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CE{E R 0 o]

T2HE Y =y of

Ot&=O|= uno 1 turtlebot-3 1

ZAH| 0[] 1 OpenManipulator-X 1
ZAH| O[O 2 E EEIO[H| 1 HiE{ 2| 2

USB camera 1 HiE{ 2| ST 7] 2
SMPS 1 QelLfL 1

12V O H 1 wifi 8=

O A 1 LEH 4

.
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PWR IN UsB i .
(to Computer) Domrioad

Concepts: INPUT vs. OUTPUT -

Referenced from the perspective of the microcontroller (electrical board).

@
= ) SCL\SDA

(12C Bus) Inputs is a signal / information  Output is any signal exiting the
. - going into the board. board.
- : 3 '
POWER _| -
5V/3.3V/GND | Bk z() o
o 1 |8 - Digital NO Examples: Buttons Switches, Examples: LEDs, DC motor,
- ' (Cll8 PWM(3, 5,6, 9, 10, 11) - :
' Z|[E Light Sensors, Flex Sensors, servo motor, a piezo buzzer,
Analog | Tl Humidity Sensors, Temperature |relay, an RGB LED
INPUTS A d e Sensors
s B -

Robotics

HUMAN Al ROBOTICS




ozt
!

E|=X mitE2)| o] E

o Arduino L
Concepts: Analog vs. Digital Integrated Development Environment (IDE)
) BareMinimum | Arduino 1.03 e 3“

File Edt Sketch Tools Help

Two required functions /

To create an analog signal, the microcontroller :
methods / routines:

uses a technique called PWM. By varying the duty
cycle, we can mimic an “average” analog voltage.

void setup ()
’ runs o
Pulse Width Modulation (PWM) }
Medium Voltage Low Voltage High Voltage
PWM Signal i
void loop ()

eneats
time repeacs

50% 10% 90%
Duty Cycle Dut: Cy% @ l Duty Cycle

RObOtics 6 HUMAN Al ROBOTICS
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Settings: Tools ¢ Serial Port

- L ne ~ (- |
s sketch_may01a | Arduino 1.03 -l e

File Edit Sketch Tools Help
Auto Format

Curle T
Fix Encoding & Reload

Archive Sketch
Ctrls Shift+ M

Serial Monitor

Board ’
Senal Port » ¥ | COM3
Programmer ’

Bumn Booticader

Robotics

o
Download

Your computer
communicates to the Arduino
microcontroller via a serial
port ¢ through a USB-Serial
adapter.

Check to make sure that the
drivers are properly installed.

Settings: Tools ¢ Board e

) ATtiny85 (external 20 MHz clock
@ sketch_jun17a | Arduino 1.0.5 R Y “
ATtingdd (internal 1 MHz clock)
File Edit Sketch Tools Help
ATtingdd (internal 8 MHz clock)
Auto Format Ctrle T
ATtinydd (edemal 20 MiHz clock
Archive Sketch a
ATtiny84 (internal 1 MMz clock)
Fix Encoding & Reload
ATtiny84 (internal 8 MMz clock)

Serial Monitor Ctrie Shfte M L %
ATtiny84 (external 20 MHz clock
ArduBlock ® Arduino Uno ,
Arduino Duemifancve w ATmega328
Board » .
Arduino Diecimila or Duemilanove w/ ATmega162
Serial Port
Arduino Nano w/ ATmega32s
Programmer ’ Arduino Nano w/ ATmega 168

Bum Bootioader Arduino Mega 2560 or Mega ADK

Arduino Mega (ATmega 1280
Arduno Leonardo

Arduino Esplora

Next, double-check that the proper board is selected under the
Tools © Board menu.

HUMAN Al ROBOTICS
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Download &J

Three commands to know... Project #1: Wiring Diagram

pinMode (pin, INPUT/OUTPUT) ;
ex: pinMode (13, OUTPUT) ;

digitalWrite(pin, HIGH/LOW) ;

ex: digitalWrite (13, HIGH);

delay (time ms) ;

ex: delay(2500); // delay of 2.5 sec.

// NOTE: -> commands are CASE-sensitive

RObOtics 8 HUMAN Al ROBOTICS
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Programming Concepts: Variables
l F'rcm:‘ar"a;.:'F'rr:»Mm%r..arn,'aie:-;- _ Vanable Scope

nt sensorValue;
t ledPin;

Global

setup ()

Function-level

t setupVariable;

loop ()

t loopScopeVariable

Robotics

Serial Communication:

Serial Debugging

void loop ()
{
int xVar = 10;
Serial.print ( “Variable xVar is “

Serial.println ( xVar ) ;

[@NoLo) I

) ;

o
Download

tokeedng , Wbt
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AHEZE], ZHO'RE

"43HD4027-02"= £HE ZH RE2FC =, 0| ZH= FEHO =2 FET ot 21X MO{7t ERot 0f=2|#0]H
A ArEELICH 2HE 2H= 422 g 28425 0 of ‘§2¢t M7 7t &L LY.

Il
1
£0

Price: $16.95
SKU: ROB-CB1509
Current Stock: 2

Quantity: (1 v| W8 ApD TO CART

AHZ DE Brush DC 2 E| Brushless DC 2.E

»

HE{Al 2E / G KH
M
,/:- NE
£, == Product Description
‘\jf N\ « Model: 42HD4027-01-A
AH|0[E] ‘ )Q.?J\ s+ Cable connector: 4 pin Dupont female
o4 xpA \'T s Step angle: 1.8°

s 2-Phasze

+ Holding Torque: 400 mi*m

+« Rated Voltage: 3.3V

+ Rated Current: 1.5 A

s |Inductance per phase: 3.8 mHz20%

s Resistance per phase - 2.2 (1+10%

RObOtics 10 HUMAN Al ROBOTICS
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Dimensions

1 > 39, SMax_
2040.3, e
" <
< [ <
710,035
2403 A
2.4
cCQ2:1)

Robotics

4.540.1

.

PSem | _

SEB-PU-L(LE) (5N) /)~

EERRER

51

[a s~

----------

----------

AHH BE{Q] £ & H|of
S|M SE = BA 20| WE2 FO{BILICE 1HAR 175
ABIZH0| S| MSte A, 10| 10BAZ HIjE 20|, 1X
O 1THAZ HLjE 2RO 140 8|Fst 2tE 7F St 12
M BAo| Z=Oi4Tl £ 0B 3|H 4 £t e Lo,
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00|32 AT ASIDE C2lo|8 (Microstep
Stepper Motor Driver)

8]
B} . z 1
DORIHVATEE) 24,690 1 D1
: o
AZDC POOOONGO 2 21
I ™0 ! ’3 '
’é}'E_u_ —rxc-,"E %g gé’% ?}'Il_ﬂ ?VIKE T'-:'-.-'D—DhaSE "_\' | PUL+(+5 | .
o PEf SalolHELIC e 1 O’
[7 S
3 Il
o) T Be—> |
SNS ’é,”:‘%E | curonua) | 54 | 88 ) !
E n I__;_.l l E‘é;%‘“vi 5 A' A_Z ‘E J !
e E Aty \) 4
(F 2242 174 0]2H )
e S ] 3:
! 2t MEHAI =N
@) |
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#tdefine PIN_ENA 8 // Enable pin on the driver (optional if you need to control enable state)
E-" <DIEE-I, ?jH‘lIOI = E #define PIN_DIR 9 // Direction pin (controls motor direction)
#tdefine PIN_PUL 10 // Pulse pin (sends step signals to the driver)

int stepDelay = 1000; // Delay between steps in microseconds (adjust motor speed)

void setup() {
// Set the pins as outputs
pinMode (PIN_ENA, OUTPUT);
pinMode (PIN_DIR, OUTPUT);
pinMode (PIN_PUL, OUTPUT);

// Enable the driver (assuming active low for enable pin)
digitalWrite(PIN_ENA, LOW); // LOW typically enables the driver (check your driver datasheet)

// Set initial direction (optional)
digitalWrite(PIN_DIR, HIGH); // HIGH for one direction, LOW for the opposite direction

void loop() {
// Rotate the motor in one direction
for (int i = @; i < 2000; i++) { // 2000 steps for one full rotation (adjust based on your motor's step count)
digitalWrite(PIN_PUL, HIGH); // Create a pulse
delayMicroseconds(stepDelay); // Wait for step duration
digitalWrite(PIN_PUL, LOW); // End the pulse
delayMicroseconds(stepDelay); // Wait for step duration

// Change direction after one rotation
digitalWrite(PIN_DIR, !digitalRead(PIN_DIR)); // Reverse direction
delay(1e00); // Wait for a second before changing direction

RObOtiCS 13 HUMAN Al ROBOTICS
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Start Pulse
J1L—
o

Echo Time Pulse
=LAt
ESI MAME o 20kHzO0| 49| &2 Ft4:0|
2 =hM 72E 2 4 Y HNZ
E=ZOE 0|1 8% 2T Azl &5F WM YL
HgoR YAE £80 3%, 27, 82|, 30| 5 ©
of SOleX|E 22 B2 Y2gWL 20}
Eot7| =0 et ZE a0 ojgcte o

Robotics
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#define TRIG 9 //TRIG H

#define ECHO 8 //ECHO

void setup() {
Serial.begin(9600);

= ®)
fra

—

El

nt o

¥

—
[

ox oA
B+ bt
oo ojo
==

pinMode (TRIG, OUTPUT);

pinMode (ECHO, INPUT);
}
void loop()
{

long duration, distance;
digitalWrite(TRIG, LOW);
delayMicroseconds(2);
digitalWrite(TRIG, HIGH);
delayMicroseconds(10);
digitalWrite(TRIG, LOW);

//PCRLUEZ HAMgts 257 9eiA Al2[E

EA
o

oS ZofsiE Lt

duration = pulseIn (ECHO, HIGH); //=X0f EAIZ|O{=0t2

= fehL|Ct.
//34000* = STVt SHZ2 FEH HIALE0] SO0REAZE /1000000 / 2(HE 0|02 HE

Robotics

//ESTHAMC AHE|gko] ¢ ALgtar S cn2 gHitE[= A

distance = duration * 17 / 1000;

//PCELHE X0t AH2|¢E &0 = A= YL,
Serial.println(duration ); //ZXZIL7} HALE|O] E0tR2E AlZHE HO{FL|CH.

Serial.print("\nDIstance : ");
Serial.print(distance); //&F3E
Serial.println(" Cm");

delay(1000); //1%

orch 8k

= E0FUCH

15

SHZ2Z5H A2 (cmih)E 20T

LICt.

ZA 7|20 L7128 &

Hx|5§ X—|_9_oH¢|_| |:|.'

o M-

SiELICE. )
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O£ 30Ot (ArUco marker)

ozt

S HFE HHOA 20| ALB3H= Op3o|Ct
QR AEXE 227} 702t 2 L2 ROPAH S Q1AL OF2 A0 7} 74X| 2 Q= 1p

= = 1,

QlAjeh OFF A OHA S| 2| K|t 0| HEfA x, y, 25 BLF2Z 9| 2Kt 2| ™ =5 7Lt & ULt

B ArUco Marker Detection

103 0
L. —0.01, -0.07, 0.35)m
~ 169.3, —22.2, —117.6)deg
= —0.12, -0.02, 0.28)m
; 1571, —-27.7, —122.5)
.04, 0.02, 0.30)m
- 7.8, -26.2, -117.9)

0.07, 0.08, 0.23)m
g Fot B8169.2, -38.2, -122.7)deg

aruco_pos_rot.py

Robotics 17
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ESX HWE 0| CfL
Z|EF 70 X[ =4
OFF A0t 7t 50mm ¥ =1%e]

= /|=2 2 4 OtFA0rA 7L 7IH2te| S 422 EOtLE Z O X %'J'-EWEM A=A
2 = UCH =2 ObF J=otX| = BA| 2, 7o @AHE 7HX| 1 X2t 2| 4 =& BS 4 QUL

7 ArUco Marker Detection

3E B

(-86.54, 62.43, 18 '
Rot: (137.91, —27.4, B.28)deg

aruco_dist_pos_rot.py
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7iH|2t A2 E|o] M

ISHM= 2& OpenCVE AtEoH0] 7HH|2te| L& LtEtO|E(=E A, A= A=

N
=
Id

A
n
|T
o
)
>
[0
Ho

1Mo aHtRoz HARLE IjHES ARSI o8 Z4E
O|F 3ol 7tH2t (HEEAE Fol= WAL 2 T IL| Ct.

KO el ZhH2F =0 = =0|IHE o= o1
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7iH|2t A2 E|o] M

7HH| 2t mh2f o] &

1.7t 2f dl = A A-IO| LY & It 2F0| E{ (Internal parameters): =& 7 2| (focal length), &<t S (optical
center), Tl = 9| BEAL @ = A|== (radial distortion coefficients of the lens)

2.2| % Itet0| B (External parameters): A| 4| ZtEA|Of Ci ot 7t 22| &S, 2|, O] =

HAHEE
22| 702t Z2| 20| M2 fHAM X[FH E E(checkerboard pattern)E AFE S A O|C}
S AFO|EOM M7 EE T EH 2 BF= 10 ZICHS| S8 4= QUL

https://markhedleyjones.com/projects/calibration-checkerboard-collection

RObOtiCS 20 HUMAN Al ROBOTICS
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7iH|2t A2 E|o] M

10x7 MIAHAEE {EH(LHE ZH= 9x6)01IA1 Zt AFZL 0| 20mm el MIAHEEE AtETFL|CL.
A E S0 MAHEE O[0[X|F 2EFL T

Zf O|O| X[ M MAHEE ZHZ XLt

-7*XIE| IS AFE5HY 70| 2f 2| 28 0[S =g LT}

7t 2t 2 H(intrinsic parameters)1t = A +=E A Lt2tL| Lt

| I='E1|0|’“" AN I = MEeL o,

.A—| EHI—I og E.”AE o||:||x|o| QH_T'_O EI—|'<'>|;H_||_'_|-_

Camera_calibration_captures.py Camera_test.py
Camera_calibration.py Camera_test_calibrationed.py

RObOtiCS 21 HUMAN Al ROBOTICS
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https://darkpgmr.tistory.com/32

2t E&b= Ak LA H3E
2l

projectiony 22 2 M SHEN|CE
y

Ct=ut 01 222 ELIC

_fx

skew cf.

syl=|0 f,
1] |0 0
T
) 4

=AR|t
(R[],
_1_

Robotics

=
=
| =
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1

2rbE 0l01x BEHMH FAKperspective
(pinhole) ZHHIZE 22 HIA OIS HE 2=
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4
Y
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7iH|2t A2 E|o] M

WM, (5.7, 2= 2= FEAHCworld coordinate svstem? &h2| 30 E2| FE, [Rltl=
2= FEHEZE FH2 TEAZE HEWN D] FIE S 3 0SHE #HZ0|IMH A= intrinsic

camera matrix 2| CF,

1t ZHEA|
normalized
image plane

i R
_ L Z
7|2t ZtEA of ¢
Tty
¥ Xe
Ye

JF 2 22k ZEA

Robotics 23

Folzkel L2 TR0IEZ= ClE0t &

AS0] 2lsLICH

ro

4 H2|(focal length): fx, fv

diprincipal point): cx, oy

0 0

=
-
-

HICH &N Y| 2= skew coefficient): skew_c = tana

Image plane
(Xe, Yo, Z0) normalized image plane

i (x,7)

i —— 'y

1 — T ——— .

1 —___h'_————_ (ur v ]

& H 11— = | &
+ | v =g

! 1

I

: >

| 1 |

[}

! I

1 — e

! }

i f :
1

! i

I =
1

i

204 2 £ S (projection) 2E
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marker_id = Ot7{2| OtO|LC]
marker_size = OfAHZ7|(EHA £&= m)

dict_type = O BF2} id 24 (4X4,5X5,6X6, 250,500,1000)

Aruco marker generate EIAIO|E

https://chev.me/arucogen/

https://fodi.github.io/arucosheetgen/

aruco_generate.py

Robotics
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of230tH #He| &=H

aruco_dict = cv2.aruco.getPredefinedDictionary(cv2.aruco.DICT_6X6_1000)
OpenCVe| ArUco 2t0|E2{2[E AFESIO ArUco OFHE ‘85t AHLE QIAISHY| 2ot ZEQLIC

1.cv2.aruco: OpenCVe| ArUco E=2 2|0|RL|Ct ArUco= QR TEQt FAISH Ao 2 olAlgh 4= Q= A2 2p O R LT}
2T 2 TY AH(AR)O|LE 2X H|THOM AtEE LT

2.getPredefinedDictionary(): O| &+ OpenCVO|A O|2| M| &l CtYot ArUco OHH MEE Bh=tetL|Ct,
3AME A= 02 SRl Ot ME T StLHE MEig = JASLICH O] g OHES 5L QlAle
3.cv2.aruco.DICT_6X6_1000: O|= "6x6 37|2| 10007H2| L7 %+ ArUco OFAH" M EE 2|0|2tL|LCt,

4.017| M 6x6= Z+ O Q| H|E 37| & LIEILH, 10002 ME WA MSEl= 0bAHS| =& <|0|gtL|C},

5.5, 0| ME= 6x6 327(2| 1000712 M= C}E ArUco OFHE M5 gL Ct.

OrA id pose, rotation &= ¥ #2|(distance)E T8
getot A2[Z /I 7t 2} calibrationO| E&

aruco_run.py &

RObOtiCS 26 HUMAN Al ROBOTICS
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Detected ArUco Markers rokey12@rokey12-desktop: ~ 145x13

.l.@@
oy Sl SR

rokey12@rokey12-desktop: ~ 145x10

rokey12@rokey12-desktop: ~ 145x4

(x=609, y=120) ~ R:201

Marker ID: 8, Position: [ 0.30174336 -0.14219974 0.58847091Il, Rotation (Yaw, Pitch, Roll): (175.39, 4.25, -2.24), Distance: 0.68m

Marker ID: 9, Position: [-0.3635388 -0.06435436 0.54939859I, Rotation (Yaw, Pitch, Roll): (-173.50, -50.36, -11.39), Distance: 0.66m

RObOtiCS 27 HUMAN Al ROBOTICS
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of230tH #He| &=H

Or=230tAH He| =48 &2
A OtAH 271: OpA2| &M 27((7+E, At el of #Hel ZO[)7F &M A0 Oof gL T,

—

-OrH2| & & 37
20 A = OFA2l 27]= X 272k 72t =4 2|, OtAHLL ZtH[2f AFo]2| A 2| of it Cf=A| LiEFE LT,

o| 7|otetH RS AHE5HY, O 2| =t o A7[et & A 27|, A2[1 7t 2te] =8 AH2| =28 H HE| & AL o

D: OrFA2F ZHH 2F Atole] HE|

f:7ro2re] =3 72

W: O7e] 25 37|

w: 2HO|A OF42] 37| (T2 Ere))
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ot=3a0#H HeE| =¥ aruco_marker_detector.py

F8 20|22 g|
e cv2, numpy: O|O|X| X 2|2t 4=5+ H| At
e rclpy: ROS 2 TiO|'M SEI0|HE = 2to| =232
sensor_msgs.msg.Compressedimage: &3 E! 0|0 X| HA|X|
aruco_msgs.msg.Marker, MarkerArray: ArUco Ot HE HA|X]
cv_bridge: ROS 0|0 X| « OpenCV O|O|X| Hzt
yaml: 7|2t ZA2|Eg0]d ot =T

#!/usr/bin/env python3

import cv2

import numpy as np

import os

from ament index python.packages import get package share directory
import yaml

import argparse

import rclpy

from rclpy.node import Node

from sensor msgs.msg import CompressedImage
from std msgs.msg import Float32, Int32

from aruco msgs.msg import Marker, MarkerArray
from cv_bridge import CvBridge

RObOtiCS 29 HUMAN Al ROBOTICS
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ot=23017 AHz2| =% aruco_marker_detector.py

detect_markers()

« 72l &AM ArUco OHH HE

- OtA 1D, #IK], §|7‘*7F Hel S8 =

« cv2.solvePnP()= Sl AHM =78

- rotationMatrixToEulerAngles()Z Euler Zt= &=

def detect markers(image, camera matrix, dist coeffs, marker size):
aruco_dict = cv2.aruco.getPredefinedDictionary(cv2.aruco.DICT_6X6 1000)
parameters = cv2.aruco.DetectorParameters ()
detector = cv2.aruco.ArucoDetector (aruco_dict, parameters)
corners, ids, _ = detector.detectMarkers (image)
detect_data = []
if ids is not None:
cv2.aruco.drawDetectedMarkers (image, corners, ids)
rvecs, tvecs, _ = my estimatePoseSingleMarkers (corners, marker size, camera matrix,
dist coeffs)

if rvecs is not None and tvecs is not None:
for rvec, tvec, marker id in zip(rvecs, tvecs, ids):
rot mat, _ = cv2.Rodrigues(rvec)
yaw, pitch, roll = rotationMatrixToEulerAngles (rot mat)
marker pos = np.dot(-rot mat.T, tvec).flatten()
distance = np.linalg.norm(tvec)
detect data.append([marker id, marker pos, (yaw, pitch, roll), distance])
return image, detect data

RObOtiCS 30 HUMAN Al ROBOTICS
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ot=23017 AHz2| =% aruco_marker_detector.py

my_estimatePoseSingleMarkers()
- Ot72| 2t I ZtEet &H 327|5 HIE 22 XM =3

def my estimatePoseSingleMarkers (corners, marker size, mtx, distortion):
marker points = np.array([[-marker size / 2, marker size / 2, 01,
[marker size / 2, marker size / 2, 0],
[marker size / 2, -marker size / 2, 0],

[-marker size / 2, -marker size / 2, 0]], dtype=np.float32)
rvecs = []

tvecs = []
for ¢ in corners:

_+ R, t = cv2.s0lvePnP (marker points, c, mtx, distortion, False, cv2.SOLVEPNP IPPE SQUARE)

rvecs.append (R)
tvecs.append(t)
return rvecs, tvecs, []

Robotics 4
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ot=23017 AHz2| =% aruco_marker_detector.py

rotationMatrixToEulerAngles()

—te -t o
- 2| HES

Euler Zf = (roll, pitch, yaw)Z Hzt

def rotationMatrixToEulerAngles (R):

sy = np.sqrt(R[0,0] * R[O,0] + R[1,0] * R[1,0])

singular = sy < le-6
if not singular:

return np.degrees(x), np.degrees(y), np.degrees(z)

Robotics

np.arctan2 (R[2,1], R[2,2])
np.arctan2 (-R[2,0], sy)
np.arctan2 (R[1,0], R[0,0])

= np.arctan2 (-R[1,2], R[1,1])

np.arctan2 (-R[2,0], sy)
0

32
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ot=23017 AHz2| =% aruco_marker_detector.py

load_camera_parameters()
« ROS I{7|X| L} YAML It2Of| A 7t 2t Z2|Ee0|M Li2t0|HE 2E

def load camera parameters(yaml file):
package share directory = get package share directory('aruco marker detect')
calibration file = os.path.join(package share directory, 'config',6 yaml file)

with open(calibration file, 'r') as f:
data = yaml.safe load(f)
camera matrix = np.array(data["camera matrix"]["data"], dtype=np.float32) .reshape (3, 3)
dist coeffs = np.array(data["distortion coefficients"]["data"], dtype=np.float32)

return camera matrix, dist coeffs
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ot=23017 AHz2| =% aruco_marker_detector.py

1 A MarkerDetect Node) :
S22 ArucoMarkerDetector(Node) © as:efri:nif:_eJZle:;::or( e
super()._init ('aruco_marker detector')

= R °:| '6'|-- self.subscription = self.create_ subscription(
L = CompressedImage,

/|mage raw/compressed —DF—X‘" = —T—LEOI-O:I Ol D|X| HI'O"% 'image._raw/compressed' B
. Dl_;_l _|x S 7|-II- 7|_77|__?_ D|'9-| X*EE E:‘.E xeq i:i.f.l:.stener_callback,
-4 %5._| H‘I HHEE MarkerArray 2 detected_markers Z=H o . .
EHEE'EJAJ self.marker publisher = self.create publisher (MarkerArray, 'detected markers',6 10)

self.bridge = CvBridge()
self.marker size = 0.04
self.camera matrix, self.dist coeffs = load_camera parameters('calibration_params.yaml')

def listener callback(self, msg):
np arr = np.frombuffer (msg.data, np.uint8)
frame = cv2.imdecode (np_arr, cv2.IMREAD COLOR)
frame, detect data = detect markers(frame, self.camera matrix, self.dist coeffs, self.marker_ size)
if len(detect data) ==
self.get logger () .debug("No markers detected")
else:
closest_marker = min(detect_data, key=lambda x: x[3])
self.get logger() .debug(f"Closest Marker ID: {closest_marker[0]}, Distance: {closest_marker[3]:.2f}m")

marker array msg = MarkerArray ()
for marker in detect_data:
marker msg = Marker ()
marker msg.id = int(marker[0])
marker msg.pose.pose.position.x = marker[1][0]
marker msg.pose.pose.position.y = marker[1][1]
marker msg.pose.pose.position.z = marker[1][2]
marker msg.pose.pose.orientation.x = marker[2][2]
marker msg.pose.pose.orientation.y = marker[2][1]
marker msg.pose.pose.orientation.z = marker[2][0]
marker array msg.markers.append(marker_msg)
self.marker publisher.publish (marker_ array msg)
cv2.imshow ('Detected Markers', frame)
cv2.waitKey (1)
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ot=23017 AHz2| =% aruco_marker_detector.py

2. Ar coMarkerDetector L E Al
3EE EF A BE N

def main (args=None) :
rclpy.init (args=args)
aruco_marker detector = ArucoMarkerDetector()
rclpy.spin(aruco_marker detector)
aruco_marker detector.destroy node()
rclpy shutdown()

if name == "_main_ ":
parser = argparse.ArgumentParser (description='Detect ArUco markers.')
parser.add argument('--marker size',6 type=float, default=0.04,

help='Size of the ArUco markers in meters.')
args = parser.parse_args()
ArucoMarkerDetector.marker size = args.marker size
main ()
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1. OpenCR= HX 7|11
2. jetson oring ZIC}

OF

1. robotO| Al sudo shutdown now £ Al&ist1
2. jetson orinl| 22|X|E HIEA| 11

3. Open CR= &L
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ozt

SSH 28 =%

ssh 1 Z45}7|
ssh -X rokeyOO@ <rokeylPaddres>
PASSWORD:rokey1234

VSCode 28 ™=

1. vscode i.”é*(ctrl+sh|ft+X)'.E=h' 2 +ELC

Rernol:e SSH
v Folder on a remokte machine using ...

a M oft

Rernote SSH Editing Conflguratlon Files
dit SSH con gur ation

a Microsoft

w
[0
ik
o

z
N
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VSCode EX &

sy (@10.42.0.1|

5. ssh -X rokeyO@ <rokeylP> YH=Z enter

v HE(E'E/55H) L » [ 10.42.0.1

« Tunnels

!_ I"-'1i-::r|::-5-::||:|:|.“ %EE_ E-I'—" 0| _.E_“' |
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T2 4% LC 28
307 3, p—
. ros2 launch turtlebot3_manipulation . ros2 I.atunchf.turtlebojct3_man|ipula'ﬂon_
_bringup hardware.launch.py | m?t\iglbaioarl‘rrlr? cl:T(])%‘t,fclyITg?re. aunch.py

. compressed_image_pub.py ", manager_node

m. yolo_detect.py v.  gqt_qui.py

v. aruco_marker_detect.py v. conveyor_node
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Aruco marker AH2| £ = robot A

HeX Y

1. ros2 launch turtlebot3_manipulation_bringup hardware.launch.py
2. ros2 launch aruco_yolo aruco_move.launch.py

(compressed_image_pub &4 HO|HE &€& M&
aruco_detect_marker: 2%l 4 HIO|EH A aruco markerE 214|510} pose?t rotations F&

aruco_move: ‘&2 pose.z TF

Node_graph =35l = 7|
Node_graph(aruco_move.launch.py)

Node_graph(aruco_yolo.launch.py)
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Moveit O|5l

Movelte| & 22 (Manipulator) 24 Saff! U & of

ROS2 7|20 M S&5t= 24

MK

2l g

1=

o /I3

40

A2 5H: A2 A= (Path Planning), 7|+

ot

H(IK), & 2T (Collision Avoidance), MM 8 &

https://moveit.picknik.ai/main/index.html
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E|SX O &0l E CE
Moveit T
EX0UAM
ros2 launch turtlebot3_manipulation_bringup hardware.launch.py
pcOi| A
ros2 launch turtlebot3_manipulation_moveit_config moveit_core.launch.py
ros2 topic list
©ma|ooo
export o
y joint1 +
h joint1 -
: A X u joint2 +
Moveit 9|EE =2 O \SN‘;‘(I_-'IXTl JJOIﬂtZ _ - 12| close
. . - %3 i joint3 -
- turtlebot3_manipulation_xyz_limit.py a Has Cioint3 - = 12/ open
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Moveit

rviz 2tHO|| 2 0|= manipulator@t lidar $IX|7F A X2t CIE7|I{Z0f HXE H

Jhome/derlen/tb3_ws/install/turtlebot3_manipulation_moveit_config/share/turtlebot3_manipulal

File Panels Help

(interact | =¥ Move Camera

FocusCamera cmMeasure . 2DPoseEstimate . 2DGoalPose @ PublishPoint <k =

3 pisplays
~ # Global Options
Fixed Frame base_footprint
Background Color W 48; 48; 48
Frame Rate 30
~ v Global status: Ok
v Fixed Frame oK
» @ Grid v
» ol PlanningScene v
» /" Trajectory v
] MotionPlanning v
Add q .
3 MotionPlanning
Context | Planning | Manipulation = Scene Objects = Stored Scenes = Stored States 13
Commands Query Options
Plan Planning Group: Planning Time (s): 10.0 =
arm M Planning Attempts: | 10 =
Plan & Execute Start State: Velocity Scaling: 0.10 =
<current> ¥ Accel. Scaling: 0.10 =
Goal State: .
Use Cartesian Path
<current> - v/ Collision-aware IK
Approx IK Solutions,
External Comm.
Path Constraints o
Replanning
None s

Sensor Positioning

Reset

26 fps
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EX 2EI N2

~/turtlebot3_ws/src/turtlebot3_manipulation/turtlebot3_manipulation_description/urdf

~/turtlebot3_ws/src/turtlebot3_manipulation/turtlebot3_manipulation_description/urdf/turtlebot3_manipulation.urdf.xacro

rase_fixed” type=fixed

se_Link
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Moveit =<l

~/turtlebot3_ws/src/turtlebot3_manipulation/turtlebot3_manipulation_description/urdf/turtlebot3_waffle_pi.urdf.xacro

name="S5{prefix}imu_Link

name="${prefix}scan
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manipulationdt scan € X|7} EEtX|=X] =I5t 2

RObOtics 47 HUMAN Al ROBOTICS



ozt
!

E|=X mitE2)| o] E

x~

o) Al
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~/turtlebot3_ws/src/turtlebot3_manipulation/turtlebot3_manipulation_movit_config/config

kinematics.yaml X

urtlebot3_manipulation > turtlebot3_manipulation_moveit_config

kinematics plugin/KDLKinematicsP

: B.885

- @ turtlebot3_manipulation_mowveit_config

- [ config

ioinkt
kinematics.yaml = 3 kinematics.yaml '—H%
mov lere u

moveit_

moveit_

oA

ompl_planning.yaml

B turtlebot3_manipulation.srdf

turtlebot3_manipulation.srdf
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Moveit O}7| &l X

Moveit control(pc)

turtlebot_cosmo interface

cmd

posename
waypoint

turtlebot_arm_
controller.cpp

) ("

interface plan

manager_node rv_call_test Moveit

&

request 2
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Moveit O}7| &l X

1. turtlebot_cosmo_interface.zip

~/turtlebot3_ws/src/Qt0] siS TH7 | X| &=Z=7] (pc)
cd ~/turtlebot3_ws
colcon build --packages-select turtlebot_cosmo_interface

2. turtlebot_moveit.zip
~/turtlebot3_ws/src (pc)

cd ~/turtlebot3_ws/
colcon build --packages-select turtlebot_moveit

Robotics 20

: S ros2
interface show turtlebot _cosmo_1interface/srv/M
pveitControl
int32 cmd
5tring posename
geometry_msgs/PoseArray waypoints
std_msgs/Header header
builtin_1interfaces/Time stamp
int32 sec
uint32 nanosec
string frame_ 1id
Pose[] poses
Point position
float64 x
float64d y
floate4d z
Quaternion orientation
float6d x 0
floated y 0
float6d z 0
float6d w 1
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Moveit O}7| &l X

Ol Ij| O| A I| 7| X|: MoveitController.srv

t=E7| turtlebot_cosmo_interface.zip
o 7| X| turtlebot_cosmo_interface
| 7|X] £  colcon build --packages-select turtlebot_cosmo_interface

4 )
IEFY
2 ZAE E&: turtlebot_arm_controller.cpp N J
2r=E7| turtlebot_moveit.zip

tu
H|7|X| 2= colcon build --packages-select turtlebot_moveit

HUMAN Al ROBOTICS
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Moveit0| 8 H|L|E2f|0]E] =%}

=H|

Robot:
Ros2 launch turtlebot3_manipulation_bringup hardware.launch.py

PC:
1. ros2 launch turtlebot3_manipulation_moveit_config moveit_core.launch.py
2. ros2 run turtlebot moveit turtlebot arm_controller
AI'&;I;
3. ros2 run turtlebot_moveit task.py
cd turtlebot_moveit/scripts/

python3 srv_call_test.py
python3 task.py
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E Z2: turtlebot_arm_controller.cpp
oio|MojjA AHEFE] MH|A 2F OA(...yolo.py
EEEE I
0: LIS 2O/ El S Mt ( = W7HA) ALRIE B QIA31D yolo B Heto 2 51HO|S
1: srdfoll HZHEl armQ| joint 4f0|S
2: srdfoll MZ& =l gripper?| joint 440|& 4 h
3: H2tM HXHE yolo He= WO E AHHO|S M ZEEY
4 ZHEQ S ML I FHEO|S
Y
o: )t FHE 53 T~
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task.py Ol Al - 1

print ("task start!"™)

response = arm_client.send_request(1,
arm_client.get_logger().info(f'

response = arm_client.send_request(1,
arm_client.get_logger().info(f'

=Y =t

response = arm_client.send_request(1,
arm_client.get_logger().info(f'

response = arm_client.send_request(9,
arm_client.get_logger().info(f'

Robotics

S5E.

SE.

S5E.

1respons

£

- %
nome2 )

iresponse

1responsc

.response} ')

.response} ')

.response} ')

se.response} ')

cma

cma

cma

54

LS) — —

mlo mjo Mo
44 4 A

|-

|-

|-

"box_up_02" M
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task.py Of|A| - 2

1. waypointE & position} orientation2 & L|LC}

.position.x
.position.y
5e.position.z

ose.orientation.x
.orientation.y
.orientation.z
.orientation.w o . -
1. cmd 48 F1 8iY waypointZ 0| &2 X| AL CE

0se array.poses.append(pose)

response = arm_client.send request(4, "", pose array)

— =
arm_client.get logger().info(f'Response: {response.response}') 1. Cmd 9% —7|S__IL }_l‘_—H—_% %E_-:! %l' L.l El‘

response = arm client.send request(9,
arm_client.get logger().info(f'Response: {response.response}')
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Moveit O}7| &l X

task.py Of|A| - 3 left_down

response = arm cli end reque "camera hc ) —
.;r'mﬁf:TlE-n qiil llz-szgtl_;.Er:“‘.ﬁ;fun!. onse: {response.response}"'] X + I:él- %I:EE 1 Scm DLI-E-

= arm client.send requ

.get logger().info(f'Response: {response.re
= append pose init(©.1503589 ,0.0800000

arm client.send request(9, ) y + HOI- %I:EE 8cm DI_I-%
va L

e arr

sponse. nsel ') I

response = arm_client.send reque )
arm client.get logger().info(f'R E : {response.

response arm_client.send reque ')
arm client.get logger().info(f'R [response. re

time.sleep(1)

response = arm client.send reque
arm client.get logger().info(f'R

response = arm
arm client.get logge
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response = arm client.send reque
arm client.get 1nggerl_.1MTUl R

response = arm client.send request(2
arm client.get logger().info(f'R
arm client.send request(9
.get logger().info(f'R =: {response.respon
e array = append_pose_ init|(|@.2203589 ,0.0800000 ,0.18

response = arm client.send request(®
arm client.get logger().info(f'R

response = arm client.send reques
arm client.get logger().info(f'R

response arm client.send request(2
arm client.get logger().info(

time.sleep(1)

response = arm client.send reque
arm client.get 1nggerl_.1MTUl

response arm client.send reque
arm client.get logger().info(f'R
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task.py Ol X| - 5 right_down

response = arm client.send reques )
arm client.get logger().info(f'Resp e: {response.response}"')

response = arm _client.send request(2 )

arm client.get logger ': .dnfo(f'R ‘response. response} ')

response = arm_client.send request(9 )

arm client.get logger().info(f'R e: {response.response}
array = append_pose init[(0.1503589 ,- 0.08

response = arm client.send request(®,
arm client.get logger().info(f'Response: {response.

response arm client.send request(9
arm client.get logger().info(f'R e: {response

response = arm client.send reque ( ')
arm client.get logger().info(f'Response: {response. re

time.sleep(1)

response arm client.send request(2
arm client.get logg:rt;.lnful R esponse.responsel ')

response = arm client.send reque
arm client.get logger().info(f'R
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arm client. logger().info(f'Response: {response.response}')
response = arm client.send request(2, "open")

arm client.get logger().info(f'Response: {response.response}')
response = arm client.send request(9,

arm client.get logger().info(f'Response response.response
pose array = append pose init|(0.2203589 ,- 0.0800000 ,0.18

response = arm client.send request(O, pose array)
arm client.get logger().info(f'Response response.response

response = arm client.send request(9,
arm client.get logger().info(f'Response response.response} ')

response = arm client.send request(2, lose")
arm client.get logger().info(f'Response: {response.response}')

time.sleep(1)

response = arm client.send request(2, pen”)
arm client.get logger().info(f'Responst response.response} ')

response = arm client.send request(l, “camera home")
arm client.get logger().info(f'Response: {response.response}')
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task72 yolo H[O|E{7} HRetL|C}

camera_home | X|0f 7tCtS

ros2 launch aruco_yolo.launch.py(robot)

ros2 launch turtlebot3_manipulation_moveit_config moveit_core.launch.py(pc)

ros2 run turtlebot moveit turtlebot_arm_controller
python3 task_3.py
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YOLO Task & H

srdf01| MZEEl camera home 9 X 2 7H—| C|
QX0 M yoloZ A2 ZIEZ robotS 0|5 A|ZL|C}
ori2 II-OI-OEI:| CIA| ==Xlo g Olo1'—H_|I:f

H AN —
srdf01| MEEl conveyord| S2|= HSS AL LT

£t Q10| 2Z | QI=X| 20I5f 1 ChA] camera_home X2 S
ObZiL o}

Lk who =
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YOLO T E AY

pose_array = self.append_pose_init(0.137496 - self.yolo_y + 0.055, 0.0 -

response = arm_client.send_request(0, "", pose_array)

arm_client.get_logger().info(f Response. {response.response}')

time.sleep(1)

pose_array = self.append_pose_init(0.137496 - self.yolo_y + 0.055, 0.0 -

Robotics

self.yolo_x

self.yolo_x

,0.122354)

,0.087354)
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blue 0.97 . .

yolo2 y=1-0| robot 7| &
ozt yEoz S o7t
Ct

~

onoE x= 0| robot 7|—|—
=0|0 Olo

+H*°t_' robot : 7|—|—
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aruco_yolo.launch

( yolo/detect_info

task_3~7 N turtlebot_arm_contrd

=V ler moveit

K=
camera_ho
me
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task.py Ol & - 8

respons arm_client.send request(1l i me 61")

arm client.get logger().info( e5pons .rl'-:a';:pc:-nse}- ) X + %I' -O;I: O E 'I Cm DI_I-
m client.send request ' ) 5—
I:I

response = arl
.get_logger().info(f'R L { .responsel}')

arm client.send reque )
.get logger().info( .response}')

HIFO = 29cm B

o)

array = append pose init(©.8183589 ,-0.290€ ,0.265779)

response = arm_client.send reques g ﬂ
arm client.get logger().info(f'Respon {response.response}')

0%
0%t
|0
U
N
o
U
O

3

response m client.send request(9,

roN g

arl
arm client.get logger().infof( { .response}')

arm client.send requ )
.get logger().info(f'R {F nse.responsel ')

(1)

rary ot
Ly
SHIR

o

o

Ot

rlr

&l

|

response = arm client.send reques )
arm client.get logger().info(f'Respo {response.response}')

arm client.send request(l i ome B1")
.get logger().info( ponse.response} ')
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aruco_yolo.launch

( yolo/detect_info

task 9 turtlebot_arm_control
er moveit
K=
box_home_
01
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. cmd 18 11 "box_home 01"
nd reguest(l, h L2 St L.| |:|'
S i .; o= o

self.append pose init(0.0101294- sel

cmd 38 10 pose_arrayE
waypoint2 T Y ZEZE Of
SA[A LT
nd regu
r().info(
= self.append pose init(0.010 - n 79 - self. ) cmd 3% %S—TI— pose_arra?/%
e waypointZ =0 sfjg ZIEZ 0|
nd re , P
r().info( ‘respon ) %A ?:!I Ll El'
send requ ( =2 =7
r().info( (response.response}’) Smd 2”§H£é_ g”;epero"}”
close"#&S Al LCt

5€.response

€.response
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simple_manager_node.py Cr22E
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ros2 launch turtlebot_manipulation_bringup hardware.launch.py(robot)

ros2 launch aruco_yolo aruco_yolo.launch.py(robot)

ros2 launch turtlebot3_manipulation_moveit_config moveit_core.launch.py(pc)

ros2 run turtlebot_moveit turtlebot_arm_controller(pc)

thon3 simple_manager node. C
LR et e

> (turtlebot_moveit/scripts/= =)

=

gt_gui
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Aruco f._jx.J 12| : 25cm(Aruco markerdj| A —|—E1 camera’ltX|)
Aruco 2% AHZ| : 117cm(Aruco marker01|)\1 2B cameralltX|)
yolo task 2|: 22.4cm(box 9 HO|A| £ E camera 7tX|)
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ex) ros2 topic echo /joint_states >> a.txt

1.ros2 topic echo /joint_states= ROS 2 E I Jjoint_statesS T =510] T ELO| H|O|E{ & =2 TtL|C,
2 Jjoint_states= LEIH O 2 ZHO| 2A AEl(joint positions, velocities )0 CHet MEE Z3H5H= HA|X| & L|CL.

=

2>>atxs BE YO LHES atxt THAO| F7hgfL|Ct ot ol 0|0 EXfg 42, 7|E WE= RAIStL M=2 HO|HE Tt 0 F7refL .
2fA of 3E2 ROS 20| 58 E4 HO|HE WtE= 7|52 Il RE LI 0|5 &&dtH 7| E& H0|HE &43t7H L,

CHE Z2 M A0M Meld = %'\Q L|Ct.
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aruco_yolo%| Xt41Qf ptit e

. aruco_yolo/modelsOf| X219}
.. aruco_yolo2| setup.py= ZtLCt

~ [ aruco_yolo
> Il aruco_volo
» I config
> Il launch
~ [i® models
B volov8s_trained.pt

> BB resource
> Mg test
LICEMSE
B packagexml
i setup.cfg
e setup.py

Robotics

N rz e

~ [ aruco_yolo

> M@ aruco_volo

» W@ config

> I launch

~ [#® models
B volovBs_trained.pt

» W@ resource

> Iy test

LICEMSE
B package.xml
igt setup.cfg
& setup.py

80
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setup(
name= Fla C |‘~ a I;] e nName,
version='0.0.0
packages=find pdrkagﬁf ex
data files=|

ackage name +
'::L1ﬂw name +

install requires=

entry points={

A ) ;ﬂ .
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4. aruco_yoloI{ 7| X| & 20| yolo_detector.pyOll &0 7+tM model_pathE 3=~ oHCt

5. turtlebot3_ws Ol M colcon build --packages-select aruco_yolo 2 2 E

~ [ aruco_volo
~ [ aruco_volo
> B __pycache__

g _ init__.py
g aruco_detector.py
& aruco_move.py
¢ compressed_image_pub.py
¢ volo_detector.py

package share directory = get package share directory('ar
model path = os.path.join(package share dlrectnr,, el s

print(f"Model path: {model path}")

if not os.path.exists(model path):
raise FileNotFoundError(f"Model file not found at {model path}")
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~ [ aruco_yolo
» Il aruco_volo
~ [ config
calibration_params.yaml

> BB launch e a [ 1288.64415 P 0. P 636.22318 ;
> BE models 0. , 01294 .26622, - - 450.07389,
' B 0. _. 0. _. 1. ]

» BB resource B
: plumb bob

» B test
LICENSE

i 1

: |[E}.l3519}'l.. 0.853343, 0.024273, 0.080262, 0.000006]

OFAHZER| 2 arucoO I*%%; calibration b

elrchFo_yoloml config IS
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ER0AM 2¥E|0jofstE AS

1. ros2 launch turtlebot3 _manipulation_bringup hardware.launch.py
2. ros2 launch aruco_yolo aruco_yolo.launch

pcOlA| HAE|0jofSt= AS

1. ros2 launch turtlebot3 _manipulation_moveit_config moveit_core.launch.py(pc)
2. ros2 run turtlebot_moveit turtlebot_arm_controller(pc)
3. python3 simple_manager_node.py(pc) (turtlebot_moveit/scripts/= Cf HOf| A A1 3H)
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1. Turtlebot3 manlpulatlon— Z
1.0pencr2 HXA 7N
2.Jetson orin switchS 7{M &

2. jetson orine Y& 2| AFH & L|CHHdmi cableZ monitorlF HZASHL usb portd| usb hubll HZASH CHE keyboard2t mouseE HASHA R
3. Jetson orin®| ubuntu A login passward= : rokey1234

4. LEZ AT wifi settingOl S 012 LICH 77| A ‘Rokey-Ap-2’ wifiofl Al 2gL|CH
passward: rokey12345

5. ctrl+alt+tS =12 terminal& €1 ifconfig& & LIC}
ifconfig

s 229 ipE ol ct

0) 172.30.1.XX - (XX= &= 1pOtC CHEL|CH
terminal & 0| A jetson orin2| AEEHH T SHOIStL|CH
Oil) roekyXX @’ EF - XX= EEDH:f CHE ==Xt LI

6. 5H0| #2 AFE Y ip= LESO0|AM ssh AZBH7| ¢t MG LT

Ct sshe MZ 22 wifi S2H0)|A Ar%6HOF6+= %al pct ‘Rokey-Ap-2’ wifi0]l M| &l &FL|Ct
ACtE = ES0 terminal& GCHS CHE1F 20| &SN 2

ssh -X rokeyOO@172.30.1.XX

3tor o140 Ot = Z 2 M| SAI0| EX| olsjE Lt

ping 172.30.1.XX (XX= &2 ip==Xh
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=
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7.ssh2 X g HZSH keyE L= HM X7 Lig LT A | M yesE RIESHM R
ActE B&sted= Ao passwardE S0 FLCH AT 29| passward2t 5Lt
passward: rokey1234

8. E20|A HASH= robot2 bringup St= &0 YLICE
ros2 launch turtlebot3_manipulation_bringup hardware.launch.py

9. CHE HO|2EEZ B2 pcOlM 220 ssh AZE S LTt
ssh -X rokeyOO@172.30.1.XX
password:rokey1234

10. 220 A cameraE &/d3}5t 1 yolo?t arucoE A0 &&= launch &L C}
ros2 launch aruco_yolo aruco_yolo.launch.py

11. sshZ AEHBt ros = 2HASHA 7HF=A{OF gtL|C}
ssh2 AZE 22 HO[F0|M 2 El ros T 0| M
ctrl+c

C231 AR = g0l 2 7R 7| chaiM e

Robotics 8

sudo shutdown now
= sshz gZst 28 HO[20f X|M

sudoE Aot HHO 0|70 2& passwordE @& 4 L|CH
password:rokey1234

13. Turtlebot3_manipulationS Z I

1.sudo shutdown nowZ ubuntuE M2 2 $HC}
2.jetson orin switchE S EA|ZICt

3.opencr= SEA|ZICt
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glsA LER MX| JJ0|E

AOIE
turtlebot3_manipulation emanual:
https://emanual.robotis.com/docs/en/platform/turtlebot3/manipulation/#turtlebot3-with-openmanipulator
turtlebot3_manipulation git =2~
https://github.com/ROBOTIS-GIT/turtlebot3_manipulation
29| #1n8 C 20| E:https://tinylink.net/Jfziw

O] 1pg 0| &= = ASM turtlebot3_ws/srcOfl S0 A0 OF St= W7 | X| = Cr= 1t 25 LTt
turtlebot3 _manipulation turtlebot_cosmo _interface turtlebot_moveit

1. moveit2} 22 &l ros2 packageS A X| gL Ct

sudo apt install ros-humble-dynamixel-sdk ros-humble-ros2-control ros-humble-ros2-controllers ros-humble-gripper-controllers
ros-humble-moveit* ros-humble-aruco-msgs

2. BEF pcOf turtlebot3_ws?F home C|E E2(0f S 4% workspace 20 E RtE= EAQILICH
home C|Z E 2|0 RUTHH ZA|SHM R
mkdir -p turtlebot3_ws/src

3. turtlebot3_manipulation I§ 7| X| £ turtlebot3_ws Q0| 2 E5H7| 2|8 M i workspace?l| src Z2H E 0| &2 L Cf
cd ~/turtlebot3_ws/src/
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4. turtlebot3_manipulation If 7| X| & Ct2BH&LICH
git clone -b humble https://github.com/ROBOTIS-GIT/turtlebot3 _manipulation.git

5. turtlebot3_manipulation If 7| X| & & =8t L|C}
cd ~/turtlebot3_ws && colcon build --symlink-install

6. 2= I{7|X| & gt AT
source install/setup.bash

7. 2N 7| X7t Mo 2 2EJ=X] =olgh Lt
ros2 pkg list | grep turtlebot3_manipulation

8. 7| X|7} EEZ} E| A2 H moveitE HHH=A|Ct
ros2 launch turtlebot3_manipulation_moveit_config moveit_core.launch.py

9. FALEH O A turtlebot_cosmo_interface.zips HA| CHR ZE BFL|CH
2l 3 :https:/itinylink.net/Jfziw

10.CH2 2H2 turtlebot_cosmo_interface.zip2 =8| S0 ~/turtlebot3 ws/src/QH0l| & L|Ct
i I 7| X| = moveit MO0 2R3t srv S22 Tj7|X| QL|Ch

11. WS IH 7| K| E ~/turtlebot3_ws/src/2t0f] €A™ HO[H0AM HEE S{FLICt
cd ~/turtlebot3_ws && colcon build --packages-select turtlebot_cosmo _interface
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12. 2= I{7|X| & gd=t Al G LTt
source install/setup.bash

13. turtlebot_cosmo_interface’| M|CH £ LEE| QY =X| =FQISL|Ct
ros2 interface show turtlebot_cosmo_interface/srv/MoveitControl

14. FAMEEH O M turtlebot_moveit.zipg HA CHR2ZE StL|Ct
2l 3 :https:/ftinylink.net/JfziwW

15.Ct2 2F2 turtlebot_moveit.zip= Y=ol XIS ~/turtlebot3_ws/src/2t0| 2 & LTt
SIS I 7| K| = AH|A S 243} 8] A python clinet”?t & requestE moveitO]l plan2 2 HE+51= turtlebot_arm_controller.cpp?t & LI Ct

16. 50 I 7| X| Z ~/turtlebot3_ws/src/CH0f| @RS ™ HO|'HOAM LEE SELICt
cd ~/turtlebot3_ws && colcon build --packages-select turtlebot_moveit

S17 launch ZE 7t 9l AEIOIE LEBIBA @27} Lhes ZaLct

turtlebot_moveitZi 7| X| 2| CMakeLists.txtOf| A| BHOF2H Ol 72 A|H launch”Zt YA [} =G| A K| SHA|
ZAOIL|CF

kJ
>
0
ot
In}
0jo
s
In
N
02l
0z
P
|0
Hu
1
Ofn
i

17. 2= j7|X| & gdst Al LTt
source install/setup.bash

18. turtlebot_cosmo_interface’| M| CHE Y E LR =X| =+QIghL|Ch
ros2 pkg list | grep turtlebot_moveit
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Aruco_yolo I 7|X| 2

aruco_yolo(package)

L aruco_yolo(src 20)

L pycache

L__init__.py

Laruco_detector.py (B<f HO|HE =4It Ct3 aruco marker detect 2t O| = aruco
marker dataS publish)

L aruco_move.py(detected_marker topic2 =4 SiA] 20| ZAH| cmd_vel publish)
L compressed_image_pub. py(OqM HIOlEE pu blish)

Lyolo_detector.py (B4 Cl|O|HE =43t C}Z yoloE 0| 23510 a4 X x,y HI0|H
publish)

L config

L calibration_params.yaml

L launch

L aruco_move.launch.py

L aruco_yolo.launch.py

Lmodels

L yolov8s_trained.pt

L resource

L test

L package.xml

L setup.cfg

L setup.py
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turtlebot_cosmo_interface I 7| X| A&

turtlebot_cosmo_interface
Lsrv

L MoveitControl.srv

L CMakeLists.txt

L package.xml

turtlebot_moveit T 7| X| A H

turtlebot_moveit

L scripts
L pycache
L__init__.py

L simple_manager_node.py(manager_node G| A| 2 E)
Lsrv_call_test.py(moveit_control A H| 20| 2 HS}t= client L&)

L task.py(task 8 5l= OA|DE)

Lsrc

L get_eef pose.cpp (EIO|ZE)

L turtlebot_arm controllercpp (move_control A|H|AE Bt=10 pythonO| Al 8%t
cmd,pose_name,waypointE =4/5t0 moveitdi| plan2 executedt= ZE)

L turtlebot_moveit.cpp (H 0|2 E)

L CMakeLists.txt

L package.xml
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manual
https://emanual.robotis.com/docs/en/platform/turtlebot3/manipulation/#turtlebot3-with-openmanipulator
git

https://github.com/ROBQOTIS-GIT/turtlebot3 manipulation

1. sudo apt install ros-humble-dynamixel-sdk ros-humble-ros2-control ros-humble-ros2-controllers ros-humble-gripper-controll
ers ros-humble-moveit* ros-humble-aruco-msgs

2. mkdir -p turtlebot3_ws/src

3. cd ~/turtlebot3_ws/src/

4. qit clone -b humble https://github.com/ROBOTIS-GIT/turtlebot3 manipulation.git
5. cd ~/turtlebot3_ws && colcon build --symlink-install

2HOISHY|: cd ~/turtlebot3_ws/src/turtlebot3_manipulation
ros2 pkg list | grep turtlebot3_manipulation

RObOtiCS 94 HUMAN Al ROBOTICS


https://emanual.robotis.com/docs/en/platform/turtlebot3/manipulation/#turtlebot3-with-openmanipulator
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developer.nvidia.com/embedc

camera ] NVIDIA Jetson Nan. OpenCV C++ R OpenCVE
> Jetson AGX Xavier PCN 208560 BOM Addition of DRAM and EMMC 04062022 2022/04/15
> Jetson Developer Kit Support Guides 20220322 2022/03/24
> Jetson AGX Orin Series Supported Component List 20220316 2022/03/22
> Jetson AGX Orin Series Developer Kit 3D CAD STEP model (P3730) 20220316 2022/03/22
> Jetson AGX Orin Series Developer Kit User Guide 20220322 2022/03/22
> PyTorch for JetPack JP 4.6.1 2022/03/17
> Jetson TX2 NX Interface Comparison and Migration from Jetson 1.1 2022/03/08

TX2, Jetson Xavier NX, and Jetson Nano

> Jetson AGX Xavier PCN 208400 Product Marking Change 20220221 2022/03/08

> Jetson Xavier NX PCN 208401 Product Marking Change 20220221 2022/03/08

> TensorFlow for JetPack JP 4.6.1 2022/03/08

> Jetson Linux Driver Package (L4T) 32.7.1 2022/02/23

> Jetson Xavier NX Developer Kit SD Card Image 4.6.1 2022/02/23

v Jetson Nano Developer Kit SD Card Image 4.6.1 2022/02/23
This SD card image works for all Jetson Nano Developer Kits (both 945- DOWNLOADS
13450-0000-100 and the older 945-13450-0000-000) and is built with & Jetson Nano Developer Kit SD
Lt Mim s A E T Mmssmlmm sl mimml sammidem i8 m simtm mmimem CT mminnl mimnl dimm i dm ard lmana
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task_7(red_blue).py

<My 2= 712 >

« solv2, solv_robot arm2: &7|1&t (Inverse Kinematics) Al4F g

. YoIoDetect ROS & EEHA

<FR 7|l 2%

1. YOLO A1t =41 : /yolo/detected_info EEO|A YOLOZ} QAISH ZHX| X HE =41510] mp *

2. 22 & M0 : YOLO ZutE HIER=E 22X 0| s X2 o| ool AL Uigise XY v
3. 9|55 QIE{H|O|A : 7| €3S E¢f 28 x1|o1 3 2™ (offset) 2 =™

4. Joint El =0l o =

5. B ZF o 2—!7|/&7| : offset_values.txtE O| 8ol & EH 4 74X

*TFAO|2, O] BAIXIZ ORN — TRB HE(Of: 2K 0|, (x y) §IX|, LHl, £0| 5)5
S ZEIYUNOE FEHM AR 4 YT HESHE DY
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task_7(red_blue).py

. @717 g

a1

1. solv2(r1, r2, r3)

_ AFZES{O| M
(Cosine Law &

2 2m 92 ), 4Eg 8
)

def solv2(rl, r2, r3):
dl =
d2 =

S
S

1
2

(r3**2 - r2**2 4 rl**2) / (2*r3)
(r3**2 4 r2**2 - rl**2) / (2*r3)

math.acos(dl / rl)
math.acos (d2 / r2)

return sl, s2

xl
rl
r2
r3

sr2
sr3

3= H 3 H I H Ik

Y,
: d
d

d

srl

z : relational position from JO0 (joint 0)

istance J0 to J1
istance J1l to J2
istance J2 to J3

angle between z-axis to J0->J1
angle between J0->J1 to J1->J2
angle between J1->J2 to J2->J3 (maybe always parallel)

Robotics

98

def solv_robot arm2(x, y, z, rl,

2. solv_robot_arm2(x, y, z, r1, r2, r3)

- 22Eo| 23 4ol FH X(x y, 2)
2 (joint)Q| 3™ ZEE A At

z =2z + r3 - jl _z offset

Rt = math.sqrt(x**2 + y**2 4+ z**2)
Rxy = math.sqrt(x**2 + y**2)

St = math.asin(z / Rt)

# Sxy = math.acos(x / Rxy)

Sxy = math.atan2(y, x)

sl, s2 = solv2(rl, r2, Rt)
srl = math.pi/2 - (sl + St)
sr2 = sl + s2

sr2_ = srl + sr2

sr3 = math.pi - sr2_

return Sxy, srl, sr2, sr3, St, Rt

r2, r3):

HUMAN Al ROBOTICS



E|=X mitE2)| o] E CEL

task_7(red_blue).py

Class YoloDetect(Node): YOLO
ZHA| Q14

<Fe =M

« selfsubscription # YOLO Q14| H|O|Ef £=4I

« selfjoint_pub  # & KO HA[X] I{Z2|M 1. 22|15 Open
« selfcmd_vel_publisher # 0|5 &= HE=2|M

<Fe &>

2. 4H| ?IX| 2 o]

1. listener_callback(self, msg)
« YOLO Q1A AIKE XY HE[Q| 2[AE)E IHI5HY
selfyolo_x, selfyolo_y2 A%t

2. arm_controll(self) |«

3. append_pose_init(x, y, z) o =
« PoseArray HIA|X[E BHEO{ M Movelt MH|A QF Al AL 4. Home %|X|2 57|
4. joint_states_callback

» UM 2X B (joinyel FIX LB S 5. CHA| camera 9I%|2 0|5
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task_7(red_blue).py

main()

= IT

- F|EE A= 7|8 Ho &

« getkey.getkey() £ 7|2 E UHZ 2o} Ofaf &Y

offset_values.txt I}
« YOLOZ} QAo 2t = H=2otX
.I23 AR Al 9T F|EE

=
O_LO

7| =0, X 285
2 NE 7s

2|5t offset

Shift

ST T

Robotics

NTH

ret

J‘H

s

o e 5

100

m O 0O W

2
3
4
5
6
7
8
9
0

--

home2 0| & box_up_01 0| &
conveyor_up 0| & G box_up_02 0| &
camera_home 0|5 H box_up_03 0| &

box_back 01 0| =
box_back_put 0| &

test_conveyor 0| & I
box_home 01 0| & J

YOLO 214 Zi}
yolo_x, yolo_y #4=0f

YOLO %X =4 &

YOLO #lX| 7|E22 H¥Z
N 7| 25 IE
Jd2|H close

12| open

home2 ?/%| 0| &
camera_home 2l%| 0| F
S MEE @

oM =M 7k
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task_7(red_blue).py

MH|A E2}0|HE: TurtlebotArmClient
- send_request JIMEE S5l Movelte 2 2Z&£ 2 H0| HHZ HH

I

group_states
home2 box_up_01

conveyor_up box_up_02

send_request(0, "", pose_array) 5’8 #|X|= 0|F camera_home box_up_03
send_request(1, ["group_states")| X|HE = SIX|2 0| F test_conveyor  box_back_01

send_request(2, "open")}/ close 2|1 E7|/=7| box home 01 box back put

Ex) send_rquest(1, “home2”)
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task_7(red_blue).py

home2

cameral home
v

home2

conveyor_up

test_conveyor

conveyor_up

camera_home

v A W N

Robotics

YOLO Q4] ZutE o H 541510
yolo_x, yolo_y #H30f| X% 2

YOLO #I%| =4 & 2|1
YOLO $l%| 7|&cz2 ™I H
=N 7| H 25 I5

2|9 close

e
0z

home2

m O 0O W

102

home2 0| &
conveyor_up 0| &
camera_home 0| &
test_conveyor 0| &

box_home 01 0| =

H

’Is
box_up_01 0| &
box_up_02 0| &
box_up_03 0| &

box _back 01 0| &

box_back_put 0| F
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