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Abstract

The main purpose of the research is to build a prototype platform of a robot arm
with Natural Interaction (NI). In a quick and robust way, a Microsoft Kinect sensor
was used to integrate with a 4-axis robot arm. The idea was from the handling of
hazardous materials, disaster relief management, deep-sea mining, and other dangerous
tasks. Instead of using the analog stick or keypad to control the robot arm, if the
operators can use their bodies as a controller to remote control the robot arm in a
natural way, then the learning curve for the operation can be reduced dramatically.
And, if combined with 3D-technology, the remote operator will feel personally on the

scenc.

NI emphasizes that human is the controller. The main benefit is that operators use
their own bodies or voice and need not to carry any extra facility to manipulate the
system. To achieve this concept and validate its feasibility, a Kinect depth sensor
combined with a ROBOTIS 4-DOF robot arm was used to set up a NI platform. The

Ruby programming language was introduced to increase the software development

II



efficiency. This research tested the features of the Kinect depth sensor. The research
also studied the position control of the robot arm and the gripping control of the
end-effector. Through a series of experiments, the NI’s concepts and its merits have

been verified in this research.

Keywords: Microsoft Kinect Sensor ~ Robot Arm ~ Ruby Programming Language -

Natural Interaction
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BRAL SOEARFoSERIL 2 ? 0L L IAERE 2.0 THEZ PR FHE
2 N N3 kA2 FE A AR LR KR T SRR AR %
B4 § #2415 6. Kinect B B £ 2R3 BupF 2 3¢

R IE R R TR

Oy

FIF PRUMEBREFRILRER S
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% - % p 2% R (Natural Interaction)

4/

2.1 %3

Al P RLEE T SHEAL S AR T ABBEL NI BAMEL A
’FKE"»'/% PR A KRBT HRT S A A A T N F R ITAE e
BLo BHl R F R B NI HF TR 2.1 o BB o A {8
2R AR BT R LG PR AL RS R 2 ARG i
e TR FITAFRRGHERTF S 0 FREEF Y TP REE T

PO IR AN

1

S E A B EApE FEEOE o P F R pRHE P R F S Rk

FERZERGBELHI LR T LS o PELFHP R A hiFe v
AR EBEDERTIFBEA L R ERE > BREFAFEFHE R
H ORI TGRS R 2 a2 g o A R HENenS W ]
AABEE ™ oo JR T B Ly - R FR R YA ARER e 5N kdrd

B 4B B0 F R ISR (T4 SRR e f 4R T -

B 2.1 @Eeié * 85t 354% ﬁi‘ﬁgm‘ﬁﬂ)\j\iﬁvﬁg o 4 B2 4
7L kR © iRobot
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B 2R R 2 4 # 4 % (Human-Machine Interface, HMI)sn+ & & » A % 4 & J& 2
WP E- EA - BRAMGIE Fli Ao E2 Fé“ﬁﬂif_ﬁ‘ﬁﬂm B VrdR A 8 A

EREE RS SEEEES -3 LN EE A HERE T R E

AN G g B R e R 2R R R (TS 4 1] 2006 E B i

Nintendo Wii e g #2418 > - 7 2.5 7 H4e i * x%t;gg 12 LR ,F 2

PAREREAFE TN Eeirmd A 46 c AR LEEP - T

EI

WA AT E LR e N AR RS AP

K i 5 g T 2 o

i<

;\4 ) -&r:ﬁrj_—a-ccﬁ ﬂ,\&x F’ﬁ“F ’ "H?‘FK{% 33 m(f 7 lg\ﬁiﬁ—" l)E_'szFTE' )7?:,‘:;_’_?‘?
ERORRIPEL WR<BICE A L SRS -LEE S o (S A

¥ oehiT A R A A ke (73 50

=1

HPF it N pARRTAPTFY 0GR
RIS G (v 2 AR p R B ARHOE Y P ERARTS - i A 2 R
POk TS o p RHE qfa{sﬁw TS R RY B e B oAk ehig
A APAG o il FREY AN AL REITTp RHESHF B G
b BB 5 B R DA RARE e S kR a7
ER  BHRF DT S APHRR  BFFEIIRAE IR PR
4880 3 52010 # 11 7 4 p Microsoft %% R4 91 37% XBOX360 254k 3 #
¢ Kinect iR % > AN U L1 s B4t 2 83 > ¢ B
Php st LATH I a0 Kinect R % » £17 % PF4l EATH 60 % jeq 0 800 § ¢ o

T BE A AR R ES DTSR B A gjﬁ{#ﬁiffﬂj % (You are the controller)

CERG T BBcIR RO F Y A LG A ALY (B

o (B> Kinect g ip| Ben/f 832 P 32 & miipl ) @ W3F 5 %wiﬂf‘ﬁ
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FREES B ROEOHE B FUBF T E BB PC L ER B K 5 o A5
A %. EE Kinect R B iR B anprd] > Y g 2 iz 2 N

M- B pARMEZWREEIFRA - BI22 5 A e FE -

BERE ) gAﬁK#ﬂ TR HBFAIE RpNRY FAFR
PERANREHE R ZRY A NEWEZEE A e Y Bk £
T TE Lo g TR RBRIEAIBSRE T - @ FW 2R o F

PR T kR R AL PR g A RAR S AR AR L

Control
Funetionality
L
Full-biady
maotion €
tracking
I
Hand
motion =+
tracking
Multi-function
remote =+
contrel
Cine button e
Joystick
} } f 3 Technology (Time)
Standard remole Accelerometer- Depth-based
control technology based technology technology

Bl 2.2 A4 ; auFiE
7o &R © PrimeSense

2.3 Kinect g iR B3 p A2 2 4p M R ?

|t
32

P a0t Kinect RRIE ™ v a3 $renpd f e g @ - 37 SHER T 47

b

BB DK R AR P ETAEE  Glho L SR ALER S WWEAR - T 4
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REF R AR 310G A #-Kinect F~ £ ¢ o B 2.3~ Bl 2.4 5 Kinect i #] F & * 2049

B 2.3 Kinect & RIFE B * >0 @ 4 4 2 27 6
TR kR © http://www.gamefront.com/10-best-kinect-hacks-so-far-list/

B 2.4 Kinect g B BB * *T A A B A 2 3 77 |
7R kR http://blog.esuteru.com/archives/2243459 . html

AR R P RS NMIES P ERERERY > D ERe M F
(University of Southern California)? % -7 FAAST(Flexible Action and Articulated
Skeleton)is i & & [11, 12] > v 7 Mg g * —‘ﬂk THEA S VIR g g Y 'F‘f 2R ]

SH L F R R FRE C B E M G op TR T LR PE R
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gL F T s o 8 % FAAST =33\ e+ 4o ] 2.5 #1777 o

TessLAN 8ol

4

B 2.5 ¢ * FAAST = Bkt B
7L kR http://projects.ict.usc.edu/mxr/faast/faast-video-gallery/
V- s Apg B2 Lam®y BLAG P o' The Gadget Show” -
o T BT 65 B E At - A7 % - 4 7@_&1? 2% g% B4t B 7 (First-Person
Shooter Gaming Simulator) » 4] 2.6 ~ B] 2.7 #7771 o FZH3 R 5 K E » F o
AR T 9 4p g & chx 25 300 EA ehBattlefield 3(P = i " b T 3")iz 402011
Yo AfEMESR LA 2 BRERE LN R g Fa 2 L8
ez s PSR > Tt 8 R % Kinect R B i B * «*m‘w‘n (20 A5 S X

BITL2e 4 d @ sz whh > & FHb + 0] 3 & PARRITRE T - B

1y

figah feh 2 2 e R A 6 8 4(Omni-Directional Treadmill): ;g 32 7§ *Leh
BT gfafdmn 3 S0 - iR E s p N @olp g « e 5o« LFPS

R AR EE LR o 2 )§%[13] % The Gadget Show # & ¢ YouTube §> 4 if & -
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I

! ttea,

] 2.6 FPS Gaming Simulator
7 kR . Engadget

EABAIEE N A ]

B 2.7 3=%2% FPS Gaming Simulator p 2_ 3% (T F |
74 kR © The Gadget Show
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F2% BWMEFEARKEZAL

AERAHTR Y ORI E G RERAL 2P AR R T AN
4 > & 8| 5 1.Ruby Programming Language ~ 2.Microsoft Kinect Sensor ~ 3.4 % & &* ~

ATRA B RIE S TR KL B AR BERP .

3.1 Ruby Programming Language

[14, 15]Ruby & - B &k f >t p kehfe 3= > d - = & 4 %+ Yukihiro
Matsumoto(® < FFiT:f> A (754 » R BH Matz)* 1993 £ B 40 B 3 chfe 8355
1995 & ) % — B4 & (P % 4& %45 ~ Ruby 1.9.3-p194, Apr 2012[16]) » i ** 2006
# 4 TIOBE J&:E 5 # & 47.3% 37 7 (Programming Language of the Year) - Ruby 17 =

Logo 4] 3.1 #777 ©

] 3.1 The Official Ruby Logo
7 4L % JR:Ruby Association

Ruby />t # & % 3](Dynamic Strong Type) ~ ¥ 47 2 S chyrh 32 > H A £

P

3] C ~ Perl ~ Python ~ Smalltalk ~ Eiffel ~ Ada ~ Lisp % % 3 373 cn2 58> k4 205

14 A

BA-FE e 2ol AT SENET o bl AT IRRG 4
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LERZTARFAMT R BT AR G C/CH+B i BAIWAENFT
FiF 5 (G A W 2) I B AR (P G R
BHAH c LARATBHAMET ARSI EPER BT RS © 2 £ L5 o
o 2 nf B 4 A4 nF Ko Brooks i e ¢ ow SR PI[17] 0 - ARV K IHER

- B IOEFERFRN A D NS (T A ? (LRt wvf&;fépgp Hfcg LA ;I:;rs

ul
}

o

LA FPF - BARNKI - X7 0UR 500 AN AT F R £ R
£3% 7 B2 C3 7 & L Ruby - % 2 P 3% #0it B 2 500 (7 2 % g ag o fe L
500 {7 &7 C £2 500 {7 5 Ruby #7.5% #5 #7 v @ P enE figpre F 4229 % o
Ruby e£] 14 (Matz)- £ ¥ i J93 8 Ruby i BF s R S end 24 %
AN KRR 0 R AR KPR AL R (T I 0 5w RN K s
REHROP IR ERPHFIAGFF > 28T APRAT LY AT R
P Ko SR L] T MR § E AR T T 3 5 ) It il BOAERE

FRE R Hg REA LA A THR -

3.1.1 Ruby ¥ ¢
Off Fi

&?ﬁ?j}u{i" 2RI HEF A RS > Ruby 2 &L 3 %™ 5V 3R
BG4 F T FHEEE o DRF SR MR RO PR T SRR A2

K(bldoie Bt e fer wie s bk § %) BN KT U LS ;rsg; voA

O#H » 1+
E - B AAENET > FEZTEE R FROGHF R TR AT R

B~ ERMIEs3T s AP TR R) FINET AL F LK b
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Lo R EH ERET B AR oA, o Bl Ruby A PR B¢ 1 e
(Metaprogramming) ~ B2 b £ 8 5 322 24 > IR 7 B d fi ek
RAASDEL I REHT URRD ST RARATHY S B RGN < R
HAAFT e E s ed 2 2 B HRuby EIFEANCEFG S AT TN
ke P i Ruby e CAPLY ]t % 4 £ B & RAFGERB AN TR FER » & &
B Ruby P € * 515 C/C++3E 7 A i & * chF iR > 1 E o C/CH+AZ5" p 0wt v
Ruby % » 8% 1 ;ﬁd Ruby 7 C APL:E 3|3 L P3RS | R g Aoy £ p eno ¥

d >* Ruby & £ §_F 2% i 4245 (Open Source):1 > F| b = & ¥ Ruby P R {7 i3 22

17 fFeho

3.1.2 i #iE# Ruby

Ruby Apdsc B v 3 jigE s Ry 40§ FdE5F 5 > d %70 & Python - Perl
AP G XY A F T T AR b APy A0 F]t s A h AL KApT
it f o FA A iEH Ruby 5 - 304 EB A 4L Ruby g d #reil) > ¥ -
MLy PGB NG R o B AR T A Ruby fiF 5 ¥ 2+ 3 Perl
2 x 1t Python { 4 i ¥ » 4f Ruby k3#7y ehl & 38 & F 2 » F]p* & Ruby ¥ ¥
2 F A3 e 4 A %] (Primitive Type) » ¢ 45 8icie» 72 B¢k > Ft (57 0 E 0 g
CERRET TS S E Y F R SIS RIS RE R A L
FftoRuby feifid b T F S A PR P ALKANEL 0 2 F AR G

FEAEAE F S c EE Ruby ¥ - BRFLLERF L HFE 4 N A

P p AMERREFNRY 21 A TS IET ARSEE L o A

B&
A BB KRR Y NC/Crr-JavaF = P8 » Ruby it 5 4 4 2 7R % >
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33 #ERFIR VO R H 3

— AP E D R RN T UL 23 B R & A (Computationally Intensive)£2 1/0
& # (VO Intensive)d + #f > @ g7 F 2 b+ 17 Fﬁfﬂ\’ - BE eI AE S
GrEF R o 2HFFE) ¥ - BRIAR» VO 3260tk 5 1/0 % &3>
Pl4cGUL ~ A% 35 REFR G S8 P A3 2 BAREIEANFER L
2 mf]*u{?% BPEADE > TTHRFER AT E B T N 5
PR BARFAPEF A F 0 A AL d 3 Ruby £ E F 2N T 0 T
BB T AR b - AR g Ot C/CHHATR Y R ihfR st o e S & L E i FIEE S
T R R NN R F NS S DT B VO R RS » F]

BF SRR T @ Ruby o 7 g AR I e A i o F] G 4250 Bodhps Y AR

BT 1O enE Fk i o @ 1O ig B R A A~ quj,\ AR g R TP L S
Jeerpk T i@ % Ruby R BF AR > £ W AR SRE S R T DT R
FR R E BRI BB IR R ok ELTE 0 T L E R it e

1 C #% 7o (C Extension) =™ Ve B > 3 2 A7V B (7 & o

3.2 Microsoft Kinect Sensor

Kinect #_¢ Microsoft = # £2 11 ¢ 7| &7 PrimeSense = & & 17> >+ 2010 & 11 *
4p AERAEN - FABRAN AP G R PIEE T R FHEE B A gRsg it

WP F Rl BEEO0 X P LY 0 800 F AT A A LATE o 4 S i
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PLRAR S 2 AR RIBLARE ~ FLO OBSACEE R 0 % DE R L ALYEAS A &
PR HA R ERT AR TR o F IR RERE L F IR §RHE D
kenifd o o E Rl BRI I SR L TR A F S EARLRT e

%o

7/

3.2.1 Kinect g ] B2 A 2%
Kinect g RIEAd 2 B1 & nkFAPrred» Aui Lot A FIR
Projector) ~ 2.4% ¢ #%#(RGB Camera) ~ 3. *} 5% 8 # (IR Camera) » 4- ] 3.2 #F

Y =
e Tam

=

f”} FZBABOREAENY - B jpy 'é_-gm"*l”)}}ﬂ—\ PrimeSense
p e Bg e SoC & 7 (PrimeSense PS1080 SoC) » ig#f SoC f § #-R Pl T| chiz ¢h &
MELE S L IRERE > FP 3k A2 E Kinect e % » 7Riz3E SoC & 5% 4 Kinect
s %K o Kinect Jp iR B el B2 4e 4 3.1 07 » d SR BB A L hT R TR
§ OGRS USB ARGV R Flt e RS R B g R MR

RRIFEE P HORRE, 12V) 4 i & ¥ @ 0F o Fm FHE T 0 SR p(18,19,20] ©

IR Projector RGB Camera IR Sensor

@] 3.2 Kinect f* ip| %
7R &R - http://www.codeproject.com/Articles/317974/KinectDepthSmoothing
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#.3.1 Kinect® P B 7 8 2
Field of View (Horizontal, Vertical) : | 57° H, 43°V
Mechanized Tilt Range (Vertical) : | £28°
Image Size (Depth ~ Color) : | VGA (640x480), 30FPS

Spatial X/Y Resolution (@ 2m distance from sensor) : | 3mm

Depth Z Resolution (@ 2m distance from sensor) : | lcm

Operation Range : | 0.8m - 3.5m
Data Interface : | USB 2.0
Dimensions (Width x Height x Depth) : | 14cm X 3.5cm x 5cm

T kR Microsoft ~ PrimeSense

3.2.2 Kinect jg P % 2 i (T R L

Kinect e Bl His 2 & §_i2 * PrimeSense #7# 4 » & ¢ Light Coding™&rp: ip]
oo HRp NE bR ﬁ;’é(lnfrared Structured Light) =& ] = ;% [21] »
e @i ARG RRA i 2 A AR P I HR e RGBSR
d3F D ANERATHE S o X 4R R BEALPS BEEEZ RV R MR RO R FEAR L Ao
B 3.3 %77 B 3.4 5 &2 7 #7i¢ * e Kinect> §1| * £ & B Ap 8 “74p ¥ 17 IR Projector
PRI HFF it B R (Light Coding™ IR Image) » Kinect g ip| %18 {7/ 4240
Bl 3.5 #777F > B A A G 33T k2 P R F Sf 6 (Near-IR Light, Class) ¥ 5 B 35-F & 5
kG 0 £ 0B TR B B (Standard CMOS Tmage Sensor)4& 4T © %#h i 2 HF = &R
Bk T EEACH 2 b P kgL S d PrimeSense 7 SoC & % (PrimeSense
PS1080 SoC):it {7 4F f2cii B % Ad® > B (S £ #m2 % % (T F 2 FA BT N)
FHHUSB2O i Bw 3 B AT A § L BB P TS Te kg d Kies

TR -
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[ laser

[ laser }
$8]3.3 Light Coding™ " 2| H i+ 327 &, B)
;ﬁ“‘i—' kiR /’;*%[21]

NS

¥13.4 Light Coding™ IR Image
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@] 3.5 Kinect j B B & (7/0 42
T kiR © PrimeSense

323 Kinect T FEF 1 E N &

AT P2 FEAT N BEF AT Microsoft Kinect g P B el * 425% »
Hi & gHF % 1 £(SDK)3 = &> 4 %] & Libfreenect ~ OpenNI Framework ~ Kinect

for Windows SDK » ™ ™ ¥ W 4fie = AR # 1 L2874 5 o

©Libfreenect (Provided by OpenKinect Community)

Libfreenect #_# & 1138 & g2 + 2t Microsoft F = B 1 £ » % d OpenKinect
THECRIBAFE I EFE S PRI EPN Y - R EZAAED AR B

Kinect j P Bopds 4255 o ipHi— hfEd T AEA MWL 7 2 v £48 C-
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C++ ~ .NET(C#/VB.NET) ~ Java( JNA and JNI) ~ Python % ® % f2;%25 % » ® @ j3 §
Bignaiz 2 ¥ kAT 5 (Windows ~ Linux ~ Mac)¥ 3 E4p% 2% > 22X &£ 5

#FTE & % o d 3 OpenKinect £ F % Rpf amtd > 2 AR H S X h g o 5

b FIRB AR T AP F T ER T Kinect £ APL » JAp § Eoieh

v

% MATLAB ~ LabVIEW =3 :‘uﬁ‘k‘,{ﬁ AT SR ATEEIER o e 2L A+ Libfreenect
RRER TR AGE A 0 SRS AR e (bl 4
M R FRRE B P RO SR EER) 0 Flt < F R e OpenCV 3 47 7
E V- Ae o F R A BH SR a LE S L a0 Bl * Libfreenect

B2 Kinect 4p i J&. * + ¥R #2 % -] 3.6 5 i¢ * Libfreenect »* Linux = 5 } 5~ 3]

il

HER B TR -

Bl 3.6 & * Libfreenect #2~ 3| cF R B 5 F

TR KRR http.//WWW.11nuXJournal.com/content/klnect—linux
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©OpenNI Framework (Provided by OpenNI Organization)

OpenNI £ 3 7 424 p AREE SHARR T4 2 - B e% > B 3.7 5 OpenNI
e > Logoe P %= i 3 PrimeSense ~ ASUS ~ Willow Garage ~ Side-kick
appside ° 3% ﬁ%‘« % 7 #% i OpenNI Framework i & B 2 4088 i # 4235 B3 4228
B> A2 Bw g o HREFEREEE C/C++t ~Java~ CHARNE T end 420 ©
F ka9 8- 5 (Windows ~ Linux ~ Mac) ° 3%122E A L 37 5 BIes o > T B
FEMERPHEY (bl : 285023 0 kR B EGL R 7 2o
Beoo SRETARE KGRI D PR L (B RR BTN S 4 BT S
WP E R Y Bo o KB 38 FUER BEEE AL RREY AW A2
(Middleware)# 7o > FI B #F R 7 M EWF 5 p o agdsk g * o i E_NITE(Natural
Interaction Technology for End-user):z i # /i fix 48 ~ i% ,T.%%’\PrimeSense SR
hoHp L K OT A E FAel c EA AL AMEETFT RS- B v ALRE
TR R R AAPLE G REREFRY o GAE B SO A F £ RE
Byl B2 e ‘FWZ =5 S d LA iR APT EF - B 3.9 5 NITE
HAMEMSL TR - FF RS2 6 0 d WZeR 2 ERJEPFEF IS
e Kinect B P B SR 4758 > FIM SpdefeslenhihA A+ Bk p = 2 Rag o &
** PrimeSense F = %< & i 4-%+ Kinect g B B 7 i3 eefs 2 %~ » L 518 GitHub
4 % H Ja 4548 (Driver © SensorKinect » https://github.com/avin2/SensorKinect) = P
AR R ORI RT T AR 0 PR Ay S
Bl Eif&ER* Kinect )éi?d%*?é;‘i«ﬁgﬁﬂ@%f‘ﬁiﬁﬂi‘ AR AT A
Lo B R RFIEE R Kinect & ¥ 4258 B o35 weh OpenNI 4p B Tk 5 %

= )’%[22, 23,24, 25] °
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TR EP R %R EF(ASUS)E Kinect sh i 3 itv4% #8 B 75 PrimeSense & (744
d13 207 Kinect $ % e R Rl 3 B E > & B & Xtion PRO ~ Xtion PRO
LIVE » Flpt i 5 Kinect *h > R 5B 5 79 873 - gy > 2ipp2 &
FAAL 2 e Z0R R E B Hedp F % OpenNI s f B8 2 28 ~ F 2 SRds A5t > Pt &

WEE TR AT AR R FAPY T

OpenVill.

@ 3.7 OpenNI F = Logo
7R %R ¢ OpenNI

— Application

Middleware

Components

(e.g. Hand — OpenNlI
gesture — |Interfaces
tracking)

Hardware
Device
(sensor)

i 3.8 OpenNI Framework 7 1
FF kiR © "OpenNI User Guide", OpenNI, 2010
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:_f)Primesense Joint transformations defined

head
neck ﬁ right right righr
B SR shoulder elbow hand
“LEFT” & ot X .2 Jer % “RIGHT”

tors.o cenger @-

L right hip
¥ right knee
.

LFight foot

B 3.9 NITE i & 7_&
7o kR : "NITE Algorithms 1.3 Note", PrimeSense Inc., 2010

©Kinect for Windows SDK (Provided by Microsoft Corporation)
Kinect for Windows SDK &_d Microsoft § * & ;3 fF @1 & » H @41

£ j\f’/fjf‘up\ ZF P EDKinect BB BIHEFATS > EAAFZERFIE R
i popWindows (T kAL Tl N AR R4S 0 FE PN T AR S B
PP omFE R e g B FE Kinect crfp B R * s o F»%?%;*—*Ff T E %
f‘uf]*uJ- B #_Windows 7(&“ 12 ) > ® Zf ¢ * Microsoft Visual Studio 2010 ~
Microsoft .NET Framework 4.0 4 it :& {7 B3 o & 42;V3% % 0L ¥ > % Windows T
penz B 4 3E % C++ ~ C# ~ VisualBasic ‘FK”‘ & o 4p > OpenNI Framework >
Microsoft 7 * BB F 1 L fhs HEZ AP R OAPI o & T#i—ﬁ’*“%ﬁ‘—'ﬁ i
ERRIE A A3 ﬂ\f/rp\ 1257 07 NITE e A 889 28 3¢ 5ot i (M & 20 2 & 4o @) 3.10 #1
F) RPFFERATEE P 0 ITE L RT LSl KE R bl o

FE kst B Kinect M B * Pl F &R * LREFIE c AA iz Fga
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EH AR AN P ohd L d 3 E_Microsoft p R #8700 Gl 48 L 3%

Rpaspdoit 4 PR A v BFLE RiniEAE S o

HAND_RIGHT SHOUI.D!I CENTER  HAND_LEFT
WRIST_RIGHT . W'II:ET LEFT
ELBOW MGH‘I' . . ELBOW LEFT
SHOULDER RIGHT ."' ' SHWLDIR LEFT

. HIF CENTER
-~

HIP R.IGHT, HIP LEFT

‘ |
| !

KNEE RIGHT (0 ) xnee LEFT

J

.ﬂmuu RIGHT =~ ANKLE m‘r.‘ .

FOOT _RIGHT FOOT _LEFT

] 3.10 Kinect for Windows SDK i & 2_3
7 kiR - "Programming Guide : Getting Started with the Kinect for Windows SDK
Beta", Microsoft Research, 2011

3.2.4 i #iE$# Kinect

- kR E RAE Y AR 2 AR RIEET R A G o B
A B BB DA PR f e Nk 2w B pl26] B
PR T R APHIRG MR R FERFIRR D P ERRETRE A
H v et RS ek *h 8GR € (Infrared Structured Light) 3 8 ] > 5% 0 8228 % 2o

Brpgh BRIz as B LA MEE - LPRE RF 0 28 2010 & 11 7
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Microsoft 3& 1! Kinect fs B B 4 2L 7 5B 5% o Kinect g B B¥ UH I % - B
BB RS RIS A BGF 3P ez BB AUR RIER - L
USRS BRI T T el - AR S RS B X Fenr g o
BHes BOEL FREADEE T FFS 0 24 5 - BAEHR - 822X Kinect BB E L
g ATl T o R HEHMEFRE DT RIGPE 2 E 0 AW % 74 I| ¢ OpenNI
Framework ~ Kinect for Windows SDK -~ Libfreenect j‘;’fi X %7 Kinect m & 1) ke
B F1 L FEFRS ET 9 E 4 OpenCV ~ OpenGL % - &R R 4p B e0
E*AAIBEFITRAF T Fl B - P anFR R AP AR
Kinect kB3¢ p R4 B AF2 R A I F G hrl M 2 MR D i

B - Rl

3.3 £

AT TR SRR DR AME LSRR e 2w iR
Fo LN PIREEA B E®* ROBOTIS 2 7 #72 4 ¢ Dynamixel AX-12+ /R
Bt fdf @SRt R L RPN (T 0 BES L RERENE S G s T A
B PRt TR RIE T PIRG E PN FIR F R RIRE S R TS ER
Mlﬁﬁw%%@géﬁﬁ’j@ﬁ%-aé@wuw'@%?@%mﬁﬂ@mg

CFEB RS E R o B EA R A A 32977 c AR P MBI LR
AHER R H] > Fpt L PCAr®PRS 2 fF erid 2+ > ¢ * USB2Dynamixel

{2 ¥ @42 USB2Dynamixel 3 2B 3% 1 F £ * 1 FIDI ¢ & » 3 USB
fi & #i$% = UART Serial /i & eh— B3R R * "ﬁ IPRERUECN R - & Mgl Sh

BARFSEHE o 4TI 1L R E R B S A AR R T i
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S - D o I E S

AP PIREE N P FE o F AR PIRE S BRI 4 ST g AR
dhd o BB E A F L o RS AF A B8RS SN eRl 312 AT o e

-

TR e 27,28

P PIN1: GND
P PINZ: VDD
P PIN3: Data

PN GMD
P PINZ: VDD
® PIN3: Data

] 3.11 Dynamixel AX-12+ 7R 5 & B %r2_&
7k %R : ROBOTIS e-Manual v1.08.01

# 3.2 ROBOTIS Dynamixel AX-12+ # %8
ROBOTIS Dynamixel AX-12+

Weight : | 53.5g

Dimension : | 32mm x 50mm x 40mm

Resolution : | 0.29°

Gear Reduction Ratio : | 254 : 1
Stall Torque : | 15kgf.cm(@12.0V, 1.5A)
No load speed : | 59rpm (@12V)
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Running Degree :

§ 0° ~ 300°
§ Endless Turn

Voltage :

9 ~ 12V (Recommended Voltage 11.1V)

Command Signal :

Digital Packet

Protocol Type :

Half duplex Asynchronous Serial Communication (8bit,1stop,No Parity)

Link (Physical) :

TTL Level Multi Drop (daisy chain type Connector)

Communication Speed :

7343bps ~ 1 Mbps

Feedback :

Position, Temperature, Load, Input Voltage, etc.

Material :

Engineering Plastic

F L kR © ROBOTIS e-Manual v1.08.01

USB2Dynamixel

h"!‘"'ﬂ--".'—l --'-"I-T

Power line

34 B4 BERE

B 3.12 SRz g0

MY % Tekscan #74 A 0¥ bd 7 RN R 4 R P B (Tekscan FlexiForce

Sensors A201 Model, 11b) % £ ip| & * & £ 303 RR 2 4 & > 00 b fe 40 = A &R

2 dgEd B o B4R PIE AR 33 6 o
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Tekscan FlexiForce Sensors A201 Model (11b)

—
.

T

'.'_i

Sensor Properties

Thickness : | 0.008 (0.208 mm)

Width : | 0.55” (14 mm)

Sensing Area : | 0.375” (9.53 mm) diameter

Connector : | 3-pin male square pin (center pin is inactive)

Typical Performance

Force Ranges : | 0-11b (4.4 N)

Operating Temperature Range : | 15°F to 140°F (-9°C to 60°C)

Linearity (Error) : | +/- 3%

Repeatability : | +/- 2.5% of full scale (conditioned sensor, 80% force applied)

Hysteresis : | <4.5% of full scale (conditioned sensor, 80% force applied)

Drift : | <5% per logarithmic time scale (constant load of 90% sensor rating)

Response Time : | <5 microseconds

Up to 0.2% (~0.36% / °C)
Output Change/Degree F :

Loads <10 Ibs, operating temperature can be increased to 165°F (74°C)

F 4L kR © Tekscan FlexiForce Sensors User Manual

3.5 TR+

AFF Y € * 27 W 7k B (National Instruments, NI)#7# # 7PCI-6024E ¥ L #f
Pock o R BB R RIF AT TRE R S TR LG 2
HEDHEZRAE o - NSRS ONL A FS R o T

AP+ A R drd 3.4 0757 o
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NI PCI-6024E

Analog Input Specification

Single-Ended Channels : 16
Channels :
Differential Channels : 8

Resolution : | 12 bits

Sample Rate : | 200 kS/s

Maximum Voltage Range : | -10V , 10V

Maximum Voltage Range Accuracy : | 16.504 mV

Minimum Voltage Range : | -50 mV , 50 mV

Minimum Voltage Range Accuracy : | 0.106 mV

On-Board Memory : | 512 samples

7o % R : National Instruments
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~

34 T AR LR B F T SR A R ok A4 B

#1] ~ 6. Kinect g jB] B> £ 203§ BipF 2 323 3 o

AFTE AR PR Kinect BRI ES PR EFEL W ER - L5 AK
BZBRIFRT > 2®ES - B S FARIINER AREH - d DK e
RS ELL AT RET o FI B E RS R DI R S Y §
PYOGRORPIIUER L AR B AL GIREY Y AR 2 L]
G o AeB Al AT RIFET AL 2 2 R FH L FAE R
RESVAE ST BN RS ERCE S Mk R S

R T RS

Y
X
Kinect
Sensor TCP/IP
Z Communication
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CEETITRYE
D REERBERAANBEE I IT LI AH AR YT AR kha

EEG e LS Fl AL E~ Ruby s BARN S > Xt 514 R4

L8
¥ié
&
o

WERFORENEE B 42 5 AT OB ELAF AR A A

4 #25% (Robot Arm Controller) ~ #% ;% & (Library) ~ & ¥ % (Ruby Interpreter)= = 3%

A edd 3 Ruby 2B BN dE T o Pl R A s A2 R 2 d B FER A

#2 ;% B (Library)» 4 5 & #f » 4 %] ¥_Ruby #1& % 4% ;% & (Ruby Standard Library) ~

*h 2% 42 ;¢ B (External Library) o d »* 2V i 2 & @ % 5| H ¢ O 7 974 F 94 §8

(ROBOTIS AX-12+ Servo Motor) » F]pt 7 & w5 gt 58 2 wES H AR > 2R
# i B

ARSI Y A F e B i

Robot Arm Controller
{ Robot Arm Control )

[ Robot Arm ][ TCP Client ]

a Ruby Interpreter '
= /

i Robot Arm Abstraction Layer i

Fl42 S ES B s n i
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O * %;};& Ty -

AR AAABE A B FEFHF L A B S Kinect R 7 PR E (Kinect Sensor
Server) ~ /B 4 & if| 7 PR % (Force Sensor Server)® §8 i » # 1 & 1 1% 5 B2 * ¥ &
TR > TR/ ELFEPBRIFETRY o 223 B3 LMl &8 RFAN
Kinect & Rl P /R B 7 & * & aJJB RGO Flph3r 5 300 303 & # % 17205 g
FCICH+3E% RIER » UL fBE R A 2 ERATA L 0 F2 Kinect B
PR EAZ OB o i E dEd o~ Ruby Rt F A2 ch@ gong o ¥ - B R T
%{Aﬁ&%’@i%ﬂé-%}ﬁ%iwgﬁﬁﬂgvﬁﬁ,g$§@ﬁﬁa
3 FP A AR s 0 i % Kinect BB PR B Ik £ H B C/Cht
K¥EH - B 4.3 5 Kinect g p| PR B % ffu;ﬁ;él%] » 3 & F % * OpenNI # &g §8

B % =2 -~ Windows SDK #7# i ¢ Library & B %

Kinect Sensor Server
{ Provide Sensor Data )

[ TCP Server ] [Kinec‘[Sensnr]

L |

|
===

Bl 4.3 Kinect & ] P PR % & 5L H

@ R4 R R P PR B (Force Sensor Server)si3R i> » B I $% % » Ruby % §Te4 20
PEREI i b B o d RS RPIET LR TR S LEE

TR+ (NFDAQ) ¥ + T B i 1) bl vt RSB R % 11 i 2

39



MR o A ek SRR AT R R 5 AR Y nF R
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Force Sensor Server
( Provide Sensor Data )

[ NIDAQ ][ TCP Server ]

‘ Ruby Interpreter

Bl 4.4 &4 R PR E E 13%‘

FERE P SRR RS RR kLB e B 4.5 #7om o 3% 48 Kinect B R PR E - R 4

o Rl RPR R > Arhe A i h «‘*‘;f;% B H ‘Ffffrvxr? oo TR RIF RS EC

* 4 pt(Ethernet) # T i& 4840 & BF > § R RS Aol 2N B e d| TR I ¢

PRI DT RS SRR T g 4 EREBREE FRLR Y

g g,
___f_mfrv

i)

oo L RRITLFHBE NG DL E R FAN
Thr v LARSF - 2l

LR R AR AR

A T RREY FEApE ~ RO TCPIP 12 20 3 255
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Fl o d 3 TCP # 2 A EAN T ¢ 2 M RIFEd AR 7 LT

SR TS Ea

User Space Remote Robot Arm

——

PR el

-
7
;
I
1
I 1
Force Sensor Server 1 Robot Arm Controller
{ Provide Sensor Data ) 1 TCP/IP 1 { Robat Arm Control )
- Communication -
[ NI-DAQ ] [ TCP Server ] l"’ G [ Robot Arm ] [ TCP Client ]

1

Ruby Interpreter

N e e e e

Kinect Sensor Server
( Provide Sensor Data )

[ TCP Server 1 [K'rnectSensor]

OPREEETF TR FEE S ]
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AR o @ % B R (E SR B S PR E B T R
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Edpdew IS A0 pEgL > § EERE(L) ] 3 AT AP AEE R T2 L5 Close
F 2 B2 % 5 Opene § 2A@ % ipfien= 2 kU8R £ B & KD/ & 015 8
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NIRFEHE IR G o

Center of Geometry

a. B b. % i

B 4.6 p k2 S A A AT N
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Center of Geometry |

a4 kB b. B

GRS RS S TR B IRERIE S L
FooF A AEEP R D R F T RDRRIRIRE f S FilaE RS
T E¢AUHERE RN L b FRREZ AL § B 4ee B RIFIRE
SRR TR SR R L AR T o I TE AT R A LA R RS
FEpe ] f Sl ¢ 7 Pl R E R E ATE 2 AR o F R S AR )k puena 1F
Bk e e R R TR SR RS R R ) Y Y e R

g@%@\ﬂ "%’FE‘F"JE_L B Pé‘ Kf j 'Fln ﬁi‘!ﬂ"?] 4.9 #1571 o
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Remote Robot Arm

Failure Connect to

Kinect Sensor

Server

Success

Start

l

Connect to
Force Sensor
Server

Success

Failure

Initialize —‘

Receive Data from
Kinect Sensor Server

Receive Data from
Force Sensor Server

l

l

Drive Robot Arm

( Position & Gripper Open/Close )

If
Error/ Session
Closed

False

Change Gripper Torque

If
Error/ Session
Closed

False

Main Process Thread

B 4.9 3= Rk =

Bt hendtA o PLEM-R Y K g e R R Bl SLR B 3 R ﬁfw’ﬂ
JRepdd o ARFIFAREBRERBEp BB R F L p g & B2
FRIREL I AT DR Bl AR - BERIFIRE
PEo 2 ¢ RET AT RRIPIREOE T > ot TV RF CAEWOT IR oA &
FIEHARAS G 0 §RPIPIRBEEPF § Fdpddoit > A dpt ST g2 2

TCP/IP IR B % (5% & BRI L AL BB ol § oL = 31 § BT =
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TR RERERIT A BED Y S AR 2R 2 R TR AR

¢OETI AR T 2 arid

A4 @] 4.10 #7oT o

Kinect Sensor Server

Start
Initialize

l

Server Start
[,

y

Have
Client ?

Wait

Start Tracking User

l

Update Data &
Send to Remote Robot Arm

Stop / Ermror /
User Missing /
ession Closed

False

End |

Bl 4.10 B | PIRE 4
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Force Sensor Server

Start

l

Initialize

l

Server Start

Client ? Wait

— Fetch Data from NI-DAQ

l

Send Sensor Data to
Remote Robot Arm

If
Stop / Ermror /
Session Closed

False

End

b2 E T AT



SARKARR F o FiF gk e 48 _PLC-Based # w3814 { % 7 PC-Based
%1% > d > PC-Based % 7 115 & PC cjh + S0l R 7ok > % B 5 1 B sE b engy
Al Flag e R FARRARR o b PC-Based i@ & 141 % 42 0 £ 0 PC
gEE fs 0 T AR e 2 BARE ERPID 0 2 5 L B 41+ (Motion
Control Card) ~ 2.5 i 5% %> % (Driver) ~ 3.9 p¥ +  %i(Real-Time Subsystem) » # ¢
PEF ke B P AR B kLT o d A R niT Rk Sde
Windows ~ Linux ~ Mac OS ~ FreeBSD % » % -I " N g peni i T2t
A BRI A R RS AT UL RAR S GuE (7 T i TR T pE
(Hard Real-Time):hc+ % & - B 4.11 5 # & IntervalZero 2 7 $** Windows {7 %

BT B e RTX A gL o oo

. SMP-Enabled
= Win32 Process - e
Win32 Process Linked with RTX  Rtepiwi2 Hard Real-Time Platform

Win32 Subsystem

RT55 Process RTSS Process
or RTDLL or RTDLL

RTS5 Process
) i

Windows Kernel RETCR/IP
Stack

and
Device Drivers

RTX-RTSS (Real-time Subsystem)

Windows HAL RTX HAL Extension

RTSS RTSS RTSS
%86 Hardware Platform Processor  Processor Processor

X+1 X+2 31

®] 4.11 IntervalZero RTX & TrpF T 5 2 fﬁ
TR kR ¢ IntervalZero
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4.4.1 i E

kS
4%

FRE AYF [ Ak s(Cartesian Coordinate Systems) ® 4] 48 #& £ &F > & f
HARELZIRFY T4 BN EAE R P A B2 BJS FRL AL B jhen

R RASEG ER  FRAN E ph E E R EPRRT R Y 8 6
# (Inverse Kinematics) % f 1) A 5 & + 7 - BEPF{S R £ AF & pherrg g & 2 > 10 :E 5

R A ehp o

- LR fR e s EF o0 5V e 4 3B f2(Closed Form Solution) ~ #c & %
(Numerical Solution)® #& » @ A7 7 @& * 8 3HF 0> 34> k REBELF LY
Bhen B i B SRR L RF L ph2 B M o ARG EHF PRl AR E L
% * D-H(Denavit-Hartenberg) 7= ;2 » £ R{F 48 £ BF & b e R R B 15 0 12
@ 18 3| "8 iF 5 & (Forward Kinematics)ehfz » £ 4] % g 5 & 6 & chfgie - ) 189 3

"é’@ﬁ%%ﬁjﬁ c)l'Era,bk"_irav %57 Fbg I“'!if'?]413’""l"l’°

Y ER ST T T
i@ /
g i
% #
& @
BT B R 7 R

B 4.13 e & if e 6 5 2 B T
TR KRR @;’%[29]
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GBI LW E] b phz e 8 B R R el BB AL AR 2
[29]) > # B %42 N (DI 28G5 F o F ¢ Py Py s P, 5 4L A A R BLenG ¥
BEEE(EE4) HAERIER R EEE Y (B0 A dica a3~ dy b
WREFL A LR 580000 03R4 BB EFO0 A1 A2
SV 0 Oy (LR 3 AT ph) R0 d 0 R Lkl A R i e 2 2 F

B oo R IR L R 3 L s 2 £ R S8R 4B 4.12 HroT o

0, = atan2(P,,Py) (1)
p |2
(ﬁ’)+{p d,)? — (a2 + a2 + d2)
0, = sin~1 | 5100 -—tan—l(fi) @)
2a,+/ (a3 + d2) dy
P _d
0, = sin”! (—l) — atan2(m,, m, ) (3)
V(mi + m3)

m; = a, + azcosB; + d,sinf;
m, = azsinf; — d,cosO,

o e = = = = = = =

§ I R R (T AT AR R AP R R
FBREFA P RR I NEE 0 SEY P FEFRT @I 2 L

ZHEM o A BRI G ERS ARBE IR FH Y2 AR

442 B LR &K APL %

TRaER G S SEVR IS PR IE S E E s RIS & S
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BV TR ood P A T iRA SRR e BRI A
Fr4lB i o Ruby CHp 2 o H B oW 414 577 o B¢ R A HC LA AL

FORE 48 ch CAPI A g hds 170 3R Ruby it S E @418 < R 2 h 5

e

g 4 o T LA EWR RN R h v e BARR L - g RN % RS
B R b R e RS R AR AR T P R R R % K H AP A A

B RGBT AE S ESE G o 68 CHABN REA B DR T LN > &

=
=

SR FARRFRERT Fnf KRG T AR FER T F E R gk
TR CH TP RFROBRRANFER gRFAHRNES > LaBRF
SAE IR RERL R AL REFR DB FELY Y Ruby RER
P ARG SAhER P WP B E Y nCAPLE G 5 R G 21 Bt

25 BA B S QHEFS

Robot Arm Controller High Level
(Main Program)

Robot Arm Abstraction Layer
(Ruby Library)

| T e,
Low Level

Bl 414 2R b sieat 24

BRI K Y AR e B KRR 16 B E T T A
Wt TR T A GRS FE AP W R P BT R
g FP R REFATOT RE G AEF 0 2 L ATHES TV B P %k 9 API
4o 4.1 P71 o H ¢ b i3 w) enE_Init. Function #2 &0 initialize ~ init_robot_arm i

B2 F15 v P A4 A > 2 (Private Methods) 71 X 742 5 B F W4 * 2 453
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* o o@m H_F & % new i B3 %] 2 /2 (Class Method/ Constructor) fiE = J# £ pF3t 42

FOPN IR H mf& 3k oo FLABMHEE o

¥ A $ AT initialize > ;2 F W4 4n i i

BAED new i BN S EE

7 14 initialize & % ¢ £ 3 ¥

init_robot_arm = ;& &A= 45t L EF > (S initialize 2 § B ¥ A dn it 2 A (S0

R TR E T S R

# 4.1 Robot Arm Abstraction Layer APIs

Robot Arm Abstraction Layer APIs
# Init. Function = initialize( robot_arm_config_data )
(Private Methods) = init_robot_arm
= calculate_inverse_kinematics( p_x, p_y, p_Z )
# Moving Function = drive_robot_arm( thetal, theta2, theta3 )
= mv_to(p_X, p_Y,pP_Z)
= rotate_gripper( theta4 )
= mv_gripper( distance )
= gripper_open
# Gripper Function
= gripper_close
=  gripper_stop
=  gripper_moving?
= ch_driver_speed( axis1_speed, axis2_speed, axis3_speed )
= ch_rotate_gripper_speed( rotate_gripper_speed )
# Configure Function
= ch_gripper_speed( gripper_speed )
= ch_gripper_torque( percentage_of_torque )
# Close Function = terminate

g b g ho@ 4.15 G IR A ST

B 47 require "AX-12 Robot

Arm"24 FFARN AP R R *F R EARNE 0 L R Y new ipBAE W] 2 2 SR A

RPN s ¥ @ % E_mv_to ~ gripper_open - rotate_gripper % 4p B = ;2 %

B (PR L RF (7 o d T I 0 K %R g T%ﬂ,\% 7 iTma T % & g
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BRI G o I R T B L F R RN 0 A R AR

=1

e TS A L T K 46 R R AT € BRSNS e
Bz 3w po whizs 64 LA AR e APLE S fent 8he - o

LR % K APL 0§ (Flm & 5 5B VeI o

Example Code (Ruby)
require ""AX-12 Robot Arm'"’

my_robot_arm = AX12_Robot_Arm.new() # Create and Init. Robot Arm Instance

my_robot_arm.mv_to(10, 20, 30) # Move to (X=10, Y=20. Z=30)

my_robot_arm.gripper_open

sleep(1) # lsec.

my_robot_arm.gripper_stop if my_robot_arm.gripper_moving?

Bl 4.15 $ 4= B d 4 APLZ & * § bl 42 3% 48
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45 BRRZF AL R a3 4 14

A2 ETYLRC et Bdeint £ £ AeiE 4 2 0 Frx 2 DTG 2 R B AT
At PRt agRE AL U APLEIRS CERE S T Rl F
WHEER GET ARG L RBEAFTOEESFEE R F R FIR AP
BoRL AR L iEAS WA E A AN LA G o A RBEA P 2
Kfr g R LR & Repd 54 g > B9 — 8 5 [ a4 L BFL RE B o
o RABRESF LR R B ¥ - R E A A S Y ok R BRI B 1
HPERS ) oW 4T 977 > AT @ g (5 E AR Rl * ¥ enjgs > 37 8%

& p

BEoped kipd L AL RmdfFs £ o

AT AR R R RIE o H UL R AR AR A B 4.16 4T o FALREE
+ i * 27 R RIRBWND S PCI-6024E L F#8~+ o B4 AP TR E ¢ * Tekscan
e A R RN F B E R 4 R R B(A201 Model, Force Ranges : 0~1 Ib

[0~453 g]) -

e 4
Force Sensor

l W

Amplifier Circuit

l

Data Acquisition Device

i

Computer

Bl 4.16 &4 R ORIGUSLEEP AR
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451 B4 R B

AR TR RS BRI A TR 417 4t 0 AR v AR Y F %
i# & 2%+ E(Inverting Operational Amplifier)enfie & &k & 4 gt T B Buegy o &
¢ ¢ * Microchip 74 & ¢ MCP6004 i& & 2z + % % #] it - MCP6004 §_4 g%+ &
§HEEMEA > F]P AP (F - 3 MCP6004 2+ B v+ 4 BRY QPR F 1%
Bk R4 R RS BAeB 408 47 o BRI TR DFARART Y B Rp e

i %] -

VOUT » -VT * (RF/Rs)

GND

g MCP 6004
A 5V
R 1
GND
V, -5v
POWER

* Supply Voltages should be constant

** Reference Resistance R is 1kQ to 100k
Sensor Resistance R_at no load is >5MQ
Max recommended current is 2.5mA

B 4.17 &+ BRI E s B R
7L kR Tekscan

Power Supply

Force Sensor

DAQ

B 4.18 /B 4 R PIEL T~ B7 52
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452 TIEFARS ERIBRE

HEF FHADRS BRI F o 4w TEHRTDAQ N TRk
BEE-BRAEPE TE AT R BRI RERS FOTREL RO F AR
4.19 #r71 o ;t:t-:%—{é_iﬁdﬁ%]:‘:%E?Ei'ﬂiiOV~4.5Viﬁﬁ* » T ER K R [E
=0 %/%ﬁkﬂﬁ(inOg)m@ 4 },Q/PHE?J KT 45V L @ A e Ry R AR
ERIE RS ORRIFIEE L > Tk bR RORRIERRE D o R 419 (HE
RlgET g BB —ﬁ’?@ﬁﬁ R RE R TG R A e B A E
Bo= A M P CFEAHE RIS FRFT PR DERPFG Y D
wrn Ay BF A o S RSB AFTRY T DX SRR
(Second-Order Polynomial Regression) s - 45 fie | T 3 & ko] It Tl BEE O SR 2
HESIEEE EREVE WIS S I E E L B TR VTR P

iR & é‘:@ﬁg?]:‘: LI E 50/ Y

RAW Data
4.5 T T ; ‘! ‘!
Ideal ! ! ! !
4+ %Experiment-” ——————— S s el
—+— - Experiment-2 | I I
Y] S——— B — oo R I 2.
1 1 1 :
] I [ L Lo
= 1 1 1 :
% | | | |
© 25 7777777 I - - -~ T T T T AT T T T T T T T T T T
s | | ‘ |
>
= e [ B A L
g °? | P2 |
8 | | |
15— S Bt
| | | |
| | | |
1hemmme SRR EEEEEE EERRRRREREEEEES
| | | |
| | | |
0 = A Rk
= 1 1 1 1
1 1 1 1
0 50 100 150 200 250 300

Force(gram)

Bl 4.10 &4 B ip| 2 &4 Eé‘:@ﬁ%] ¥R B
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SR~ 13)5 2 F P AN wFeade EaE > 27 e & 14 E (Residual)

X~y R 2B xBhiey T Al cagca ca Bl 5 2 & SIS and o R TR R

iz o
y:ao+alx+azxz+e (4)
I n
2
Ty S 5
i=1 i=1
35S, - ,
EI Z(Yi —ap — arX; — azX| (6)
0 im1
as .
aar = —ZZ i (yi —ap — a;x; — a,x{ (7)
1 i1
Il
0S,
9a = —2 ZX? (}’i —dap — a1Xj — azxiz (8)
2 im1
0= Z(Yi —ap —a1X; — ap%} 9)
i=1
n
_ 2
= ZXi(Yi —ap — a1 Xj — axXj (10)
1=1
n
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Experiment-1 | Experiment-2
Force (gram) Output Voltage (V)
0 0 0
30 0.25 0.3
60 0.33 0.46
90 1.1 1.2
120 1.3 1.37
150 1.8 1.8
180 2.1 24
210 24 2.5
240 33 3.2
270 3.7 4
300 4.5 4.5

B R RF PR aca cad a1 TF FR 28 (15) 0 d e X

RATREN >y PIA R BRDRY @ &7 E P 2SR5 H 8

+ 2 54(16)

AN e - NA6)F 2 R BRETF R BT F R 4B 420 5 Kb R0 F
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y =ay+a;x+a,x? (14)
y = 6.9099 + 92.0557x — 6.0417x> (15)

force(g) = 6.9099 + 92.0557 x Voltage — 6.0417 x Voltage? (16)

Second-Order Polynomial Regression
300 777777 T~ T T = T T T T T [ [ T T T T T T - - T T T T T A

Experimental Data
Polynomial Regression (Second-Order)
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Brtae 0 F AR KPIRARNF TS B € P A A gt Rt R RT R E
+ S CAPL 2 #cfs 23] Ruby - 2§ 17204 7 g e 5 0 BHE g 7 & cht i
T % Ruby B4 % & PIAR B crlic® ~ 7 B0 B S AR Rk Ak
R L P S FIE PR R RN FAE TR G F P
FZoFHEWS AT EIAHRRAIFERDECHANT . SRPFELT &

AT AEEE C APL i1 (50 2 7y §F By » g r s

LERE A e
Force Sensor Server High Level
(Main Program)
NI-DAQ Ruby C Ext.
(BUbIOLRE) Low Iievel

B 421 B4 RRIPIRE & Az i

ERFFTHEHRAF AR BTG E o - £ 0 TR 4 BHE

VLT s A it FREBE o 2 jE oA 43 90 o Byl B L4 % & close i kR
TFR o A AERRS RRGIREE TEARY Y 0 X FEMP S L AT
FTHfpe+ > 2 R ERIFIRERPER - FThE D LE L ST &
T T&kclose 23 AEANOER oAt P RLT BE T IROIS TE

A CH LN > A iE Y it 518 Ruby 7 GC(Garbage Collector) % i {7 w iz » & /% 1518

KPR e TS I Ruby CHp R @ ¥ Glho B 422 9 -

# 4.3 NI-DAQ Ruby C Extension APIs
NI-DAQ Ruby C Extension APIs

# Init. Function = initialize( inputChannel, minVoltage, maxVoltage )
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= start_task
# Task Ctrl. Function
= stop_task
# Get Function = get_ai_data
Example Code (Ruby)

require ""NIDAQ"'

daq = NIDAQ.new("Dev1/ai0", 0, 5) # Create and Init. DAQ Instance (0~5V)

daq.start_task # Start Task

daq.get_ai_data # Get Analog Data => Return Value : Voltage

daq.stop_task # Stop Task
Bl 4.22 FABFE+ I Ruby C 2 @ ¥ 4 0425 43

4.6 Kinect g jp] B3 £ 303 gepF 2 fe e

PRSI AVERE P AR F 2 2T U RdrdlRe B feni g -

]

M5 R R E e R AL R RIE (Bl T R P i R RS

2R A Z L o AT Y B - BB GAIIRE ik 3 A B e
¥ B 46577 2 B AkY vz il o g A NERB L R L ¥

d 3% OpenNI # ¥ it & FR3E Behed i ;R 2 0 7 ERDIRB T * ¥ ch

FREF > @ bEEARPE e BEF B RE e SR 0 d g
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fu
E
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>
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e
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S %@ﬁﬁﬁgi@%ﬁﬂf_ﬁ&#lj_} » F] 5
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] =

2Rl w it Ed BT o g e - ] 8 T2 (Simple Smoothing
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Method) % f# 432320 F* 48 -

/ﬁ“/zq*ﬂ;ﬁ SE L O NERE KA T Ao NAT)ArE o B P d R
AEACIR A AT 2G> H R BB ETFAFTHERA p 4 1o
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s AR R R EEMR . PR AT g B F RER 0 F 0D
gy PR a g TR o AL M0 EREE 60 LRI L D
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n

dy dj + -+ djy .
de= Y ()= = an

1
i > 1, (1: Index number, increase with time) :
n = 1, (n : How many data you want to use in filter)
. |
if x < 0 thendy = :

M—%fj‘lﬁ'/f’ T & Bl4r @] 4.23 #7710 KR Y ¥ U 'JF% g e A Ll 1l f
R E o BAC S B RE IS Kinect B iR]E e f) ) 1SR B(FPS)T o W eng R

BEL M H T B2 w3 i gt i iE & #3053 &7 FHmbit

Time Increase

A 4

soe [ ding | oo di; di diy di

A

Use these data to filter

[

A

Latest Data
B 423 GETHE7 LR
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IR P RWEBREF R PIFS LA
A TR D) AR R LR R AR Tk feded] R IEE L
TERIE O TR R A B PRERS 0L 5.1 A1 e
451 iz PlEBRE

Microsoft Windows XP Professional 32-Bit
(5.1.2600 Service Pack 3 Build 2600)

Operating System :

Processor : | Inte]l Core2 CPU 6320 @1.86Ghz
Memory : | 1x2048 MB (DDR2-667)
Ruby Version : | 1.9.3-p194
OpenNI Version : | OpenNI-Win32-1.3.4.3-dev
NITE Version : | NITE-Win32-1.4.2.4-dev

5.1 882 BFE 44838 2 sy Bl

d  Kinect & 7] B + & ch{ #7473 5 30Hz(30FPS) ¢ & 3R A B & so3m il
Zom 38 % 3| Kinect (h3 4L » 12 & §3 ¢ Kinect s AT 4 70 F)M 7 & Hd R
EREpe ]k PR 7R R B3R X P 3R H O, Ruby #2583 T (8 e R iTK

R URE R R SRR AR S ol e

BRR £ BF AR Sn i BE S R Ao 52 90 o ¥ U ILE * Ruby #rF iF

MRS RS > BHAF- X FERTEY 2ms 2w o FHESMEIR G

)

»
]

13

T

BRSO B AR S R 3 T @ 3 RO LR R LA -
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% 52 L RIS 2 st BlR R %

Method Name x1 x10 x100 x1000 x10000 x100000

calc_inv Method 0.0000s 0.0002s 0.0019s 0.0186s 0.1875s 1.8750s

drive_robot_arm Method 0.0077s 0.0781s 0.7762s 7.6875s

mv_to Method 0.0087s 0.0817s 0.8069s 8.4531s
Robot Arm Controller 0.0114s 0.1250s 1.1513s 11.1406s
FRA BRI AN NEET FR o B4R TERRR R EOFT

FL oo et e move_to ~ gripper_open ~ gripper_close % = ;& KT 48 £ BFiTH o 4o
T RS R R R 0 B¢ move to B E g R A B ek
calculate_inverse_kinematics ~ drive_robot_arm &% i > ;% » % ﬁ ARy e
BF O FrEFEL S ERF A BEREE SR RS
FiTd 2 & ueredLw #448 F] Ruby F e Dynamixel C APL 5 2 o #-% 5.2 aap)3#
EEEIRNE S1I TR g AEFREAAS LR IR ERRF DS 2

drive_robot_arm iz > ;% > v ¥ 3 A& move_to * F4 F T 9 & 2 LR FRER

‘=

=

i wg if4kI P 5 drive_robot_arm * jE e IFAZNAE T IR 0 Hoari h
¢h 2 B4 1 C3E 2 P (FehRuby 5% 0 BIZR 2 C 352 F 141 % ¢ Ruby #
ARFER B A SR AR B RE RRAARS sE 0 S B
Fens e R H 1 & R 5 USB2Dynamixel i 3 % % enen /O i B 7 43 B-973%
d >% USB2Dynamixel i 3 2% & & * FIDI ehd ¥ > # USB 4 & #ifit = UART
Serial /i eh— BRE > RR* FFV BB BH AL ERIPIPRIFL 2 EL
e € gL 8 3% % % enLatency Timer & ™ ¥ 5t 3 =0 Ims» F]pt 438 iv + USB2Dynamixel

i%ﬁﬁﬁﬁﬂUOﬁﬁ)‘]ﬁ%%éi F e RS AR A P B S R

% o
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Robot Arm Controller Performance Test
12 I I I \ \ I I

—@— calc_inv Method |
—@— drive_robot_arm Method | |
10H —&A— mv_to Method I
—@— Robot Arm Controller

Second

x10000 x100000
Number of Times

B 5.1 $E B didest 2 s RIS %

PoaR ik e L R AR 0 R TR S 12ms/5 0 FERI 52 kg
F it # & Mechanical Test & Analysis 7k % > e iza & §_F] % USB2Dynamixel 7
VO B 7 53 B-973k » Fac dic L A 4 e 1/O it :i‘f‘uﬁ‘é %9 #% = ] Measurement &
Control £/ s = f&_f # enipl3g i % %5 7 U H R » &% Ruby “F % chft 7 e
RAZE 2 R ? B o A & R F] &t Ruby & 3% 5 ehifnlgr 2 2 380 CF
Tdiken, 2R3 5 GaEIRE > FIt A P A IR E S S o oA A T Ay

I R SN el REE S Rl S - T I I oE- $1E L ESU & E
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Mechanical
Banking Measurement
Test Network Signal Missile
Support &
& Control Acquisition Simulation
(ATM) Control
Analysis
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B 5.2 ZARE k uird 2. B P R (Response time)
T KR 1 E R ]
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B EFEBRERI AR L ER DN By 0 Flt 08 el RRR AL A & oh
A

LiB4 ¢ F A7 ¥ 444 Kinect #vF & | RIic 4 i€ (7 £ 1[3, 30, 31,32, 33] > 4
¢ J.Stowers[3]% %5 % 1 f2ch> 7% I Kinect (hiE & f245 & 5 11-Bit » ¥ % d
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Kinect Depth Camera Calibration
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Kinect Depth Resolution Test
( Depth Value : [Min:338mm, Max:9757mm] )
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or

: ROBOTIS AX-12+ Control Table

- Address . Description — Initial Value
(Hexadecimal)| {Hexadecimal)
0 (0X00) Model Mumber(L) Lowest byte of model number R 12 (0X0C)
1 (0X01) Model Mumber(H) Highest byte of model number R 0 (0X00)
2 (0X02) ‘ersion of Firmware Information on the version of firmware R -
3 (0X03) D D of Dynamixel RW 1 (0X01)
4 (0X04) Baud Rate Baud Rate of Dynamixel RW 1 (0X01)
5 (0X05) Return Delay Time Return Delay Time RW 250 (0XFA)
G (0X06) CW Angle Limit(L) Lowest byte of clockwise Angle Limit RW 0 (0X00)
E T (0X07) CW Angle Limit(H}) Highest byte of clockwise Angle Limit RW 0 (0X00)
E 8 (0X08) ' Angle Limit(L) Lowest byte of counterclockwise Angle RW 255 (OKFF)
P Limit
R Highest byte of counterclockwise Angle
o 9 (0X09) CCW Angle Limit(H) Limit RW 3 (0X03)
M 11 (0X0B) the Highest Limit Temperature Internal Limit Temperature RW 70 (0X46)
12 (0X0C) the Lowest Limit Voltage Lowest Limit Voltage RW B0 (0X3C)
13 (0X0D) the Highest Limit Violtage Highest Limit Voltage RW 140 (0XBE)
14 (0X0E) Max Torque(L) Lowest byte of Max. Torque RW 255 (0XFF)
15 (0X0F) Max Torque(H) Highest byte of Max. Torque RW 3 (0X03)
16 (0X10) Status Return Level Status Return Level RW 2(0X02)
A7 (0X11) Alarm LED LED for Alarm RW 36(0x24)
18 (0X12) Alarm Shutdown Shutdown for Alarm RW 36(0x24)
24 (0X18) Torque Enable Torque On/Of RW 0 (0X00)
25 (0X19) LED LED On/Off RW 0 (0X00)
26 (0X14) CW Compliance Margin CW Compliance margin RW 1(0X01)
27 (0X1B) CCW Compliance Margin CCW Compliance margin RW 1 (0X01)
28 (0X1C) CW Compliance Slope CW Compliance slope RW 32 (0x20)
28 (0xX1D) CCW Compliance Slope CCW Compliance slope RW 32 (0X20)
30 (0X1E) Goal Positiod Lowest byte of Goal Position RW -
31 (0X1F) Goal Position(H) Highest byte of Goal Position RW -
32 (0X20) Maving SpeediL) Lowest byte of Moving Speed RW -
33(0x21) Moving Speed(H) Highest byte of Moving Speed RW -
34 (0K22) Torgue Limit(L) Lowest byte of Torque Limit RW ADD14
=3 35 (0X23) Torgue Limit(H) Highest byte of Torque Limit RW ADD15
A 36 (0X24) Present Position(L) Lowest byte of Current Position R -
M 37 (0X25) Present Position(H) Highest byte of Current Position R -
38 (0X26) Present Speed(L) Lowest byte of Current Speed R -
39 (0X27) Present Speed(H) Highest byte of Current Speed R -
40 (0X28) Present Load(L) Lowest byte of Current Load R -
41 (0X29) Present Load(H) Highest byte of Current Load R -
42 (0K2A) Present Voltage Current Voltage R -
43 (0X2B) Present Temperature Current Temperature R -
44 (0X2C) Registered Means if Instruction is registered R 0 (0X00)
46 (0X2E) Moving Means if there is any movement R 0 (0X00)
47 (0X2F) Lock Locking EEPROM RW 0 (0X00)
48 (0X30) Punch(L}) Lowest byte of Punch RW 32 (0X20)
49 (0X31) Punch(H) Highest byte of Punch RW 0 (0X00)
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"té= : ROBOTIS AX-12+ Dimension

26

4-M2 TAP DP4.0

50

===
J

"t+4= : ROBOTIS USB2Dynamixel Connector Pin Layout

[ PIN Figure of 4P / 3P Cable Connctors ]

4 Pin Cable

3 Pin Cable

Pin No.

Signal

Pin Figure

Pin No.

Signal

Pin Figure

GND

GND

NOT Connected

DATA + [RS-4856]

&=

DATA - (RS-4856]

0000
4321

NOT Connected

DATA [TTL)

o000
3 2 1

[ PIN Figure of Serial Connector ]

Pin No.

Signal

Pin Figure

Data (TTL)

RXD (RS-232)

TXD (RS-232)

D+ (RS-4B5)

GND

D- (RS-485)

Shart with Ne. 8

Short with No. 7

Dol |wa]l—

USB power (5V)

(E:I 0_2_03 '4 ._:jl
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"té4xx : AX-12+ Robot Arm Controller Source Code (Ruby)

#! /usr/bin/env ruby

# encoding: UTF-8

¥

# Program name : AX-12 Robot Arm Controller (Kinect Version)

# Created by Louis Smith on May 9, 2011

# Arguments:

# ——force_sensor_on

# [ Add Load Path ] # #

$LOAD_PATH. push( File.dirname(__FILE_ ) +’/../1ib" )

# [ Import Library ] # #

require "AX-12 Robot Arm"

require "socket"

# Init Robot Arm #

robot_arm = AX12_Robot_Arm. new()

# Force Sensor Daemon #
if ARGYV. include? ' --force_sensor_on
$force_sensor = Thread. new do
begin

"

puts " - Connecting to Remote Host (Force Sensor), Please Wait - "

force_sensor_session = TCPSocket. new(’ 127.0.0.1°, 23125)

loop {
# Request Force Sensor Data

force_sensor_session. print(’ r’ )

# Receive a 32-Bits(4-Bytes) Float Number from Force Sensor Server

raw_data = force_sensor_session. recv(4)
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raise(Exception, ’Session Closed’ ) if raw_data.empty?

voltage = raw_data. unpack(’ F’ ). first

# Force Sensor - Polynomial Regression Second-Order (Sensorl + Sensor2) Reversed

percentage_of_torque = 100 * ( 6.9099 + 92. 0557 * voltage - 6.0417 * voltage¥*¥2 ) / 300.0

if ( percentage_of_torque < 10 )
percentage_of_torque = 10

elsif ( percentage_of_torque > 100 )
percentage_of_torque = 100

end

# Change Gripper Torque

robot_arm. ch_gripper_torque( percentage_of_torque )

# 5Hz(0. 2 Sec) Update Frequency

sleep(0. 2)

rescue Exception => err_msg
putsC Error: ° + err_msg. to_s, ’'retry ) if force_sensor_session
if force_sensor_session. respond_to?(’ closed?’ )
force_sensor_session. close unless force_sensor_session. closed?
else
force_sensor_session. close if force_sensor_session
end
sleep(1)

retry

end
end

end
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begin
# Start TCP/IP Communication #

"

puts " - Connecting to Remote Host (Kinect Sensor), Please Wait - "

kinect_session = TCPSocket.new(’ 127.0.0.1", 23124)

# Main Loop #
loop {
# X(mm), Y(mm), Z(mm), diff(mm)

kinect_session. recv(20) =~ /([+-]\d\d\d\d) ([+- Nd\d\d\d) ([+- Nd\d\d\d)([+-]\d\d\d\d)/

x = $l.to_i # x(mm)
y = ($3.to_i - 1500) # y(mm)
z= $2.to i # z(mm)

depth_diff = $4.to_i # (mm) : The difference between the hand and the nearest point of the distance of the Z axis

# Drive the robot arm

robot_arm. mv_to(x, y, z)

# Open or close gripper

if (depth_diff >= 60) # >=60mm
robot_arm. gripper_open

elsif (robot_arm. gripper_status != :close)
robot_arm. gripper_close

end

# Print info on screen

printf("X%+05imm, Y%+05imm, Z%+05imm, G%+05imm\n", X, y, z, depth_diff)

rescue Exception => err_msg
puts(C Error: ~ + err_msg. to_s, 'retry’ ) if kinect_session
if kinect_session. respond_to?(’ closed?’ )
kinect_session. close unless kinect_session. closed?

else
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kinect_session. close if kinect_session
end
sleep(1)

retry

end
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"+4x71 : AX-12+ Robot Arm Abstraction Layer Source Code (Ruby)

#! /usr/bin/env ruby

# encoding: UTF-8

¥

# Program name : AX-12+ Robot Arm

# Created by Louis Smith on Dec. 30, 2010.

# [ Import Ext. Library ] # #

require "Dynamixel”

# [ Included Module I #

include Math

class AX12_Robot_Arm

attr_reader :gripper_status

attr_accessor :serial_ Port_Num,
:serial_Comm_Speed,
;axisl_Motor_ID,
;axis2_L _Motor_ID,
:axis2_R_Motor_ID,
raxis3_L_Motor_ID,
;axis3_R_Motor_ID,
:axisd_Motor_ID,
:gripper_L_Motor_ID,

:gripper_R_Motor_ID

private
def initialize( robot_arm_config data = { :Serial_Port_Num => 10,
:Serial_Comm_Speed => 1,
:Axisl_Motor_ID = 1,
:Axis2_L _Motor_ID => b,
:Axis2_R Motor_ID => 3,

:Axis3_L _Motor_ID => 9,
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:Axis3_R Motor_ID => T,
:Axis4_Motor_ID => 15,
:Gripper_L_Motor_ID => 16,

:Gripper_R Motor_ID => 17 } )

@serial_Port_Num = robot_arm_config datal:Serial_Port_Num]
@serial_Comm_Speed = robot_arm_config_datal:Serial_Comm_Speed]
@axisl_Motor_ID = robot_arm_config datal:Axisl_Motor_ID]
@axis2_L_Motor_ID = robot_arm_config datal:Axis2_L_Motor_ID]
@axis2_R_Motor_ID = robot_arm_config datal:Axis2_R_Motor_ID]
@axis3_L_Motor_ID = robot_arm_config datal:Axis3_L_Motor_ID]
@axis3_R_Motor_ID = robot_arm_config datal:Axis3_R Motor_ID]
@axis4_Motor_ID = robot_arm_config datal:Axis4 Motor_ID]
@gripper_L_Motor_ID = robot_arm_config_datal :Gripper_L_Motor_ID]

@gripper_R_Motor_ID = robot_arm_config_datal :Gripper_R_Motor_ID]

init_robot_arm()

end

def init_robot_arm()
# Initializes the communication device and return status value.

status = Dynamixel. initialize(@serial_Port_Num, @serial_Comm_Speed)

# Display return status value of the Dynamixel communication device after Init.
if (status == 1)
# Success
puts "Dynamixel Communication Device Init. ’Success’ :\n " +
"> Device Index=#{@serial_Port Numj\n " +
"> Baud Rate Number=#{@serial_Comm_Speed}"
else
# Failure
puts "- Dynamixel Communication Device Init. ’Failure’ -"

sleep(10)

exit()
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end

# AX-12+ Robot Arm Parameters

@d_1 = Float( 115 ) # mm
@a_2 = Float( 172 ) # mm
@a_3 = Float( 75 ) # mm
@d_4 = Float( 175 ) # mm

# Init. Position
@init_x = Float( 0)
@init_y = Float( @d_4 )

@init_z = Float( @d_1 + @a_2 + @a_3 )

# Init Robot Arm
ch_driver_speed() # Init Moving Speed of all Three Axes
ch_gripper_speed() # Init Moving Speed of the Gripper

ch_rotate_gripper_speed() # Init Moving Speed of Axis Four

mv_to() # Drive the Robot Arm to the Init Position
mv_gripper() # Drive the Robot Arm to the Init Position
rotate_gripper() # Drive the Robot Arm to the Init Position

# Gripper Status (Open or Close)

@gripper_status = :open

# Prevent Overload of the Gripper Motor
@gripper_protector = Thread. new do
loop {
if (@gripper_status == :close) and !(gripper_moving?)
left_gripper_value = Dynamixel.read_word(@gripper_L_Motor_ID, 36)
right_gripper_value = Dynamixel. read_word(@gripper_R_Motor_ID, 36)
Dynamixel. write_word(@gripper_L_Motor_ID, 30, left_gripper_value + 10)
Dynamixel. write_word(@gripper_R_Motor_ID, 30, right_gripper_value - 10)
end

sleep(0.2) # 5Hz
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end

end

public

def ch_driver_speed(axisl_speed=50, axis2_speed=50, axis3_speed=50)

# Change Robot Arm Axis-1 Speed

Dynamixel. write_word(@axisl_Motor_ID , 32,

# Change Robot Arm Axis-2 Speed
Dynamixel. write_word(@axis2_R_Motor_ID, 32,

Dynamixel. write_word(@axis2_L_Motor_ID, 32,

# Change Robot Arm Axis-3 Speed
Dynamixel. write_word(@axis3_R_Motor_ID, 32,
Dynamixel. write_word(@axis3_L_Motor_ID, 32,

end

def drive_robot_arm(thetal, theta?2, theta3)
# Drive Axis-1

Dynamixel. write_word(@axisl_Motor_ID , 30,

# Drive Axis-2
Dynamixel. write_word(@axis2_R_Motor_ID, 30,

Dynamixel. write_word(@axis2_L_Motor_ID, 30,

# Drive Axis-3
Dynamixel. write_word(@axis3_R_Motor_ID, 30,
Dynamixel. write_word(@axis3_L_Motor_ID, 30,

end

(axisl_speed). round)

(axis2_speed). round)

(axis2_speed). round)

(axis3_speed). round)

(axis3_speed). round)

( (thetal+ 60)*3.41).round) # (theta+60)*(1023/300)

( (theta2+150)%3.41). round) # (thetat150)*(1023/300)

(1023-(theta2+150)*3. 41). round)

( (thetad+150)%*3. 41). round)

(1023-(theta3+150)*3. 41). round)

def calculate_inverse_kinematics(p_x, p_y, Dp_z)

begin

# Note: thetal can not be "0" and "180"
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(p_y = le-5) if (p_y == 0)

# Inverse Kinematics

thetal = atan2(p_y, p_x)

thetad = asin( ((p_y/sin(thetal))**2+(p_z-0d_1)**2-(@a_2%*2+@a_3**2+@d_4%*2))/

(2%@a_2*sqrt(@a_3**2+@d_4**2)) )-atan(@a_3/@d_4)

theta2 = ( asin( (p_z-@d_1)/sqrt((@a_2+@a_3*cos(thetad)+@d_4*sin(thetad))**2+
(@a_3*sin(theta3)-@d_4*cos(thetad))**2) )-atan2((@a_3*sin(thetad)-

@d_4*cos(thetad)), (@a_2+@a_3*cos(thetad)+@d_4*sin(thetad))) ) - (P1/2)

# Convert to Degree
thetal *= (180/PI)
theta2 *= (180/PI)

thetad *= (180/PI)

# Solve The Problem of The Third Quadrant

( thetal += Float(360) ) if (-180 < thetal) and (thetal < -90)

return [thetal, theta2, thetad]

rescue Exception
STDERR. puts "-WARNING- Out of Range"
return :ERROR

end

end

def mv_to(p_x=@init_x, p_y=@init_y, p_z=@init_z)
# Calculate the Inverse Kinematics

theta = calculate_inverse_kinematics(p_x, p_y, Dp_z)

# Drive the robot arm
drive_robot_arm(C¥theta) if (theta != :ERROR)

end
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def rotate_gripper(thetad=0) # Unit: Degree, Range: 150 ~ -150 degree
Dynamixel. write_word(@axis4_Motor_ID, 30, ((theta4+150)%3.41).round) # 3.41 = 1023 / 300

end

def ch_rotate_gripper_speed( rotate_gripper_speed = 50 )
Dynamixel. write_word(@axis4_Motor_ID, 32, rotate_gripper_speed. round)

end

def mv_gripper(dist=45) # Unit: cm, Range: 5 ~ 85 mm
Dynamixel. write_word(@gripper_L_Motor_ID, 30, (512+40-(dist-5)).round)
Dynamixel. write_word(@gripper_R_Motor_ID, 30, (512+(dist-5)-40).round)

end

def gripper_open
Dynamixel. write_word(@gripper_L_Motor_ID, 30, 472)
Dynamixel. write_word(@gripper_R Motor_ID, 30, 552)
@gripper_status = :open

end

def gripper_close
Dynamixel. write_word(@gripper_L_Motor_ID, 30, 560)
Dynamixel. write_word(@gripper_R Motor_ID, 30, 464)
@gripper_status = :close

end

def gripper_stop
left_gripper_value = Dynamixel.read_word(@gripper_L_Motor_ID, 36)
right_gripper_value = Dynamixel. read_word(@gripper_R_Motor_ID, 36)
Dynamixel. write_word(@gripper_L_Motor_ID, 30, left_gripper_value)
Dynamixel. write_word(@gripper_R_Motor_ID, 30, right_gripper_value)
@gripper_status = :stop

end

def ch_gripper_speed( gripper_speed = 50 )
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Dynamixel. write_word(@gripper_L_Motor_ID, 32, gripper_speed. round)
Dynamixel. write_word(@gripper_R_Motor_ID, 32, gripper_speed. round)

end

def ch_gripper_torque( percentage_of_torque = 10 )
if ( percentage_of_torque > 0 ) and ( percentage_of_torque <= 100 )
output = (percentage_of_torque/100. 0%1024-1). round

else

I
o

output
end
Dynamixel. write_word(@gripper_L_Motor_ID, 34, output)
Dynamixel. write_word(@gripper_R_Motor_ID, 34, output)

end

def gripper_moving?
if ((Dynamixel.read_word(@gripper_L Motor ID, 46)==0) or
(Dynamixel. read_word(@gripper_R_Motor_ID, 46)==0))
return false
else
return true
end

end

def terminate
Dynamixel. terminate()
end

end
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*+45%- : Dynamixel C API Port to Ruby (Ruby C Ext.)

/%

# Extension Name : Dynamixel
# Created by Louis Smith on Oct. 10, 2011.
*/

#if defined(__cplusplus)
extern "C" {

#endif

#include <stdio.h>
#include <stdlib.h>
#include <ruby.h>

#include <dynamixel.h>

static VALUE cDynamixel;

/% Device Control Methods */
static VALUE dynamixel_initialize( VALUE self, VALUE devIndex, VALUE baudnum ) {

return INT2FIX( dx1_initialize( FIX2INT(devIndex), FIX2INT(baudnum) ) );

static VALUE dynamixel_ terminate( VALUE self ) {
dx1_terminate();

return Qnil;

/% Set/Get Packet Methods */
static VALUE dynamixel_set_txpacket_id( VALUE self, VALUE id ) {
dx1_set_txpacket_id( FIX2INT(id) );

return Qnil;
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static VALUE dynamixel_set_txpacket_instruction( VALUE self, VALUE instruction ) {
dx1_set_txpacket_instruction( FIX2INT(instruction) );

return Qnil;

static VALUE dynamixel_set_txpacket_parameter( VALUE self, VALUE index, VALUE value ) {
dx1_set_txpacket_parameter( FIX2INT(index), FIX2INT(value) );

return Qnil;

static VALUE dynamixel_set_txpacket_length( VALUE self, VALUE length ) {
dx1_set_txpacket_length( FIX2INT(length) );

return Qnil;

static VALUE dynamixel_get_rxpacket_error( VALUE self, VALUE errbit ) {

return INT2FIX( dxl_get_rxpacket_error( FIX2INT(errbit) ) );

static VALUE dynamixel get_rxpacket_parameter( VALUE self, VALUE index ) {

return INT2FIX( dxl_get_rxpacket_parameter( FIX2INT(index) ) );

static VALUE dynamixel_get_rxpacket_length( VALUE self ) {

return INT2FIX( dxl_get_rxpacket_length() );

/*¥ Utility for Value */
static VALUE dynamixel_makeword( VALUE self, VALUE lowbyte, VALUE highbyte ) {

return INT2FIX( dxl_makeword( FIX2INT(lowbyte), FIX2INTChighbyte) ) );

static VALUE dynamixel_get_lowbyte( VALUE self, VALUE word ) {

return INT2FIX( dxl_get_lowbyte( FIX2INT(word) ) );
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static VALUE dynamixel_get_highbyte( VALUE self, VALUE word ) {

return INT2FIX( dx1_get_highbyte( FIX2INT(word) ) );

/% Packet Communication Methods */
static VALUE dynamixel tx_packet( VALUE self ) {
dx1_tx_packet();

return Qnil;

static VALUE dynamixel rx_packet( VALUE self ) {
dx1_rx_packet();

return Qnil;

static VALUE dynamixel_txrx_packet( VALUE self ) {
dx1_txrx_packet();

return Qnil;

static VALUE dynamixel_get _result( VALUE self ) {

return INT2FIX( dx1_get_result() );

/% High Communication Methods */
static VALUE dynamixel ping( VALUE self, VALUE id ) {
dx1_ping( FIX2INT(id) );

return Qnil;

static VALUE dynamixel_read_byte( VALUE self, VALUE id, VALUE address ) {

return INT2FIX( dxl_read_byte( FIX2INT(id), FIX2INT(address) ) );
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static VALUE dynamixel write_byte( VALUE self, VALUE id, VALUE address, VALUE value ) {
dx1_write_byte( FIX2INT(id), FIX2INT(address), FIX2INT(value) );

return Qnil;

static VALUE dynamixel_read_word( VALUE self, VALUE id, VALUE address ) {

return INT2FIX( dx1_read_word( FIX2INT(id), FIX2INT(address) ) );

static VALUE dynamixel write_word( VALUE self, VALUE id, VALUE address, VALUE value ) {
dx1_write_word( FIX2INT(id), FIX2INT(address), FIX2INT(value) );

return Qnil;

/* Ruby Define
void Init_Dynamixel() {
/* Ruby Class */

cDynamixel = rb_define_class("Dynamixel", rb_cObject);

/% Constant */

rb_define_const(cDynamixel, "BROADCAST_ID" , INT2FIX(BROADCAST ID));
rb_define_const(cDynamixel, "INST PING" , INT2FIXCINST_PING));
rb_define_const(cDynamixel, "INST READ" , INT2FIXCINST_READ));
rb_define_const(cDynamixel, "INST WRITE" , INT2FIXCINST _WRITE));
rb_define_const(cDynamixel, "INST_REG_WRITE" , INT2FIX(INST_REG_WRITE));
rb_define_const(cDynamixel, "INST_ACTION" , INT2FIX(INST_ACTION));
rb_define_const(cDynamixel, "INST RESET" , INT2FIXCINST _RESET));
rb_define_const(cDynamixel, "INST_SYNC WRITE" , INT2FIX(INST_SYNC WRITE));
rb_define_const(cDynamixel, "MAXNUM_TXPARAM" ,  INT2FIX(MAXNUM_TXPARAM));
rb_define_const(cDynamixel, "MAXNUM_RXPARAM" ,  INT2FIX(MAXNUM_RXPARAM));
rb_define_const(cDynamixel, "ERRBIT_ VOLTAGE" , INT2FIX(ERRBIT_VOLTAGE));
rb_define_const(cDynamixel, "ERRBIT_ ANGLE" , INT2FIX(ERRBIT_ANGLE));

*/
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rb_define_const(cDynamixel, "ERRBIT OVERHEAT" s
rb_define_const(cDynamixel, "ERRBIT RANGE" s
rb_define_const(cDynamixel, "ERRBIT CHECKSUM" s
rb_define_const(cDynamixel, "ERRBIT OVERLOAD" s
rb_define_const(cDynamixel, "ERRBIT_INSTRUCTION",
rb_define_const(cDynamixel, "COMM_TXSUCCESS" s
rb_define_const(cDynamixel, "COMM_RXSUCCESS" s
rb_define_const(cDynamixel, "COMM_TXFAIL" s
rb_define_const(cDynamixel, "COMM_RXFAIL" s
rb_define_const(cDynamixel, "COMM_TXERROR" s
rb_define_const(cDynamixel, "COMM_RXWAITING" s
rb_define_const(cDynamixel, "COMM_RXTIMEOUT" b

rb_define_const(cDynamixel, "COMM_RXCORRUPT" .

/% Class Method */
rb_define_module_function(cDynamixel, "initialize"

rb_define_module_function(cDynamixel, "terminate"

rb_define_module_function(cDynamixel, "set_txpacket_id" , RUBY_METHOD_FUNC(dynamixel_set_txpacket_
rb_define_module_function(cDynamixel, "set_txpacket_instruction", RUBY_METHOD_FUNC(dynamixel_set_txpacket_
rb_define_module_function(cDynamixel, "set_txpacket parameter" , RUBY_METHOD_FUNC(dynamixel_set_txpacket_
rb_define_module_function(cDynamixel, "set_txpacket_length" , RUBY_METHOD_FUNC(dynamixel_set_txpacket_
rb_define_module_function(cDynamixel, "get_rxpacket_error" , RUBY_METHOD_FUNC(dynamixel_get_rxpacket_
rb_define_module_function(cDynamixel, "get_rxpacket_parameter" , RUBY METHOD_FUNC(dynamixel_get_rxpacket_

rb_define_module_function(cDynamixel, "get_rxpacket_length" , RUBY_METHOD_FUNC(dynamixel_get_rxpacket_

rb_define_module_function(cDynamixel, "makeword"

INT2FIX(ERRBIT_OVERHEAT));
INT2FIX(ERRBIT_RANGE));
INT2FIX(ERRBIT_CHECKSUM));
INT2FIX(ERRBIT_OVERLOAD));
INT2FIX(ERRBIT_INSTRUCTION));
INT2FIX(COMM_TXSUCCESS)) ;
INT2FIX(COMM_RXSUCCESS)) ;
INT2FIX(COMM_TXFAIL));
INT2FIX(COMM_RXFAIL));
INT2FIX(COMM_TXERROR)) ;
INT2FIX(COMM_RXWAITING));
INT2FIX(COMM_RXTIMEOUT)) ;
INT2FIX(COMM_RXCORRUPT)) ;

, RUBY_METHOD_FUNC(dynamixel_initialize

, RUBY_METHOD_FUNC(dynamixel_terminate

, RUBY_METHOD_FUNC(dynamixel_makeword

rb_define_module_function(cDynamixel, "get_lowbyte" , RUBY_METHOD_FUNC(dynamixel_get_lowbyte

rb_define_module_function(cDynamixel, "get_highbyte" , RUBY_METHOD_FUNC(dynamixel_get_highbyte

rb_define_module_function(cDynamixel, "tx_packet"

rb_define_module_function(cDynamixel, "rx_packet"

, RUBY_METHOD_FUNC(dynamixel_tx_packet

, RUBY_METHOD_FUNC(dynamixel_rx_packet

rb_define_module_function(cDynamixel, "txrx_packet" , RUBY_METHOD_FUNC(dynamixel _txrx_packet

rb_define_module_function(cDynamixel, "get_result"
rb_define_module_function(cDynamixel, "ping"
rb_define_module_function(cDynamixel, "read_byte"

rb_define_module_function(cDynamixel, "write_byte"

, RUBY_METHOD_FUNC(dynamixel_get_result
, RUBY_METHOD_FUNC(dynamixel_ping
, RUBY_METHOD_FUNC(dynamixel_read_byte

, RUBY_METHOD_FUNC(dynamixel_write_byte

id ),
instruction),
parameter ),
length ),
error ),
parameter ),

length ),

2);
0;
D;
D;
2);
D;
D;
D;
0;
2);
D;
D;
0;
0;
0;
0;
D;
2);
3);
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rb_define_module_function(cDynamixel, "read_word"

rb_define_module_function(cDynamixel, "write_word"

#if defined(__cplusplus)

}
#endif

, RUBY_METHOD_FUNC(dynamixel_read_word

, RUBY_METHOD_FUNC(dynamixel_write_word
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"+4%- : Force Sensor Server Source Code (Ruby)

#! /usr/bin/env ruby
# encoding: UTF-8
# Program name : Force Sensor Server (NI-DAQ)

# Created by Louis Smith on May 9, 2011

# [ Add Load Path ] # #

$LOAD_PATH. push( File.dirname(__FILE_ ) +’/../1ib" )

# [ Import Library ] # #
require "NIDAQ"

require "socket"

force_sensor_server = TCPServer.new(’ 127.0.0.1", 23125)
daq = NIDAQ. new("Devl/ai0", 0, 5)

puts ' - Force Sensor Server : Created -

begin
client = force_sensor_server. accept
daq. start_task
loop {
# If Client Request Sensor Data then Send a 32-Bits(4-Bytes) Float Number Back
client. print( [daq.get_ai_data]. pack(CF’) ) if client.getc ==t
}
rescue Exception
puts ' - Failure -
client. close
sleep(1)
retry
ensure
force_sensor_server. close if force_sensor_server
daq. stop_task

end
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Ytéx~ : NI-DAQ Ruby C Ext. Source Code (Ruby C Ext.)

/%

# Extension Name : NI-DAQ Analog Input
# Created by Louis Smith on Oct. 6, 2011.
*/

#if defined(__cplusplus)
extern "C" {

#endif

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <ruby.h>

#include <NIDAQmx.h>

#def ine DAQmxErrChk(functionCall) { if( DAQmxFailed(error=(functionCall)) ) { nidaq_error( taskHandle ); } }

#define BufferSize 1000

long int error = 0;

static VALUE cNIDAQ;

// Error Handler
static void nidag_error( TaskHandle taskHandle ) {

char errBuff[2048] = {"\0’ };

if( DAQmxFailed(error) ) {
DAQmxGetExtendedErrorInfo( errBuff, 2048 );
DAQmxStopTask( taskHandle );

rb_raise( rb_eRuntimeError, "DAQmx Error %d: %s\n", error, errBuff );
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// Analog Input
static double arrayAverage( const double datal[], const long int size ) {
double avg = 0;

long int 1i;

for(i = 0; i<size; ++i) {
avg += datalil;
1

avg = avg / (double)size;

return avg;

static void nidaq_free( void *taskHandle ) {

/% Close the Task */

DAQmxClearTask( taskHandle );

static VALUE nidaq_alloc( VALUE klass ) {
VALUE obj;

TaskHandle taskHandle = 0;

DAQmxErrChk( DAQmxCreateTask("", &taskHandle) );

obj = Data_Wrap_Struct( klass, 0, nidaq_free, taskHandle );

return obj;

static VALUE nidaq_initialize( VALUE self, VALUE ch, VALUE minVolt, VALUE maxVolt ) {

/% Channel parameters (Convert Ruby Object to C Data Types) */

char *channel RSTRING_PTR(ch) ; // String

NUM2DBL(minVolt); // Numeric

double minVoltage

double maxVoltage = NUM2DBL(maxVolt); // Numeric
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TaskHandle taskHandle = 0;
Data_Get_Struct( self, TaskHandle, taskHandle );
DAQmxErrChk( DAQmxCreateAIVoltageChan( taskHandle

channel,

"
)

DAQmx_Val Diff,
minVol tage,
maxVol tage,
DAQmx_Val_Volts,
NULL ));

return self;

static VALUE nidaq_start_task( VALUE self ) {

TaskHandle taskHandle = 0;

Data_Get_Struct( self, TaskHandle, taskHandle );

/% Start the Task */

DAQmxErrChk( DAQmxStartTask( taskHandle ) );

return Qnil;

static VALUE nidaq_stop_task( VALUE self ) {

TaskHandle taskHandle = 0;

Data_Get_Struct( self, TaskHandle, taskHandle );

/% Stop the Task */

DAQmxStopTask( taskHandle );

return Qnil;
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static VALUE nidaq_get_analog_input( VALUE self ) {
// Timing parameters

ulnt32 samplesPerChan = BufferSize; // The size of the array, in samples, into which samples are read

// Data read parameters

double data[BufferSize]; // The array to read samples into

long int pointsToRead = BufferSize; // The number of samples, per channel, to read.

long int pointsRead; // The actual number of samples read from each channel.

double  timeout = 10.0;

VALUE result;

TaskHandle taskHandle

0;

Data_Get_Struct(self, TaskHandle, taskHandle);

DAQmxErrChk( DAQmxReadAnalogF64( taskHandle
pointsToRead
timeout,
DAQmx_Val_GroupByChannel,
data
samplesPerChan,
&pointsRead,
NULL ));

result = rb_float_new( arrayAverage(data, pointsRead) );

if ( rb_block_given_p() ) {

result = rb_yield( result );

return result;

// Ruby Define

void Init_NIDAQO) {
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/% Analog Input */
cNIDAQ = rb_define_class("NIDAQ", rb_cObject);

rb_define_alloc_func(cNIDAQ, nidag_alloc);

rb_define_method(cNIDAQ, "initialize" , RUBY_METHOD_FUNC(nidaq_initialize ), 3);
rb_define_method(cNIDAQ, "start_task" , RUBY_METHOD_FUNC(nidaq_start_task ), 0);
rb_define_method(cNIDAQ, "stop_task" , RUBY_METHOD_FUNC(nidaq_stop_task ), 0);

rb_define_method(cNIDAQ, "get_ai_data", RUBY_METHOD_FUNC(nidaq_get_analog_input), 0);

#if defined(__cplusplus)

}
#endif
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"+4%4 : Kinect Sensor Server Source Code (C/C++)

/*k

Program name : Kinect Sensor Server

Created by Louis Smith on May 8, 2011.

*/
#include <stdio.h>
#include <stdlib.h>
#include <iostream>
#include <string>
#include <XnCppWrapper.h>
#include <windows. h>
#include <winsock2.h>
#include <ws2tcpip. h>
#pragma comment (lib, "Ws2_32.1ib")
#define DEFAULT_BUFLEN 512
#define DEFAULT_IP_ADDRESS "127.0.0.1"
#define DEFAULT_PORT "23124"
#define XPIXELS 640 /* XN_VGA_X RES */
#define YPIXELS 480 /* XN_VGA_Y_RES */
#define FPS 30
#define GESTURE_TO_USE "RaiseHand"
#define SMOOTHING_FACTOR 0 /% Smoothing factor, in the range 0..1.

Inside the range is generator dependent.
-> 0 Means no smoothing

-> 1 means infinite smoothing. */

// Global Variables //

// Universal //

XnFloat nearestPointDepth = 0;

// Kinect //
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XnStatus eResult = XN_STATUS_OK;

xn: :Context mContext; // Create Context

xn: :DepthGenerator  mDepthGenerator; // Create Depth  Generator
xn: :GestureGenerator mGestureGenerator; // Create Gesture Generator

xn: :HandsGenerator  mHandsGenerator; // Create Hand Generator

// Server //
int iResult;

int iSendResult;

char sendbuf[DEFAULT BUFLEN]; // Send Buffer
char recvbuf[DEFAULT BUFLEN]; // Recv Buffer
int recvbuflen = DEFAULT_BUFLEN;

WSADATA wsaData;

SOCKET ListenSocket = INVALID_SOCKET;

SOCKET ClientSocket

INVALID_SOCKET;
struct addrinfo *result = NULL;

struct addrinfo hints;

// ERROR Check Function //
void CheckOpenNIError( XnStatus eResult, std::string sStatus ) {
if( eResult != XN_STATUS_OK ) {

std::cerr << sStatus << " Error : " << xnGetStatusString( eResult ) << std

// Find Nearest Point

XnUInt32 findNearestPoint( const XnDepthPixel *pDepthMap ) {
int x, y, index, depth;
int min = 10000; // 10 Meter

XnUInt32 nearestPointIndex = 0;

for (y=0; y<YPIXELS; ++y) {
for (x=0; x<XPIXELS; ++x) {

index = y*XPIXELS+x;

::endl;
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depth = *( pDepthMap + index );

if ( (depth != 0) & (min > depth) ) {
nearestPointIndex = index;

min = depth;

}

return nearestPointIndex;

void average( const XnFloat dataBuffer[][4], int length, XnFloat dataAvg[4] ) {

int index;

for( index = 0; index<length; ++index ) {
dataAvg[0] += dataBuffer[index][0];
dataAvg[1] += dataBuffer[index][1];
dataAvg[2] += dataBuffer[index][2];
dataAvg[3] += dataBuffer[index][3];

}

dataAvg[0] /= length;

dataAvg[1] /= length;

dataAvg[2] /= length;

dataAvg[3] /= length;

// Kinect Callback Function //
void XN_CALLBACK_TYPE

Gesture_Recognized(xn: : GestureGenerator &generator

const XnChar *¥strGesture,
const XnPoint3D *pIDPosition,
const XnPoint3D *pEndPosition
void *pCookie)

mGestureGenerator. RemoveGesture(strGesture);
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mHandsGenerator. StartTracking(kpEndPosition);

printf("Gesture recognized: %s\n", strGesture);

void XN_CALLBACK_TYPE

Gesture_Process(xn: : GestureGenerator &generator,

const XnChar *strGesture,
const XnPoint3D *pPosition,
XnFloat fProgress,
void *pCookie)

void XN_CALLBACK_TYPE

Hand_Create(xn: :HandsGenerator &generator,
XnUserID nld,
const XnPoint3D *pPosi tion,
XnFloat fTime,

void *pCookie)

printf("New Hand: %d @ ( X = %8. 3fmm , Y = %8. 3fmm , Z =%8. 3fmm )\n", nld, pPosition->X, pPosition->Y, pPosition->Z);

void XN_CALLBACK_TYPE

Hand_Update(xn: :HandsGenerator &generator,
XnUserID nld,
const XnPoint3D *pPosition,
XnFloat fTime,

void *pCookie)

// Initialize Static Local Variables
static XnFloat dataAvg[4] = { 0, 0, 0, 0 };
static short int dataBufferIndex = 0;

static XnFloat dataBuffer[6][4] = { {0, 0, 0, 0},
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dataBuffer[dataBufferIndex][0] = pPosition—>X;
dataBuffer[dataBufferIndex][1] = pPosition->Y;

dataBuffer[dataBufferIndex][2] = pPosition->Z;

dataBuffer[dataBufferIndex][3] = (pPosition->Z - nearestPointDepth);

if (dataBufferIndex<6) {
++dataBuf ferIndex;
} else {

dataBufferIndex=0;

average( dataBuffer, 6, dataAvg );

// Prepare data which will be sent out.

/7 X(mm), Y(mm), Z(mm), diff(mm)

sprintf(sendbuf, "%+051%+051%+051%+051", (int)dataAvg[0], (int)dataAvg[1l], (int)dataAvg[2],

// Send Data

iSendResult = send( ClientSocket, sendbuf, (int)strlen(sendbuf), 0 );

if (iSendResult == SOCKET_ERROR) {

printf("send failed with error: %d\n", WSAGetLastError());

closesocket(ClientSocket);

WSACleanup();

// Print Info on Screen

printf("

printf("%s\n", sendbuf);

\n");

(int)dataAvg[3]);
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printf("Bytes Sent: %d\n", iSendResult);

Sleep(33); // 0.033sec

void XN_CALLBACK_TYPE

Hand_Destroy(xn: :HandsGenerator &generator

XnUserID nld
XnFloat fTime,
void *pCookie)

mGestureGenerator. AddGesture(GESTURE_TO_USE, NULL);

printf("Lost Hand: %d\n", nId);

// Main Program //
int main( int arge, char **¥argv )

{

// Server //
// Initialize Winsock
iResult = WSAStartup(MAKEWORD(2, 2), &wsaData);
if (iResult != 0) {
printf("WSAStartup failed with error: %d\n", iResult);

return 1;

ZeroMemory(&hints, sizeof(hints));

hints.ai_family = AF_INET;

hints. ai_socktype = SOCK_STREAM;

hints. ai_protocol = IPPROTO_TCP;

hints. ai_flags AT_PASSIVE;

// Resolve the server address and port

iResult = getaddrinfo(DEFAULT_IP_ADDRESS, DEFAULT PORT, &hints, &result);
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if ( iResult != 0 ) {
printf("getaddrinfo failed with error: %d\n", iResult);
WSACleanup();

return 1;

// Create a SOCKET for connecting to server
ListenSocket = socket(result->ai_family, result—>ai_socktype, result->ai_protocol);
if (ListenSocket == INVALID_SOCKET) {
printf("socket failed with error: %ld\n", WSAGetLastError());
freeaddrinfo(result);
WSACleanup();

return 1;

// Setup the TCP listening socket
iResult = bind( ListenSocket, result->ai_addr, (int)result->ai_addrlen);
if (iResult == SOCKET_ERROR) {
printf("bind failed with error: %d\n", WSAGetLastError());
freeaddrinfo(result);
closesocket(ListenSocket);
WSACleanup();

return 1;

freeaddrinfo(result);

iResult = listen(ListenSocket, SOMAXCONN);

if (iResult == SOCKET ERROR) {
printf("listen failed with error: %d\n", WSAGetLastError());
closesocket(ListenSocket);
WSACleanup();

return 1;
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// Accept a client socket

ClientSocket = accept(ListenSocket, NULL, NULL);

if (ClientSocket == INVALID_SOCKET) {
printf("accept failed with error: %d\n", WSAGetLastError());
closesocket(ListenSocket);
WSACleanup();

return 1;

// No longer need server socket
closesocket(ListenSocket);

// Kinect //

// Initialize Context Object
eResult = mContext. Init();

CheckOpenNIError( eResult, "Initialize Context" );

// Create a Depth Generator Node
eResult = mDepthGenerator. Create( mContext );

CheckOpenNIError( eResult, "Create depth generator" );

// Map Output Mode

XnMapOutputMode mapMode;

mapMode. nXRes = XPIXELS;

mapMode. nYRes = YPIXELS;

mapMode. nFPS = FPS;

eResult = mDepthGenerator. SetMapOutputMode( mapMode );

CheckOpenNIError( eResult, "Setup Depth Generator Output Mode" );

// Create the Gesture and Hands Generators

eResult = mGestureGenerator. Create( mContext );
CheckOpenNIError( eResult, "Create gesture generators" );
eResult = mHandsGenerator. Create( mContext );

CheckOpenNIError( eResult, "Create hands generators" );
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// Setup Gesture and Hands Generator
mGestureGenerator. AddGesture( GESTURE_TO_USE, NULL );

mHandsGenerator. SetSmoothing( SMOOTHING_FACTOR );

// Register Callback Functions //
// Create Callback Handles

XnCallbackHandle hGestureCB, hHandCB;

// Setup Gesture Generator Callback Function

mGestureGenerator. RegisterGestureCal Ibacks(Gesture_Recognized, Gesture_Process, NULL, hGestureCB);

// Setup Hand Generator Callback Function

mHandsGenerator. RegisterHandCallbacks(Hand_Create, Hand_Update, Hand_Destroy, NULL, hHandCB);

// Start Generate Data //

mContext. StartGeneratingAl1();

while (TRUE) {
// Update Frame Data

eResult = mContext. WaitAndUpdateAll();

if ( eResult == XN_STATUS_OK ) {
// Get current depth map
const XnDepthPixel* pDepthMap = mDepthGenerator. GetDepthMap();

XnUInt32 nearestPointIndex = findNearestPoint( pDepthMap );

// Update global variable of the nearest point.

nearestPointDepth = pDepthMap[nearestPointIndex];

// Stop and Shutdown //

// Server //
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// shutdown the connection since we’ re done
iResult = shutdown(ClientSocket, SD_SEND);
if (iResult == SOCKET ERROR) {
printf("shutdown failed with error: %d\n", WSAGetLastError());
closesocket(ClientSocket);
WSACleanup();
return 1;
}
// clean-up
closesocket(ClientSocket);

WSACleanup();

// Kinect //

// Stop and clean-up
mContext. StopGeneratingAl1();
mContext. Release();

return 0;
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“ékt : de@3E B Ruby ch C
AALEEED Ruby ch C o =2 8ehs 8o dok Al 77 » 29

Rubylnline ~ SWIG #_#p #3" Ruby C API k#ifz 5 32 %] ;% o Rubylnline ¥ 17 2§
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% Al B RubyC#reh= i & > 5%
Ruby C API | Since the Ruby interpreter is implemented in C, its API can be used.

RubyInline | Supports mixing C code into Ruby code.

SWIG is typically used to parse C/C++ interfaces and generate the 'glue code'

SWIG
required for the above target languages to call into the C/C++ code.
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Ruby Code (Example.rb)
require 'MyBank' # C Extension

my_bank = MyBank.new('Louis', 1000)

my_bank.get_user_name # => Return Value: Louis

my_bank.get_user_money  # => Return Value:1000

my_bank.save_money(500) # => Return Value:1500

my_bank.get_user_money  # => Return Value: 1500

B A.1 MyBank 7 Ruby # &]42.5% 45

B R kg Il4e@ £ B Ruby C # b i C/CH++425 #§ o fx Ruby ¢ C APTAZ & 1Y
VALUE & # %] %] % % 7 Ruby #4r i » Bt 74 § £ Sl L8 w & > 3w 40— &
L VALUE - ¥ d > Ruby .44 i # o 43353 » %% B Ruby * 2 T H3ME § w
BE> Fpr IR e ¥ w @R T v @ Qnil w2 (T return Qnil;)
AR E o Sl oselfl PIE Ferd el XA Y LR AL 20 S F R
SHco R RubyC ey ¥- #&i1 L g LT B B B RG =S
By A it & 0 B % VALUE %] %]i% i Ruby C API %74 & ehE & 4 &
Cehint )% 4 i aCRGFE > FFL2EEw BRI EH Cihint 3% E =
% i Ruby C API #74% & ¢hE & 4w VALUE 4% it w @ w 2 o § “7F 1 Ruby
SEMIAERAE AT Ak LA - B Init_H 3o F A8 G L& MyBank
TREAEE PR S 2 FEE LR R B F T A D C R R -

MyBook 73 C # “o Bt 428 P 5 4o Bl A2 #7575 o

Ruby C Extension (filename:MyBank.c)
#include <ruby.h>

static VALUE my_bank _initialize( VALUE self, VALUE name, VALUE money ) {

rb_iv_set(self, "@name", name);
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rb_iv_set(self, "@money", money);

return self;

static VALUE my_bank get user name( VALUE self ) {

return rb_iv_get(self, "@name");

static VALUE my_bank_get user_money( VALUE self ) {

return rb_iv_get(self, "@money");

static VALUE my_bank_save money( VALUE self, VALUE income ) {
VALUE money;

long int sum;

money = rb_iv_get(self, "@money");

sum = FIX2INT(money) + FIX2INT(income);
rb_iv_set(self, "@money", INT2FIX(sum));
return INT2FIX(sum);

void Init MyBank() {
static VALUE cMyBank;

cMyBank = rb_define_class("MyBank", rb_cObject);
rb_define_method(cMyBank, "initialize", my_bank_initialize, 2);
rb_define_method(cMyBank, "get_user_name", my_bank_get_user_name, 0);
rb_define_method(cMyBank, "get_user_money", my_bank_get_user_money, 0);

rb_define_method(cMyBank, "save_money", my_bank_save_money, 1);

B A.2 MyBank =7 Ruby C #§ *¢ i 4255

B fé BB extconfrb ff% 0 4oB A3 #1r o TRk = = o Ruby C # > &

4575 (MyBank.c) ~ extconfrb #4 % *x e — B P 4T o
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Ruby Code (filename:extconf.rb)
# Make makefile

require 'mkmf’

extension_name = "MyBank"

create_makefile(extension_name)

B A.3 MyBank = extconf.rb 4% % 7 4275

FF R s T B &I B R DD T o &5 N7 ruby Jextconfir' ~
‘make's B#p £ ¥ A 2 MyBank.so i& B AR TP &T o AR TS AP AR h C
Wtoodn 2 PR 4Bl A4 TF o @ B @ B C AT Ruby B F F & i 25t

B - $k# * require T ¥ (require 'MyBank') > iZ$k i{ = = 7 A PP ernRuby C 4% ¢ ©

Command Line
# ruby ./extconf.rb

creating Makefile

# make

compiling MyBank,c

linking shared-object MyBank.so
B A4 % CH 2 4p 4 518 % b
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