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O Hardware 74

Z8 Hardware 782 Ct31}f £

-

Ct.

- Jetson TX2 (SSDE &&f

o /| o
MAt Q1A HIAE AW FO| MMt I =AM AL d1n2FES £, 2F
MEHE HI|SHE NVIDIAALS] g 2 E0|Ct
@© ®

12 3-a. Jetson TX2 (Top view)

12l 3-b. Jetson TX2 (Side view)



- SSD
: 500GB2| SSDE Jetson TX2([1& 3-a]e| @®@H X))o AZSI0 S SHSIRULE
System RootE O|&55t0] O Ql H|22|2 AHESIRILCE

BARRACUDA

a2 4. SSD
- USB 3.0 8{&
. Jetson TX20|l= USB EEZ} st J40|22 FiH2t U F|EE, OFR2A HZAO| ArE3SICE

12l 5 USB 3.0 3{E

- Raspberry Pi 3 B+
C EXREO HORE AM8kl= YH|CIE EEO|C
OpenCREFE GPIO HE &3l M= 35220 USB-Micro 5Pin #0|2& 0|&5}0]
OpenCRf H|O|HE F1@t=C}

% 6. Raspberry Pi 3 B+



- OpenCR 1.0
. 2XO| EE{(Dynamixe)& HMO{5t7| /et ZEE EEO[L) ROSE A[J3H7| W20
Open Manipulator®} Turtlebot whee|°| HEEH Ol K O{0f ALt

[12] 7]2] GND Power out0] #0|&2 Az Rploﬂ HEUS St
(38 719 TTL ZE(GND VDD DATA)01| 22X 70l5& AZ5I0 Open Manipulator2t

Turtlebot wheel2| ZE{E X O{stC},

GPIO = JTAG
N

GND [ 7
D50 |8 ]
D51 |9 | DS6 [14| D61 |19] D66
D52 [10[ 057 [15] p62 [20] D67

SRR

RS485

12 7. OpenCR 1.0

- Open Manipulator-X
: ROS 7€t Aoy QEAA ZEOZ {2 749 Dynamixel2 & ZE2ZO|CE
Z} Dynamixel2 M=z HAZL[0] A2, [OE 7]2] OpenCROIA TTL EEO| HZASHY
X OfBHLt.,

Injection Molding Parts
DYNAMIXEL X430

12l 8. Open Manipulator-X



- Turtlebot3 Waffle Pi
: ROS 7|Hto] RHIY 2R 2 E Dynamixel& 0|89 wheelll LIDAR 0| AFELH, F&2
OpenCR1} RaspberryPiE Sl X O{stCt.
712 M3kl= "ElE =50 Jetson TX2E EIXiSHL, Open Manipulatorg £2st0]
AL SHRALE.

2l 9. Turtlebot3 Waffle Pi

R
. USB ZEO| Q1ZSH0| YANE| O AFBBICE
5 5 Of5 o The Jetson TX20| QIZSHO| AXF Q1AL BFRE AZH, 37| ZHO| ALE
841, TH2 o Thi Host PCO| RAZ3H0| ZRTo| SIS I3t MRt QA

a2 10. @ FtHiet

- = E=(Laptop)
: Host PC2 A2 EICH ROSO| MH dgts
2 MNofgtLt,

Of

tH, Raspberry Piol HZAE™ESIA Turtlebot

RIS - JRC

,,,,,,,,,,

12l 11. Host PC 2t
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O Software 74
- 8 Software +82 Ct31} ZLC}

- AMR 3

( \ ( . )
Jetson TX2 Raspberry Pi (Turtlebot PC)
Ry
( Source Code ) ,)'/ // Raspberry Pi OS(Raspbian)
(Pythan) 5=y |(CROS Kinetic Kame ) (—_ssH__)
( Library ) \
- OpenCV - ~
it Host PC (Remote PC)
L f Ubuntu 16.04 )
[ Ubuntu 16.04 N\ ROS Kinetic Kame Kernel/Driver
- — ‘ Subscriber - Camers
ROS Kinetic Kame Manipulation - Dynamixel
L
. ) ( SSH Y LLDAR )
 KorrelDrror
Kerg:lr{z::er ( Source Code (C++) A
\__ J ( Library - OpenCV )
. N -] > 2

12 12. Software & E

b Software?| &&F

Ubuntu 16.04 LTS: 2|52 9‘|"*§ 7|8t 2 ot 2|&A HfEEO|L} ROS Kinetic B
= AME%t= 0| 2etdo| F1 EAATL BO| SIHE|0f U0 % |5 H:f

ROS Kinetic Kame: ROSE E& O|SY0E 2FHH= 2t
.IAE.I_Q_OE A‘17:||E| A—lHlAE X-”_T'_'GH:I. A|A|7|-O _—?-I_E% %E")':I'é'F A 0||:|-
O] ACt.

ROS Kinetic Kame2 ROS2| 10#%] Hi=Z 0|0 2016'H0| HOHZRAL F8 ROS
SEI0|E 20|EEiE|s FE U2 E 22 AZEQO F&5Y 230 o/ES;
7] =0l Unix AlY AIAEO A A0 Ubuntu 16.04 BE|= HTS ALETHCH
NVIDIA Jetpack 3.4: NVIDIAOA HS3l= SDKZE, Al 88 ZZI-MS FHE I A
g5t= Z&H™Ql ZRMOICL O|F O|85IH F=2 ALEE|= 2t0[EZ2[et API, WE
A ZME ¢ B0 HHS| 2X|2 = ULCL

Python: QIE{Z2|E QAO0{Z2 Ciefot QEAALL 2I0[E2E[Z0| EX37| =0 O]
£ =83dt7| 2l Pythons AFESICE Jetson TX20Al OpenCV, pyzbar, matplotlib
29| 2to|E22|§ E&SIRALL

C++: SHAE ALt AN X AO0E Host PC2| HQl AA FEO|AM ARSSHCL
OpenCV 3.4.6: Open Source Computer Vision2| 2UXt= CiYot FAa/5T4 K20
Mg = Us LELAA EI0|EZ2|0|Ct HAHE QAAIStD I7|E FHEo= o A
2L}

matplotlib: IHO[M 20|E 22| FoM EXRS 08 I T2 AEEkl= 2D, 3D E2E
If7|X| 2&0|1 A 7|ECZ 3327} X4 HE|= HHO|LC}
pyzbar: IO E|‘O|':'E1E|§ zbar 2t0|E2{2[E 0|83t0 11X HIZE & QR RE

£ Q&=C} Python 2.7 U Python 34 ~ 3601M At2E £ QUCH

numpy: HIZ Zi0] AF &= Python 2HO[EZZ|2 7|Z PythonOlAM2| E|AE L}
Z|CH SoHf WHE HIE K E M3 = ULCE

numpye LEAAE HISIH https://github.com/numpy/numpy0l &7H%[0f QULE,

_8_
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e SSH: Secure Shell Protocol, HHESQA Z2EEE & StLIZ ZFEHA AFEHZI AIHU
ot 22 Public NetworkE &3l A2 S4S & If HHSHAH S4ISH7| s AHESt
= T2 EZ0|LC}

ENCE HO|H & =2 f4 HOE & I AFESHCL

N

PC(EE)O|M Software2| & QI gt

Host PC: ROSOIA master2M, roscoreE AlSI AMHE O|EBHCE Turtlebot X

Open Manipulatorg M 0{St= main ZE= C++(cpp THY)E SR M, GCCE

Sl Cross Compile$trCt.

 Raspberry Pi: SSHE &6l Host PCOIA AT L5810 AFEBHCE Host PCOJA] MAE|
= main ZE°| HHZ I OpenCRO| HZSHH Dynamixel2 | OBt

« Jetson TX2: OpenCVE AR89SI0] HIZE A Xt 37| HF &2 HEEQl oK

2let MM =M AY Li2ES ™St ROS s412 0[850 Publisher2 M

Subscriber®! Host PCO|l HIO|HE T™&otCl ZEE= Python(py D)= EH5HY

Ct.

O Software A7 &=
- State Diagram= Ch31+ ZCt

( zssdoE0 mat

Open
Manipulator matplotlib 1=

.

HOST PC
lolg =2

HEE wa
golel Ha

( 7= 4250 2 uas |

12l 13. State Diagram

« state2& 3A Start(A|E) U Data Building(HIO|EH X2|), Stop(BR)2E & &= UL
Xeof CH7| AEfOfA] I:1|O|E-|7|- =0{27| A|ZSHH StartSt0] Data Building &EHE
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smart_logi_system_jetson.py

main.cpp

cap = cv2 VideoCapture()

l

set_window()

while True:

‘ ‘ img_color = cap.imread()

!

‘ ‘ box_detection()

l

‘ ‘ get_box_infof)

I

‘ ‘ send_data_to_host()

!

‘ cv2.imshowi)

| i

{

draw_truck()

l

calculate_loading_order()

12l 14. Flow Chart (1)

roscinit(arge, argy, “listanar’)

VideoCapture cap(1)

while flag==1

glse if{q.ront()==8)

alse if(g.front()==C)

memcpy(prey, curr,
sizeofiprev)

v.on_ptn_send_joint
_angle_clicked()

w.on_bin_send_joint
_angle_clicked()

w.on_btn_send_joint

_angle_clicked()

v

q.pushicurrf0j}

32 15. Flow Chart (2)
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O T2 ALEH
- Jetson TX2
ofgf BHE &3l python32 = python

ZzOWs LY} 5Lt py MYZ Jetson
OlAM +=AH0F St= BE HYES =AY = AUCL

thon3 smart |lo

[INFO] [1682325557.997203]
[INFO] [1602325558.2088215]
[INFO] [1602325558.391593]:

1% 16-a. smart_logi_system_jetson.py &

s

= W) 7:25PM L

[1662325508. 607694
[1662325508.759608
[1662325508.917519

5

[1662325511.192736
[1602325511.342802

[1602325513.128771

[1602325513.436044
[1662325513.588565
[1662325513.7433

[1662325513.891846

threshold (073/255) €

[1602325516. 9382521+ (x=350,v=443) ~ R:15 G:15 B:15

[1602325517.512748
[1602325517.719451] :
[1662325517.925721] :
[1602325518.153839]:
[1662325518.371631

[1602325518.586636

[1662325518.819094] :

A8 16-b. smart_logi_system_jetson.py &

OOI-
of
=
kL
In
mjn
[>
r\U
of
o
Ho
>

Figure 1

next
next bo

next b

next
d next bo
next bo
next
next

ad next bo
next
next
next

Toad next
4

to load next
co:

Load next
i
d

A2l 16-c. smart_logi_system_jetsonpy A & MX HI|ot etz= 25
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- Host PC
e roscore MY
Otz HHES E3 ROSS nodeE0| A3

O% o o
7IC} O|2 E3 Host PC= master2MN 4 My &g sict

Hn
=
e
u
m

1-11eb-a015-a0c5898actB0/roslaunch-minji-S80R5L-5

g to fhome/minji, 5
] 487. 1o
g r j for disk usage. This may take awhile.
ri-c to interrupt
cing log file disk usage. Usage is

started roslaunch server http://152.168.8.16:34271/
res_comm version 1.12.16

2tic
ersion: 1.12.16

aute-starting new master
process[master]: started with pid [4587]
ROS_MASTER_URI=http://192.168.0.16:11311/

setting /run_id to cd45170e8-06cl-1leb-ad15-a8c5898acton
process[rosout-1]: started with pid [45208]
started core service [/rosout]

L

12l 17. roscore MEl SIH

.

« manipulator bringup &3
Ofgff HHE S3l open-manipulators XM oig = U= 7| 25Xl
FEE launch®HCt.

minji@ninji-560R5L-501R5L -506R5P-550R5L:~5 roslaunch turtlebot3_manipulation_bringup turtlebot3 manipulation_bringup.launch

logging te /home/minil/.ros/log/365729f4-ffd3-11ea-ab14-aec5898acfen/roslaunch-minji-560R5L-501R5L-58BR5P-556R5L-17991. lag
checking log directory for disk usage. This may take awhile.
Press Ctrl-C to interrupt

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

started roslaunch server http://192.168.0.16:41811/

* frosdistro: kineti
* Jrosversion: 1.12.

NODES

turtlebot3_manipulation_bringup (turtlebot3 _manipulation_bringup/turtlebot3_manipulation_bringup)
ROS_MASTER_URI=http://192.168.0.16:11311

process[turtlebot3_manipulation_bringup-1]: started with pid [18008]

—

A2l 18. manipulator bringup &3 M

— 1 2 —



Movelt A3l
Movelt2 Z&29| Z&Z Qo] AI8Els ATEQ 00| ZMA= ZE
st O] S LH[AOMEZ St ZHEOA AEEICE OiLIEYHOIHE

off &AL

[}

= & fhome/minji/catkin_ws/src/turtlebot3_manipulation/turtlebot3_manipulation_moveit_config/launch/move_group.

* MoveGroup using:

- ApplyPlanningSceneService
ClearOctomapService
CartesianPathService
ExecuteTrajectoryAction
GetPlanningSceneService
KinematicsService
MoveAction
PickPlaceAction
MotionPlanService
QueryPlannersservice
StatevValidationService

KAk R R AR AR R R AR RN A AR AR R AN RN SRR AR AR AR AR ARk e

"

R

[1681871877.248686526]: MoveGroup context usi planning plugin ompl_interface/OMPLPLlanner
[1601871877.248712614]: MoveGroup context initialization complete

[ INFO] [1601871890.767667848]: Planning request received for MoveGroup action. Forwarding to plannin

g pipeline.

[ INFO] [1601871890.773559716]: Planner configuration 'arm' will use planner ‘geometric::RRTConnect’.
Additional configuration parameters will be set when the planner is constructed.

[ INFO] [1601871890.776689063]: RRTConnect: Starting planning with 1 states already in datastructure

[ INFO] [1601871890.791395013]: RRTConnect: Created 5 states (2 start + 3 goal)

[ INFO] [1681871896,791444416]: Solution found in ©.014933 seconds

[ INFO] [1661871890.806453796]: SimpleSetup: Path simplification took 0.008892 seconds and changed fr

om 4 to 2 states

[ INFO] [1601871896.803019751]: Combined planning and execution request received for MoveGroup action

Forwarding to planning and execution pipeline.

[ INFO] [1601871850.803141151]: Planning attempt 1 of at most 1

[ INFO] [1601871896.883527305]: Planner configuration ‘arm' will use planner ‘geometric::RRTConnect’.
Additional configuration parameters will be set when the planner is constructed.

[ INFO] [1601871890.803696203]: RRTConnect: Starting planning with 1 states already in datastructure

[ INFO] [1661871896.825648706]: RRTConnect: Created 4 states (2 start + 2 goal)

[ INFO] [1601871890.825102892]: Solution found in ©.821473 seconds

[ INFO] [16081871890,833909188]: SimpleSetup: Path simplification took ©.8688752 seconds and changed fr

om 3 to 2 states

[ INFO] [1681871898.836520419]: Completed trajectory execution with status SUCCEEDED ...

[ INFO] [1601871892.069746574]: Planning request received for MoveGroup action. Forwarding to plannin

g pipeline.

[ INFO] [1601871852.071264194]: Planner configuration 'gripper' will use planner 'geometric::RRTConne

ct'. Additional configuration parameters will be set when the planner is constructed.

[ INFO] [1601871892.072013751]: RRTConnect: Starting planning with 1 states already in datastructure

[ INFO] [1601871892.088114326]: RRTConnect: Created 4 states (2 start + 2 goal)

[ INFO] [1601871892,088364195]: Solution found in ©.016540 seconds

[ INFO] [1601871892.119886648]: SimpleSetup: Path simplification took ©.831364 seconds and changed fr

om 3 to 2 states

[ INFO] [1601871852.122958228]: Combined planning and execution request received for MoveGroup action

Forwarding to planning and execution pipeline.

[ INFO] [1601871892.123651488]: Planning attempt 1 of at most 1

[ INFO] [1661871892.123559646]: Planner configuration 'gripper' will use planner 'geometric::RRTConne

ct'. Additional configuration parameters will be set when the planner is constructed.

[ INFO] [1661871892.123811338]: RRTConnect: Starting planning with 1 states already in datastructure

[ INFO] [1601871892.135155416]: RRTConnect: Created 5 states (2 start + 3 goal)

[ INFO] [1601871892.135203318]: Solution found in 0.011479 seconds

[ INFO] [1601871892,1490718080]: SimpleSetup: Path simplification took ©.813812 seconds and changed fr

2.1517808734]: Completed trajectory execution with status SUCCEEDED

121 19, Movelt A3 3}H
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@S5 fhome/minjifcatkin_ws/srcfturtiebot3_manipulation/turtlebot3_manipulation_guiflaunch/turtlebot3_manipulation

minji@minji-500R5L-501R5L-500R5P-550 :~§ roslaunch turtlebot3 manipulation_gui turtlebot3_manipulat
ion_gui.launch

. logging to fhome/minji/.ros/log/c49170e8-06c1-11eb-a015-a0c5898acfod/roslaunch-minji-500R5L-501R5
L-506R5P-556R5L-6228.10g
Checking log directory for disk usage. This may take awhile.
Press Ctrl-C to interrupt
Done checking log file disk usage. Usage is <i1GB.

started roslaunch server http://192.168.0.16:32989/

SUMMARY

PARAMETERS
* frosdistro: kinetic
* frosversion: 1.12.16

NODES
turtlebot3_manipulation_gui (turtlebot3_manipulation_gui/turtlebot3_manipulation_gui)
ROS_MASTER_URI=http://192.168.0.16:11311

process[turtlebot3_manipulation_gui-1]: started with pid [6245]
QMetaObject onnectSlotsByNam No matching signal for on_btn send joint angle clicked(floata,float&
,fFloat&,floatk)

INFO] [1601871888.798686387]: Loading robot model 'turtlebot3_manipulation'..

INFO] [1661871889.026280886]: Loading robot model 'turtlebot3 manipulation'...

INFO] [1681871889.122288214]: Using position only ik

INFO] [1681871890.141534368]: Ready to take commands for planning group arm.

INFO] [1601871890.5908046784]: Ready to take commands for planning group gripper.

g 20. 22 MO ZE AW H

- Raspberry Pi
+ Turtlebot bringup &2
HEZ 7|2 7|2 AMESH7| 23t roslaunch A3 EHEE HESHCY
$ roslaunch turtlebot3 brinqup turtlebot3

Jhome/pijcatkin_ws/src/turtlebot3/turtiebot3_bringup/launch/turtlebot3_robot.launch http://192.168.0.16:11311

/rosdistro: kinetic

Jfrosversion: 1.12.14
Jturtlebot3_core/baud: 115200
fturtlebot3_core/port: /dev/ttyACMe
Jturtlebot3_core/tf_prefix:
Jturtlebot3_lds/frame_id: base_scan
Jturtlebot3 lds/port: [dev/ttyUSBe

NODES
!

turtlebot3 core (rosserial python/serial_node.py)
turtlebot3_diagnostics (turtlebot3 bringup/turtlebot3_diagnostics)
turtlebot3_lds (hls_1fcd_lds_driver/hlds_laser_publisher)

ROS_MASTER_URI=http://192.168.8.16:11311

process[turtlebot3_core-1]: started with pid [1854]

process[turtlebot3_lds-2]: started with pid [1855]

process[turtlebot3_diagnostics-3]: started with pid [1056]

[INFO] [1601871529.784871]: ROS Serial Python Node
[1601871530.071225]: Connecting to /dev/ttyACMO at 115200 baud
[1661871532.5160381]: Mote: publish buffer size is 1024 bytes
[1601871532.519110]: Setup publisher sensor_state [turtlebot3_msgs/SensorState]
[1601871532.540662]: Setup publisher firmware_version [turtlebot3 _msgs/VersionInfo]
[1601871532.717228]: Setup publisher imu [sensor_msgs/Imu]
[1601871532.732081]: Setup publisher cmd_vel_rc106 [geometry msgs/Twist]
[1601871532.789818]: Setup publisher odom [nav_msgs/Odometry]
[1601871532.805442] publisher joint_states [sensor_msgs/JointState]
[1681871532.821626]: publisher battery_state [sensor_msgs/BatteryState]
[1681871532.835634]: S publisher magnetic_field [sensor_msgs/MagneticField]
[1601871536.772533] publisher on /tf [tf/tfMessage]
[1601871536.811119]: Mote: subscribe buffer size is 1824 bytes
[1601871536.814136]: Setup subscriber on cmd_vel [geometry msgs/Twist]
[1601871537.307716]: Setup subscriber on joint trajectory point [std msgs/Float64MultiArray]
[1601871537.813645]: Setup subscriber on joint_move_time [std_msgs/Float64]
[1601871537.851429]: Setup subscriber on gripper_position [std_msgs/Float64MultiArray]
[1601871538.143529] etup subscriber gripper_move_time [std_msgs/Floaté4]
[1601871538.263366]: Setup subscriber on sound [turtlebot3_msgs/Sound]
[1601871538.296233]: Setup subscriber on motor_power [std_msgs/Bool]
[1601871538.377724]: Setup subscriber on reset [std_msgs/Empty]
[1681871538.489331]: Setup TF on Odometry [odom]
[1601871538.414930]: Setup TF on IMU [imu_link]
[1601871538.421265]: Setup TF on MagneticField [mag link]
[1601871538.427312]: Setup TF on JointState [base link]
[1661871538.448438]:
[1601871538.451653]: Connected to OpenCR board!
[1601871538.454991]: This core(v2.08.1) is compatible with TB3 with OpenManipulator
[16081871538.458248]:
[1601871538.461559]: Start Calibration of Gyro
[1601871538.887859]: Calibration End

12 21. Rpi Turtlebot bringup 23 =tH
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O Software 7|&
- A =M ALt 2n2|F(smart_logi_system_jetson.py)

: Jetson TX2 0N AHEE[= &12|FO0ICE A EE st MM =AME A

R4S

She QErg Bt of Y1AF0| Syt FHYS oot 2k

@

@

r
m g

MK, HiESHOF St HiESX[Q it E

£ ©S B+E V(e

VideoCapture()S S5l & ZtH2tel =t#HS 2ot2 F, T2 o HH|t =0|, T2 Y
£S5 ZHECTH

10| 37| o=+=2 X|’gotd, HEE H|O|H

d

set_ window() &t+E =00 7tH2t 3tHEZ display® F=H[E Lt window?| O &

2 Xgsta, FHoM BEY HAFOQ| thresholdE €A HEY = UXE EHHIE
WSt 2tEol e A0 mEt ZFESHY ATt

Ct.

whileZ0f R 50 X|EHQl FHKNEE AZBICt while® WROME= HAF Q14

MA HE 3, HIRE ol & &9 .

SM Fioete] =S 240{2F img_color X0 XZESHCt box_detection() &<

DESHY WX ZY AN HAE O._Vilo“:f box_detection()0l A +=Esl= =2

=1t &Lt

MXE HEY 0|0|X| img_colorg Q2 B0}

© LO|=E M#3t7| Qlsh 7tAlt 2218 HED Fl, 2 0[AH YR HHEtSHT

© EHio| HEE0 U= thresholdgte 2ot 1, O|F oA Y oO|O|X|of

K350 Hio|H2| O|O|X|E “d-d3trt.

@ findContours()E &3l s O|O|X|OfA HFOE A=TICE

© O|O[X[oM 7t & BHEEZ XpX[St= T AN 7t oAt iS22, HAEEH

@—v—
_'T'_rulru

ZE AFO0| CHSHA forE2 =0 oXtQ HFOE Z0F QIHAE XEDIC
® & O|0X[of HEE HAe| HENHE XFMOE HADH}
@D HAe| HFOE S2HMeE 7t H2 AP E O WMo =2 HASICE Of of
AXxtE 2WEO AN BESICH Of AAA4EO| BATE ZHE box0 7L
© =0 o|O|X[Q| display®l HFRE Az AMXto| 37| & FEZ {st0] st
USS dteketot
CHE2E get_box_info() B+E 2ESHY oAt EE FTBICE get_box_info()0fl A
St Y2 ChSah ZCo)
O T, HZE A7 S5 ALESL7| Q3 Y™ O|0[X|E 12fo[AaHYE Hetst
Ct.
O x| st 37| 5HE ol &XH7F 2tHe| S0 =2 W A7|E FY

= S H
OF 5t2 =2, 0| Y FY= FE517| H & TigtMo = HA[SICH MXt= tHO|A
Zitojo] HEE et x= YA =Z O|FSSEE, M SH

= centerOf| XZotCt,

© ifE2 AFE5t0] center| 0| FA| 2tH S22l £10 T O[L{of x| o

5™ pyzbar 2H0|E2{2|9| decode() 5 Sl HIZEE QAo
O=2 QAMEH decoded0i HIEE Z4N|7t - EIL.
@ forz0f TQstH HIZE FH| ZES x y, w, hOf Mot =tHO| AL



®

© @

E BHA[BICE HIZE K0 M data HH 2| decode() &S HAStY QIAIE HER
E7b 20 Qe HEE A0 barcode_datalil XMZESED, type HMEO| HZst0] 1
22 barcode_typeO| XMZ&SICH 12|21 barcode_data?t barcode_type= O|O|X| ¢
o &flstot

@ HZE FEE XN2ot Fol= &%l 27|18 5HUCL 24 SHHOIM &X7F Xt
X|gt= Ed ttel 37|E 7Lt Ol YOIA boxO| MEE EXF ZEE 0|83
Ch AXH7F 2I™ES e 4= 102{st0] mEtnztA F2|E 0|83 box_|_pixeldt

I

box_w_pixel 22 AAtSICH d2|n MXto| AX F7|et T the| 7|9 HlgS
T8H0 box 1Tt box w 42 Aot 2o =3 SHHOAM HIE2 1:40.8 0| /A=
M, Ol ZtHzte] 5Hé§£'—f MRRE ZHHEl AtOlQ] AHZ|of izt HiEE SHAo| [}
2t =5l F0{0F Bhct.
@ MR 7|8 FET Fole oM T HIAE FEeF MAt 37|E HO|H3t
sfjof StCh XFREHO| EA 2|2l B inputBoxOf ST AXt JEE XMESCL
inputBox= 0|& HAMUZ|0|H, 15 keys HISX|, 25 keys 2 &AtQ| QIEHAO
Ch HIRE FEIt Lot t2XHEIESX]), =RH AR A M olXta|), AR
A Qo|XtZ|y 2| HE(ex. AOO, AOT, ..., BOO, BO1, .)2 &0 ooz EXE Of
A7 AER HE|FEE= &5 ord)E MROF@ Hf:": HIO|E{el T ASIXE F=
8l inputBox2| key @22 ALESICL ifES ARSI MAtol HHIL HE S02
[[H”F inputBox0fl XZ&stL, &Xto 7H—1‘—§ S7HA|ZICE.
© =0 HZE HO|E{E Host PCO| H&SH7| 28l gtatsict.
send_data_to_host() &S 2 =50 HIZE O|O|EE Host PCO| ™&SHCE O
£ ROS &4l & ctgr S4Q OAIX] S4S FHsich HO|HE TS5
publisher &20|H
imshow()E &3 ZFO|, HIZE 39 HEI7L MYE O[0X|E FHO| =|2Ct
waitkey()E AFESI0 7|EE=Z ESC 7|7t YHEH while20|A EE3UCL ESC 7|+=
HE MAo| YO| BRES I ALETHCY.
while2 0 A EHESH F|0l= OpenCV, & FAKE[0| AEE BE OZ2|E SiHsHTt.
matplotlibE O|83t0] E&9o| LHE ZES AZ2str| I8 plote| HEHE 3DE, &
ME autoZ M

=
o
draw_truck() &S IESI EH
:I

of MM =y 2 oé_Ef numpy2| meshgrid()
St=E A8 AXE dddtn, 48N Moo= moTHLt
calculate_loading_order() &+E &S0 LHE 2E MXEO Cfsf XXHol MA +=

ME A LSHCE calculate_loading_order()0l A +=¥dt= =2 CHS
MEFE LIEILHE truck BE= 1o THIZ, Bl S7H0|H 0, Xz
H

SXI7F AO|H 3, BO[H 4, CO|H 52 BUSICL 2& 2M=Z= gl S270[Z oL, At
£ 7td 2882z HAot7| flof E12F0ME HO UX| E2 A2z 7Hgettt
22 MAM Y2 0% ’“O':'E HH=z dAE "t o= o220 8iLh)
Q Z A HMER=R] RS THESH| e 2|2E checks d-dotrt
© forg= ALESHY 7—.* HiSA| EHel2 gh=otH, BH=QX7E &2 <Agds-F EY
o| er=0 Mt 7+ Orfo MFE MWD FDE ChE X922 9oz mopct
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£ HMetst7| st sum_num_boxOll &Ate| W5 '33_* .
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© HAE MM S+5 L2{oi0F StCh ZO| Wekxx gehez oAt 7tE A
A HMES A= XEHE 27| fI8i & S2H0)0 L2 WA count LS S7HAIA
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@ HXE MY X YXE Z=Ct Zo| Watez FAHSIH Bl F7H0| L™
=8 REg et "l F7to] HH|E FFotrt O SZHof| &XE HIWsHr| fI
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- E2E NO €22[F (main.cpp)
@ ROS HA|X| EAS 0|23l JetsonCE2HEE| HIZE [OO|EHE MAHN=C}

= Lo
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SHHAM ALEAZE SAHE SHEZA Aot MY &+ UA=F SfHO| dAe| YEE =
SOttt Enter 7|8 YHY WO O XS Mot OHEVIHXZ A|Zsiots A
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T
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HE pushettt. & QueueliM= =&l HOIH 80| HIEXIE MYl Fz 2&

2 Moo AHESHA &L

7|20l GuIojMel gElE S5t 2XES MOotE Zne|F = 785t XZE 2
Xz 2XEE Mg = AT SFE A8ttt dE &2 ZR0= Gul E0|
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TtE, yItHE, zZtEO| OOl 52 449 ZQIEQ| angletts <Atz YUHSIN 1 7t
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ZH HiSX|EE 2R/ fIs 2EXEHO| 0|S8oF St= fIX[E AHHO| =QIstY O|F
HIZ2 XEsta, O 42 HiESX| =40 e QX2 MESHY =7t JAE| =5 o
Ct O|& =0 float a[4] = {0.550, 0.500, -0.100, 0.500}; 2 ZO0| NHH= =, &=
A Al ZZtel ZOIEE SHE HiEit2=E =TICL

subscriber& &3t FAX| HO|HE ¢fXez [HLD ZHEX %s 40
Queued| &0|= S0H0|, EXEE &EXo=E F2|0|= 0| OtL2t MX7F 2EREO|
e = As /AX0 =F5IE T 2/ Y2 ™SO

TAHE22 HA7L JetsonO|A  QIAE|D, &S A HEE MH=E MESHH
main.cppOilA| HEE 2o} NYSYELE 22 HA7F ERE 40| UCk= A0
QIAEIH O w7t 2ERES 2X0|EF SIUCL 7| E OpenCVE 0|83,
X HEOZF B ztEO YX|HES I E2i2E v 2EX2Y KO §E 2E

shc

—

O 7Hstd (210], Tool, AFEA|AH &)

- 7h

° ° JE_

o J:‘_

2o ALEE 210
C++ : B[F2 BN AEEO gec HUIERE AFE

Python

PC(EE)Q| 2 MK

Host PC: Ubuntu 16.04

Raspberry Pi(Turtlebot PC): Raspberry Pi OS(Raspbian)
Jetson TX2: Ubuntu 16.04

PC(EE)OM 7O ALBE =8 &

Host PC: ROS Kinetic, GCC, OpenCV 3.4.6, SSH

Raspberry Pi(Turtlebot PC): ROS Kinetic, SSH

Jetson TX2: ROS Kinetic, NVIDIA JetPack 3.4, OpenCV 3.4.6, pyzbar, matplotlib

- 7|t AFRTH B

AL O|C|H: Visual Studio code, Vim, Gedit
TZME Z2|: Github
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O 70y =233 dF
O g +4
- smart_logi_system_jetson.py
: Jetson TX20(| A &XF Q14| HER

E AZH

i, g5 37 53 3
St 0|8 HEZE FE HE, oA MM =AM A 8 Azt 5 Yy EAEES
TSt TYUO|CH & Y SiLRtez 9ol = XHYS Y + ULt

- turtlebot_manipulation_bringup.launch

. Raspberry PiOlA EHHER 2EES JE53l7| 9I8t0] MH#Bl= launch TIYZ 0Ol =

QI turtlebot3_manipulation_bringup.cppS A3 A|ZICH

- turtlebot_manipulation_gui.launch
c OIAEHOM HER ZRES
Ct.

- smart_logi_system_jetson.py
) KXoz FEtsH st
* send_data_to_host(boxData)

: ROS S22 Host PCO| boxDataE & (Subscribe)St=
* box_detection(img_color)
. img_colorOf| A XS QIAISH= gh4=0]LCt.

TE5t7| 215t ALE3t= mYZ maincppE

Al

Al 7

—

A

* get_box_info(img_color, gray_barcode, box, barcode_data, inputBox, NUM_BOX)

C O Sk

o= ‘I‘Eo|'|_ ot

QM E A IR E FE, 37| & = 2

» calculate_loading_order(NUM_LOCAL,
inputBox, truck)

OfCt.
NUM_BOX, TRUCK_L, TRUCK W, TRUCK_H,

o inputBoxOfl MEE &XF HIOIHE 0|&5tH ZHe| HIf &ME ALst= g40|
Ct.
(2) OpenCV L% gt
* cv2.VideoCapture()
CHEE AXtEH e, SEY oY S)E2FH B AHE ottt
* read()
: HIC|R HHZEE frames HO{2CH
e cv2.GaussianBlur()
: &= o[O|X|of 7tRAIet S8 HETtCt
e cv2.cvtColor()
Y3 O|0|X|e| M BEE X|FS= flagll M2t HEtoHC}
?2l= cv2.COLOR_BGR2GRAYE AME3t0f Z2{ O|D|X|E 20|27 ¥ O|0[X| 2
e
* cv2.threshold()
. YA 2 threshold)S X|°d5t0 Y O|O|X|Z BIO|HZ| O[O|X|Z HHeHotl} 22[=
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3)

EziHio M AEo A0 e BE HAS0| 0 s 2552 ¢S AEF SIRICH
cv2.findContours()

: 2= o[O|X|(HIO|H )l X E HAESHY 1 FEE AT E= 2[2EE Mot
Ch. 2= 2|2EZ2 NYSIALL

L

cv2.drawContours()

ROV HYE 2|2EQt AFROE 1 St 2 =
= O|O|X|of 7 QUHAE JiX HFOE HA[DICE HAIZ Mo| Mt F7|
2 = AUCH

cv2.rectangle()

;28 O[OIX] flof AtAEE d2l= €0|Ch Aol RAH

#i’|§ 8% & Utk

wal

tEeb o] Mt

pyzbar & =

pyzbar.decode()

€8 o[OjX| (A olAAY)MM HIZES MDY i HIEE FEE K= A
HZ M)

= ood

np.sqrt()
: square root, & M&Z& F5t= &=0|C}
np.meshgrid()

. = =
L X, y=1-9| o

S 3y

1=

— mjo
I
J
n

np.zeros()

- turtlebot_manipulation_bringup.launch (turtlebot3_manipulation_bringup.cpp)
https://github.com/ROBOTIS-GIT/turtlebot3_manipulation/tree/master/turtlebot3_manipul

ation_bringup 2E & &

Turtlebot3ManipulationBringup::armActionCallback

: OHL[E2|OIE{0f Ciet SHet+=, OjLIE|0E H-d0f| et ASS MHo| EEot
Ct.

Turtlebot3ManipulationBringup:gripperActionCallback

D OjLEOlH 2|mof CHet SHete=, J2(m A[0| ot ASS AMHo| ©E
Ct.

o

- turtlebot_manipulation_gui.launch (main.cpp)
https://github.com/ROBOTIS-GIT/turtlebot3_manipulation/blob/master/turtlebot3_manipu
lation_gui/src/main_window.cpp 2 LA &

chatterCallback(const std_msgs::String::ConstPtr& msg)

D HIAIX] SAl0f Cie SSt+=2, subscriber &S BHCh TEH2 HAIX|Q] T4t
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https://github.com/ROBOTIS-GIT/turtlebot3_manipulation/tree/master/turtlebot3_manipulation_bringup
https://github.com/ROBOTIS-GIT/turtlebot3_manipulation/blob/master/turtlebot3_manipulation_gui/src/main_window.cpp

= HIEo Mo F 7Ol pushSt] ALETHC}

on_btn_timer_start_clicked()

. GUIE &510] HIO|EHE 2US I ddst= 22 2E OjLE20[E 0| Cist Ef
O|HE A|ZStCt.

on_btn_init_pose_clicked()

: GUIE &5t HIO|HE ZUS M £&st= 2= QE UL EYOHE =7| ¢
X|2 O|=A|ZIC}

on_btn_gripper_close_clicked()

: GUIE &510] HIO0|HE &US I dddt= &2 QE DL E0|He| dZ|HE
==Lt

on_btn_send_joint_angle_clicked(float a, float b, float ¢, float d)

c HEfe 7[s2 GUIE S5t0] HIO|EE #or 2E OjLE 02| fIX|E TESt=
o0, ME o0 &H ZEE +ZSIRACL

E
o HEE LA2 ROS 84S S50 HO|HE TEU2 = HX7F ZH|0]of #
Eo| ERERIFEE /X0 =gt Aol AMECHH ZFf1E 00A 12 HHF D O]
g=E A™AIZICL
Zt FaX| H2 E UL EO[EI}t HASE MY OF 5t= /XE dEHMFA2H
O] &0 M floatd a, b, ¢, d& QUXIZ HOFEOICE
Ol M2 3, b, ¢, d 240l 2t HXY stateOA] Zt2to] Z=QIE W2 HAICL
EREO| Y WO A= AlZtE 1s{of StEE & ol ZF AW ALo|of
2 0|E HOoiFULE

_21_



O F8 49 v2x

- box_detection()

box_detection(img_color, result)

cv2.GaussianEBiur|

!

cv2.cvtColor

|

cv2 threshold

!

cv2 findContours

}

max_area =0
max_index = -1
index = -1

<f0r| in contours

A

!

area =
cv2 contourArea(i)

|

index +=1

if area = max_area

Yes

max_area = area
max_index = index

J

v
cnt = confours{max_index]
rect = cv2 minAreaRechcnt)
box = cv2. boxPoints{rect)
box = np.intQ{box)

!

result =
cv2.drawContours

return result, box

2 22. box_detection()2| SE&
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- get_box_info()

cv2.cviColor

!

get_box_info{img_color, result, box,
barcode_data, inputBox, NUM_BGX)

center = HA S 42 xFE

pyzbar.decode

|

for d in decoded

A

h

|

barcode_data =
d.data decode("utf-8")

l

box_|_pixel = X2 =4
box_w_pixel = &Xr2| =4 L4H

l

box_| = int{round(box_|_pixel40.8, 0))
box_w = int{round(box_w_pixel/40.8, 0))

No

|

inputBox[ord(barcode_daia[0]}-65][int{barcode_dataf1:3])]
= {1 box_1, 'w"-box_w, 'n": BOX_H}
NUM_BOX[ord(barcode_data[0]}-65] += 1

return barcode_data, result

J& 23. get_box_info()2 SEX
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- calculate_loading_order()

calculate_|oading_order(NUM_LOCAL, NUM_BOX,
TRUCK_L, TRUCK_W, TRUCK_H, inputBox, truck)

ThECk =[]
sum_num_box =0
finish = [0, 0, 0]

v

TOUNC W=
count L=0
count H=10
@ri in range(NUM_LOCAL}
. !
fioor =0 ‘

sum_num_box += NUM_BOXIi]

while True

Enter 7

2 24. calculate_loading_order()2| SE&
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- main.cpp

smart_logi_
system_jets
on.py

roslaunch .
main

bringup

OpenCVE

ipulat o] 2o
S urx EO0f QK| (| EIOIE] A 27 ubA HOJE]
=

olo= 7t
EH2ETk

S04 o1 ol
gjojsjol 5
sl =7k

manipulator
Aof

4pa HE 07}
AR El=T]

[ HiojE] =X ]

ol lolE &7 ]

EES

gl 25. maincppl SEE

* HostPCO|A roscoreE #2510l MHE Ol T A|ZfoiCt.

+ smart_logi_system_jetson.py@t turtlebot_manipulation_guilaunchE &%t main.cppE
HASIY 2} pCet EEE F& YEiZE PH=EC

« smart_logi_system_jetson.py0l A Zt0|2t ¥ES X|Lt7t= XSS OpenCVE X 2|5t
of dXtel HEE =0ttt 0] YES & HIZE HO|HE ROS HAIX] 42 AE
S5t M0 T&ESHH main.cppOl Al CIO|EHE 2rotet Foff X ZEotrt,

¢ main.cppAAE OpenCVE O|83t0] manipulator?t &2 &= U He|of AXIH =
SOl olAotot EESHRACHH, 7o MEE Ho[HE 0|835t0 2t HiEX|of &
A 2F5t== manipulatorg HOigt = diE O|O|HE FOIA AKSHC}
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- smart_logi_system_jetson.py

StLiel a4 mao 2= 7[5 7o
2] LEAA 2H0|ERE[E 83
ROS &4l= O[&835t0] ZHEHSHA H|O|HE T&otrt.
OpenCVo| W% &t=9Ql findContoursE o &

HtO|Lf2| H2HO| thresholdE EMHIZ =T = UA

QEXo2 WYY 4 Ut

oo
o
o
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o
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ot
2
ﬂ
D
Hu
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o T.
oF 0

HZ A2 Sof 2D O|0XIUSRE MO MK 27|E FHT & Urk,
SAL2I9t 2IAE S PythonOlBt ZXSHe XIEHS ZR0| LA B
E2jo] HEIZ o8l BZha 00 OfH FRYAI} EXste BThE FRECZM

E3 g B2HS Bt
matplotiibS of ®zol 21 MA| glo| 2to|=R2|P FIRE 3D Al

=
sl =olgr = ot
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- main.cpp

ROS S4l& O|&3t0] ZIEHSHA HIO|HE +=14lotrt.
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