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BNOO55 IMU MAME LY &St QUSLICE IMU 9 =7 HOo|EH&= =23t USB E4 AHOolg8
O|83t0 M<&E|1d, HOST PC = USB R EHEA X2 QlAIBHL|CE,

Linux 2E0M AT £ Q= ROS 9 CHYst f7|X|E O|238tH Point Cloud F&2 Z&ot
CtYet AME A2 = USLCH ROS AHEHE EME 2 XSt Aol oig EME
EHISHA|O] T Z10| ZHESIA|Z HEEfL|Ct

7t 7l At

https://github.com/withrobot/oCams Off &=%36tH oCamS-1CGN-U 0 & E Z[4 Firmware 3

Viewer O M| Z2 S HH22E 25 + ASLICL

) GitHub - withrobot/oCz X

&« C 0O &G Inc. [US] | https:/github.com/witt 3 Q B W &
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18 README.md

oCamS-1CGN-U - USB 3.0 Stereo Camera - (Korean)
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=5 j
AH|E o PN =
on S YUV422(AH2 L QA4EE)
BayerRGB(=2|El F4)

1280 (x 2) x 960 (45fps)
1280 (x 2) x 720 (60fps)
640 (x 2) x 480 (45fps)
640 (x 2) x 360 (60fps)
320 (x 2) x 240 (60fps)

Shutter Global Shutter
Gain
FlH2} HEES Exposure (Absolute)

White Balance RED
White Balance BLUE

Auto Exposure

x| et

Auto White Balance

External Trigger

Lens Correction

White Balance Auto Setup

HAEE HE &5
SfA T USB 3.0 USB 2.0

1280 (x 2) x 960

45/30/25/20/15/10 fps

X

1280 (x 2) x 720

60/50/45/30/25/20/15/10 fps

X

640 (x 2) x 480

45/30/25/20/15/10 fps

45/30/25/20/15/10 fps

640 (x 2) x 360

60/50/45/30/25/20/15/10 fps

60/50/45/30/25/20/15/10 fps

320 (x 2) x 240

60/50/45/30/25/20/15/10 fps

60/50/45/30/25/20/15/10 fps
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4. WINDOWS A|AEIO|A{O] AFE QLY

Windows PC 0f] ¢Z&36}7|

USB AIO|22 7ZtHi2t ™ HUYEO| HZSI PC 2 USB ZEO| AHZATL|CH FA| 7|Ct2|™
PC OlM ZX7t AZEASS LHFUCL ZXIt oA AAEJ=X] =olstaH
K| 2| RS HO{A FHH2E B X0 0CamS-1CGN-U 7t LtEFLHEX] EHQIgtL|CH ESH MU S
Qs FX|l= ZE(COM & LPT)Of| USB 2 & FX[(COMx)7F LIEILI=X| 2QlgtLCh M2: FX(2

= UMK 20| £IHE|H HAMEOZ oCamS 7t PC Off HZAE Z4QIL|C}

& R 2R - O X
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o m mEEX®
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> a Bluetooth
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» Il HEE
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> B Yo
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i UsB =& K| (coM4)
O =244
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= -
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Windows & Viewer CI22E 9 Al

oCamS-1CGN-U & 9I8t Windows & Viewer & OpenCV £ 7|82 A= O|X YLICH Y EZ2L
SHO|X|OfA HA|El OpenCV C++ Sample Code (for Windows) & CH2ZE 11 ofaff EXtof

[ch2f Build 3F0 A2 BFLICE. Visual Studio & 0|2 AX| =0 QL0{OfF $hL|LCt.

—_

http://withrobot.com/camera/ocams-1cgn-u/ Off &% %}L|C}.

2. & XtZ29| OpenCV C++ Sample Code (for Windows) &5& S &8t C}.

3. X&2Z Download 7t A|ZHE L|C}

4. 0CamS-1CGN-OpenCV-Example.zip 2| &3S s x| etL|Ct.

5. Y¥=0| E2|H O 22 IS0 S0 UAS L L
| [v] s | oCamS-1CGN-OpenCV-Example — (| X
BEl = 2% =7 (2]
< v 4 « CFE2E » oCamS-1CGN-OpenCV-Example > v U oCamS-1CGN-OpenCV-Exam.. R
Vs
libCamCap

[J ocams-1 CGN-OpenCV-Example.cpp

5‘5 oCamS-1CGN-OpenCV-Example.sin

£ oCams-1 CGN-OpenCV-Example.vcxproj

| 0Cam5-1CGN-OpenCV-Example.vexproj.backup
' packages.config

] stdafx.cpp

[ stdafxh

[ targetver.h

21 10. Viewer ME T2 O] L&

6. 0oCamS-1CGN-OpenCV-Examplesin & E& 2 &5t Visual Studio & &2 LICt
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7. Ctrl+Shift+B £ =1

Hl =
==

L Ck

0CamS-1CGN-U X & Al25}7|

8. Build 7t 83H o2 k2 %|H x64/Release EC 0 CHS 0t 22 T S0| MG EL|CH
| s | g mz=2 £ Release - | X
s 2% =7 zel O
&« v 1| « w64 » Release v U | Release &AM gl
Fay
0|& e 2N g 37
0Cam$-1C.75D0611F.tlog 2018-04-14 2% 1:20 It 24
libCamCap-amd64.dIl 2017-12-07 2F 7113 S8 Z=21# =% 51KB
libCamCap-x86.dll 2017-12-07 2F 7113 S8 Z2T" =& 45KB
oCamS-1CGN-OpenCV-Example.exe 2018-04-14 2 1:20 S8 Z=T]7H 21KB
] 0CamS-1CGN-OpenCV-Example.iobj 2018-04-14 2% 1:20 10B) It 173KB
] oCamS-1CGN-OpenCV-Example.ipdb 2018-04-14 2% 1:20 IPDB If Y 91KB
—| 0CamS-1CGN-OpenCV-Example.log 2018-04-14 2= 1:20 HAE FA 4KB
= 0CamS-1CGN-OpenCV-Example.obj 2018-04-14 2F 1:20  Object File 1,674KB
) oCamS-1CGN-OpenCV-Example.pch 2018-04-14 2F 1:20  Precompiled Header... 3,136KB
& 0CamS-1CGN-OpenCV-Example.pdb 2018-04-14 2% 1:20  Program Debug Dat... 1,316KB
opencv_world310.dll 2015-12-26 2/ 7:22 S8 Z=1" = 42,153KB
%3 stdafx.obj 2018-04-14 2= 1:20  Object File 109KB
& vc140.pdb 2018-04-14 2% 1:20  Program Debug Dat... 1,044KB
1B Es 170 25 e 20.5KB =
3 11. Build 7} 2t=E ALt
9. 0CamS-1CGN-OpenCV-Example.exe £ A™SIH AH 22 FoS &l & = ASLICH
10. Visual Studio o H{FOf 2t Build O &Iig &= UASLCH Z2HE ZHM Ty SHE

HES oM HEO R=F

www.withrobot.com
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0CamS-1CGN-OpenCV-Example %41 HO[X]| ? X
TH(0): | Release v ETEP): x64 v T4 B2|XHO)...
4Tl =4 Vot
2wt e EE Windows 10
b Project Master Settings 10.0.16299.0] i
=] =9 CjdHe $(SolutionDir)$(Platform)W$(Configuration)#
VC++ C|EHE| e = $(Platform)¥$(Configuration)
b C/C++ e 018 $(ProjectName)
=IEd] Ciat a8 exe
pOILBAE =7 Hele m ArH e shEy *.cdf;*.cache;*.obj;*.obj.enc;*.ilk;*.ipdb;*iobj;*.resources;* tlb;*.tli;*.tIh;* tmp;*.rsp;*.pgc;*.pgd; *.meta;
b XML 2A] A AI7| de 23 oy $(IntDir)$(MSBuildProjectName).log
b Ao 7| A EoE =7 g Visual Studio 2015 (v140)
pUlc oHE BEgE R YE A otLlg
bALSAL A HE 7 v E=AsdIEd
T " 28 Z2 % (exe)
MFC AE EF Windows 2t0|=22{2] ALE
24 gg wUIRE EX EE A
28 oo HeErd X 3& ¢of HEP A @ o gt
NET CHY =2 493 BE
¥ B2 2i5s Y3 eel 2= 4 A8
Windows 2E0] 88 =2 1% X|@ otLg
THAr SHE HH
Cf & “Eﬂj& HF

11. 0CamS-1CGN-OpenCV-Example.exe 2| &% 2tH0j| OtLAE Z2/9t = Keyboard 2 CHS 1t

o (=) SHS
Ze X2 4y & UsLic

Key &4 %
QEE=Eq HA B=
1 AWM Gaing =0 2tHO| gHA 20| & LT}
2 AN Gaing Z30{ 2tHO| O EO|== gfL(Ct
3 M A Exposure TimeS =0 2tHO| &4 E0|=5 gfLCt.
4 XM Exposure Time2 RF0] 2tHO| 0|5 EO|= & gLICt
5 Mol AH R A4S MELLCL
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Linux PC 0ff HZS}7|

USB Cable 2 7tO2t ™ FH4EO| AHZASID PC 9| USB Port Of HZTLICE AHZ 0] Isusb
HHOE HYAA ZiHEte] HZE HEE &g = ASFLICE oCam-1CGN-U 7tHE2k= Cypress
FX3 & AHE3IEE Cypress Semiconductor Corp O|2tE EX|7F F71 &S 2olg = JAEL|CH

S lsusb

Bus 004 Device 026: ID 04b4:00f9 Cypress Semiconductor Corp.

O|f ID 7F 04b4:00f9 2 QIAIE|H USB3.0 22 T&HE AQULICH 2 USB20 L2 T T|ACHH
ID 7} 04b4:00f8 2 QIAIElL|CT.
2 24 (Ubuntu16.04)0f| A Device &X| ZH0| /dev/video* 2t /dev/ttyACM* HX|Z2 ES|=

=
AE =2l = /JUSLICE 2[SA0AM ttyACM &Ko H28H7] A= Super User #3HO|
23tH|, Ol & oA 37| {8 F=7IHo 2 ddst= W2 F=0| 7|&5t Y& L L
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ROS A X|
1. or2hel X|&ofl w2t Ubuntu 16.04 LTS version & A X|&fL|Ct.

https://tutorials.ubuntu.com/tutorial/tutorial-install-ubuntu-

desktop? ga=2.268754162.2070293869.1505711601-305972367.1479833539

Fo[: O] StL{M= L2340 Lol mE[M0] dFE 0 AD AX0 Linux S

dXots 810 HE

ot

L|C}.

_

ikl

2. Ofz2He| X|&of et ROS Kinetic Version 2 A X|&L|Ct.

http://wiki.ros.org/ROS/Tutorials/InstallingandConfiguringROSEnvironme

nt

3. oCamS ROS Package MX|E 3l Library & & X|gtL|CL.

S sudo apt-get install libv4l-dev libudev-dev ros-kinetic-rtabmap*

4. Github O A Source Tree £ 2o} A X|gtL|LC},

$ cd YOUR WORKING DIRECTORY (ex. $ cd ~/catkin ws/src/)

$ svn export

https://github.com/withrobot/oCamS/trunk/Software/oCamS ROS Package/oc

ams

5. Build gfL|LCt.

$ cd YOUR CATKIN WORKSPACE (ex. $ cd ~/catkin ws/)
$ catkin make

$ source devel/setup.bash

www.withrobot.com Page 16
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https://github.com/withrobot/oCamS/trunk/Software/oCamS_ROS_Package/ocams
https://github.com/withrobot/oCamS/trunk/Software/oCamS_ROS_Package/ocams

0CamS-1CGN-U X & Al25}7|

6. IMU H|O|EE 27| |3t Virtual COM Port & $fL|LCH

=

$ sudo vi /etc/udev/rules.d/99-ttyacms.rules

ATTRS{idVendor}=="04b4" ATTRS{idProduct}=="00£f9", MODE="0666",

ENV{ID MM DEVICE IGNORE}="1"

ATTRS{idVendor}=="04b4" ATTRS{idProduct}=="00£8", MODE="0666",

ENV{ID MM DEVICE IGNORE}="1"

S sudo udevadm control -R

8. ZtH2t s == CtEat 22 FHOE S ocams_roslaunch LIFYZS E1, resolution

Lj2tolH E +goto] Hag = AL

$ vi ~/catkin ws/src/ocams/launch/ocams ros.launch

www.withrobot.com Page 17
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ROS AL8736}7|
Calibration 2 Otz HEHO| 2 AHSrL|C}.

S roslaunch ocams calibration.launch

ROS Camera_Calibration Package £ O|&%l Stereo Calibration 2| XtMet &2 Of2HE

ASHA| 7] HEEfL C

http://wiki.ros.org/camera calibration

SLAM Package = Otz 0|2 HAgL|Ct.

$ roslaunch ocams RTAB-Map slam.launch

ROS RTAB-MAP package 2 O| &%t SLAM 9| AtAM|ot L§&2 Of2fE & SHA[Z| HEEfL|CE

http://wiki.ros.org/rtabmap ros

0CamS-1CGN-U 2| Gain & ZI2te| HEE2 ofef HHOZ ML},

$ rosrun rgt reconfigure

ROS rqt_reconfigure package & O|&%t 7tm2f HEZEQ| XiAgt LHE2 OteiE FLSHA|Y|

HE& LT

http://wiki.ros.org/rgt reconfigure
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0CamS-1CGN-U 9| = dMdez £|0f Ao 22 =8 XFE ®HE = UASH L F, =9
|T10] 7ts3StE2 Ftoatel H=It Tsez Qs £FHO0| E0f & = AL TS HZ0iA

AA =B39| B (Frames Per Second, FPS)= <& (Exposure) Z40| F&S gH&L|CH ==7/0|

HRE =S A[Zo] ZojX[7| 2o o =l H=7r ZoZYLCH Ot Y =9

£ 5 0| 0| 5%t 49U =& AZHS BHAH M| 0F L Ct.
Global Shutter Camera 2| 2EIXOl EMO =2 2t pixel OtCt ZH&E(Gain)O| X}O|7f HhL|CE 2EA

Fto2te] M O|5(Gain)g =Z+= Pixel OtCte| #Eo| X0|7F FEEN LO|=7t O R2

Ies g2 + ASLCH mEbM ZHHEke] 0] 5(Gain)2 7Hse R0 AH&dt= A0| ZELIL
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ABZS Farol HEl

o

oCamS-1CGN-U = 2 79| O|O|X|] MMES &7|8 &

=

il

gug HMI| o T 2 Fuo|
MOIQlE Yat

GIO|E{E USB Interface & E3l PC 2 &L

=

gt

.

2 ofO|X| M0 A 8 HIE HIO|H HAE Sl S HlOlH

£ HL{A |12, USB Controller Ol M=
16 H|E O|O|E HAZ HO|HE &HA & L|Ch

0CamS-1CGN-U & UVC(USB Video device class)& O|2%fL|Ct. G4 O] ZSH F0| 16-bit 2

AL 75T YUY2 format & S5H0] Host 0| A Of2iet 22 oS A &L

E

0 13,39 G| MM SAE AlAH &

=
n
02
z

otgfiel o2 olFA e dY

Off & L et
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Time Stamp

U ol= IMU 7t WEEN ASLICE =2 Xsg ASAH ZOFOA GPS, IMU,
FYUAM, ECU QL Z2 Tt §2E sty THEMAMoAM LAE JELD FE HOIHE

f

A

rim

YL F70=t XX|@EA St 20| St A Zkol

=" =

=
tA2 = F7HCounting) &l ASLICE FHHEE 42| Time stamp dE &= Ot A0 E0[=

Hret 20| S Ho|H el =5 o T Zetx o TS E L

a7 15, B4 Frame 0O Z2HE IMU Time Stamp HE

O] ool MEE|= Time Stamp = 172, 251, 16, 0 O|0 A|ZF FE &= o2l Alof ofsf A AHE L|Ct,

(((Ox 256 +16) x 256) + 257) x 256 +7172 = 1,113,004 ms
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Hel 5% ¥uE

|
_?_F
rir
N

AH[Y L FtHELE O[83tY HElE 53 53 72el == o|0X| YA H H=x, &

FtHEE AFOJQ] 72| (Baseline) 2| Fes ZELICH £t DIAtA|te] AH2[0f w2t =8 H2le

Fetee BOXH X7 HZLIL.

0CamS-1CGN-U o| B2 T&E 7|2 H=E M8 Z2 0|2HQ Xt el of2fet 25 LI

100
80
£
L%}
T 60
S
a0
£
(=}
14]
Q 40
20
0
0 1 2 3 4 5 5] 7 8 9 10
Depth (m)
& 16. LIAMK|EC] AHelof [HE A2l 5 2t
o 7HX| CHEX QI TALK|Fel H2|0f 2 O|2XQl HE| HF Xt ofeffet &L L.
AHel(m) 0.91 1 2 5 10 20 50
2 Xtecm) 0.72 0.88 3.53 22.7 95.1 420.0 3,834.0

H 3. DARM[ete] AZ|of M2 O Xl HE| 538 2%t

www.withrobot.com
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IMU dMet S MM =EA

IMU A E 7|22 2 Ga MMO| 7| £HE | |X|&= of2fef &L Ct.
ZX
Y

MU 7| O[O K] A 2{X|Z 2

. 5)(.:+2.4mm (1.6T:PCB+0.8T:CIS) - 120
e S B o1 Right
8 17.IMU dAet B8 22| 7|& &
- S 71E ztm A X (Tl mm)
(IMU HME 7IE22 X, ¥, Z & WE2 22| 0|F 2IA])
ZH5 7HH 2t 24, -289, 06
= 7|2t 24,911, 0.6
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IMU Data

252 AUbuntu16.04)0 M= oCamS-1CGN-U 9| ZtHIZtRb IMU 7t ZtZt /dev/video* 2F

/dev/ttyACM* & X|2 FlL|Ct,

2| S20|M ttyACM ZX[0]| H25H7| fISHA Super User #oH0] HetL|CE O|E sl 5t7| 2lsH

Chaah 22 XS F7HH 22 83 oF gLt

vi = gedit HE7|E 08310 Of2ft 0| '99-ttyacms.rules'2t= rule T2 PHSO0{FLICH.

$ sudo vi /etc/udev/rules.d/99-ttyacms.rules

ofef & 2ol &S Y™ MFsELCh

ATTRS{idVendor}=="04b4" ATTRS{idProduct}=="00£9", MODE="0666",
ENV{ID MM DEVICE IGNORE}="1"
ATTRS{idVendor}=="04b4" ATTRS{idProduct}=="00£8", MODE="0666",

ENV{ID MM DEVICE IGNORE}="1"

Otz HHOZ udev rule & HEA|Z{ELILCL

S sudo udevadm control -reload-rules

IMU H|O|E{= ASCII 29| A|2|Y O|O|HZE ELHA & LICE.

IMU 2 28 HA[X|= CHZat 22 4 7HX| o HEZL KIS & LIC.

Mode HAIX] LY &
$AMGEUL Accel(x,y,z), Magnetometer(x,y,z), Gyro(x,y,z), Euler(r,p,h)
$AMGQUA Accel(x,y,z), Magnetometer(x,y,z), Gyro(x,y,z), Quaternion(x,y,z,w)
$LMGEUL LinearAccel(x,y,z), Magnetometer(x,y,z), Gyro(x,y,z), Euler(r,p,h)
$LMGQUA LinearAccel(x,y,z), Magnetometer(x,y,z), Gyro(x,y,z), Quaternion(x,y,z,w)
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2t IMU H|O|E{=2| tHe|= Of2f et &5 LICt.
Cl| o] & Tl Frac]
I=EE
m/s? 1 m/s? = 100 LSB
(Accelerometer)
X|xt7]
uT 1 uT = 16 LSB
(Magnetometer)
Xo|2
Rps 1 Rps = 900 LSB
(Gyroscope)
ey Zr
Radians 1 radian = 900 LSB
(Euler Angle)
HEL| . .
. Quaternion 1 Quaternion = 2714 LSB
(Quaternion)

IMU G|O|H 2 E

REZ HEGY| oAM=

+ Default £ $LMGQUA REZE &5t F A K0 JUESLICE

IMU A|2| L& X|(COM port E££ ttyACM)O|| B S HL{Of BhL|Ct,

HYHO= "@MODEWrtn" FACE @AMGEUL, @ AMGQUA, @ LMGEUL, @ LMGQUA 2|

2 I d3H2=E MEO| EUCHH “~(MODE)Wrn"

G40l SHO| U @2 AXE s 3807 2XE B2 AAEUCHH “~wriwn"2| SE O

* LinearAccel HIO|HE SE/IEE7 BEdEl ¢t 7 €U SIS 22 & HOHE

AESHA|B{H Accel H|O|E &Alol mER H

www.withrobot.com
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o
AL
16.640.3
3.5 M12 ¥ P05
T — IMAGE PLAN
S
H
=] Nt -——H———— - ] ———
|
s
5_4(FEL}
21.040.4
Specifications

USE: The lens is intended for use in 1/2.9", 1/2.7"

Focal Length
Relative Aperture

Image Size

Angle Of View

Back Focal Length

Flange Back Length

Lens Length

TTL

MTF on-axis(at 50 Ip/mm)
0.7F (at 50 Ip/mm)

Relative lllumination

Flange Type

Head Size

Cperating Temperature Range

Storage Temperature Range

Lens Construction

www.withrobot.com

C-MOS camera.

3.6mm £5%

2.0

/29" /27"

1/2.9" 507V} x 92.8"(H) X 1107(D}
1/2.77 2587 (V) X 103°(H) X 125°(D)
B.17mm +£5%

5.4mm +£0.2mm

15.6mm £0.3mm

21.0mm £0.4mm

B7.5%

B6.2%(R). 78.4%(T)

44 5%(Full image circle)

M12 « P05

#15.0

-200T ~ +707C |, Under RH 90%
-25T ~ +B5T | Under RH 99%
4G [All Glass]

With Ir Cut Filter(650nm)
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Holof HOjo|E HH

x4 o= ot AFO|EO|M XS E L L.

https://github.com/withrobot/oCamS/tree/master/Firmware

BP0 E CHRE2E 817| 2[3t Tool(UpdateFW.exe)2 Oft2ff AO|EOfA CHREE EH&L|CE

https://github.com/withrobot/oCamS/tree/master/ Firmware/Update FW

O] RO A UpdateFW.ZIP & C}2ZE Bt XS E0 UpdateFW.exe & M3 THL|CE

UpdateFW.exe 2| AHE &2 Of2ff AFO|EC| 23S &I SHUAI.

https://github.com/withrobot/oCamS/tree/master/Firmware

=X 22

e E-Mail: withrobot@withrobot.com

Copyright(c) 2018 WITHROBOT Inc. All rights reserved.
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