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A Study of a Depth Sensor Applying on a
Tracking Robot

Student : Chih-Feng He Advisot Dr. Chun-Chih Chiu

Department of Mechanical Engineering, National ChirYi
University of Technology

Abstract

This research studies a XBOX Kinect, a depthsse made by Microsoft, and
applies it on a tracking robot to get the threeatisional (3D) position of the tracking
target, an object tracked by the robot. In tradiioways, researchers utilize two
cameras placed parallel to imitate the human’s apesthen go through the process of
image feature recognition and a sequence of congllgorithm to decide the target’s
3D position. In this research, a Kinect sensom&alled on top of the robot and is
connected to robot’s computer.Use OpenNI C/C++ #Rirogram Kinect’'s application
software. Once the Kinect receives the target'stipos the data is used in the robot’s
operating software to track the target. The setapking robot contains three major
functions: (1) a relative coordinate system betwthenrobot and the target, (2) a target
tracking system controlling the distance betweenrtibot and its tracking target, (3) a
direction modification system adjusting the ori¢iota between the robot and its
tracking target. The setup system has shown itkitrg performance.

Keywords: XBOX Kinect, Depth Sensor, Three-dimensional Position,racking Robot
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&1 Distance Measuring 1€ 3+ & 11 3 & » ﬁi%J ML EL S A sl 0~3V e

GND Vi 5V
! '
-
[ e— e
2! 1| Hekang || Yomse |
;L:j_i i Ciscath regulator i |
| Oscillation i TV,
: circuit : Analog output
1 i |
3 LED drive t Output !
N i’r i circuit circuit !
LED: oo e v 7 !

Distance measuring IC

Bl 2-16 o b SR iR] B R 25

235 R

rme ot KB FHE A i 5 Microsoft Visual Studio CHCH(# 5 = C
Sharp)E_iz #r =~ @ 52 .NET Framework & ¥ 37 47 3% 3% % [25] » .NET
Framework 3 #ciic NET BT 5 # 5 & & enig ik f2 58 » C#A 2000# 6 ° o
foo @ et d s K C/CH+HE Javasiudr gk o NET Ecic 19958 * 333 A#
2E %;&(Common Language Infrastructur€LI) .+ #73% 3+ cngic 48 » CLI 282 &
P T o L E PR T S 0 F 17 NET Sk en CLI 7 (T gcdg o

CHZN 3 L Efd 2 Feha it » ¥ A3 M CHE 1 BT 2
(Platform Independence)s* ic > fiz o K5 CHinAe;S eni® ¥ & b fuifis
SR 0 iE P £ F NET Frameworknit ¥ i se b 417 2 CHis T S iF

i A2 Bl B (2-17) 7 o
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EsiE. HelloWorldAdd.cs«

F=EE
HrEES. HelloWorldAdd.exe
NET Framework+ NET Framework~ NET Framework~
For Windows« For MacOS« For Linux«

Hello« Hello« Hello«
Worlde Worlde World«

Windows« MacOS« Linux«

Bl 2-17 CHis* - (T 42§

2.4 Microsoft Kinect /% & g /B &

Kinect;#® & j B ® 5 Microsoft = & >t 2010# & 4 ek 37— * 3DFER
EBRIE FRLEFEXEOWIESHE =R & £F Wi 408 > p 304cig
B¢ B rrgangsiid 44 > @ Kinect 5 - BRI E o #H %y
R EF IR RRE L IR E P EE Nl = Rgad (FpF > Kinect B Bl
RE RPN L IDIFEARFGGEN L FEFL L B SR &

¢ o LEIRRF LM E T A AR 25N o
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241 AR

Kinect & Bl gt dg § = B » 4rB(2-18)*1n » B¢ B 52 954 Hs > 35
B Bl 2B L RF R L e RERS S R AR
3D FREF o Kinect#s p2Es8 $ 5 h > 7iEd F2 by 0§
dob g s se g 0 B @R L R Tt Kinect 2 RIET HEZ AT
A5 AL Bt BDRER B E B 2uE[26] 0 4Bl (2-19)77 > Kinect & i
B AL Ao & (2-3) 7 o

IR Light ColorImage CMOS. IR Depth Image CMOS

@) 2-18 Kinectp® ?| & ¥ 14 B

Color (RGB) Image

Depth Image

Audio Stream

Bl 2-19 Kinectif B~ = #& 7 31
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# 2-3 Kinect*#.4% 4

S nE
KTARLTF &R 57°
8 AL &R 43°
F A AL g +28°
1T 45 ] 0.8m —3.5m
R R E 640x480 16-bit 30fps
$¢ FRAS 640x480 32-bit 30fps
5 16-bit 16 kHz
& <t (WxHxD) 28cm x 3.5cm x 6cm

242 Fprt i

Kinect g B % £_d Microsoft > @ &2 PrimeSense: # & ¥4 41 e 3D /# &
BRI R Rl e 3 2_PrimeSense @ Light Coding™ g il jis » H £
v AT ke ok s F 54k (Near-IR Light, CLASSI¥ 5 3 3-8 18 (7 % f8 » £ 1§
fR i) B (Standard CMOS Image Sens@nc ¢ %5 i 2 3§ iz vh g i
TR T2 b P gl > 5d 3R SoC & (PrimeSense PS1080 SoC)
REFREER L IFRE[26] 0 RS R MAJTE T ARG Y 3 d] A48 0 4o B

(2-20) 7 -
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Scene Scene Depth Image

-
IR light source Standard

Light Coding ,«f MDS Smsor P5108050€
¥ .
V4
Scene projected
by invisible IR light

B 2-20 Kinectp 2%/ 2.8

243 BF M

*m= * kB Kinect g P % i 88 = Microsoft Visual Studio C++ H
# i * 17 OpenNI(Open Natural Interactiom)f?%‘\z[ﬂ]b'“r% 31 e API > OpenNIE_
BOAER PRI BARE TR 2 ene S Jk B 4§ <0 OpenNI Framework® 4 1=
LR AR BB Jﬁ ¢ * > OpenNI Frameworkg &35 5 5 FF# i > { B3 ?{
BB ot i By BET RSP TREOEER R R BT
¢ FHRFAE R FEET 2UF 5 AR 0 L NITE (Natural
Interaction Technology for End-us?’n)%'\ PrimeSenset# & 1[28] * k #-F 4>
FHREEFT AL AT EFTNITER & R 2% APL A 5 RBP4 K
oA EME g TR EES AP REE > dod 5 s B E A RleD
T AR PO AME DS FTRIELRLR P EE Nk

¥ o
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3.1 3 5N

Wit 2 BB A

R H T L EE A chlEdh o RS PRH A

AFERRIFHEL

|m)

% 3-1 & M iE

B0 WS RIS E SR B

w

\‘"

LA B X AR
T F R PR T A s
|

\4
‘.‘L

LR TR R T R

~ 2 ’

I 1@- NS

2= JF i

\

Bt HEPFEHE S 4o

_ﬁ%ﬁ L ﬁ’{z«

SRR > TE MR

LR AT S T

R CH AR AR S CRIE S o
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® FPiMTE:IFPEACHIA HFE I o HRERPREF TLARD
S

AT FE I E Y T RERARE
PrxvmERApRE TRE

£ i
CEBEBEA LB EE P L HBERARRE S TR L
WEA LIRS 2 fHFrE ¥ LR AT R R T

3.2 At ki

iy

AR PBAS Sz R AR T ALY o AFC & Kinect i ®R

BRI EP WAL hz g o 9 OpenNLiz #rf# 2 en APLEE B #2580 &

~

po Pl g A R S R APD 3 Y JRBBLE B g o i TR B S E A
o R R ERK 5 Kinect BB B k=% » T Kinect R BB AL » 4w @k
B (XY,2)T 5 8 F A S PR o e RIG-L) T o st iR ST
2o it Rent R0 A £ 2 22 P B FE OpenNle st 0 APl & £ 3%

s 22 Ve - R S
PR B0 Bt TR kTR o
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(X.¥.2)

B 3-1 AtEi=% 7 & B

R A G R T R A B FEL > F A A A4 R R R R
ERTE o AR RIEL § LB 0 50 RS E AN WAL B R AU
o A R OREFIBRF R R BRG] kR TR SRR

SRR RIL > - HEP MR BRI e

3.3.1 5 2H

Fuzzyte 3 & ofaf 5 o fiok 7 e O L0 F 4 s il r 2 E
FART A BT 2T > R AP KA HOR RS 2
FAP 4G AR TRASES? CHF T4 BLE L TR

PRS0 d K gwE TR 170 28 v FRLERARE 0 BT
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EF A2 TRATL B L A LT fyE? AT i § 2 169.132 A7
T HmE % ’?K)I*z\w3\ FE o ER e g e § oo

Wk IR R 1965 d % R4 Vi i K + & LAZadeh#cdz»t T g rd]
(Information and Controf #sseist 3 & Tk & & | (Fuzzy Sets)r# 11[29] > #
PEZEFRAEF2EEF Ofc Lndwl @ Bz d 3 2R FA S 0 B SR
B F RS E 1 [30] 0 HK A A SEE O R NSRS B0 ]

SRR A e R AR AR BT L gl R e )

® bR E

Wk kB itk & £ (Fuzzy Setsy 2 # > a it £ 84 Bupmp &
(Crisp Setsyria & [31-33]> @ sienp e & £ p* - ~@48> 2 8.0 ﬁ&{l aF=yid
g #ic(Characteristic Functiod) 7w i > T X ~ 3 HE E B R 37 E" 82" 2
WA AR EL AN S ABE, A ARG 08 lhdi s A 0B 12/

,éffiﬁ, o #c(Membership Functiorji4 -+ % » W % & (Membership Gradef) %7 1 %

TRAFERTREEIRRAFT S BRPREESEP RS ok
(3-2)#77F -
232 mEEEPEEVR
Crisp Sets Fuzzy Sets
@ 08 1 s #ic % 03 1enpFhandic
o T S ] gt Bl
M FED HoR T VLR AT R
A M A B e KR
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DES I8 SRR TP TN =t SR NP SO S
Ed s TI0AN TR EEgB0K N S A BN Eas s £ 30T

BO&A Bty £ds (9 & | &AWL & 4R35 w

5

Lo
v

EFTE 30 50 EEE FEb
B32 "7 &, 2590wl e
NEREETE TP R B RLFERR RN EERRR A
W5 304PF R EoieR 2 050 F R L A0&PE R EaieR b Lo

AL Bh R Y EfeR 5 0.3 4ot - R g RGEM 2| 0 @ 2bA

Mendju e & | &R E & 4o RI(3-3) 7T -
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03

i
i
i
I
i
i
1
1
i
i
1
i
i
i
[}
i
i
1
i
i
4
i
i
1
[}
i

L

20 30

4
]
L
LA

&0 £

B33 "¢ & TaOphkE
* Bk
Bk Zm i AEL > AR & & DL SEFH I

AT IR E SRR o 4 AR AR S A 478 AT e

R
sl
=
H

* T 3 "‘*'?Eﬁ EE R ELRRETEEA 0D 127 Eﬁ’i‘;‘ﬁﬁimﬁ.
BIRE* e, %2 L4 TP A ¥ LEAFAHFHEFF TR OE%RZ
IFSERA CRE S

ﬁf‘ﬁfﬁ, S0 ¥ 4 5 Beid (Numericalp & #ic(Functionaly # 2 & = 5% i@ i+ 2 &
G AT RSl A Sl AR S R Rl T RS
KD AP o

® AiTit §F 4 9 di(Discrete Membership Function)

PRETURE LR F B AR A Z e BN L 2R

(g

= -] 22453 (Universe of Discoursé4g it «rf2 & 7 B > 4o B(3-4)47771 » H 24 i

EPpg 2 rE 2Pl EL P8 4eRIF2 IEBIFRT > LGSy
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Foiv g e P BE AL T BB (D3I EES < Rl 7 B e 3] § ey

e e BHAR ] IRA R RE A (QBATEEE ] R R ARG R R
ha

PRMR A RSLEGEPER 2 G R TR

Bl 3-4 Al 7 ook

® i ﬁﬁ?/i% 3 & (Continuous Membership Function)

A Fhoii Tt g UAFEE - RAFFHIEKT I AT F
lehd ek E S B L Sadc Z S~ Mdndics = £3589, > F%
B GHCREAIRE % 2 ARt RS EGRL G BRPEE  T B
B 7 4038 (3.1-3.5): H B4 B (3-5)#7F o

(1) S 3 #(S Function} ¥ 23 L3 7] ﬁf—ﬁ-/‘g, & #ic

(Or x<a
X — o\ 2
( ) ) a<x<p
Yy—o
S(x;0,B,7) = 5 X —1\2 (3.1)
Yy—o
\1, X=>y
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(2) Z 3v#c(Z Function)s 5 34 v£5 41§ 508k

(1, x<a
X — 0\ 2

1_2( ), a<x<§B
Yy—a

2060, B,7) = § X — 7\2 (3.2)
2( ) ’ p<x<vy
y—a
\ 0, x>y

(3) M #(PiFunction)s S & #cz Z Sl s & > b S 4 ER B bR b

p
S<X;Y_B‘Y_§’Y) 5 X<y
;B y) = B (3.3)
1—S<X;Y,Y+§,Y+B> : X =y
(4) = & 253 #(Triangular Shape Function)
(0, x < a;
X_al
) a; <x<a
a—a;
L, X=a
n(x) = < . (3.4)
! a<x<b
bl —a 1 3 1
0, X > by
\
(5) #-2; & #k(Trapezoid Shape Function)
(0, X < a;
X —aj
) a;<x<a
a_al
1, a<x<b
r(x) = 1 by — x (3.5)
<
b,—D b<x<b,
0, X > by

\
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4 4
1 1
0 > 0 =
o B Y o B Y
(a) Sk (b) 24
1
0 L
Y—B ‘f—g ¥ ‘r'+§ y+B
(O & #c
Y F
» 0O =
a, a by ay a b by
(d)z &35 38 (e)y-2; 3 #c

W1 3-5 i 4 1 7 e
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® H iE7 ,éﬁ—?/?;, o Bie(Singleton Membership Function)

H xﬁ’“]ﬁr: {ORSTE W= i I 4 Xi*?yfﬁ’ﬁﬁffﬁﬁ'rgiA(X)é 1845 0 ¥+

R LR iS00 4o ](3-6)4F 7 -

A(X).
A

Y

,
F 3-6 ¥ 3157 o ke

3.3.2 Wil L

gl B AR o E A A PR S 0 1 T

KPR RS AR P e f PR B AT 0 ke

Bl so b RRILIEE e o HOB It B Ed RS B Ik om0 B

FHBEFSEP mESHS RS2 b LAl s B E i 2o
Yamakawa[34p 7 i * 1 = iEH AP E R E e 242k o

R dl Benfh A3 4 5 A S enis sz B 0 3 3 % #e(Linguistic Variable)

IF-THEN i @ 504 3 Shsholly ~ 20 0B 0+ HCHR A S8 2 A0 eniy 41 0.5 &
Feleim 5 0 IR0 X flan 238 THEN 384 = Ffs 3% (5 d {Op 483 1 fu(Fuzzy

Inference Engingy=i 4 #adwsh > 3% 0 B 2 22 o d L 3 W0k o o] ks
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B A 2B (3-7)9 T -

r

FEML

—O— mfe [ mmERLE

S
&
i
b
Sl
&
fi
s

B 37 Homdrdl f A A %4

R AP A B 7 L LR~ 2 g R o 1 B LR RRIE
Fo I R B IR o FraeT

LE = AU EE

SER A T BRI B RRIPNT L P s 0 A WO R B L
BRI EAIRY S RERI AT REEREHERL L o LF &0
3 Bk TR - R AR B R R P R R T R >
EE R A RN ()T M B R A BB RR 0 BT

BHHH S R HRBCH § £ 0h ¢ 0 B £ SR T XK 5 INB(Negative Big)
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NM (Negative Medium) NS (Negative Smally ZO(Zero)~ PS(Positive Smally PM
(Positive Medium) PB (Positive Bigy ¢ #7 7 p T 2% > @ 2B P E &% o

Bt Solies Z Sl TSl = & 758~ 7 5 licT 50 4 ¥ 11 = 87

sy

CCET SR AR R S RS [CORE

NB NM NS Z0O Ps PM PB
1
0
_§' 0 X
(@) = 475 B o
: NE NM NS 20 Ps PM PB
0
-x 0 x

(b) H7 i b e
] 3-8 § o 41

HFZ L R AR
Bl PR N & BB RS ke 2 B o d IF-THEN i 2 382 pl e
Em oo Mgtk fumﬁ%])» % ﬁ;?]:”é‘ﬁﬁ,g % > 1 ’g%ﬁ%»ﬁiﬁ%]ﬂ: KRG B H Rk

P4 77 40T o

35



Ri : If e isAjand é is Bj Then y is Cj
i=1,....m j=1,....n k=(i-1)*n+j

HO RS A% KEEZR A~ B2 Gyt 4357 S Bonff b ol Bk efich &

FEET RET MBS R & aRE T REG n B R mtn i

ELIRECERIAE TR & SSE S IR S X

F o R B R L2 F SRS e BF E R R R A £ (3-3)
SR = LR DR e e
® S Frdl kB gl

® PREEHFEITHEITRITELR

% 3-3 LI g A B

é

NB | NM | NS | ZO PS | PM| PB

NB | NB | NB | NB | NB | NM | NS | ZO

NM | NB | NB | NM | NS NS | ZO PS

NS | NB | NM | NS NS | ZO PS PM

e ZO0 | NM | NM | NS | ZO PS| PM| PM

PS | NM | NS | ZO PS PS PM PB

PM | NS | ZO PS| PM| PM| PB PB

PB | ZO PS PM PB PB PB PB

Bz LRI L
Wl RESeR e M RHS Y K LTRGBS RS2 Rl f
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%0 FF RiE RS AR e
R, : If e isA;and é isB; Then y is Cq4

R, ! If e isAyand é isB, Then y is C,,

(1) 3 #42#% 1 B (Product Inference Engine)
a; # A (&) B B(&) R A > 0y 5 Ay () Ba(&) Pk A > Tray = Ay (e) By(€) >

oz = Az () By(&) » 4w F(3-9)47 7 ¢

Aq(e)
& Al
1
v
Ay(e)
Ly
1
v

B 3-9 i da3hi
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A (e)5 6~ Rice bff B3 licA B A 0 Bi(8) 5 6~ BB b lF B
ﬁiB1ﬁjﬁF}?ﬂ§ v Ci 5 iﬂl,%ﬁgﬁﬁﬁ?fg)&,&

(2) B ) B4 1 H(Minimum Inference Engine)
ay = Ay ()& By (&) ] B oy 5 Ay (€)¥By(€) B ] >0y = min[A, (e),B1(&)]
a, = min[A; (e), B,(&)] » 4rB(3-10) 17
Aq(e)

r

1

B 3-10 & & da3m iz
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I R

FRHCH R B RCRS T A F 0 AR R 1 Rk Dl ek R 1 R
LR TSN T SR PR R T SR Y
Rarlbe gy RF LRI S T S

(1) = fafics it 2 (Center of Gravity Defuzzification, CGD)

mew
Yegp=—r—— (3.6)

> )

(2) o fafrz @ 2ok it 2 (Center of Sum Defuzzification, CSD)

> [ ve oy
Yeso="r (3.7)

[ (dy

i=1

(3) ¥ T ¥E R it 2 (Center Average Defuzzification, CAB)fL % & %
Hos it % (Height Defuzzificationy h(C;)) % =+ & BCi2. % & » pi% =G A5
Heita P gk

n
2. ph()
yCAD = I::Ln (38)
h(c)

i=1
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fRfks i % B R K0T = & R
® fEPEIAAHOERIE LWL gERLLD
® EME AL AHIRY P i

© ANE TR B ARG LR E D BER T 422

3.3.3 W H BN
o REM R
AR ER 588 B2 B R N IR (eq) 2 iERE

22 5 5B (Aeg) A Bl4c 7 (3.9)% 5 (3.10) 7 o

eq () = d(n) — d¢(n) (3.9)

Aeq =eq(n) —eg(n—1) (3.10)

e ds B E A BB LB PHIEY de s B F 4 SARE B 0 RIF 2 B RS
N3 TRAEZETEENLZFH N1 R ER@E n-1LFAH o

AR R S E R 2 TR EAB G ARV HFERE-107)

._\

102_ % > H i~ % cm/se

o EHFHIE
B RS AR B R R R R 0 %
Hceg® AegiE * = &_’T/Eﬁ Bonlic BHBP L ST A7 PR G ¥l A 54

=< (NB)~ f [ (NS)~ E(ZO) & -] (PS)E & * (PB) > 4 (3-11)7 7+ -
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» €4
-45 -15 0. 15. 45 Ef i cm
(a) edﬁﬁ?ﬁ% I i
" i NB NS ZOPS PB
0 p Aeg
-15 -5 0 5 15 E4 cem

(b) Aeqif B 51
B 311 i » 5 Bl B o e

B REE T Aol BEREL AT BT FARR T Rl A

£ 52 g A (NB) ~ § ] (NS)~ %(ZO)» & -} (PS): & + (PB)> 4 BI(3-12) 7 -

NB NS Z0 PS PB

-7 -3 0 3 7 B ot ocmls
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& ZipARAIE
PR eruE 2 R RO 18 g Sl IF-THEN 6nif 2 582 Rl A& 57 0 10 ds
S~ S R RCE R T R Y BT ) B2 R R e 4 (3-4)4

I °

13-4 BT s AR R B

€d
NB NS 70 PS PB
NB NB NB NB NS 20
NS NB NS NS 70 oS
Aeq Z0 NB NS 70 PS oB
PS NS 70 PS PS 0B
PB Z0 PS PB PB oB

MBI S0 B R ST BALRGE T R AR RAIS 57 =25

BEARLP] > AP BH Y - ERR RGRE o

If eq is PB and Aeq is PB Then v is PB
BRI L (eq) 5 1 4 (PB)- © BEMEL % £ (Reg)s 1 4 (PB) RIS E 4 45 6o
RV L4 (PB)e &7 F 5B 4 Sk K 4D SIS » T AP HTEEALAR KA

BT o f R R E A BTN IR S E R RPELERR

2= ﬁ.}::'%/ﬁ-‘$ Ao R3F AR IR anp i”fﬁf:%ﬁ - H 25 5 B LR e
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Ry If
R,: If
Rj: If
Ry: If
Rg: If
Rg: If
R, If
Rg: If
Ro: If
Rip: If
Ryq:If
Ry If
Ryg: If
Rys: If
Rig: If
Rig: If
Ry, If
Rig: If
Rig: If
Ryo: If
R, : If
Ry, If

R,5: If

€4

€4

€4

€4

€4

€4

€4

€4

€d

€4

€4

€4

€d

€4

€4

€4

€4

€4

€4

€4d

€4

€4

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

is

NB

NB

NB

NB

NB

NS

NS

NS

NS

NS

Z0

Z0

Z0

Z0

Z0

PS

PS

PS

PS

PS

PB

PB

PB

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

Aeyq
Aeyq
Aeyq
Aeyq
Aeyq
Aeqy
Aeq
Aey
Aeyq
Aeqy
Aegyq
Aeq
Aey
Aeqyq
Aeyq
Aeqy
Aeyq
Aegyq
Aeyq
Aey
Aeyq
Aeqy

Aed
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is

is

is

is

is

is

is

1S

is

is

is

is

is

is

is

1S

is

is

is

is

is

is

is

NB

NS

Z0

PS

PB

NB

NS

Z0

PS

PB

NB

NS

Z0

PS

PB

NB

NS

Z0

PS

PB

NB

NS

Z0

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then
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is
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is
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is
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is

is

is

is

is

is

is

is

NB

NB

NB

NS

Z0

NB

NS

NS

Z0

PS

NB

NS

Z0

PS

PB

NS

Z0
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PS
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Z0
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R,.:If eq is PB and Aeq is PS Then v is PB

R,os:If eq is PB and Aey is PB Then v is PB

® i dam & R it

PR EE > 28 FREHPEALIREFTIPEG > *H2 @ ¥ &
1 ERE L R TR G £ 17 £ fR TR i (COD)HR L3 1 e &
B TR 0 REER D Bvegp 0 w0 (8.1LF T o

=

i Vi Bi (ed ’Aed )

) S (3.11)

Y B.(e, Ae,)

7 vis by R denl @ 5 Bi(eq Aeq) 3 M I B S il AR

34 3 X

27 R EA Eéﬁﬁﬁﬂiﬁé’?}tiﬁl&i&:ﬁ"‘v AR TR e ED R
BAGEB TR e iR PE AR TE @ p B hds (7 @B A R
p#ﬁtiﬁi’kﬂ s o d - AR FERY PHEALE T FRAD I AR B
AL FIEFEMBL $ERILENE T > APRP I e ED PHEEER S TS
BAELFTRBE D o iRy o

kx5 R AR Xy 3 2 e A 15 AR dy 5 B 4 S E B RAp $HEEAE
dy? WA BB A SR HE APHEEAL > 02 W F A gl dnd B o d Z AR GT

15 (312 4 (3.13)0 1 = & B % Fl4cF(3-13) 7
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d, = \/df + (X — Xq)? (3.12)

d
0 =cos 1= (3.13)
d;

Xy Xy

Bl 3-13 & w /A = & M (H R

3.5 feirdlinie

AP E A C BN AES o - B L] Kinect g R B BRI
Bzt > P @ TCPIPE A% > #z AFA® @45 - B P
AT T AL EE S BT FE A e o B F A AR IR FI(3-14)F

'/‘F o
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&) Kinect 28 %

FERELLER

ﬁ ﬁﬁm
b 5 om D :
w B i =8
42 Mo e e
i i R H |
5 L |
| Ko
O
o Y
‘I.___
< W &
W | g oW
% | s g
o oy Mﬂﬂw
)| H 2 I
| L L
8

BHEASH

Bl 3-14 8 % A I 4148 3" AR R
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S FHREFEPIER

4.1 Matlab #ic %8 3%

¥ < i@ * Matlab #it %8 e Fuzzy Logic ToolboxE 7 Hokd 574 B3k 35 &2 ikt »
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5 o~ ()(dels » HoR E HI BHEL W AT B % o 4ok (A1) 0 o

AV R A AN GRE R E

241 % e~ B 5
% N = e de Vv % N =% e de %

1 45 15 7 27 22.5 -15 -2.25
2 45 7.5 7 28 15 15 7
3 45 5 7 29 15 7.5 4
4 45 2.5 7 30 15 5 3
5 45 0 7 31 15 2.5 3
6 45 -2.5 5 32 15 0 3
7 45 -5 3 33 15 -2.5 15
8 45 -7.5 2.25 34 15 -5 0
9 45 -15 0 35 15 -7.5 -0.75
10 30 15 7 36 15 -15 -3
11 30 7.5 5 37 7.5 15 7
12 30 5 5 38 7.5 7.5 4.33
13 30 2.5 5 39 7.5 5 3
14 30 0 5 40 7.5 2.5 15
15 30 -2.5 3.33 41 7.5 0 15
16 30 -5 3.0 42 7.5 -2.5 0
17 30 -7.5 0.6 43 7.5 -5 -1.5
18 30 -15 -1.5 44 7.5 -7.5 -2.6
19 22.5 15 7 45 7.5 -15 -5.
20 22.5 7.5 4 46 0 15 7
21 22.5 5 4 47 0 7.5 4
22 22.5 2.5 4.33 48 0 5 3
23 22.5 0 4 49 0 2.5 15
24 22.5 -25 2.6 50 0 0 0
25 22.5 -5 0.75 51 0 -25 -1.5
26 22.5 -7.5 0 52 0 -5 -3
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53 0 -7.5 -4 77 -22.5 0 -4
54 0 -15 -7 78 -22.5 -2.5 -4.33
55 -7.5 15 5 79 -22.5 -5 -4
56 -7.5 7.5 2.6 80 -22.5 -7.5 -4
57 -7.5 5 15 81 -22.5 -15 -7
58 -7.5 2.5 0 82 -30 15 15
59 -7.5 0 -1.5 83 -30 7.5 -0.6
60 -7.5 -2.5 -1.5 84 -30 5 -1.5
61 -7.5 -5 -3 85 -30 2.5 -3.33
62 -7.5 -7.5 -4.33 86 -30 0 -5
63 -7.5 -15 -7 87 -30 -2.5 -5
64 -15 15 3 88 -30 -5 -5
65 -15 7.5 0.75 89 -30 -7.5 -5
66 -15 5 0 90 -30 -15 -7
67 -15 2.5 -18 91 -45 15 0
68 -15 0 -3 92 -45 7.5 -2.25
69 -15 -2.5 -3 93 -45 5 -3
70 -15 -5 -3 94 -45 2.5 -5
71 -15 -7.5 -4 95 -45 0 -7
72 -15 -15 -7 96 -45 -2.5 -7
73 -22.5 15 2.25 97 -45 -5 -7
74 -22.5 7.5 0 98 -45 -7.5 -7
75 -22.5 5 -0.75 99 -45 -15 -7
76 -22.5 2.5 -2.6 100
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%téx- : PC-BOT 914 1/O Board Block Diagram

PC-BOT 914 /O Board Block Diagram

Details
Each /O Board offers:
- 8 ONFOFF switched inputs (low power)
- & ON/OFF switched outputs
- 6 low power

—
Mate Connector:
Molex Part Number:

a0-57-9404

- 2 high power {12V 1A4)
- & Analog Inputs (low power, 0-5%)

- 2 USE Inputs

3 Extra Digital /0
Connectors

A

Extra (3)
Digital Out
_ Extra(3)  (Each can drive
\ Digital In ~ up to 5V 300mA)
\ veowre T35%
55 & 55 ﬁl a g
. E3FER ERE
N\ P 00 B 3 o = B
LN - - - A - -
Qe OIO Q| Qe

O

Q

12V (From battery)
- o 5V (From Peripheral

-2 Vdd

30 Pin Samtec Conn.
- & Analog In
9% - 8 Digital In
g B - 8 Digital Out
-4 GND

Power Supply)

(“Mate Connector:
Samtec Part Mumber:
MMSD (15 contacts
\_ perrow)

O

10 pin IDC Mate Connector:
to Mini-ITX SMsngTuNg“f[",?e“
(USB) -
2 extra USB
connectors

~, 3
Mate Connector: _ High Pawer E Digta_out T
Molex Part Mumber: Switched | Suihed ) \
430250200 12v Power | “ia " [——Jossons %
1 \ 3a
Analog_in 1 \n 8 EI
Gﬁ}‘, \E2EE
Analog_in 2
)
GND &
Anzog In 3 ox
i @ e £3
E &ND g B3
Mate Connector: c Analog_In 4 S22
Molex Part Number: o =
2] GNID
S0-57-9403
E Analog_in &
o Guiv -
Analog_in £ zlgl
By o 22
GHD 2 EE
Angiog In 7
5V
GND
Analog_In &
W
GHD
~
L
[Document 1d:

Note: Specifications may change without notice

Deseription:  PG-G0T 914 110 Soard Giock Diagram
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%téx= : PC-BOT 914 Complete Wiring Block Diagram

Other USB

Logitech

Camera 1 Peripherals
{Top) (Expansion Modules)
PC-BOT 914 Complete
Wiring Block Diagram - b o
USBEIImArmm e s oy (24}
USE Ports-
> S ------------1 P
Data Line p— PC—MNHTX | 1 Z ] Inputs
i iy ata Line = 1 {5V 0.54)
(SATA Cabie) {Spherical Ribbon i i 3 | '
Cablz) ATX Power. | !
|1BAWG) ‘ 6 low power
___12Visv. N 8 digital OUTs
(22AWE) 125V GND (18aws)
| W'uaawe. S | 3,/ |0 Board #2 8 low power
¥ ] = B ey (Tap) digital Ihe
[ | (18AWG) SV (1A)
HardDrive COROM USE (100ma) 12V (2A)
SV (14) 12V (0.94) .
[ ]
PC Power/Reset : 12V (18AWG)
Switch 9
30wz §
12V (184) 204 M2-ATX Power IO cable g
[15AWE] ; o s
Main Supply #1 12VIEY 5
Power Switch (10A) 8 1BAWG)
(40ma) 12V ) &
{1BAWG) ] i
12V |isaws) r - - A
T2vPaAc ) T2V PoADY ]
Battery#1 || Battary 22 M2-ATX Power aHD ;
{2Ah) (8AR) 12V (16awG) | Su 47 {1BAWE)
e M pply
12V (18awG) H (104)
!
[} 5V (18AWG)
GMND (16awG) § GND j1aawey
GND Swiich - cannecs Dattsries 30 wire __4 WO Board #1
ne system whenever NO external M3 11C cabl 1 Front)
power supply Is connected. {12V Power Switch [ ] i = i‘:f%“A-]
charger can oe used 3t anytime to {4_0 B 12V Relay > A 12V (s8awae) 12y (24)
2 = J
s (100ma) | » f 0
GND {18awe) -=
_ | M3 Controller "
5 12V (3A)
Motor #1 M Mator #2
(Left) (Right}
Docament 1a:
Note: Specifications may change without notice Descrpten  PC-20T 81 Comalets Winng Slock Diagra , WHITE BOX
Ravision: v1.1 Date: Sep 25, 2006 ek [ WRiLe
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powear

Wnen an erhema paw

External Power Plug (EXT
15 used 1o power the entire oot (Including motors and sensoms)
cunilinuusly. This dlivas e e W eave D vool aimed o indelnisty.
DHLY the recommanded axemal powsr supply shoud ba ussd. The
Ext=mal power supply wIN'Should not change the Datteres.

SFF THF CHART 0N THF NFXT DAGF

Lhanging Plug (T HG)
Is usped tn Fafely chame the hatiedas 1sing e Infelligent Sanel Charger with 3
MaKimum curent of 34

I
inio the Extemal Power Blug, the
Ll e arind e currectivn o walbcled Ol Ures mabe dire. This b done o potecl
& basteries from Baing oUSITharged by the sxtsmal powar supsly. The changer wil
cantinue 10 Tenlenien tha batiedes in inis stata out wil ng konger Sead the oot

Cumpwsliun Salely
Tha rnnnt has nasn !UShJHFﬂ &0 thiat fine rhargar ana the recnmmantad svmarnal PowiRr
EUpRY £an be plugged Info efher plug WITHOUT damaging the mbat. Atheugh the

piligE: ok the same, they are not

Elther way. the user should maks am sffort to connsct the davices In thelr
apprepriats plugs.

2 (184)
[16AWE)

12VPoAc | 12VPbA:

CHD p1eaws)

GND Switch - conmects baflerias o

U w ynlen wiheneve NO exianal
pawsr suppey I coanesied. {12V
CHANgEr £3n b2 usad 3t anvima o
change e batieres)

Maire
Power Switch
(40mA)

e —

PC-BOT 914 Wiring Diaggram for how the External Power

Plug and 12V Charger Plug are used in the system

M2-ATX Power

& Supply #1
{10A)

12V [164WE)

12y

AT Power
(1oAWE)
DIl

PC — Mini-ITX
6OVV

P PoweriResat
Switch

525" Bay
Peripherals
3V (BA)
12V (GA)

GMD j1aaweo)

| M2-ATX Power
(1AW Supply £2
(104)

12V (164WG)

12V [1eaws)

~

Power Switch:
(40ma)

GND (16anE)

M3

12

GHD [1eaws)

30 wire

5y (1BAWE]
[ U0 cable

v

- /U Hoard #1

¥ Switchad

12 Ralay

12V ,'mnw;

{100m A}IJ

M3 Controller
12V (3A)

w

| Mote: Specifications may change without notice

Motor #1
{Left)

/

Motor #2
(Right)

/

»
" {Front)
bu {14)

H'AJ

‘\

Marment 18-

Revision: w11 |Dme: Sep 26, 2006
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PC-BOT 914 Wiring Diagram for how the External Power
Plug and 12V Charger Plug are used in the system

Using the BATTERY CHARGER

Connected to Plug:

Main Switch|

CHG Plug

EXT Plug

ON

Slows down battery discharge and powers the robot

Slows down battery discharge and powers the robj

OFF

Charges battery

No effect

Using the RECOMMENDED EXTERNAL POWER SUPPLY

Connected to Plug:

Main Switch CHG Plug EXT Plug
ON No effzct Powers the robot indefinitely
OFF No effzct Powers the robot indefinitely

PC-BOT Run Time: (note: the times listed are estimates)

Battery Charge Time
2 hours to recharge batteries

from auto-shutoff point

Autonomous movement, Charger NOT connected 2 hours

Mo Autonomous movement, Charger NOT connected 4-3 hours

Mo Autonomous movement, Charger IS connected 8-9 hours

No Autonomous movement, Ext Power supply connected Continuous
[Document 1d:

Note: Specifications may change without notice

Description: PC-B0T 914 CHG/EXT Connection Chart

Fevislon: vi.4
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PC-BOT 914 Power Budget

Note: Batteries currently used in the PC-Bot are 12\ 184h capacity. Maximum cument drawn should not exceed 184 (216W). (This will be fuse limited).
The values listed below are max current drawn for the given item, the total of which goes well beyond the maximum allowsd current.
Some combination of the following, adding up to under 216W, can be used in the system.

| Total System Power

lem Quantity Maximum Current'Voltage (From the Batteries | Total Wattage
M2-ATX Power Supply (For PC) 1 12V-~7 67A (92W) 92w
|M2-ATX Power Supply (For Peripherals) 1 12V~3.88A (118.6W) 118W
M3 Controller 1 12V-~3A [3EW) 3EW
||;c Board - Switched 12V Outputs (Headlights, etc.) 2 12V-~2A (24W) 48W
I@in Power Lighted Switch 1 12V-0.04A (0.6W) 0.6W
M3 Power Lighted Switch 1 12V~0.04A (0.6W) 0.6W
Total Possible: 205.2W
Total Allowed: 216W

Note: More detailed view of M2-ATX Power Supplies shown below:

M2-ATX Power Supply (For PC)

Item Quantity Maximum Current'Voltage (Drawn by the item)
Mini-ITX. 1]e0wW

HDD (40Gig) 1[5V-1A (3W)

CD/DVD ROM 1]12V~0.9A (12W)

USE Web Camera 2[5V-1A (3W)

Other USE Penpherals 4|5V ~2A (10W)

Total Possible: |92W

M2-ATX Power Supply (For Peripherals)

ltem Quantity Maximum Current'Voltage (Drawn by the item)
M3 Cooling Fan 1]12V~0.12A (1W)

Top VO Board - Sensors/Analog/Digital IN-OUT ONLY 1[12V-~0.6A (7.1W)

5.25" Bay Peripherals B|5V-~EBA, 12V~BA (102W)

Front 'O Board - Sensors/Analog/Digital IN-OUT ONLY 1]12V~0.6A [7.1W)

Relay for M3 and VO 12V outputs T2V-0.117A (1.4W)

Note: More detailed view of the /'O board shown below:

Total Possible: |118.6W

1/0 Board - Sensors/Analog/Digital IN-OUT ONLY

Item Quantity Maximum Current'Voltage (Drawn by the item)
IR {Analog) Sensors 8[5Vv~0.4A (2W)
SV low power switchad outputs 3|5V~0.9A (4.5W)
Digital outputs 3|5V~0.12A (0.6W)
Total Possible: |7.1W
Document Ia:
Note: Specifications may change without notice Descrption. PG-S0T 914 Power Budget ” WHITE BOX
Revislan: y1.1 Cate: Sep 26, 2006 Dream in White
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PC-BOT 914 Maximum (Worst Cace Scenario) Current/
Voltage Usage over time

Current'Voltage Discharge on PC-BOT

10
og *® ;
il —+— Voitage (V)
g = Current(A)
e 6
s
zi
s

4

2

0

-2

Time {minutes)
D etails Time Voltage  Current
Hobat Hower [umed OFF 1] 13.7 1]
Main Power Switch ON 1 13.7 0.22
PC Booting up 2 12.8 32 This chart indicates worst case in discharge of the PC-Rot.
Windnws started 4 17h a4 The motera were run at full torque (100% duty cyele), all senaors, USE
Brian GUI stared, neadlights turmed O, peripherals (camera, wireless network and mouse) and headllghts were
mrtars maving with full targua (TON%, duty eyela), 8 1241 6E turned ON. The movement was continous at low speed which leads to
UGDweb camera and wireless device running. maximum current drain.
Continuous Movermant 18 1.8 5.Rd
Continuons Moverment s 1.4 SHS
Continuous Mavement 33 11.5 59 Nule: specificatlons may change without notice |
ontinuous Movarmant 33 1.5 £4
Continuous Moy ernient ] 1135 033
Continuous Movermant =] 1.4 597 Document la:
Continuous Mavement E8 11.2 G - &y WHITE BOX
Description:  PC-BOT 914 Maximum Cumentivoitage U )
Auta- Shutoff 73 T B e _
Revision: v1.1 Daie:  Sep 26, 2006 D(eam in WhiLe
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%téx= : M2-ATX Installation Guide

Before you start...

Please take a moment and read this manual before you install the M2-ATX in

your
vehicle. Often times, rushing into installing the unit can result in serious damage
to your M2-ATX board, computer and probably your car’s electrical system.

The M2-ATX board has several wires that need to be installed in various
places.

When installing, always double check the polarity of your wires with a
voltmeter.

Avoid using the cigarette plug as a power source, often times the contacts are
not capable of delivering high current to your PC.

1.0 Introduction

Thank you for purchasing the M2-ATX power sequencer / vehicle ATX power
supply.

The M2-ATX was designed to work with a wide variety of main boards such as
the VIA mini-ITX motherboards as well as Pentium-M, Celeron or certain full
power Core Duo systems.

1.1 M2-ATX Logic Diagram

PC
+ Reverse and Switch Logic 6-30V DC-DC ATX power
Battery t :: forward protection|™ | ATX PSU
GND - | | MotherBoard

JsE B ON/OFF switch
»EW] Pl sbit MCU sk
—[ Optional On/OFF switch]
5] M2-ATX

LED
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1.2 M2-ATX Connection diagram

.

EI ED' f

Timr B Er (BB

_ -.: :':'I_I H@; D ‘ '"‘)@m E

M2-ATX, top view
Power Input Connectors

J1 Battery + (un-switched baltery, positive)
J3 Ignition (To start connect to Battery +). Do not use in the standard
PSU mode (mode PO)
J4q Battery - (negative)
Controls and Settings
J6 Controls amplifier via remote ON/OFF. Left pin is RMT, Right pin is
GND
J8 To motherboard ON/OFF switch
J10 User jumper settings (A,B,C,D)
J9o To external ON/OFF swilch (optional, J8 is in parallel with J9)
Power Output Connectors
J2 Optional P4-12V power
J7 ATX power connector (to motherboard)
J5 To LED (optional)
Jumper attached=ON ‘
A [E [C D [, | Ofdeay Hardofr] MPORTANT:
(All rails ON) (svse) | Always use the
OFF| OFF| OFF| OFF | p Standard PSU mode Hibernate” feature,

”

never use “Standby
as it can severely
OFF| ON | OFF OFF | po 5s+ 1min AutoLatch” 2 hour discharge your

ON | ON | OFF OFF | pg 5s+ 1min AuloLalch® NEVER battery over .
extended periods of

OFF| OFF| ON | OFF P4 30s + 1min AutoLatch* | 2 hour time.
ON OFF| ON OFF P5

ON | OFF| OFF OFF P1 5s + 1min AutoLatch* | 1 min

30s + 1min AutoLatch* | NEVER

OFE| ON ON OFF . NEVER use “Hard-
P6 30min NEVER off = NEVER”
ON | ON ) ON | OFF | p7 | 3hour NEVER settings unless you
OFF| OFF OFF ON | pg | 10 min 1 hour understand the risks
of battery depletion.
ON | OFF| OFF| ON : .
P9 | 15min 2hours | “Hard-of(=NEVER
OFF| ON | OFF ON P10| 1 hour 75min always keeps 5VSB
rail ON!

*AutoLatch is active during the fist 60s of PC operation (and only during the
first 60 seconds). For example, If Ignition is turned ON and then OFF right
away, M2-ATX will latch Ignition in ON position for the next 60 seconds,
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allowing your operating system to fully come up. This will prevent disk drive
corruption or systems that remain hung in the ON position. After the first 60
seconds of system operation, the AutolLatch feature will be removed and
system will shut down at as governed by the "Off-delay” setting.

PO: In this mode, the M2-ATX behaves like a regular ATX power supply. If J6 is
connected to the motherboard, M2-ATX will also send a gratuitous "ON pulse”
to the motherboard right after power is first applied. If IGNITION is connhected
to the battery, the unit will shut down if battery is < 11.2V. This is to protect
the battery from over-discharging. If Ignition is not hooked up, M2-ATX will
operate from as low as 6V. For more information, please consult the “UPS
mode” documentation on the product page.

P1 (recommended): Sends ON pulse to motherboard when ignition is ON for
more than 5 seconds, sends OFF pulse to motherboard 5 seconds after
ignition is turned off. Waits another 60 seconds and then shuts down 5VSB to
conserve battery. In this mode, the M2-ATX consumes less than 0.5mA. This
is our recommended setting.

1.2 Power challenges in a Vehicle PC

The 5V Standby Problem: One of most difficult tasks of operating a PC in a
vehicle is power consumption while the computer is OFF. Even when your
computer is OFF or in Suspend, it will still consume about 50-150mA on the
5VSB rail. No matter how big your battery is, you will eventually drain it if proper
actions are not taken.

The M2-ATX is addressing these issues by cutting off the 5VSB rail after a pre-
defined amount of time (see jumper chart, HARDOFF). When 5VSB is always
active (HARDOFF=Never), M2-ATX constantly monitors the battery levels.
When battery level drops below 11V for more than one minute, M2-ATX will
shut down and re-activate only when the input voltage is > 12V.

Engine Cranks, under-voltage and over-voltage situations. Another difficult
task is maintaining stable 3.3V, 5V, 12V and -12V power to your PC. While car
batteries are rated at 12V, they actually provide voltages in between 7-16V
(engine cranks) or as high as 80 volits (load dump). Most of the times, your
battery will stay at 13.5V (while car is running) but extra precautions need to
take place in order to prevent such situations. M2-ATX can operate as low as
6V and as high as 28V while providing strict regulation on all rails along with
input voltage clamping and reverse protection.

Loud amplifier pops when PC starts. If your PC is connected to your car
amplifier, you will hear a loud pop when the computer is first started. The M2-
ATX has an ‘anti-thump’ control that will keep your amp OFF while the PC
starts. Simply connect J6 to your amplifier remote control pins to activate the
‘anti-thump’ feature.

2.0 Mode of operation

1) Ignition=0OFF. Nothing happens. M2-ATX is waiting for ignition signals.

2) Ignition=0N. M2-ATX waits for few seconds then turns on the 5VSB rail. After another
second M2-ATX sends an “ON" signhal to the motherboard via the 2 wires connected to the
motherboard’s ON/OFF pins. The motherboard will turn ON and your system should start
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3)

4)

booting. The Ignition state will be latched for 60 more seconds so that the motherboard will
have a change to come upin a clean manner.

Ignition=0ON. Your computer will remain ON.

Ignition=0OFF. M2-ATX waits for “OFFDELAY" in seconds (see jumper chart) and then it turns
the motherboard OFF by sending a signal to the motherboard's ON/OFF switch. Your
computer should turn off gracefully (shutdown procedure). After shutdown, 5VSB will still be
provided for another “HARDOFF" seconds. In the event where the shutdown process is
longer than “HARDOFF" (Operating System gets frozen, etc), power will be shut down hard,
turning off all power rails. During the HARDOFF procedure, the battery levels will be
constantly monitored to prevent deep discharge situations.

5) M2-ATX will go to step 1, if ignition is tuned ON again.

3.0 M2-ATX Characteristics

Minimum Input Operating. voltage

BV

Maximum input Operating voltage

24V (clamping will occur at 25-27V)

Deep-Discharge shutdown
threshold

11.2V

Input current limit (fuse protected)

15A (15A mini-blade fuse)

Max Output Power

160 W atts

Operating temperature

-40 to +85” degrees Celsius

Storage temperature

-55 to +125 degrees Celsius

MTBF 192,000 hrs @ 50C, 96,000 hrs @65C
Efficiency (Input 9-16V) >94%, all rails combined, 50% load.
PCB size 160x45mm

Input connectors

Faston 0.25" terminal

Output Connector

ATX Power 20 pin (Molex P/N 39-01-2200

*Units starts failing at ~115 Celsius. Operating at temperatures above 85C / 185F will drastically reduce the MTBF. When
operating at high temperatures or fanless operation, must reduce PSU load by 25%.

Efficiency vs Load Current Efficiency vs Load Currant
ag Ch.2 = 3.3V, Ch,1 = Off Ch =&V, Ch.2 = O
. Pt RNE B LS
ggu ;/; P f el L1 Fe Jlﬂl'l\/ u;u:uv____
€87 = I | =
Fu " i i §’°__H\:'/ @
g el |oEe i L & e
. =a) | e A
7 - - - - - - wlZ N ariil
Vin (V) 1.E-02 1ED 1E+00 1Es01 1.E02 1E0 1E+00 4 E+01
Maximum Power Characteristics
Qutput Rail Current (Max) | Current Peak Regulation
(<60 seconds)
5V 8A 10A 1.5%
3.3V 8A 10A 1.5%
5VSB 1.5A 2A 1.5%
-12V 0.15A 0.2A 5%
12V 8A* (see below)| 10A 2%

Total power = 169.9 Watts

When operating at 24V or extreme temperatures, de-rate by 30-50%, ventilation will be required.
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12V Rail Output Current

Input (V) 12V rail current | Input (V) 12V rail current
6V 4A 11V 8A

7V 5A 12V 8A

8V B6A 14V 8.5A

qV 7A 14-18V 9A

10V 8A 20-26V 7A

For low input voltage (6-10V) ventilation might be required for peak load
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“tékz © Kinect Sensor Source Code(C/C++)

/*

- OpenNlI Kinect Project -

Program name : Follow ME

*

#include <stdio.h>
#include <stdlib.h>
#include <iostream>
#include <math.h>
#include <vector>

#include <string>

#include <glut.h>

#include <XnCppWrapper.h>

#include <windows.h>
#include <winsock2.h>

#include <ws2tcpip.h>

#pragma comment (lib, "Ws2_32.lib")

#define RUN 1

#define STOP 0

#define DEFAULT_BUFLEN 512
#define DEFAULT_IP_ADDRESS "127.0.0.1"

#define DEFAULT_PORT "19882"
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using namespace std;

/I Global Variables //

/I Universal //
short int status = STOP;

XnUserID operatorID = 100;

I Kinect //
xn::Context mContext; /I Creat€ontext

xn::DepthGenerator mDepthGenerator; /I CreateDepth ~ Generator
xn::lmageGenerator mlimageGenerator; I/l Creatdmage  Generator

xn::UserGenerator mUserGenerator; /I CreatdJser Generator

I Server /I
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;

/I Kinect Callback Function //

/I callback function of user generator: new user

void XN_CALLBACK_TYPE

NewUser( xn::UserGenerator &generator,
XnUserlD user,

void *pCookie )

75




if ( status I=RUN ) {

mUserGenerator.GetPoseDetectionCap(). StRoseDetection("Psi", user);

cout << "New user identified: " << user << end}

/I callback function of user generator: lost user
void XN_CALLBACK_TYPE

LostUser( xn::UserGenerator &generator,

XnUserlD user,
void *pCookie )
{
mUserGenerator.GetPoseDetectionCap().StopPosetBction( user );
if (operator|D == user) {
status = STOP;
operatorID = 100;
}
cout << "User " << user << " |ost" << endl;
}

/I callback function of pose detection: pose start
void XN_CALLBACK_TYPE

PoseDetected( xn::PoseDetectionCapability &poseDet®n,

const XnChar *strPose,
XnUserlD user,
void *pCookie)

if ( status == RUN )
{
status = STOP;

operatorID = 100;
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}
else if ( status == STOP )

{
status = RUN;

operatorID = user;

cout << "Pose " << strPose << " detected forser " << user << endl;

/I OpenGL Callback Function //
void kinectUpdate()
{

XnPoint3D userPosition;

XnFloat X, y, z;

/I Update date

mContext.WaitAndUpdateAll();

switch (status)
{
case RUN:

mUserGenerator.GetCoM( operatorID, serPosition);

X = userPosition.X;
y = userPosition.Y;
z = userPosition.Z;

break;

case STOP:

X =0;
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break;

/I Prepare data which will be sent out.

sprintf(sendbuf, "<status=%i,X=%+08.2fmm,Y=%+08.2fmm,Z=%+08.2fmm>", status, X, v, z);

/I Send Data
iSendResult = send( ClientSocket, sendbuf, {)atrlen(sendbuf), 0 );
if ISendResult == SOCKET_ERROR) {
printf("send failed with error: %d\n", WS AGetLastError());
closesocket(ClientSocket);

WSACleanup();

/I Output Information

printf(" \n");
printf("<status=%i,X=%+08.2fmm,Y=%+08.2fmm,Z=% +08.2fmm>\n", status, X, Y, z);

printf("Bytes sent: %d\n", iSendResult);

void drawUsers()
{
xn::SceneMetaData mUserMap;
XnLabel iLabel;
mUserGenerator.GetUserPixels(0, mUserMap); /I Get User Map

const XnRGB24Pixel *rgh24ImageMap = mimageGemator.GetRGB24ImageMap(); // Get RGB Image Map

glBegin(GL_POINTS);
for(inty =0;y <480; ++y )
{
for(int x = 0; X < 640; ++x )

{
iLabel = mUserMap(x, y);
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/I Setup Vertex Color
if (operator|D == iLabel ) {
glColor3f( ( (rgb24ImageMap[649+x]).nRed  )/255.0,
( (rgb24lmageMap[6#p+x]).nGreen )/255.0,

( (rgb24lmageMap[6#4p+x]).nBlue  )/255.0 );

}
else if (iLabel == 1) {

glColor3f(1.0, 0.0, 0.0);
}

else if (iLabel ==2){

glColor3f(0.0, 1.0, 0.0);
}

else if (iLabel == 3) {

glColor3f(0.0, 0.0, 1.0);
}

else if (iLabel ==4){

glColor3f(1.0, 1.0, 0.0);
}

else if (iLabel ==5) {

glColor3f(0.0, 1.0, 1.0);
}

else if (iLabel ==6) {

glColor3f(1.0, 0.0, 1.0);
}

else {

glColor3f(1.0, 1.0, 1.0);
}

glVertex2f(-(x-320)*0.0015625*100(y-240)*0.0020833*100);

}
glEnd();
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void display()

{
glClear(GL_COLOR_BUFFER_BIT);
kinectUpdate();
drawUsers();
glutSwapBuffers();
Sleep(33);

}

void idle()

{
glutPostRedisplay();

}

void initOpenGL()
{
glClearColor(0.0, 0.0, 0.0, 1.0);

glColor3f (1.0, 1.0, 1.0);

void reshape(intw, inth) /% RRE + | Fgad@»"F"" 3"
{
glViewport(0, 0, w, h); /] #5857 v BIFIARF + /)
gIMatrixMode(GL_PROJECTION);
glLoadldentity();

glOrtho (-50.0, 50.0, -50.0, 50.0, -1.0, 1.0);

/I Main Program //

int main( int argc, char **argv )

{
Il Server [/

/I Initialize Winsock
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iResult = WSAStartup(MAKEWORD(2,2), &wsaData);
if (iResult 1= 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 = Al_PASSIVE;

/I Resolve the server address and port
iResult = getaddrinfo(DEFAULT_IP_ADDRESS, DEFAJLT_PORT, &hints, &result);
if (iResult!=0) {

printf("getaddrinfo failed with error: %d \n", iResult);

WSACleanup();

return 1;

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

return 1;

/I 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", WS AGetLastError());

freeaddrinfo(result);
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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;

/I Accept a client socket

ClientSocket = accept(ListenSocket, NULL, NULI;

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

return 1;

/I No longer need server socket

closesocket(ListenSocket);

1l Kinect //

/I Initial Context and Setup Generators
mContext.Init();
mDepthGenerator.Create( mContext );

mlimageGenerator.Create( mContext );
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/I Map Output Mode

XnMapOutputMode mapMode;

mapMode.nXRes = 640;

mapMode.nYRes = 480;

mapMode.nFPS = 30;
mDepthGenerator.SetMapOutputMode( mapMode );

mlmageGenerator.SetMapOutputMode( mapMode );

/I Correct View Port
mDepthGenerator.GetAlternativeViewPointCap(). &tViewPoint( mimageGenerator );

mUserGenerator.Create( mContext );

/I Register Callback Functions //--------------—----

/I Create Callback Handles

XnCallbackHandle hUserCB, hPoseCB;

/I User Generator Callback Function

mUserGenerator.RegisterUserCallbacks( NewUselpstUser, NULL, hUserCB );

/I Pose Detection capability Callback Function

mUserGenerator.GetPoseDetectionCap().RegistesPoseCallbacks( PoseDetected, NULL, NULL, hPoseCB )

/I Start Generate Data

mContext.StartGeneratingAll();

/I OpenGL //

glutinit(&argc, argv);

glutinitWindowPosition(200, 200); Il /% =%
glutinitWindowSize(640, 480); I &%~ )
glutinitDisplayMode (GLUT_DOUBLE | GLUT_RGB); // # * Double Buffer
glutCreateWindow("Follow ME!"); I #&28R%

initOpenGL();
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glutDisplayFunc(display);
glutReshapeFunc(reshape); #7& * /| s % o geids 1%

glutldleFunc(idle); IFE - BEREFGREREF 2 )@eted— X

1 2#% it B

glutMainLoop();

/I Stop and Shutdown //

/I Server [/

/I 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;

}

/I clean-up

closesocket(ClientSocket);

WSACleanup();

Il Kinect //

/I Stop and clean-up
mContext.StopGeneratingAll();

mContext.Release();

return O;
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%t4x1 : Tracking Robot Source Code(C#)

using System;

using System.Collections.Generic;

using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

using System.Net.Sockets;

using System.Threading;

using System.Text.RegularExpressions;

using System.IO;

namespace Follow_You

public partial class Form1 : Form

IR % R TR R

NetworkStream myNetworkStream;

M4 Tep ® =i it
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TcpClient myTcpClient;

i3 R4 IR = 3

private bool m3 = true;
private bool LR = true;
private int Power = 20;
private double z_f = 1300;
private double z_e = 0;
private double z_e_o0 =0;
private double x_o = 0;

private double x_n = 0;

public Form1()

InitializeComponent();

m31.0pen();

m31.Connect();

1% ¢ BEK P B2 LA

string path = @"C:\Documents and Settigs\Owner\Desktop\Follow You -z& - if gi\data";
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try

if (Directory.Exists(path))f& & P %2 5 &

MessageBox.Showg"gre &% & ");

&2 p &

DirectoryInfo di = Directory.Creatdirectory(path);

MessageBox.Showf' gt = & 3 o ");

catch (Exception ex)

{

MessageBox.Show("The directory press failed:{0}", ex.ToString());
}
finally {}

private void sensors1_Load(object senderyvEntArgs e)

if (backgroundWorkerl.IsBusy != true)
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backgroundWorkerl.RunWorkerAsync();

I > Fa

void WriteData()

{
String strTest ="";
/% & #& byte 5] %% ASCIl %uf8
Byte[] myBytes = Encoding.ASCII.GetBytg(strTest);
Console.WriteLine(# gt FLix 11");
HE 2 e B TR
myNetworkStream = myTcpClient.GetStrear);
Console.WriteLine(#-% 8 & » F#Lin  1I");
IRz 8 B > FHR
myNetworkStream.Write(myBytes, 0, myByds.Length);
}
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I BT

private void ReadData()

Console.WriteLine(j& & 3L i B~ F L 1),

I B F AL BT

while (true)

int bufferSize = myTcpClient.ReceaBufferSize;

byte[] myBufferBytes = new byte[49]

myNetworkStream.Read(myBufferByteq), 49);

string kinectdata = System.Text.Ending.ASCII.GetString(myBufferBytes);

B FHL R

Console.WriteLine(kinectdata);

zeo0=z_¢;

X_nh = x_data;

double x_de =x_n-Xx_o0;

/IMatch The Date

string pattern =

@"status=(\d),X=([+-\\d\d\d.\d\d)mm, Y=([+-]\d\d\d \d.\d\d)mm, Z=([+-\d\d\d\d.\d\d)mm";

MatchCollection matches = Regex.Mzties(kinectdata, pattern);
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/Imatché 2_# iF

foreach (Match match in matches)

double s_data = System.ConvdiwDouble(match.Groups[1]. ToString());

double x_data = System.ConvéraDouble(match.Groups[2].ToString());

double y_data = System.ConvéraDouble(match.Groups[3].ToString());

double z_data = System.ConvédrbDouble(match.Groups[4]. ToString());

z e=z data-z_f;

doublez_ de=z e-z_e_o;

if (z_e > 450 && z_de > 0)

m31.Drive(10, 70, 70, Poyer

if (z_e>450&& -25<z_de&& de<=0)

m31.Drive(10, 50, 50, Powyer

if (z_e > 450 && -50 < z_de &&_de <= -25)
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m31.Drive(10, 30, 30, Powyer

if (z_e > 450 && -75 < z_de &&_de <= -50)

m31.Drive(10, 22, 22, Powyer

if (z_e > 450 && -150 < z_de && de <= -75)

m31.Drive(10, 0, 0, Power);

if (75<z_e &&z_e <=150 &&8D < z_de)

m31.Drive(10, 70, 70, Poyer

if (75 < z_e && z_e <= 150 &&5/< z_de && z_de <= 150)

m31.Drive(10, 43, 43, Powyer
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if (75<z_e && z_e <= 150 &&®< z_de && z_de <= 75)

m31.Drive(10, 30, 30, Poyer

if(75<z_e &&z_e<=150 && 8 z_de && z_de <=50)

m31.Drive(10, 15, 15, Powyer

if (75<z_e && z_e <=150 &825 < z_de && z_de <=0)

m31.Drive(10, 0, 0, Power);

if (75 < z_e && z_e <= 150 &850 < z_de && z_de <= -25)

m31.Drive(10, -15, -15, Per,
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if (75<z_e && z_e <= 150 &&/5 < z_de && z_de <=-50)

m31.Drive(10, -26, -26, Pexy;

if (75 < z_e && z_e <= 150 &&150 < z_de && z_de <= -75)

m31.Drive(10, -50, -50, Pex);

if(-75<z e&&z e<=75&&30<z_de)

m31.Drive(10, 70, 70, Powyer

if (-75<z_e && z_e <= 75 &&F< z_de && z_de <= 150)

m31.Drive(10, 40, 40, Powyer

if(-75<z_e && z_e <=75 &&bB< z_de && z_de <= 75)
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m31.Drive(10, 30, 30, Poyer

it (-75<z_e && z_e <= 75 &&R< z_de && z_de <= 50)

m31.Drive(10, 15, 15, Powyer

if(-75<z_e&&z e <=758&& 8 z_de && z_de <= 25)

m31.Drive(10, 0, 0, Power);

if(-75<z_e&&z_e<=758&825<z_de && z_de <=0)

m31.Drive(10, -15, -15, Pewy;

if (-75<z_e && z_e <= 75 &850 < z_de && z_de <= -25)

m31.Drive(10, -30, -30, Per,
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if(-75<z_e && z_e <=75 &&75 < z_de && z_de <=-50)

m31.Drive(10, -40, -40, Pexy;

if (-75<z_e && z_e <= 75 &&150 < z_de && z_de <= -75)

m31.Drive(10, -70, -70, Per,

if (z_data > 500 && z_data <0DO && m31.VelocityLeft = 0) || (x_data > 100 &&

m31.VelocityLeft I= 0) || (x_data < -200 && m31.VeicityLeft != 0))

{
m31.VelocityLeft = O;
m31.VelocityRight = O;
m3 = false;
LR = false;
m31.Close();

}
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if (m3 == false)

{
m3 = true;
LR = true;
m31.0pen();
m31.Connect();
m31.VelocityLeft = O;
}

if (x_de <-150 && LR == true)

{
m31.Rotate(10, 10, PowelC FBOT.M3.rotate.Anticlockwise);
/Im31.VelocityLeft = Velot - 25;
/Im31.Drive(10, Velocity50, Velocity, Power);
/ILR = true;
}

if (x_de > 150 && LR == true)

m31.Rotate(10, 10, PowelC BBOT.M3.rotate.Clockwise);

/Im31.VelocityRight = Veldy - 25;

/Im31.Drive(10, Velocity,elocity - 50, Power);
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/ILR = true;

if (x_de <= 150 && x_de >= -158& m31.VelocityLeft != 0)

{
LR = false;
m31.Close();

}

if (LR == false)

{
LR = true;
m31.0pen();
m31.Connect();
m31.VelocityLeft = 0;

}

oM, Sk ka2 Ha) RELHeFTRIBIRE -

FileStream fs = new FileStreah@:\\Documents and Settings\\Owner\\Desktop\\Followrou - &
- i g&\\data\\data.txt", FileMode.Append, FileAccess.Wrie, FileShare.Write);

fs.Close();

B-FTREB I FH
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StreamWriter sw = new StreamWhter("C:\\Documents and Settings\\Owner\\Desktop\\Ftlow

You - % - if g&\\data\\data.txt", true, Encoding.Unicode);

sw.Write("status = "+s_data +\\n");

sw.Write("x = "+x_de + "\r\n");

sw.Write("y ="+ y_data + "\r\n");

sw.Write("z = "+z_data + "\n\n");

sw.Write("z = "+z_e + "\r\n");

sw.Write("z = "+z_de + "\r\n");

sw.Write("Power = "+m31.Power #\r\n");

sw.Write("VelocityLef ="+m31.VéocityLeft + "\r\n");

sw.Write("VelocityRight ="+m31VelocityRight + "\r\n");

sw.Write(DateTime.Now + "\r\n")

sw.Close();

private void backgroundWorkerl_DoWork(objed sender, DoWorkEventArgs €)

client();
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private void client()

Form1 myNetworkClient = new Form1();

[ g

string hostName ="127.0.0.1";

BB P iy

int connectPort = 19882;

/i = TcpClient it

myNetworkClient.myTcpClient = new TcpCGient();

try

MRl AR Bk

myNetworkClient.myTcpClient.ConnedhostName, connectPort);

Console.WriteLine("Connection Sucasful '\n");

catch

Console.WriteLine
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@ {0} dup {1} g2k

return;

myNetworkClient.WriteData();

myNetworkClient.ReadData();

Console.ReadKey();

II", hostName, connectPort);
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