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GLOSSARY

Autonomous Guided Vehicle (AGYV)
A robotic device that is capable of navigating by the assistance of static guidance,

such as magnetic lines, tags, beacons, etc.

Autonomous Mobile Robot (AMR)
A mobile robot that has a higher degree of navigation than AGVs, which can localize

and navigate via the usage of sensors and without the assistance of static guides

Data Distribution System (DDS)
A middleware protocol that is recommended for high-quality data communication in

manufacturing.

Firmware
A type of software that accomplishes basic machine instructions that enable

hardware to work and connect with other affiliated software on a device.

Framework
A structure that functions as a base, on which a software could be developed. In other

words, the software is not built from scratch.

Inertial Measurement Unit (IMU)
A sensory device that combines multi-axes accelerometers and gyroscopes to produce

an orientation estimation of an object in space.

Light Detection and Ranging (LiDAR)
A sensing component that functions by utilizing a form of pulsed laser that imitates

the principle operation of a radar, with the objective to measure distance.

Localization
In robotics, localization is a method of establishing the position of a mobile robot is in

relation to its surroundings
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Micro-ROS (u-ROS)
A microcontroller library that simplifies data transfer between microcontrollers and
ROS2 in main processors by having the programs within the microcontrollers to be

compatible with ROS2.

Robot Odometry
A form of data generated by motion-based sensors which are systematically utilized to

estimate changes in position over time.

Robot Operating System 2 (ROS2)
The successor of Robot Operating System (ROS), which includes almost all libraries
from the predecessor with a specialized design approach for commercial robotics

development.

Real Time Kinematics (RTK) / Global Navigation Satellite System (GNSS)
A method for increasing the accuracy of GNSS signals by using a stationary base

station that sends correction messages to a moving receiver.

RQt
A software framework in ROS2 that provides a variety of plugins to simplify system

troubleshooting and analysis in ROS2, as an alternative for CLI-based monitoring.

Simultaneous Localization and Mapping (SLAM)
A proposed method in the world of robotics that enables mobile robots to map the

surrounding environment and establish its position at the same time.

Visual Inertial Odometry (VIO)
A category of the SLAM approach that uses visual-based sensors to observe
the environment and distinguish its features, which are then utilized as a source of

points to localize a mobile robot in a particular scenario.
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APPENDIX A - DATASHEETS

1. Intel Realsense T265 Tracking Camera

3.3 Intel® RealSense™ Tracking Camera T265 Device

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

Mate: Fagere may @ffer from funal productson images

3.3.1 Intel® RealSense™ Tracking Camera T265 Mechanical Dimensions

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

Dimension Min Nominal Max Unit
Width 107.85% 108.00 10815 mim
Hewght 24.35 24.50 24 65 mim
Desth 12.35 1250 12.68 mm

Flatness Tolerance - 0.1% - [,
Weight 57 60 & &

33.2 Intel® RealSense™ Tracking Camera T265 Thermals

Table 3-14. Max Skin Temperature

Max Skin Temperature
Tracking Camera

(25°C Ambient in Open Environment)

T265

a0C

Figure A-1 T265 Tracking Camera - Datasheet 1
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133 Intel® ReaiSense™ Tracking Camera T265 Storage and Operating Conditions

Table 3-15. Storage and Dgerating Conditions

Condétion Dascription HMim | Max | Wt
. S ————— o &0 ©
Sovage 1Tl Aa | Wt Cimemiling e pavaturn [t Eapie .80 - o
ey, R e e W R, N
Cpsratngly) (318 &) Temprratues HERE

1, Cororpled CondTons Uoukd T wlid Rl ng DATE |EATigR OF pOGuT

2. Shad eupoiuns Mgrelnts sy mas bty

for trmigzes

F COmpORET G TR BETILEY WIS ] D e e AT L A

134 Product identifier and Material Code
Table 3-16. Product ldentifier and Material Code
Production Froduc Hatedial Code
el Raitbarria™ Tracing AL
Cameia Fand

Figure B-& Inted® RealSense™ Tracking Camera T265 Center of Tracking Location

LR |

i 8 1]

Note: Recommended torgue for both M3 mounting points is 0.4Nm,

6.8 Tracking System Coordinate System
Figure &-9. Tracking System Coordinate Syvtem

v Bl g™ T ity L arera, 108

= P
T B P D

Frtamn ¥ st b g g e b e e

LE=

H Furena 1 grarrar o axwend e T tag o ves geveer e by weeid cpecrennd

I.

Fayiiny [ drecime n iy irmoged the fark of e dever furme bor serkd oaordmary

Figure A-2 T265 Tracking Camera - Datasheet 2
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2. Intel Realsense D415 Tracking Camera

Itot® RaalSense™ Depth Camara D415 “

TECH SPECS

Features U wrvvi ronment: Idmal rangs
Irsage sensce technology:
olkng Shrtter
gt Dupth teckasiogy: Diegeth Field of View (FOV:
T rmeuogur f5% = &0
Minimum depth distance (Hin-Z) st max Dapth owtput resolution:
renolution: Lip i 1280 = 77
A5 cm
Diepth frame rate:
Oepth Accuracy: Up o 9 fen
« 258 7
RGH RGE frasme reiclution: RGHE sewior FOV {H = V]
320« 1080 -
RGE frmsme rabs: RGE sevror resolation:
30k 7 mp
BGE sensor technology:
Redling St
Major Companants Camsera madule: Visson pro<essor hoard:
tof Fearbense Modole 0415 Il Ral Serese ¥ ewon Processor D4
Phyaical Fesren faetes Canmectary
Caerea Pershany USR-C* 31 Gan 1®
lLemgth = Depth = Height Hounting meschanssme
¥ mm = 20 mem = 23 mm Cing 1/4-23UNE thnead mourting pont

Ty W13 thiead mourting ports

Figure A-3 D415 Depth Camera Datasheet
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3.

ZED F9P RTK/GNSS Module

1.2 Performance

Farameter Speoification
Recever type Multi-band GNSS high precision receiver
Accuracy of time pulee signal AMS 30 ns
9% B0 ns
Frequency of time pulse signal 0,25 Hz to 10 MHz
|eonfigurabile)
Qpﬂmtinn:llimit:z Dynamics £dg
Altitude 80,000 m
Velotity 500 m/s
Velocity accuracy” 0.05mfs
Dynml-nh&pding u;l:ur.n:'.l: 0.3 deg

Tahle 1: ZED-FOP-04B8 specifications

Ghss* GPS+GLO+GAL +BDES GPS+GLO+GAL GPS+GAL GPS+GLO GPS+BDS GPS
Acquisition®  Coldstart  25e 26s 30s 254 0= 30s
Hot start 2s 28 28 2s 28 28
Bided start® =8 2s 2s 2s 28 2s
#ax navigation ATK TH 10 Hz 18 Hz 14 Hz 13Hz 20Hz
updaterate’  pyT BHz 10 Hz 20 Hz 20 Hz 16 Hz 25 Hz
RAW 28 Hz 26 Hz 25 Hz 26 Hz

18 Hz 18 Hz

sirnilarly to ATH

Lo T T I

fssuming Airborne 4 g platform

50% at 30 /s for dynamic aperation

GPS used in combination with OZS5 and SBAS
Commanded starts. Al satellites at -130 dBm, Measured at room temperatune.
Dependant on the speed and latency of the alding data connection, commanded starts
Measured with primary cutput only, secondary output disabled [default)

PPP-ATH position accuracy depends on the guality of the 55 sendice used, high-guality 55 services can perform

Ghss®

GPS+GLO+GAL+BDS GPS+GLO+GAL GPS+GAL GPS+GLO OPS+BDS GPS

Convergence  ATK
time®

<108 =108

Table 2: ZED-F@P-048 performance in different GNSS modes

=108 <108

<108 <308

GNSS GPS+GLO+*GAL+BDS GPS+GLO+GAL GPS+GAL GPS+GLO GPS+BDS GPS
Horizontal _— 1.5 m CEP 1.6 m CEP 1.5mCEP 1.5mCEP 15mCEP 1.5mCEP
Pas. Scouracy sEAS® 1.0 m CEP 1.0 m CEP 1.0mCEP 1.0mCEP 1.0mCEP 1.0mCEP
ATK® 0.01m 001 m ool m 0.01m 0,01 m 0.01m
+1 ppm CEP + 1 ppm CEP +1ppmCEP + 1 ppm CEP + 1 ppm CEP + 1 ppm CER
Vertical pos.  py7? 2.0mAS0 2.0 mAS0 20mAS0 20mAS0 20mAS0  2.0mAS0
_—— sEAS? 1.5 m RS0 1.6 mASD 1.5mAS0 1.5mAS0 1.5mAS0 1.5mRAS0
ATK'® 0.01 m 0.01m 001 m 0.01m 0.01 m 0.01 m
+ 1 pprm ASO0 + 1 ppr RS0 +1ppm ASO + 1 ppm ASO + 1 pprm AS0 + 1 pprm AS0

Figure A-4 ZED F9P RTK/GNSS Module - Datasheet 1
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5.5 Default interface settings

Interface Settings
LIART1 output 38400 baud, B bits, no parity bit, 1 stop bit.
NMEA protocol with GGA, GLL, GSA, GEV, RMC, VTG, TXT messages are output by default.
UBX and ATCM 3.3 protocols are enabled by default but no output messages are enabled by
default.
UARATT input 38400 baud, B bits, no parity bit, 1 stop bit.
LBX, NMEA and ATCM 3.3 input protocols are enabled by default,
SPARTM input protocel i enabled by default.

UARTZ output 38400 baud, B blts, no parity bit, 1 stop bit.
UBX protocol is disabled by default.
RTCM 3.3 protocaol is enabled by default but no output messages are enabled by default.
MMEA protocol ks disabled by default.
UART2 input ‘38400 baud, 8 bits, no parity bit, 1 stop bit.
UBX protocol is enabled by default.
RTCM 3.3 protocol is enabled by default.
SPARTM protocol ig enabled by default.
MMEA protocal is disabled by default,

usa Default messages activated as in UART 1. inputfoutput protocols aveilable as in UART 1.

I2C Available for communication in the Fast-mode with an external host CPU in slave mode onty,
Default messages activated as im UART 1. Input/output protocole available ae In UART 1.
Maximum bit rate 400 kb/fs.

5P Allow eommunication to a host CPU, operated in slave mode only. Default messages activated as

in UART 1. Inputfoutput protocols avaitable as in UART 1, 8Pl is not available unless D_SEL pin is
et to low [see section D_SEL Interface in Integration mamual [1]).

Figure A-5 ZED F9P RTK/GNSS Module - Datasheet 2

4. Power Supply Unit (PSU)

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
24V DC

Lihat Lebih Sedikit

Figure A-6 PSU Datasheet
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5. 12V Battery

Z eus PC18-12

Battery Products SLABaIt!q*
Capacity (25°C) | 20HR (0.90A, 10.5V) = 18.00AH » Complately sealed, maintenance-free,
T10HR (1.73A, 10,5V} = 17.30AH low self-discharge

SHR {3.24A, 10.5V) = 16.204H

THR (10.85A, 10.5V) = 10.85AH * State of the art AGM and grid alloy

formula technology
Operating | Charge = -15'C o +50°C | * Mon-spillable, stable quality and high
Temperature Range | Discharge = -20°C to +60°C reliability with excellent re-charging
Storage = -20°C to +60°C performance

Approx. Weight | 5.5kg * Floating and standby use up to: 5 years
Internal Resistance | Fully charged at 25°C : = 12m0 * Cycle use: Up to 260 cycles at 100% Dol

Self Disch 2% per th at (25°C) ] Ej:ler.lae:UptuﬁtDU{:‘ynle':ialﬁ-ﬂmDuD

- a » Container and Cover Material —
Capacity Affected | 40°C = 102% ABS LLO4-HE (optional ULI4-VI)

by Temp. (20HR) | 25°C = 100%
o'C = BS%
-15°C = B5%

Charge Voltage | CycleUse = 14.4-14.7V [-30/mv/g)
(25°C) | Max Current = 5A
Float Use = 13.5-13.8V (-20mVv/C)
Dimensions | Length: 181mm (7.12 in.)
{Mominal) | Width: 77mm {3.03 in.)
Height: 167mm {6.57 in.)
Total Hesght: 167mm (6.57 in.)

ey

= APPLICATIONS

Multipurpose Alarm & Security System
Telecommunications  Comm. Power Supply Auto Control System
LIPS Elec. Power System (EPS) Tratfic Control Signaling
Medical Equipment Emergency Bachup Power Emergency Lighting

# Transportation - D.O.T, LATA EFAA

Terminal Type

T — = Terrninal M u Terminal NB

] 7 . M

] T _H'!_|-! l Q 1 EH

& E - 0 N .5
5 M5 Balt M5 Balt & Mut

=4 @ Terminal F2 00,2507 x 0.032°

quack discannect tabs

REY W31

reushatteryproducts com sales zeushatteryproducts com

Figure A-7 12V Battery - Datasheet 1
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PC18-12

Effect of Tempemature on Capacity 25°C (TT°F) Capacity Retention Characteristic
. - (P

Capadiy %
3
E

-
H

|
Famaining Cagacity

a

-3 - @ il 30 OF B

4 dd X M B B 04 BIX F] [] (7] ]
Temparsture Starage Time {mentha)

Trickle (or Float) Service Life Cyele Service Life

e T
: il
1
= e
Es
B E m
& i }‘
E b < .
IPR000  ARDOD MHOCO
"
ay [T R
= s M A0
m o M m §n " i) o ) ] ] 7]
A it Tamprsbure " . M
Regular Charge / Float Charge [ Storage

= Charging valtage temperabure compensaton nesds 1o be applied when lemparatuee is below 0°C and ahowe +45°C.
= Charging m temperatures below 0°C, the change current should not exceed 0.1C as the core baltery temperature can inoress rapidly
and damage the batbery.
* During loating charge or when in storage, the Ele of the battery is out m balf for every 8°C femperature rise over 25°C
o
* Dischasging at elevated temparatures improves perfonmance of the battery yet shortens ibs iie due o scoslerated aging
* Low temperatune affecs the battery internad resistance and lowers its capacity. The battery prowides 100% specified capacity =t 35%C
it wnll delver 50% of s stated capacty at -20°C with 0L1C discharge cuntent and 20% with 3C discharge curent.

EXiTime Smin_ | T0min | 15min | 30man 1h Zh dh 4h Bh Bh 1dh 20h

1. BEV/Call 5018 | 3494 2846 | 1700 | 1045 604 464 AB0OR | 2720 | 2544 1.668 | DBAT
LBIVIC] | 60.31 660 [ 2898 | 734 | 10.65 E.18 473 SB80 | 3780 | 2592 | 1.700 | O.BEX

176w/l | G184 | 3627 | 3061 | 1868 | 1085 | 627 | 481 | 8953 | 3230 | 7641 | 1732 | 0.900
1.70W/Cell | 6697 | 9845 | 3227 | 1832 | 1104 | 638 | 400 | 4023 | 3996 | 2.687 | 1.762 | 0.916
1.67v/Cell | 7373 | 4171 | 3478 | 2040 | 1115 | 645 | 4895 | 4066 | 3332 | 2716 | 1700 | 0.926
LGON/Cell | 7987 | 4389 | 3590 | 2128 | 1127 | 662 | 500 | &110 | 3868 | 2745 | 1800 | 0.936

NS o gt D e
ENITime Smin 10min | 158min | 30man Th Zh ih ih Bh Eh Toh 20k
1LEEV/Cell | 11540 | 6812 5354 34.90 2037 | 1177 G048 7.43 6.08 4.96 126 1 69

TEBWACSE | 11767 | 60.43 5457 | 3557 | 2076 | 12.00 9.21 .57 6.20 B.05 3.31 .72
1.78V/Cell | 11081 | 7073 | 5660 | 3624 | 2115 1222 9.39 1.71 6.32 B.15 138 1.76
1.70WACell | 13060 | 7497 | 6RO | 3768 | X162 | 1244 955 7.84 6.43 524 144 .79
16MACell | 14377 | B1.34 | 6303 | 3973 | 2175 1257 9.66 71.93 B.S0 530 .47 181
T.60W/Cell | 15576 | B558 | 6706 | 4149 | 21.89 | 1271 9.76 a.01 BE7 5.5 1.51 182

HEW ¥1.1

zeusbatteryproducts com BTT 469 4255 sales zeusbatteryproducts com

Figure A-8 12V Battery - Datasheet 2
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APPENDIX B - ROS2 TERMINAL LOG RESULTS

Combinatory launch file terminal log for tracking camera, depth camera, and

depth to laser scan conversion.

: AL log
pefault

[13857)
arted with ptd [1355"

inntng until s

ule
Depth
B Canera

trean_type: Color(
upT

Figure B-1 Combined Camera Launch File Terminal Log

2. Linorobot2 Bringup launch file terminal log.

squisgu: -/Dacuments/linorobot2

548-59u-3798

3
th pid [3810]
started with ptd [3
started with pid [

ate publishe
h

Aen it
ent key

erent
ription to b
altitude) is

683865, 3

Figure B-2 Linorobot2 Bringup Launch File Terminal Log
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3. Nav2 launch file terminal log.
i e b
tated-1] [IFO]
Figure B-3 Nav2 Launch File Terminal Log
Dylan Louis
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4. Turtlebot3 teleop.

$ ros2 run turtlebot3 teleop teleop_keyboard

Control Your TurtleBot3!

d

/x @ increase/decrease linear velocity (Burger : ~ ©8.22, Waffle and Waffle PL : ~ ©.26)
a/d : increase/decrease angular velocity (Burger : ~ 2.84, Waffle and Waffle Pi : ~ 1.82)

space key, s : force stop

CTRL-C to quit

Figure B-4 Turtlebot3 teleop Terminal Log
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APPENDIX C - AMR RQt GRAPH

| 0y li: [t

(I

10

i i

o T |in||||‘| IJH'I i ,’iff'l'%f- I i

Figure C-1 Full RQt Graph of The AMR
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APPENDIX D - BILL OF MATERIAL

Table D-1 Outdoor AMR Bill of Material

No Item Name Price/ Qty |Qty| Total Price Notes
Passed

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

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

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

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

5 |AS S45C 35mm Rp195.00 900| Rpl175,500.00 down
Passed

6 |AS S45C 25mm Rp112.00 800| Rp8&9,600.00 down
Passed

7 |Aluminium Profile 3030 Rp820.00 512| Rp419,840.00 down
Aluminium Plate 2mm 59x46x2mm with Passed

8 |Laser Cut Fee Rp325,000.00 | 1 | Rp325,000.00 down
Passed

9 |T Hammer Nut M53030 Rp1,950.00 |104| Rp202,800.00 down
L/ Socket Head Cap Screw M5x15 (10 pes/ Passed

10 |pack) Rp7,000.00 11 | Rp77,000.00 down
Passed

11 |Gusset 3030 Aluminium Profile Bracket Rp5,700.00 32 | Rpl182,400.00 down
Passed

12 |Steel Screw HTB Grade 10.9 Rp2,600.00 16 | Rp41,600.00 down
Passed

13 |13in Wheel Rp85,000.00 4 | Rp340,000.00 down
Passed

14 |DKM Motor 24V 90W Rp300,000.00 | 2 | Rp600,000.00 down
Passed

15(1:50 DKM Gearbox Rp1,500,000.00 | 2 | Rp3,000,000.00 down
Rotaray Encoder Hanyoung NUX HE50B-8- Passed

16 |360-3N-24 Rp687,500.00 | 1 | Rp687,500.00 down
Passed

17 |Gland PG13.5 Cable Rp11,600.00 1 Rp11,600.00 down
Electronic Case Enclosure Plastic Box with Passed

18 |Clear Cover Rp74,500.00 1 Rp74,500.00 down
Passed

19 |PCB Printing Rp10,000.00 1 Rp10,000.00 down
Passed

20 |AWGI12 Cable Rp2,000.00 12 | Rp24,000.00 down
Passed

21|3D Printing Rp140,000.00 | 1 | Rpl140,000.00 down
Passed

22 |Acrylic Lasercut Rp70,000.00 1 Rp70,000.00 down
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Resistors, Capacitors, Jumpers, Terminal Passed

23 |Blocks, and Conn-Sill Rp20,000.00 1 Rp20,000.00 down
Passed

24 | Teensy 4.1 Board Rp635,000.00 | 1 | Rp635,000.00 down
10cm Pigtail Cable SMA Female to Passed

25 |U.FL/UFL Rp25,000.00 1 Rp25,000.00 down
Passed

26 |IBT-2 Motor Driver Rp62,500.00 2 | Rpl125,000.00 down
Passed

27 |Optocoupler Rp9,000.00 2 Rp18,000.00 down
Passed

28 |Heatshrink Rp15,000.00 1 Rp15,000.00 down
Passed

29 |Cable Jumper Male to Male (20 pcs/ pack) Rp5,400.00 3 Rp16,200.00 down
Passed

30 |{IMU MPU9250 Rp65,500.00 1 Rp65,500.00 down
Passed

31 [SparkFun GPSRTK2 Board (ZED-F9P) Rp3,911,600.00 | 1 | Rp3,911,600.00 down
Passed

32 |ANN-MB-00-00 Antenna Rp913,548.00 1 | Rp913,548.00 down
33 |Battery PC18-12 12V 18Ah Rp478,900.00 1 | Rp478,900.00 Bought
34 |Switching Power Supply Unit 24V 30A Rp185,000.00 | 1 | Rpl185,000.00 | Bought
Passed

35 |Intel NUC7I7BNH-16S480 Mini-PC Rp6,000,000.00 | 1 | Rp6,000,000.00 down
Passed

36 |Intel NUC6CAYH Mini-PC Rp2,200,000.00 | 1 | Rp2,200,000.00 down
Passed

37 |Intel T265 Tracking Camera Rp6,000,000.00 | 1 | Rp6,000,000.00 down
Passed

38 |Intel D415 Depth Camera Rp4,000,000.00 | 1 | Rp4,000,000.00 down

Total Price Rp31,705,088.00
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