# ARToolKit ~— b fiH « fBEREHEE o R —3 > hOFEWTT #
# 2011/03/30 #

1. M
K7 v 77 5T ARToolKit ZFIA Liz~—b#H « (iBELEHE RT 2 5 R—FR > T
7. EfBO A 1121 TimedCameralmage 77— # % & CameraCaptureService - > ¥
7 rx—AEFHALET.

2. KEFAT77Y
ARToolKit 2.72.1 (DM D /N— 7 » TIEARMGE)
OpenGL, GLUT, GLEW
OpenCV 2.0.0 LI E

3. LA
(1)ARToolKit ™ =1 > /%A L
ARToolKit-2.72.1.tgz 24 v > ue— K745,
A u— R4 httpi//sourceforge.net/projects/artoolkit/files/artoolkit/

$ sudo aptitude update

$ sudo aptitude install libglut3 libglut3-dev

$ sudo aptitude install libxi-dev libxmu-dev libjpeg-dev
$ sudo aptitude install patch

$ tar xviz ARToolKit-2.72.1.tgz

[FlEF D artk-v412-2.72.1.20101026.patch % ARToolKit # BB L7 Z A LR LT 4 L7
FUICEZ, Ny FahTh.

$ patch -p1 -d ARToolKit < artk-v412-2.72.1.20101026.patch

$ cd ARToolKit
$ ./Configure



Select a video capture driver.

1: Video4Linux

2: Video4Linux+JPEG Decompression (EyeToy)

3: Video4Linux2

4: Digital Video Camcoder through IEEE 1394 (DV Format)

5: Digital Video Camera through IEEE 1394 (VGA NONCOMPRESSED
Image Format)

6: GStreamer Media Framework

Enter : 3

Color conversion should use x86 assembly (not working for 64bit)?
Enter 'y

Do you want to create debug symbols? (y or n)

Enter ' n

Build gsub libraries with texture rectangle support? (y or n)
GL_NV_texture_rectangle is supported on most NVidia graphics cards
and on ATi Radeon and better graphics cards

Enter :y

kernel 7 v 77— b & L72BIZIX, PAT, “OOMBIIHEFEITTOILERD D
$ sudo In -s /fusr/src/linux-headers-"uname -r'/include/asm-generic/linkage.h
/usr/src/linux-headers-"uname -r’/include/asm/linkage.h

$ make

QZDMDIEITFT A T Z7 Y DA A h—)L
$ sudo aptitude update
$ sudo aptitude install libglew1.5 libglew1.5-dev
$ sudo aptitude install libcv4 libhighgui4 libcvaux4 libev-dev libhighgui-dev

libecvaux-dev opencv-doc

(3)Makefile DOt
-GUI OB DR E
Makefile N WITH_GUI % yes (2§ 5L U 4> RUZFRL, Mm% Him4



- ARToolKit ® PATH Z#5E$ 5
ARTOOLKIT_INC_DIR = /<ARToolKit Root>/include
ARTOOLKIT_LIB_DIR = /<ARToolKit Root>/lib

@@= g
cd src/
make -f Makefile. ARMarkerDetectSimple

4. T
(DAR ~ — 7 D Uefjg
BURTIE, <ARToolKit Root>/bin/mk_patt 7’1 7 7 LZFHATHLENH S.
FJIE 1. <ARToolKit Root>/bin/calib_camera2 |Z XV ~—HFET IVDEEREIT D 71 A
TDHATGNRTA=F%RDD. ZORRIT,
<ARToolKit Root>/patterns/calib_dist.pdf OF+ U 7 L— g L XF—
(6x4 DI R) ZEMT 5.
FNE 2. <ARToolKit Root>/bin/mk_patt 7' 17 7' F AT EARM LT A T /XT A—
B EGiAER, BELT W — D E A TIZAE T EC~y— 27 7 A V%
R %,
LI, NM1zEEE © [T%7E ARToolKit 2> 7-IEEHRFER T2 /T I
7 =

Q)~—HKE T 7 A )NOFtak
5.2 ) @ Imarker info_filename| DIE%Z &M
HIFEIX, <ARToolKit Root>/patterns/pattHiro.pdf 5 LN
<ARToolKit Root>/patterns/pattMulti.pdf @ /X% —D<—h &I 5
Y= HRET 7 ANVPHBLTEY £7.

@)z AR —% FOFET
JARMarkerDetectSimple

(@)~ — IR FEIT S D &M
AR ~— Ut RTC 13T — 2 23259 5 &~ — W RHLHENETENS.
~— AN FAT SN LR (BT — 2 BZIESNDEM 1%, LTFownTi
MO EET DR THD.



BESRME | ¥+ 7F v RTC | AR v—Z#H RTC | ObjectRecognitionService
IR AE CUE(RNS Consumer
eSS
Fa O FE bR continuous_flag =1
FaOFE B A% continuous_flag = 0 | setModelIDOFFOM L

(B)z AR —x v Mg

- example_img/examplel.png
X v 7 F ¥ RTC ZREENAI DI FEI TS, DL —2D~—F IDIZ L TD
INLELBHEE 2 AT L, ~— W ELEBZBET 556 e L2\~ —ID (3,
ARMarkerDetectSimple = >R —R > FDI L 7 4 X2 lb—a XV EELE
7.
- example_img/example2.png
X v 7 F ¥ RTC ZREENAY D nI I EAT S, HE DO~ —F ID I3 L T E R
BHWEEAFITL, M SN ~— b 2 TCOMNEERETET 554,
- example_img/example3.png
X v 7 F v RTC ZREENAY D nI 2 EAT S, HE DO~ —F ID I3 L T E R
BHEAEFTITL, HOHIEELI—2D~—0 ID ODLEEBEBET 556, FEEL
72\ = —7 ID 1%, ObjectRecognitionService @ Consumer ] (ARMarkerDetectTest
IUR—F M) IZKVRELET.
- example_img/example4.png
¥ v 7T ¥ RTC 2ZEIICETSE, Fv 7 F v DL~ — VRIS U T
1ITSE 554,
~— RS IR L7z~ —7% ID & 32 ObjectRecognitionService ™
Consumer ffll (ARMarkerDetectTest = > R—x> ~) KV EEFETS.
ObjectRecognitionService 75~ —4 ID 25X ET 5 LW ¥ v 7 F v S (% 1
Ko EiTEns.



A==

Ax &
arvI7 4 Xal—varky hERETD
- marker_info_filename
ARToolKit v — W HWMEZFLIRT 27 7 A V4 %?E/Hfﬁ‘é FTav
B LW~ —DEy b7 7 A VEEEID &5 L I 117 TRl 5.
Q)
# ID MarkerSetFilename
0 Data/multi/marker.dat
10 Data/multi/marker2.dat

Y=y T 7 A NDORBTE

#the number of patterns to be recognized <-#ATIE= A B

2 < Ty A MR EN T~ — I D
THIZFEET 2~ —IREIXZ OIZITER
Bl B
~—% 1 ETRET 2581, 1 2HETD
Zé&

#marker 1

Data/multi/patt.a <-- ARToolKit ~— 4 7 7 A V4

40.0 < v —HDOHEEY A X [mm]

0.0 0.0 < w—HFEEOF Ty FE (0,008~ —F Fbs
<-

1.0000 0.0000 0.0000 0.0000 - R D = IR E LS

0.0000 1.0000 0.0000 0.0000 BN ET D E~— N EZRE LTS
0.0000 0.0000 1.0000 0.0000 B ATNERB T D LD

#marker 2

Data/multi/patt.b

40.0

0.00.0

1.0000 0.0000 0.0000 100.0000 <-- & TO~—FFMIE EIZIRY (11T 5T
WD (FEXTRY 2L E LRSI AA L L 7R\)

0.0000 1.0000 0.0000 0.0000 L LTHDND

0.0000 0.0000 1.0000 0.0000



- default_detect_marker_id
T 74V O~ — ID AEET oA T v a v
B — B 2R — b RecognitionService £ ¥ ID NfE I N-HEE, h—ERAR—1
A EESLD.

- camera_parameter_filename
HATGNGA—=B Ty A NKERET DA T a v
7277 L, AJJAR— b @ TimedCameralmage 7 —# N EHH XA T 8F7 A —H ZEf5G L
THElE, 72K —FofEIC EEEINS.

- continuous_flag
FATRHOER R L A Ak T o4 7 v a v
0%¥ETDHE, 77T 4 7TV —E AR — |k ObjectRecognitionService L ¥,
setModelIDOMEE S5 F T BT RHFIREL 72 5.
1Z2ETHE, WATH¥7F ¥ RTC O —EZA4HR— | CameraCaptureService
ICHEY Y T F v 2EEL, ~— R LA ETTD.

6. AHfEAR
6.1 ASJIAR—1
- image: [T — %
-- TimedCameralmage #£flO 7 — # #§i& X Img.idl 22 M.
--- RTC:'Time tm # RTM JE RO (3 v 7' F v B & R L)
--- Cameralmage data# H X 7 [Ej{g5 — ¥

---- RTC::Time captured_time # v 7 F v BEH
---- ImageData image # W —X
---- CameralntrinsicParameter intrinsic # 5 A7 ONEH/NT A —X
----- double matrix_element[5] # B AT ONEATH
al0] a[1] a[3]
0 al2] al4]
0 0 1

----- sequence<double> distortion_coefficient # L > AE/NT A — X
OpenCV oL L FET, k1, k2, pl, p2 [, k3]

---- Mat44 extrinsic # B A T OIHLANT A —X

---long error_code # =7 —=— R (fEH L TW2)



6.2 HJjR— 1
- imageAR: E A& EHE L7- AR E
-- TimedCameralmage MO T — Z #§1E13 Img.idl & &4,
--- RTC::Time tm # RTM EROFEH (% v 7 F v I & R L)
--- Cameralmage data # » X 7 g7 — %

---- RTC::Time captured_time # X 7T v ERR
---- ImageData image # EfgT—
---- CameralntrinsicParameter intrinsic # 5 A7 ORNE/NT A —X
----- double matrix_element[5] # AT DOWNERTITH
al0] a[1] a[3]
0 al2] al4]
0 0 1

----- sequence<double> distortion_coefficient # L > AE /T A — X
OpenCV O LD L AT, ki, k2, pl, p2 [, k3]

---- Mat44 extrinsic # 51 A T DI T A —X

---long error_code # T7—a—F (AL TW\7eW)

- markerPose: 57 V7o~ —7 ID DN {E L
-- TimedDoubleSeq (7 —##% 12)
LR OATEND 8> - 1235518,
rlr2r3tl
r4 r5 r6 t2
r7r8r9t3
0 0 01
rl, r2,r3, t1, r4, r5, r6, t2, r7, r8, r9, t3
ELTHNT 5.

- markerPoseAll: #iH Sz~ — T2 Th~—71 ID I L O ELEE
-- TimedObjectPoseMatSeq il T — # i %X MyDataType.idl % £ 1.

--- RTC::Time tm # RTM A D ff#H]

--- sequence<ObjectPoseMat> data # ID fi & (L& LB DT — Z 5|

---- long id # ~—H» 1D

---- sequence<double> pose # (EES (5 —4%%12) markerPose @ data

CRICZ4—<v b



6.3 —E AR — | (Provider)
- A 8 7 = — X4 RecognitionService A ¥ 7 = — ZHl:RecognitionService
-- long getModelID(); # SR E L THRESNTWDET LV ID(F
— 71 ID) % BAS3 %
-- void setModelID(in long ModelID); # fiHxiHOE7 /L ID(~— ID)Z7%ET 5

6.4 —rRXHR— bk (Consumer)
- A A T x— A4 :CameraCaptureService

A 7 = — A Img::CameraCaptureService

-- void take_one_frame(); # O LD IX Y 7T ¥
-- void take_multi_frames(in long num); # E[{& 28 EKEF v 7 F v
-- void start_continuous(; # R OIS BR 4R

-- void stop_continuous(); # BB OHEGEEKT

7. RTC:Logger & 7
- ERROR
-- Unable to create an instance of MarkerDetect Class
MarkerDetect 7 7 ADA > A X 2 ADAERMITIIG L= &N 5.
(onInitialize)
-- Could not load camera parameter [<filename>]
HNATGING A—=BT 7 A VDA R LT BRICH 1 S 415 . (onActivated)
-- Could not load marker config [<filename>]
AR v — B IEWFLIR 7 7 A N E G A D 2o T BRICH 1 & 5. (onActivated)
-- Unable to set camera parameter.
T AT RT A= DOFFEIRIL L TBEICH 1S 5. (onExecute)
-- Camera parameter has not be setted yet. OutPort of ImageAR is disabled.
T AT IRT A= PERIE S5 AN HEE AL 2 FFOH L72BR i S s.

(onExecute)
~ — IALE RBHEE O IZITEAR 720 )5, AR i imageAR O H S EF 2T
NG ERH 5.

-- Unable to use framebuffer object. OutPort of ImageAR is disabled.
FIF L TwWb GPU T Frame buffer object 23| T& 2 WEAICH I &N 5.

(onExecute)
~ — BNLEREHEE DA IZIXRR VDS, AR Hif% imageAR O IR IEFITITH
N WNGERH 5.



- WARN

-- Unable to finish detection process normally.

AR ~— RPN EFITHET Lieho BRI /1 & 5. (onExecute)
DEEH R~ = OMELEZ DR S TR0,

-- AR image is empty

AR EEHGNZETH - I GEIH IS 5. (onExecute)

- INFO

-- Create an instance of MarkerDetect Class

MarkerDetect 7 7 ADA L A& A %A LTZBEICH J1 & 5. (onlnitialize)

-- Initialize glut

glut OFIHULNRE T L7BRICH 1 &35 . (onlnitialize)

-- Destroy an instance of MarkerDetect Class

MarkerDetect 7 7 ADA L A% A% AR LTZBRICH J1 &4 5. (onFinalize)

-- Marker config including <num> markers was loaded

AR v — B IEWFLR 7 7 A N EGAAATZERICH 1 &% . (onActivated)

-- AR marker data is released

AR ~— D EWITIEHE L7-FRICH ) S 41D, (onDeactivated / onAborting)

-- Send command of "start continuous" via CameraCaptureService.

#— B AR — k CameraCaptureService (Z [start continuous| =~ > R&HIT L7z

BRizH/1&4 %, (onActivated)

-- Send command of "stop continuous" via CameraCaptureService.

#— B AR — k CameraCaptureService (Z [stop continuous| I~ R&H{TL7

BzHi/1& 5.  (onDeactivated)

- DEBUG

-- Send command of "take one frame" via CameraCaptureService.

H—E AR — b CameraCaptureService (Z [take one frame] =2~ R&HRITL7=-
Rz /1&i 5. (onExecute)

-- Get & read image.

BT — % &% f5 LI2BRICH ) &b, (onExecute)

-- Color conversion GRAY -> RGB

BT — % % 7 L— A —)LinDh RGBIZA# LB ) &vd.  (onExecute)
-- Specified Marker ID [<marker id>] is detected

BEIN~—0 ID B S zBRIci /1& 5. (onExecute)

-- Total of detected marker is <marker num>

B ENTz~—hty hoERHTI D, (onExecute)



-- Marker ID [<marker id>] is detected
BERE A~ —ADPBRHSINTBRIZ, 2 To~—A IDIZRLTHAOIND.
(onExecute)
-- Overlay CG image
CG i Z HELI LB S %, (onExecute)
-- AR image displayed
AR EEEGA RSN I &N 5. (onExecute)

- TRACE
-- ARToolKit perspective matrix
<rl><r2> <r3> <tl>
<r4> <rb> <r6> <t2>
<r7> <r8> <r9> <t3>
ARToolKit distortion factor
<k1> <k2> <pl> <p2>
MR ENTZ T A T NT XA =2 DIFWRI TS 415 . (onActivated / onExecute)
-- Width <width>, Height <height>, Channels <channels>
MBIAENTZ BB T — X DlE, &S, F¥ RV ERH IS5, (onExecute)
-- Pose of specified marker ID [<marker id>]
<rl> <r2> <r3> <tl>
<r4> <rb> <r6> <t2>
<r7> <r8> <r9> <t3>
fRE S To~—7 ID ARt S BT ArE LS A J) S s . (onExecute)
-- Pose of marker ID [<marker id>]
<rl><r2><r3> <tl>
<r4> <rb> <r6> <t2>
<r7> <r8> <r9> <t3>
B SN2 TO~—70 ID OfLELEER ) S, (onExecute)

10



8. PHFEEREL
- ubuntu 10.04
- OpenRTM-aist 1.0.0
-omniORB 4.1.2-1
- RTCBuilder 1.0.0
-GH+a AT 4.4.3
- OpenCV 2.2.0/2.0.0
- ARToolKit 2.72.1
- GLUT 3.7-25
- GLEW 1.5.2-0

9. T4 V7 bUER
- src : RTCBuilder TARK L7 ORI FALB A L 72 — A a— |
-- sre/Data : ARToolKit 17 —# #4171 L7 R
--src/log : RTC:Logger 2 7O JIHT 4 V27 bV
“test : T A NHT BT T A
- example_img : RTC BifEFIDOEiE (RTC B&efsl, ~— b MO i)

10. A MHAT w7 T A
10.1 ARMarkerDetect & A Ml = o AR—% > b (ar_marker_detect_test)

10.1.1 22
MEZRADANHNT A FEITI) a v R—F FThD.
ARMarkerDetectSimple 23 /1R — b X U EFT AHALELRST — X A5 - £
Y.

1012 EKFZ7 477D
Frizza L

10.1.3 =73 A b
cd test/ar_marker_detect_test
make -f Makefile. ARMarkerDetectTest

10.1.4 547
JARMarkerDetectTestComp

11



10.1.5 &E
a7 4 Xal—varky NERETD
- detect_marker_id
Bt Lizw~—7 ID Z457E.
F8E Liz~—4 ID Z % —t A7 — bk ObjectRecognitionService Z i L CTI&E
+5.
10.1.6 A fEAR
10.1.6.1 ASJAR— |
- markerPose: $§7E L7z~ —7% ID D7 & L5
-- TimedDoubleSeq (7 —##% 12)
LT OATHND 8 - T2 558,
rlr2r3tl
r4d r5 r6 t2
r7r8r9t3
0 0 01
rl, r2,r3, t1, r4, r5, r6, t2, r7, r8, r9, t3
ELTHATS.

- markerPoseAll: it &z~ —h & THO~—h ID B L O E LS
-- TimedObjectPoseMatSeq #EfiD T — & #§i& 1L MyDataType.idl % 2.

--- RTC::Time tm # RTM A D FE#H]

--- sequence<ObjectPoseMat> data # ID f & (& LD T — X 4|

---- long id # ~—7 1D

---- sequence<double> pose # (LE XS (77— 4% 12) markerPose

®data ELRIL 7 +—~ > b

10.1.6.2 —E AR —}k (Consumer)
- A & 7 = — A4 RecognitionService
A & 7 = — A RecognitionService
-- long getModelID(); # BRHGE LTERESNTWVDE
7V ID(~—7 ID) & B9 %
-- void setModelID(@in long ModellD); # x5 £ /L ID(~—% ID)%
RET D

12



10.1.7 RTC::Logger & 7
- WARN
-- Data size is wrong. Pose should have 12 params
ZET A ICEENDMERBEOT — BB - L e I s
5.
T — BT AxA TN D g DT 2 T2 12 HOEFR TH 5~ .
- DEBUG
-- ID was set to <src>, [<dst>]
P—EZR— MRE TR RO~—7 ID Z45E L72BRIcH s .
(onExecute)
-- Total of detected marker is <marker num>
s e~ —ty hO¥DH TS 5. (onExecute)
-- Marker ID [<marker id>] is detected
ZELEETOY— IDIZx L THi/1&# 5. (onExecute)
-- Specified Marker ID [<marker id>] is detected
fRESNo~—7 ID B S BRIC J1 &% . (onExecute)
- TRACE
-- Pose of marker ID [<marker id>]
<rl> <r2><r3> <tl>
<r4> <rb> <r6> <t2>
<r7> <r8> <r9> <t3>
ZELETO~Y—HOMELESA R ~—H ID LIITH TSN 5.
(onExecute)
-- Pose of specified marker ID [<marker id>]
<rl> <r2><r3> <tl>
<r4> <rb> <r6> <t2>
<r7> <r8> <r9> <t3>
FBE L7~ —0 ID OB RS 23245 LB E RSN &b,

(onExecute)

13



11. Z2EEk

- ARToolKit Official Site
http://www.hitl.washington.edu/artoolkit/

- L% & ARToolKit - 7o yiRHEK T 0 77 I v 7
http://kougaku-navi.net/ARToolKit.html

12. ChangelLog
- 2011.03.30
BB T — AT RO =T —nr 7% RTC!Logger ® 1 7 A vt — BN,

- 2011.03.03
BIM7 7 A NVORE, R¥= A FOREEELE.
N—232020a L TYY—=A

- 2011.02.16
ARToolKit ~— I HH « (L& ZESHEE = R —x v b O T 1 b F A THRDFERK
N==a2020LLTUIU—2A

13. FFilHIH
RKED 2—NDT7 A4 A%, ARToolKit ® 7 A& (GPL) IZftWET, KT
T a— )LD E « BEAAEIZOW T, GPLIZH/ES TITo TL &,

(% ]

R BB A ET R RS F MBI ZER n AR T ¢ 7 AWPZEE
T630-0192 ZRIR Bl mILHT 8916-5

TEL: 0743-72-5376 FAX: 0743-72-5379  Email: robotics-staff@is.naist.jp
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