pl_:lwer‘url::lta E .y _ a0 = High I'Ippl.i-! may cause the
Ripple core working failure.
System Start _ The =ystem startup reguires
Current mA et 15EC relstively higher current.
TED 200 220 3V Power , power off
Powear Current mi
TED 450 &00 3V Power , power on

RPLiIDAR Power Supply Specification

Working mode

Weight Gram [g] TED 190 TED

Temperzsture range Degree Celsius (2] 0 20 45

RPLIDAR MISC Specification

Mohammad Rizky Gartina



IMPROVING SERVICE ROBOT USING ROS 2
HUMBLE AND MICRO-ROS Page 124 of 130

Appendix 9 Data Sheet of IMU

2 Features

21

Gyroscope Faatures

The triple-axis MEMS gyfascope in the MPU-0250 includes a wide range of fealures:

22

Digital-sutpul X-, Y-, and Z-Axis angular rabe sensars (gyroscees) with & uses-programemable ful-
scale range of £250, £500, =1000, and 23000 sec and inegrated 18-bit ADCs
Digitally-programmalble |ow-pass: fillar

Gyroscope operaling cumanl 3.2mA

Shesp mrode cumanl: BuA

Faclory calibraled sensiivily scahs facion

Sell-best

decoaleromater Fealures

The irigle-asiz MEMS accelerameder in MPU-8250 includes a wide range of feabures:

23

Digial-caitpul igle-axis accelerometer with & prograsmmable full scabe range of +2g, 2dg +8g and
1B and imegrated 16-bit ADCs

Accelerometer pomal operating current: 450uA

Low power aceeleromater mode cumrent: B 4pA al 0 BBHz. 12 BuA al 31 25Hz

Sleen made curent: BA

User-grogramerable inberrupts

Wake-an-malion interrupt for low powar operalion of applicalions procassar

Sall-test

Magnetometer Features

The iriple-axis MEMS magnetometer in MPL-B250 includes a wide range of feabures:

24

Z-axis silicon mandlithic Hal-efecl magnelic sensor with magnelic conceniralor

Wide dynamic measurement range and high resalulion with lower cument consumption.

Crutput data resolution of 14 bit (0.6uTILSE)

Full scale measuremant range is «4800uT

Magristomeater nomal aperating current. 2BIpA a1 GHZ repetifion rate

Self-test Tunclion with internal magnelic source io confirm magnelic sensor operation on end products

Sdditional Featuras

The MPL-E250 inchides the Tallwing addilional featres:

Auxiliary masbar 153G bus for reading dala from exbermal Sensorns (8.0, pressung sensor)
3.5mA operaling cument when all 9 malion sensing axes and the DMP are enabled
VDD supply voltage range of 2.4 - 36V

VDD refersnce voltage Tor suwxdliary PG devicas

Srmallest and thinnest OFN packape for panable devices: 3x3xTmm

Minimal cross-axis sensilivily between the acceleromeater, gyroscope and magnelomeler axes
512 byte FIFD bufler enables the applications processof 10 read the dala in bursks
Digital-outpul lemperalure sernsor

User-programemable dgital fillers for gyroscope, accelaromeater, and [@mp sensor
10,000 5 shock boleran

400kHz Fasi Mode PC far communicating with all regisbers

1kdHE 2P serial inberface for communicating with all registens
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3 Electrical Characteristics

3.4 Gyroscope Specifications
Typical Operating Circuit of section 4.2, VDD = 2.5V, VDDIO = 2.5V, T4=25"C, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Full-Scale Range FS_SEL=0 +250 %
FS SEL=1 +500 Yz
F5_SEL=2 +1000 Yig
F5_SEL=3 +2000 g
Gyroscope ADC Word Length 16 bits
Sensitivity Scale Factor FS_SEL=0 131 L3B/("'s)
FS_SEL=1 65.5 LSB/(Ys)
F5 SEL=2 32.8 LSB/"'s)
FS_SEL=3 16.4 LSB/(Ys)
Sensitivity Scale Factor Tolerance 25°C +3 %
Sensitivity Scale Factor Variation Over -40°C 1o +85°C +4 %
Temperature
Monlinearity Best fit straight line; 25°C +0.1 Y%
Cross-fods Sensitivity +2 %
Initial ZRO Tolerance 25°C +5 g
ZRO Variation Over Temperature -40°C 1o +85°C +30 g
Total RMS Noise DLPFCFG=2 (92 Hz) 0.1 olg-rms
Rate Noise Spectral Density 0.0 “laiHz
Gyroscope Mechanical Frequencies 25 27 28 KHz
Low Pass Filter Response Programmable Range 5 250 Hz
Gyroscope Startup Time From Sleep mode 35 ms
Output Data Rate Programmable, Normal mode 4 BOOO Hz

Table 1 Gyroscope Specifications
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Appendix 10 BLDC motor data sheet

— )

P
o s
e

] -3.}'

‘sl

1

motor drawing

This is a gearless brushless hub motor. It is designed for high speed electric scooter, or other high speed electric vehicle.
The current power is 350W, max loading is 75KG.

Please noted it is hall sensor motor, which has total 8 wires.

Specification

Model: L-BHM

Voltage: 36 Volt

Output: 350 Watt

Max Speed: 35 KM/H

Rated Efficiency: 275%

Rated Current: 7A

Rated Torque: 5 N.m

Max Loading: 75 KG

Wheel Size: 8 inch

This motor has hall sensor (total has 8 wires):
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Appendix 11 Motor Driver data sheet

Specification and model:

Maximum ‘g‘u"mu" Directvol tage
Output tput [ working range

Model current vol tage
DC: (A) DC: (V) pc: (V)
DC10/50DPW15BL 15 10-50 10-50 (95%)

I: Features:

@ This produce has three manners of working: speed
control, current control and open-loop control.
& Control functions of braking, direction, enable,
first-magnification, dual speed setting, etc. can be
realized.
@ Maximum current limit can be adjusted.
0-5V signal control mode for external potentiometer,
interior potentiometer and external analog quantity
and soft start function.
® Time setting function for soft start.
& Overcurrent protection function and locked-rotor
protection,
@ High-speed control, which has a full speed of one
pole pair motor can reach 120000RPM.

Details refer to relevant contents.

Il; Performance Indexes:

1. Power supply voltage VOC: 10—50VDC (error <5% is

better).
2. Maximum output voltage: Vout=0.95 VCC.
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3 Maxisum output current: 16A

1. Seltching froquency: 39KHz.

5. Maxisum speed (one pole pair motor): 120, 000rps.
6 Nall power supply voltage range: 7—I12VDC  Maximum
output current is 30mA,

7. Locked-rotor protection time: 1.5 seconds.

8. Ambient temperature; -10-- +600C.

Asbient humidity: relative humidity < S8ORH.

9. Analog quantity output: 0-- +5VDC,

10. Soft start time: 20ms—10S,

11. Regulation voltage of external potentiometer: 0--
5V potentiometer (10KQ/2¥),

10, Overnll dimension (including radiator):
12243547 2um.

11, Weight: approximate 300g

Wi; Overall dimension: see Figure 1

4
Note: ploase confirm If the woltage rated walew of
potor matches with the cutpet veltage of the driver.
MMT - pPW o 2.Motcr conmeting: see Figere 3
—ooe
o ot
SERINGY @EVEE LU vom
BRUSHLESS MOTOR
e
uuuniluii i :
DOLI-aY
~OeT o [[ |J
=1
g Figure 3

VIL Connection for fuse, power switch and motor
1.0t west be equipped vith & fest fosw and ' Pigrs 3
vlectrosmpwitic relay costactor between power lzpet X Pover isput connection

wnd of driver sod powsr (storage battery) to rwalise '
moergency gower off in cape of suddeniy poser owt Am

There is no storagpe battery polarity transposition

See Figure 3

ote selection for fast fuse and slectrosagnetic for power isgut eod inside the driver to protect
reley contactor: rated cerrent value shoold b bigper circuit, PMlease easure the NS (¢) be connected
wr ol to 1S0-2008 of sotor rated cerrent.) vith B+ tersinal asd NEG (<) with B tersinal.

8 9

Mohammad Rizky Gartina



IMPROVING SERVICE ROBOT USING ROS 2
HUMBLE AND MICRO-ROS Page 129 of 130

CURRICULUM VITAE

PERSONAL INFORMATION
Name : Mohammad Rizky Gartina

Place & date of birth : Tangerang, 5 November 2001

Address : Depark Denaara F2 no 10,
BSD
Telephone : 081312343638
Email : gartinab@gmail.com
EDUCATION
2019 — Now Swiss German University, Mechatronics Department
2016 — 2019 Al-Azhar BSD Senior High School
2014 — 2016 Al-Azhar BSD Junior High School
2007 — 2013 Al-Azhar BSD

TRAINING AND INTERNSHIP
2022 Intership at PT Resyana Andata Cipta, Indonesia
o Car ECU programming
o Fabricated car parts
2020 - 2022 Training at ATMI Cikarang, Indonesia
o Reverse Engineering
o Milling
o Turning
o Welding
o Safety technic
o Assembly

Mohammad Rizky Gartina



IMPROVING SERVICE ROBOT USING ROS 2

HUMBLE AND MICRO-ROS Page 130 of 130
o BW Electro
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