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1.3. 7% H
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2.1-1 ZE 1

1. OpenCR(Controller)

Microcontroller

STM32F746ZGT6/32-bit ARM Cortex®-M7
FPU (216MHz, 462DMIPS)

Programmer

ARM Cortex 10pin JTAG/SWD connector
USB Device Firmware Upgrade (DFU)
Serial

Communication

USB (Micro-B USB connector/USB
2.0/Host/Peripheral/OTG)
TTL (B3B-EH-A / Dynamixel)

[2¥ 2-1] OpenCR

circuits RS485 (B4B-EH-A / Dynamixel)
UART x 2 (20010WS-04)
CAN (20010WS-04)
Powers 5V (USB VBUS), 7-24 V (Battery or SMPS)

2. Odroid(Embedded Board)

Processor

CortecTM-A15 2Ghz
CortexTM-A7 Octa core CPU

Memory

2Gbyte LPDDR RAM PoP stacked

[Z¥ 2-2] Odroid

Communication

circuits

2 x USB 3.0 Host, 1 x USB 2.0 Host

3. Motor Driver

Input Voltage

DC 6 = 27V

Control Voltage

3.3 7 5V

[29 2-2] BTS7960

Maximum Current | 43A

4. Intel Real Sense(Depth Camera)

Maximum Video Resolution | 1920 x 1080

Maximum Frame Rate 30fps

[721912-3] Depth Camera

Host Interface

USB 3.0




5. Odroid Camera

Input Voltage

USB BUS Power(5V/280mA)

Interface USB 3.0 Super-Speed
Pixel size 14 ym x 14 pm
- : s
T~ 'T:“’ =
- . Lens Standard M12 Lens with focal length of 3.6mm
[Z232-4] Odroid Ocam
6. DC Motor
- Input Voltage DC 12V
| i ‘ _ Max Current 22.45A
0 \ Max Output Power | 191.16W
Max Torque 325.61mNm
[1%2_5] DC Motor Gear Ratio 24:1
7. A3H
- ) Input Voltage DC 5V
QP @ E_ @
] Ch 1 2 Ch |
o ?A‘_ anne anne
[1292-5] 9l =] Gear 13CPR
8. Linear DC Motor
Input Voltage 6V
o«
A Gear Ratio 210:1
—
“ - Peak Power Point 45N @ 25mm/s
Peak Efficiency Point 18N @ 4mm/s
[72¥2-6] Linear Motor
9. Dynamixel DC Motor
Input Voltage 14.8V
MCU Cortex-M3 (72 [Mhz], 32 [bit])
Gear Ratio 225 11
Link (Physical) RS485 Multi Drop Bus
Stall Torque [N-m] 8.40

Baud Rate

8,000 ~ 4,500,000

[-232-7] MX-106R

Operating Mode / Angle

‘Wheel Mode : Endless turn
Joint Mode : 360 [deg]
Multi-turn Mode : +28 [rev]




Max A 2 A

Max V 240 V

Wires 6 wires

Size 670mm

T4 STPDE S5M/5mm
[192-5] gfe]HE




2.1-2 Screw Line Wheel

Screw Line Wheel

1. Screw Line Wheel2| &X{E 3D PrintE 0| 83%}0f A& 3t &
2. Screw Wheel2 DC MotorgS 0|83t 715

- AAHE O|83t0] fIX|E HOjZ AXN=E 44

3. Screw Line Wheel2 1743}

=
Slip ringE 0|&53t0] dataE T3S

> 4z et
w2 ALy

Of 7}sotAl 24

r -0
rot
ot
r

- 7118 A DC Motor2t EHO|Y HEE 0|280 ™A Screw Line Wheel +5
4. Motor Driverg &3%10] £Zo W2 X




2.1-3 Folding Wheel

Folding Wheel

1. Folding Wheel2| 2~X{E 3D PrintE 0|83t0f A3t o

2. Dynamixel DC MotorE O|&3}0f HIF|HENC| Folding Wheel T+&
3. LR Q| Linear DC MotorE 0| &3I0] HFE H1 HE 7|5 7o
- HH XIEQ| 1738 20| 0|8 &

- Folding Wheel 2| Al 23t 2|™Z 2|5t0] Slip ring= 0| 8.

2.1-4 Manipulator

Manipulator A =™

;I' | o

Manipulator

1. 57§2|] Dynamixel2 O|&3%}0] 5XF=(47H2] joint & 1702 gripper) Manipulator &4

2. 2% E 3D PrintE 0|83t Al g




2.1-5 Dig Frame

X2 IOE Al 272

1. &
2. 2T Z 3D Print2 O]

22. HW 7|sH o H'H S M=)
2.2-1 Screw Line Wheel

[H, = 2 (= § 2EH
Screw Line Wheel & Al
Screw Line Wheel2| =8 YR o2 CHZQ| & If Z0| LIAMMHEEIC| HIF| 4748 CHE Yo =
2IHSH H, = 8zt f 0|52 StA =L

Screw Line Wheel2| X0 &tHo=z= bt = Al pwM A=2et 23S Driver2 ELfF0 DC
MotorE O|&3t0] FEsIH, Screw Wheelt Folding Wheel2 #2510} AtE3L7| 28l Screw Line
Wheel2| PWM A ZE QK| PHOE 0|235t0 ZLS U=Ct O|Wf Screw Line Wheel?| 52 =
= WHOoZ= DCEEHeI AIALO 7|0{H|E &510 312EA7 EHEQYUS I ZEIF o HR A
Stil Screw Line Wheel2 M ZfstH HASH 7[0{7F 45 : 12 & 140492 EAYL ZHEIUS )
Screw Line Wheel2 ot HIFE 2|HMSHA =ICH & 7029H9| EHATE L2 [f ghakof 22HQ10| Screw
Line Wheel9| 52 SZ1 Folding Wheel2 A28 4= Qe MEf7} =ICH

'
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2.2-2 Folding Wheel

Folding Wheel2|
7tS3StCt.

Folding WheelO| M Screw Wheel2 HH25I0{ AFESH7| fISiM= WREZ S0{7t7] Qg fIXIZ 0|5
sjorstet. REO| £ PHOE £330 Folding Wheel2| M3l H£0| Yddt= X0 A=ZE sl
0|2 Linear DC Motord| 2|8 Folding WheelO| E3|A Z|11 Screw Line Wheel i§2 23] =0
7tA ECh

27 3, 2 N0

2.2-3 Manipulator

L §
Manipulator 1%

Manipulator #+& YWHOZE= Dynamixel DC Motor LHE0| ZZE  Potentiometers 0|-83}0]
Dynamixel2| X fIX|E 8i0jes= HAoz FAFS StUCE Z2ol X[FE Position2Z 0| F5t=
Z20l= Manipulatore| AtAAY LR FEHAZS 8 cose+E & samplinga 0|83t T+t
M, M9 PositionC 2 0|F5E M= Jacobian =42 &3t0] Object?| Xt HHAH Manipulatorl]
End effecte| fIX|Q| @XtE ZF07tH Pick & PlaceE ¥ & UAXE 7|52 FHIRUCL

2.2-4 Dig Frame

230 mtEZ2 fsi 3¢S =ESH7| 2Tt Dig Frame2 Dynamixel2| 2T 2852 AMRE2E H
gl E dASH Zy o Aol RSECH Dynamixel® 2280 28] Dig Frame 4, &t
2 0|35IH ZE4o 7158 oM, 3¢ &2 E RISiM= Linear DC MotorE T&3t0| Dig FrameS
Y Foz ¥y I =Et




2.3. Software T4
2.3.1 Software 14 =
1. MH| 8=

[ PC (Master) ]

TCP-IP connection

v

—

Qdroid (Client) ]

USB USB
¥
Depth camera USE camera
(PCL) {OpenCV)
Rs485 | | Serial connection

uzb2 OpenCR
(Dynamixle control) (Linear, DC control)

ME{ 2} S2t0[AHEQS| TCP-IPSA! (22 UHERAN &MY I 7ts)

Odroid (Client)0ilA] BHEHOIE 2ot Z12to| HtHE CR, NodeEE messge HES
OpenCR2 Odroid2FE Serial&4 o2 HHOJE B0t Linear?t DC ZEHE 75
Depth camera= ROSpackageE &30 messages dd = PCE ELFECL

USB camera= Odroidd|A] OpenCV libE AMESI0] XtHE QAT = HHOOf wat

manipulator2 ™&HCt,

ot 53 2

Z
2!
o

2. Tep / Ip 4 & Serial 4

Tep/lp serial
l PC l Odroid |4—-—* OpenCR
_'_J
A A 2| USB Czrerﬁ];hra Manipulator f— mf‘i
h i i -
Manipulator Seraw DC
| Camera | Wheel ;_L Motor
|
[ Folding 1 [ Linear |
| Wheel 7| Motor |

s HY F8&
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Publisher :
PC_control

Publisher :
OD_control
Servo
OD_dynamixel_wheel
OD_dynamixel_body
OD_dynamixel_mani

Publisher :
cmd_vel
offset
mode

controller_dynamixel

Publisher :

Mposition
Subscriber : Subscriber : Subscriber : Subscriber :
OD_control PC_control OD_dynamixel_wheel
Depth_poitncloude controller_dynamixel OD_dynamixel_body
OD_dynamixel_mani
Mposition
PC Odroid Dymanixel_control realsense

Node ¥ Topic Message ( ROS/Message & 2!

)

1. Mode
- FEO,A%0)

2. Param1(Wheel _Linear)

- G710) F71(1) H71(2) 2=A(3)

3. Param2(Wheel _Linear)

= O710) A F(2) FFEB) AFME) -3((5) 23(6)

4. Param3(Wheel _Linear)

= O710) HHQ) F3(2) $F3) FFH4) 2ZAG)

5. Param4(Wheel _Linear)
- o710) A1) F=(Q2)
6. Param5(Wheel _Linear)
- di710) 21 F5(2)
7. Param6(Wheel _Linear)

- 710 A8A) FEQ)

PC - OD 9 & o](& Serial)

- Odroide| A PCZ ima

ge AG

- PColA FEAE I & HHo] A2

- serial 41& &3} Screw Line Wheel & Linear Motor A

3. GHHE

m USB camera(Manipulator position)

ZHE MSHEA 7

_11_




® Depth camera (Wheel #2HZ 2|3t HEEf Q14

Thread1
BrEbglad
Fold state Extend state
Lire tracking

Line tracking
Position Position
zef?

set?
Manipulator Cortrol
Body Control

02
oy
2
£
na

- Depth camera Point Cloud ¥12|
- A|HOIA = FARY AY

- Depth camera(rgb_image) o{ZH#H2t 2 1N2[FF 0|8 Line Trackingdt AtAMl M| Of

24. Software HAI-(EEE N Z2f2 ClojojO § (PR Iojof a2} JEH))
1. Tep / Ip &4 & Serial &4

[PC_control

/OD_control /Ceres_PC_version

/dynamixel_workbench/cmd_vel

/Ceres_OD_version

/OD_dynamixel_wheel

— Iwheel_operator /dynamixel_workbench/offset

/dynamixel_workbench
/OD_dynamixel_Body

Jdynamixel_workbench/mode

=1

- Ceres_PC2t Ceres_OD= Ceres_msgE &5t ME cmdE& F1 ZE=Ct
- Ceres OD= ZE YO E 2HEsI0 HHS FAICL

- Dynamixel2 U2D2E &3}0] 485842 nodeZ T5.

- OPenCRZ &4I2 node?t Ot Serial & SAIZ 0

_12_




- T _h__“:Lch_cnnlrol

A~ T =
| fOD_contral . iCeres_PC_version S22 idynamixel workbeneh/emd vel
4 e —— i b .
= - e = _— ___J_,_-'" i :
e — - E ——— —_— — = =1 . S0
i By }.-I e e ® jwheel_operator ﬁ'} b| fdynambcel_workbench/offset Ty
=’ T i il = = _l: aynbrmixel_werkbench
\ #OD_dynamixel_Body l feyrarmine_ workbenchimade ‘ -

e _,| Mposition ]_. .

Iy

Manipulator position( #3%) topic F7} L8] X

: opency »| Wisualizaton marker_arrays Jmarker_subscriber

camera
Icamera/depth/image_raw
Jcamerajdisparity_depth

Icamera/rgbfimage_color
Jcamera/camera_nodelet_manager

Jcamera/depthfimage

Jcamera/rgbfimage_raw

Jcamera_base_link1

Jcamera_base_link

Jcamera_base_link3

Depth camera Topic

realsense2_camera PackageE S5}l0 Topic2 M&

0
o
[¢]
lm
O
(@)
2
x
ng
°
3]
(@)
-
mjo
>
o
Ot 0
2
o2
>
Ry
u

HPEIQIAl BE T} 2ol oAl Edto]

=
USB cameraE S3}0{ Manipulatordi] 'Y XHE £
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2.5. Software 7|5 (¥12|F 238 =)

1. Tep / Ip &4 & Serial &4

ROS(Robot Operation System)= 2= & X2[E =E(Node)2t= HE2=2 X 2|ett}. otzf 1
= LB Zto] S84 WYE ENF =0 MasterE SERE 2t LE o] S4IE ottt =2 EHO|E

ARl Sts S8 M2 HOIHE F=n¥=Ct

LE Yy | Master Y= T
(E5, HAIR]) y (ET, HA|X])
& 4
Node 1 | Node2
' Ha My \
-
o r__ 4 "':-_\_\_‘ = =
A X &4
Host PC(server)OlA MasterE A&SIT ODROIDRE TCP/IP S4AIS E3| HA|XE FoE=Ct
ODROIDE Serial 412 &3l MO{7|2l OpenCRI} rosserial2 AtEdiA HAIX|SACE ZEE KO
oLt
2. BN

USB camerad M =X ZO|E HATIRZ AM5I0] Lot = *'Xﬂ
7IoIE ’—T"*?_F =z =2Hel /IKE FEe = I /XA =H7t

2 8 2 % manipulator®| A& AMSof S pubhshergkrp
. .

1T (=
EOE FetFE 2t0|Eglg| <
Depth cameras IRMME ArE35l0] Point CloudS Md%

o=
Publish &t Point Cloud TopicZ 0|83+ PCLibrary0f &
HIEfS oAt = 10| 2 YHOE odroidZ ELHFO| 222 F+&SHA E Lt
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26. ZEO A2 (Interface)
n =35 C

Wheel Linear_cmd Bodwv_Linear_cmd Manipulator_cmd
o= =wia bime=(106 7D
- L @ F 5 T - &z 1
[ IQ W E I R I‘r ~ I U
IA s =) F G H IJ IK L
2 Iz X C v B N ™ l<
Wheel Dynamixel _cmd. Wheel DC_cmd
- Wheel_Linear_cmd : Fold - Extend - Offset
- Wheel_Dynamixel_cmd : Go - Back - Left - Right - Stop - Offset
- Wheel_DC_cmd : Go - Back - Left - Right - Turn Left - Turn Right - Stop
- Body_linear_cmd : Start - End
- Body_cmd : Up - Down
- Manipulator_cmd : Start - End

2.7. 7HH*§._ (Y0, Tool, AFRA|AHI 5)
ROS & 22X & FAx2 Wg LIAAYUD. ROSE L& LIAANM AF3

£ Hedol 248, A4E 717 Ao}, WM ASFE J5E0] TS glom,
2A2Z AAA A, A7A #e) 75 $& AFFUT EF, ROSE 4 FFH A
29 AFdE A58 ojom, Yedka, AYsta, AWy 9% E7 % dojne

g APy

3. Zz2% M (x|chst XtMISHA| 7|=)
3.1. oty M

22 ey A IAYE
Ceres_PC (ROS master) ZE F5& A AW - W A
Ceres_OD (ROS_host) A Z5E MES wol OpenCRol WHo] AE
RealSense2_Camera.launch Depth 972 &9
Dynamixel_control.launch RE AY, AAEY T2 A
OpenCR(Serial) DC |Linear Motor T-%
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N
o
%
nE
N
or

T4 847
ceres PC= . PCLOIH 4| Abgale] wheh 7
Dirtroad_Check_depth(Mat image)
_PC:
;e_redsf Check Denth(Mat imagey | RGB & Depth o1#170 4-g-3ke]
CereS_PC Namurrow_ ecK_bep at 1mage —“Hﬂ@'ﬂ

(ROS master)

Findfurrow_Check_RGB(Mat image)

ceres_PC::
LineDetect_Check_RGB(Mat image)

RGB & Depth ©]u]#] A}-&-3}o

2ol 914 9 F3

Dirroad_Check()
Position_Check()

o]"] ] Thread ¥

Parameter]l_info_check()
Parameter2_info_check()
Parameter3_info_check()
Parameter4_info_check()
Parameter5_info_check()

Parameter6_info_check()

PCe]
Hajojdu) 2y,

wHste] oE

i

ool &

o}

Check_all() Serial U] 7] 913 ¥4 AA
Ceres_OD (ROS_host) Send_Point: FE %73

Send_pointarray

Send_Point:: 4% om o)

Get_pixel

Send_Point:: 4% @l

Point_view

Send_Point:: Aol ool o

< L = =

Search_square

cam_read Z ¥ F&3}+= Thread

GetObPos Manipulator # 3% Callbackgr<=

ManipulatoModeSet Manipulator A]2} Callback$4~

Dynamixel_control.laun
ch

Commend_offsetCallback

Wheel_dynamixel offset
Callback &<

commandVelocityCallback

Wheel &% Ao Callback3ts

Manipulator::Offset

Manipulator Ao &<

Manipulator::Move20Object

—jacobial

Manipulator::ObjectGrip

-sampling

Manipulator::Move2Bottom1

Manipulator::MoveBottom?2

Manipulator::ObjectRelease

Get_ODW _cmdcallback
Get_ODB_cmdcallback
Get_ODM_cmdcallback

ODroid 8 #® o] callback &5~

OpenCR(Serial)

doWheell_decoder
doWheell_decoder
doWheell_decoder
doWheell_decoder

=
R
Anj
Y
it
I

Offset
Go
Back
Left

PWM 2% Wz U

DC moving
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Right
T_Left
T_Right
Stop

Serial_event

=z
|m

serial Y& 9]

amrra e

e T

i et

o, e e

_—

34. 7|=H X2

—_—

- " ‘Jm’——: Em_x_vzmjf_

ixel_workbench/cmd_vel
’—lm pe—— Idynamixel_workbend
h 2 e Tb—-r |—n
— 0 —'I\-h el operatar

[_mmmlm nom:enm'muﬂe]

wul‘iblnﬂ‘

OLtAR =T BE|et "ol4 HiFE H5e #& HAHUS

M AISY 2+ As 7S EH|71'—|§2§E oiztge, 28t & FetH= S0 QCk = B 7Y
Yot 75 HAHUE2 AT & = A= 73 HAHLIS2E HEA LAF =T B LHT01| Hol4
HIFE Z5¢ SEz et 2o BusRE M & A&, =2 SOIA LAt =T 872 240t ’8'5

= 20|H, Mg FotH =8 FolY

g B st

g 0 Yot BX| T TRE0|M G

591 M52 ROIC ofo] LA 27 HAe] BEL Uu gel BES Hel ME2 TE WIS
S LB oD, O/ 0]F3t0] 59Q 2R Tto] Ol O CHYs BHAN RS0| e Db}
U RS AT 4 Y2 HoE YIS
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4. /% T FHojQlu} of Aot
1. Screw Line Wheel 7§& 1t

N 5 Mo Q9IS 2= Screw Line Wheel2| A7 20| A LIEFSECH 2l 4-1]12 Screw Line

2
WheelQ| &£7| 2&0|CE [22 4-1]3F Z0| Screw Line WheelS XMZte A2 CI29o| EX|FO0| Hhal

o

SHRALE.

g iy X 54 #1570 L
[134-1] Z=7| Screw Line Wheel
N HME WE2| Folding Wheel2| S7t2 =E3H7| 2I8HM 5 Screw Line Wheel2| AtO|
SU0| HOZICk= ZXMFHOo| Z sttt o|2 Qs 2XO0| A Al b 2| Screw Line WheelO| Hf
EHofl &% 0| BHCHE Z 9| Screw Line WheelO| HIEH| T &FSt= SA|0f S22 70 Qs A
2RO 2 40| JtiX|= AS o = JUULCEH

== T

F HMZE Screw Line Wheel2| QEHE EfRIYO HEIZ MZESHY 2[F0]| LAMES @ QEI=Z
o

HHRE MZAStH 2R 7t 2ot RAC HiF S EHRYS| YEIZ MAY 39 Ldsts EHERRE

HHEfOF &Y 5= Az LIAMAO] S| LiARd & J§EF FHEotot= AO|Ch LiARY BRI &

BAlS FECD LHAMMOl OHEE OlSshs Q| O] 2% BiEta HESH: LA Sl JH47t o<
0] QAT

et 22 ZHMTEE sHASH7| s (L8 4-2]2F 20| Screw Line Wheel2 HAISHRACE

[12] 4-2] Screw Line Wheel % HEH|
7| Screw Line Wheel0AM2| A HR| EXE2EZE LHE Folding Wheel2| 37t 2tE5H7| 2|3
Screw Line Wheel AtO[2] ZtZA0| HO{A 7= 2XF0| UAJACt O|of CHDE o2 W= O3
20lM & % UXO| Folding WheelO| &3] BXHMUAS EF Folding Wheelg #EAIZE += U=
Xlastol 37H2 Helst BE EEE Screw Line WheelZ2 ZM= BHHS MEHSIO] sfZSIRULCE O
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