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Student : Han-Jia JIAN Advisors : Dr. Pi-Ying CHENG

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

This study focused on developing a quadruped robot system NC-F4-2010
which could autonomous across discontinuous terrain. The quadruped robot
contains an embedded single board computer (DM&P RoBoard RB-100) and a
servo controller. We have successfully installed the Windows Embedded
System on the single board computer to control the autonomous quadruped
robot. The new developed quadruped robot uses the single board computer as
the main local controller, instead of a desktop PC, and uses servo motors as
actuators to drive the four legs to. move. The experimental platform also
integrates several softwares for implementing motion control, image processing
etc.

The new quadruped robot NC-F4-2010 is a new prototype, according to
the design of the robot NC-F4-09. The NC-F4-09, designed by our laboratory,
has 12 servo motors mounted on the four legs. In this study, the new robot's
main controller is replaced by DM&P RoBoard RB-100 single board computer,
instead of the original Basic Atom single chip. The single board computer can
communicate with various types of device such as wireless network card
through USB interface. The servo Controller SSC-32 with implements the
command from the single board computer to control the servo motor’s action
via the interface of RS232.

In the study, the new robot system NC-F4-2010 has successfully
demonstrated autonomous motion ability crossing a so called River-stone
discontinuous terrain. The terrain pattern identified module of the robot-system
provides the function of image capture and terrain recognition. The system can
execute the developed path generating MATLAB program to calculate the gait
processes of the quadruped robot through the terrain. The path generating
program designed by our laboratory has integrated with motion control module.



The servo controllers perform the action of gait processes and drive the robot
cross the discontinuous terrain. The results of these tests have proved the robot
current developed theory and quadruped robot system can successfully perform
an autonomous robot motion across a River-stone discontinuous terrain.

Keywords : Quadruped robot ~ River-stone Terrain ~ Embedded System ~

Single-board Computer ~ Computer Vision
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?:0 m; (Zl + g)xi - Z?:O mijé(zi - ZZMP) - Z?:O Iiyéiy + Fext,xzf

Xoyp = -
ame Yiromi(Z + g)
Vop = omi(Z + 9)yi — Xinomid (2 — Zzmp) — im0 lixOix + Foxt y2s
ame tomi(Z +g)
(2-24)
He

m; . % i SIS

(Xzmp» Yzmpr Zzmp) * ZMP s Gk
(X, Vi, zp) © % T 2 iR

g EA iR

o} 4 J‘:}’%é‘ﬁ&\ 4

Fext,x: Fext,y :

Iix;Iiy N fi'[‘?':»]‘ivi X fhy ha B

00 0 & i 2 X dofoy dhind 4eid B

Zf:?}zialﬁa%‘-

L AT LT ERR AT LA HL A R epf e 2 d 3R ke

=i
7!‘3
g
i
Ar'S
F_*

’E‘?AG ’ E'J ZMP 2};\]??* fu :‘% .
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¢ (X6, Y6, %6) ;

_ Xg(z6—2zmp)

Xzmp = XG Gotg
_ _ Y6(Zg—zzmp) o5
Yzmp =Yg B (2-25)
—E“oxé”#’wgg‘(mi_ﬁ_ )i?ﬁ;’] Z}\]ﬁl afga}-}\gg‘;/{r%}}{-é‘liﬁ‘ﬁj

¥ o B?"*:ZZMP:‘—E\ 0> E'J ZMP = ;?\‘ FE,TS :‘gl-

B BE

Xy T o

Xzmp = XG

VeZg

Yzmp = Y6. =

BRI Tt AR §

Rialar -5

Xzmp = X¢g

Yzmp = Ye
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25 ¥ ke
251 Fij= @i
¥ f§— & i (Image Binarize) €% %~ B T & (Threshold) » #-M f?

Aly EETRA B0t deRl 227 B m s - B2 fRhE - A NRhE

m AL (6 ¢ )0 P TRAER S 0 (24 ) GRS Bh

Gy
-
gl
k-5
7‘%
):\-
@1
=
T
@
o
«
R
3
‘®
It
lﬁF
3
7)—
5
RS
T
=
A
3
hpan}
\3\
]

Threshold . : - Y — X
Histogram
& Intensity ¢ Saturation (¢ Bar Graph
Fiota 0 (" Line Graph
[“_,__I - [V Create Mask
v Ignore Black Pixels
255 j 44 [ Ignore White Pixels
;‘;1 Hysteresis Amount:
5 = L
2 2 240 0 =

Hep [[ ok | camel |

Bl 2-7 = @0 e g [10]
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252 A8 B foadL

Ccf

A8 B B fued® B 2k A 38 5§ % (dilation){r % 4 (erosion) e

NS

o
&
e

R i B P ORSEE T ok 0 B TR S B i e ) R
R Bk a0 B 2-8(b)k R hB T g A3 W Rw > 3

A P L4 i ,ﬁ"/‘ o

Robolkealm

(@) it 4R 1

RoboliC

(b) i 15 8 i

Bl 2-8 B4 i [10]

SR £
B iEARE I A o P E TR AR Y R RS T R RS
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2

Gekr RERRL G RE o

RoboRRealm

(@) R 4o 8 e

[ 3
lt- -0

(b) "9E 15 B e
Bl 2-9 "5 i i [10]
Ko i ESE MRS Y A F XA fHIPpRY 0 A Lt o A2k

F o AP R LT GG RBRGE S TR LG o A MR O

¥ tf~ 2l (Segmentation)* AL & 17 E3e & 14t (Label) » » A 4L ¥ Blob
A7 o Fi* tE AniT 2R (Neighbors) g EAp e Kk aAp B 1248 R > @ 19 Al -
BARMBA D E R A BT B S N PSS e Ap AR EL
AAR# D A LEd P a THRERGD DERGF o FHIERT BIRE
A O LS g e MRIT 0 B2 F 0 B D ap AR ek e
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L O0OPFR|H-T Mo - BEESHT if']ﬁi”ﬁ"ﬁ W - AshgEE
BT L - WEEHBES S TV L @ ITHEREH T - B ED SHE A
B R R R B 2-10 £ ApAREES SN HF g A 25 4 BE RS

B e

111
4] 4] 4 3] 3
4

Bl 2-10 Biihr ]2z %

@ g3 ap pat Blob 2478 o v S [{ H{E B g e

FE PSR TR Gldheod ff o FE SR e
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31 I LAMKA
3.1.1 H 4 7 "5 DM&P RoBoard RB-100

AFET H gl RS BA AR ¥ 2 HET N5 S 8PEY > DM&P #7
42 112 RoBoard RB-100 - p* ¥ {5 ¢ # i * a2 % Vortex86 DX #_d gt >
o drded) gh- 3f 32 =L X86 a2 B o ¥ 4p 7 »Y Windows based ~ Linux i®
¥ kA & R 32 o T pEE T E & 5y Real-Time Operating System ,RTOS ) -
A ¥ \ortex86 DX & & 7 32KB L1 -2z 548 v 256KB L2 |-B-2= i 48 ~ USB
2.0 ~ PCI Bus ~ DDRII ~ ROM Controller ~ % :# ¢~ %% 2 2 IDE Controller

XL - ARE LY O E RSN S A SR TSR o

MiniPCI
A T 2 USB
— PWM
Power(.-—S-i i $1-516
Sl i RS-485
PWM ) | Ters
S17-524 (AN e DM&P

Vonex860X e Slgrs=y e com3
cnu sy %01 » 0] . TTL
Onchvg’ :

B SPi/i2C

MIcOSD  yae  Linecut Minin A/D
Slot

 3-1 RoBoard RB-100 ¢k gz dx ez [11]
FltpEY > {14 Vortex86 DX i A A i kP LM A 5 o

i

26



& B L & % Vortex86DX RoBoard #i- RB-100 ¥ 4= ¥ &% » RoBoard
RB-100 :imltedr® 31 L HEHF TR & 5 A E M B 2 58 B 1%

HI A G o BARRGES doT

-7 13 Vortex86DX ik # b o - f832 = ~chx86 T o CPU - @ R v i
1000MHz - e 256MB s il

-f= Windows - Linux ,DOS ‘& = > 48 %

R B RHCH SR o FREGENO RRBRER

& B R F 96 Xx56 mm

- 2E 24 = PWM 5L > GPIO,RS-232 » TTL serial » RS-485,USB V2.0 x 3 >
A/D convert » SPI/12C bus - Audio out & Mic in"> 10/100M LAN - fe— i Mini

PCI 4 A -

ﬁ%])‘?,/}fl @%’Eﬂ # 6V 3| 24V
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# 3.1 RoBoard RB-100 #L.#= [11]

et

RB-100

LEite

DM&P Vortex86DX

BIOS

AMI BIOS

=Ll

256MB DDR 2 onboard

ADCs

Analog Devices AD-7918 10-bit

/0 4rHE

Micro SD slot x1
** 4% class 2,4,6 SDHC, {F{a[& &
USB port x 1 (USB 2.0 version)

R EAE

2.54 mm 3-pin box header for PWM x 24
2.54 mm 10-pin box header for RS-232 x1
2.54 mm 10 -pin box header for USB x1
2.0 mm 4-pin header for RS-485 x1

2.0 mm 4-pin header for TTL serial x1
2.54 mm 10 -pin box header for SPI & 1 2C x1
2.54 mm 16-pin header for A/D x1

1.25 mm 3-pin wafer for TTL serial x 1
1.25 mm 4 -pin wafer for LAN x 1

1. 25 mm4-pin wafer for MIC-in x 1

1. 25 mm 4-pin wafer for Line-out x1

1. 2 5mm 6-pin wafer for JTAG x1
0.8mm 124-Pin Mini PCI Card connector
3.96 mm 2 pin for Power x 1

WHAE

+5V @ 400mA

AP AR

DC-in 6V to 24V

KN

96 x 56 mm

HE

409

G

AT

PWM : 20ns

Serial : 115200bps

12C : 1Kbps ~ 3.3Mbps

SPI : 10Mbps to 150Mbps Half-Duplex;
CPOL=0/1,CPHA=1 Clock mode

SCTRHITESE 24

DOS, Windows 98/ME, WIndows XP
Windows Embedded CE 6.0

Windows Embedded Standard, Windows Embedded Stardand

Linux distribution kernel 2.4.x, 2.6.x
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3.1.2 R4 4]4 SSC-32

e

Y

’

THRE T B AN E AIE F e d | BPRE e (A 2 ko

A ED (T 5 PPRE E AT E MR et e o i ehE_Lynxmotion o & 914 & en

SSC-32 "% A 2 B > Bl 3-2 & WIRITHIF 2 TEIRHHP o 2 BRI

N

#41* AVR

T o] 32 B FPR G iE

Swde 500mA

Low Dropout \c'Reg.‘\
WS2 Terminal ~J

2 Apply Servo power 1o
channets 16 thru 31.

3 VS1=VS52 Jmpr
Connact VS1 to V52
for singie servo bat.

VL Terminal -—_|

Apply Logic power
Bwdc thru Svic only.

5 VL=V5 Jumper |

Apply Logic power to
Swdc reguiator input

from the Servo battery.

V51 Terminal — &
Apply Servo power to |1

channets 0 thru 15.

Atmel 1C Socket 1

Observe polarty.

=~ 7 e ATmega8 ¥ & 5 o

FrmPfedord 3.2

[}

/O

7

S
R
—

VB1=V52

VL=VE

5ol

Bl 3-2SSC-32 &4 p [12]

4 2 TAHCS95 & * H~ 2 fike »

== () Ground row (Black)
+— ) Power row (Red)

Sarvo Putse (Yellow)

— QLED

Processor good.

Baud / Inputs
Select the baud rate.
Utilize extra Inputs.

DB3 Port
True RS232 level

serlal connector.

EEPROM Socket

For future expansion.

TTL Serial Port

For connecting to

Atom, Stamp &, and

DB enable.



+
1~

3.2 SSC-32 *% & 4 B4 [12]

Microcontroller

Atmel ATMEGABS8-16PI

EEPROM 241.C32P (Not supported on this release)

Speed 14.75 MHz

Internal Sequencer 12 Servo Hexapod (Alternating Tripod)

Serial input True RS-232 or TTL > 2400 > 9600 » 38.4k » 115.2k >
N81

Outputs 32 (Servoor TTL)

Inputs (Static or Latching)

Current requirements 31mA

PC interface DB9F

Microcontroller interface

Header posts

Servo control

Up to 32 servos plug in directly

Servo type supported Futaba or Hitec
Servo travel range ~170°

Servo resolution 1us - 11°
Servo speed resolution 1uS / Second

Servo motion control

Immediate > Timed > Speed or Synchronized

AT ATR Y i B EA MU AFRFTRVEHE 57 2B

BT REEM L LR B SR S R R Y o

7R R - Lynxmotion »-Inc.

313 =z & E A kA NC-F4-09 41 %

PIRSEenB pd Re EE A R3] NC-F4-09 [13] - st v & 48 T A & & %r

3mh & o o HRIRE FZHTHEA  F M S DPIRE ER5 2 4ol 3-3 47
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B 3-3 = T E 4 R4 NC-F4-09 [13]

RAek thengrd| 2 385 3 - 88 11 * BasicAtom ® & & 5 A4 B
#-i¢ * Visual Sequencer #7358 er3f% 7% W4z i€ Basic Atom {¢ > 4 Basic Atom
BP0 SSC32 frdlr o R Fe RSB A @b f AT hof]
3-4;@m ¥ - BEw LT A HSSC-32 444 d RS232 A& B A T o
Foo B A TGRS oM 350 5 TG E H4p) SSC-32 8 2k 6

St

=

Bl% 5] RS232 44 » P BA S (TR FRE R FE > L H

AR BF MBS RGEFERS LA
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SSC-32 IR IEEIR

B 3-4 Basic Atom =t &k AJ2 Jn 42 B 3-5 &L A PC 8k admin 42

BAETT P s F 30H T - 377w B8 R A NC-F4-2010 5 #
NC-F4-09 ﬁ?i%’ilﬁﬁf#%?{,* » ¢z 2 RoBoard RB-100 q‘;i »>VH T B
Basic Atom % i % 7 "% > #5fic SSC-32 -4k | 18 | 4§ 1% » 27 Lk 3t

W TR PR G R 8 BN A B S R
32 HWAE

3.2.1 Microsoft Windows Embedded Standard

*F B #-11 Microsoft Windows Embedded Standard 2009 [14] = H 4= 7 &
#Tié % 2 fE 3k 3> Windows Embedded Standard & fedio# 2 ek » 3¢ 4% 1F
oo F - B e E IR 3 22 Windows XP Professional 153 i st— e d
BRGSO Pk E g F R s D nivE AR ik > ARG Windows

XP Professional %% % supp ik 4412 2 %= # a4 i - Windows Embedded £ 3% #-
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Windows XP Professional #r3 e ic frf st 4 2~ i it > ¢ 7 75 41§ 10,000
IE i a2 e @ % Windows Embedded Standard ¥ 12 iR A7 5% B B
AR L& AT Mt e Windows XP Professional 15 % su3f B #r 3 & Sifog
R s RS B &M T & Windows Embedded Standard q‘;’ rRTEE ks
PNERPTFIRBARN B ARSFF DR o Y B AR S
GoEL o B A BB R BT Nk AL (Blde o are il > i and &
fed2 B E ) o prgicat » 3% Windows Embedded Standard 1% % st p w R LR Y
WERRE L ERAIEAS PN oA A 0 blde D p B it B EAL

’B“\ijﬁ ‘POS“‘P&IP;E,;’{% ‘}"‘f{:;\gﬁvﬂ ‘f_’i‘}éj“l;i .

g

d!
e
o

% B x86 A T - Spd 750

- FAIT SRR A RBE L A2 B FUARRAE

s AEYETEXG o

= % % i Windows XP Professional 7% % sep A& < * > & % Bluetooth
DirectX ~ .NET Framework ~ Windows Media Player ~ Internet Explorer... % -

- A3E4TF XBB AT LA o

- PR ETE RIS T AR 2 SR AR R L APk 0 T SRR T E

A N SR ,li “f{,? D] ,}J y s
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wAF g @ i * Microsoft Windows Embedded Standard 45 72 ¥ 4+ T &
RB-100 % 7 7 i S B A p A F T2 p et BT 0BT AL AR
AT R e RN I RBEIEF R EF 0 ROBEAA IR

RBE 4R A B ASERE A TR

3.2.2 RoboRealm % % £ A4 i 4

AFTF TER 2B g g0t RoboRealm [10] 2 - 2 4 7 T E A
LG A5 > #AE S TR KA PERRE - ML R4

%2 i 47 0 Bl 3-6 5 RoboRealm #r# shiil g H (£ 4 5 > 2 % H 7 1S

| RoboRealm 2.0.2.4 I
Cnnhentshndex | Seawh | ||Zoom100% «|  Options

o Recent Iimages
- Recent Modules
i Recent Programs
(- Examples

Adjust

Amalysis

Lrithmetic
(- Avdio

[+ Blobs

- Colors

- Comtrol

[ Display

- Edges
Extensions
Filters

Histo gram
Interface

- Load ingfaving
- Matching

- Morphology
(- Point Featnres
[ Ehapes

- Statements
Temporal
Thresholding
Transforms
[ Other

u Save |ﬁ@en |ﬁCamera 5] 5nap |

Autn Threshold 00000

1>

lalale

2 [sest || Bioew | @Disbe | %Dkt | PR | Q) comment]
KY: 319, 127 [ndex: 120877 RGB:255, 255,255 FPS: 8.0 4
— o 127 Todew 20T ROB IR D

B 3-6 Roborealm 4 & 4L %

be n b AR HURTE SR 0 Glde R E S AR BRI 2 S

TR ALE A7 0 o pt ot RoboRealm iR & 7§ fip ik B (Filter) ™ 1At i # &
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Bt 22 FER O AEFHRGAE S S Bo] TS BRES R

B ok # % 57 0 41% RoboRealm % i & droficiz £ & 2|3 > + # T
BN ER S GE B e T o "f gkl ¢ poZ P ued® S B2 “b > RoboRealm &
v 1114 1§ Extensions g @ * ﬁ 7= Snfce ¥ ¢t RoboRealm ¥ » #& &7
API Server (Application Program Interface Server) - :& i@ * JFT [ENT S N =1

T HE B AL L% 12 RoboRealm & B e At -
323 AP HEUTH B BEREF TA L 2N

AT P AR R ERFEIEA I RN AR R R 2
[15] 2% T2 & * if it PR dae s & SL(ANFIS)F 5 % » i * *tw T8 %
A F e (NC-F4-09) 4% 2L T 3o im 7. &+ 45(River-stone Terrain) 2 & & 23] o
g PEALG 12Bpd Ropa B AR LME S EL R

EHF o PApg RS L T AR - BARSEE
W MATLAB : B# %8 f1 ANFISIZH&P- @& 5 S ffo ¥ e i ZMP
AP RBEAEFIREVRIFPEILEDE RIALIFEH SR

L]k = o

Erw U EAZ L AR 3T iAo d R E A LS

*#,q]ua #B-12BApd R R BA G5 4% 3-DOF 5z =4 o m
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e A EAZEHRE S A

FEAE R D LA RS EARE Y 5 B A PRk g A o

3
o

W 37 S E A A4 [15] B 3-8 B B

%g&ﬁﬁ@ﬁamﬁuﬁgﬁﬁ,m{ﬁ%@ﬂﬁﬁgiq
PO I G  pAeAcE P - HepE s P B G R

bz B chz AN > B A A R 3 ANME o @ gt A

B E R R AEE S R FARRALA P ik B B A5 R R

Fd S PP G F 408 Visual Sequencer ¥ F epL S AL R RN (B U e &
FoREN TG TREAHRE -

pE A 4 2N P PR 0 MATLAB 5 AA# i = b s34 & 2

4B B e 5 S(GUI) § B 1 u B8 E A AR F B T 5 )
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3.2.4 Visual Sequencer # % A ¥4 6t %8

AT 0 RRFEASEA PIRE Feds (TREE L] % )
Lynxmotion = & [12]F 4 <5 Visual Sequencer » i&& - % fic & SSC-32 "% 4 A
4B A PIRE E it TER - BRI R e It e Ay Y o

AR ER*IIEEHEMAZAHL > UTEB b A ik
(1) SSC-32 % =_

- HGEEIFIPIREE S AT €FT] PRSI RE DR AL > BRI S

>—L
_HE"\
R
%
il
X
|
%
{ﬂ

U
s
M
(v

PR g R e B e

=
bt
B
|

3=
>
~m4
_E:,j
s
&
im
(4
beits

ot g AR 0 RE- B AR FADRES KR
AREFIA €7 R BRIE &R T iTE T & E L5 Visual
Sequencer 51 SSC-32 % 2> V M E B FREEL FRAFERF > I 7
FERHRBER R EF AR NK TS # F Visual Sequencer 3 PET 1B

B A RBEHHIEL SRAE R > B EAIAR
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= | ynxmotion Visual Sequencer ¥1.15 *** Connected (COM) *** ['z|i:lrg|

Conliguration

Lynxmotion Visual Sequencer V1.15 _2 Avwu|
For SSC-32 < el |

Project

CoM

@ Timeouts

qﬁelup
@ |com -

>

& Firmware
S5C32-14MAY0TE

Socket

.EI Server | (ﬂ Client ‘ x Exit |

e

BAEBH LY o Ny AE RS FEE R 0 R B ERER o
W RBPRREA A o ¥ BRI Y 0 T B R T R R

B R s (TR RIBTAE o

(3) mdigre ~ 5 5

Visual Sequencer & 4% 7 T 8 T~ B a0 0 iy 43 MK TR S ede (FEORL
Wik LA FRAGB S EARTLEREI RS Add H U A

ZApR RN E RN AL B0 0T o
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Ty RERIZHEPNGE

41 R FHRP
4.1.1 AR PR A EIRT %

WR A A 0 AR R - AT 8 2 ek R (Webcam) i L i
¥ 45 e RoboRealm it §8 AR A #5887 (7 1 ek B3R o 2 Rl — BRI &

A, CAD PR 5 4o B9 0 doB] 4-1 0 v RS e A E 2 e 3

s » & * RoboRealm ¥+#5B~ 3| e’ el » £iEH ¢ i

r

24013 §

NS

o B A FEE2 (8 VR RESR A R g F e P

;;;
)

4-2 EEHES P rRERI V@RS T b o

] 4-1 Sgis =)L AL B 42 % Webcam #5~ cg i

B BRI L B %
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ER M E P L RBEOE A2 15 0 £ % RoboRealm #g’ A 2] 5 -7 4p

WS P RREA S g AT UBRENERES P ERL

3 2% WebCAM #7855 e% 6 £ fpy

B
1]
N

|

o

S

g

K
o
i

4~

Bl 4-3 £ AR 252 Rind o &4t RE

WA o ¥ kMP RS SIS arE DR I EREE AR

g

IR R MRIpEOG AL R o o P PHE AR 43¢ FAk
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AN

Flt 1 E A

e
B o

o BRI E TR

HAE D o

1l /)5\4 !

P d At

FARLS P B

R

B 1

d. —_
* 7T

> H

L
]
NS

e o e

Brere gk ek en

%
i

]
£
7N

2
|

zljc*'a

i
amd
41

A=

SRR R

SN

232
7 Fea

AR FERAT N gD

d

s
G

FI

7

BB R A

NN

7

B R A2 NEs
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3 OA§ fu =Lk B ORI 7. =
A N A A

ETTRS

B r ALy R R 0 B AR
[RéePiH- L h#EEZ e > APRITT B 44 T TR o » )
ARl A o A R R A RE R R T A G 2mm & Amm S R R
Ao od w- GOREFTRY RIIRAHZES PRE ALY NES B id

W A TR T )

AR RO G R e S EA R KR R - &
& 2. USB i pa iR 4 (Webcam) > iR L &3 R B b & A i< ® 7 4 B

i%iF USB - f{gﬁﬁﬂ“‘gi&@gﬁ]*\f, ) AR b B Rt o

AFAG Y — P ARSI AP B F T E NC-F4-09 [13] 5 %3+ R 3] 374
T SATA]w A4 E 4 NC-F4-2010° B 4-5 & ATkt 2 o B B A 504 %

B g+ i P2 x4 7 %% DM&P RoBoard RB-100 3 1% % 4 =44
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FIT Mo U o 38 R Aenv 3N 2 438k B A R4k 3t ¢ o Basic Atom

H& P did P AT et St NEFE DR TARguEl > YR

* USB Ao kit B4Fu & Nl ook EERRERF 1 E S R AP g
I

CCDIZSH%

UsB

RoboRealm
Matlab
HEEIRBIE

Eims ERE

))) - Windows Embedded

Single Board Computer
DMP Roboard RB-100

2 Tl B A S

SSC-32 fal AR IR

TR

| SEE . EpEEE 4 !

MRE . BER
2010 7R

Bl 4-5 £ AT 352w T8 % 4 NC-F4-2010 % #

H 7t 8 7 e~ 38T E % 5L 5 Windows Embedded: 4p % Windows
XP > ¥ 12 ® 4p 7 317 Windows engich » @ H Ve AT % 3 0 B B A
AT H NP PR ARl o FIt ATl e A8 A NC-F4-2010 i@ PR 5 FE §
#1411 Visual Sequencer #c 88 a5 1 B A BRI 4] 2 B (F % iB2 4 2c. ¥ ¢
B2 PR H 4 T " RB-100 + & 5 24 &= PWM %’éfiﬁ%] GERE At I RCEY -3 SRR

TREMNFHRTATRF2ZHITA A ARNIEE > F]P v L * Visual Sequencer
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5 e WP SSC-32 17 5 AF S g 24 o @ RIRE 44 SSC-32

o RS232 /G E Rl f F 4IRS E2 Bk b it

414 F ARG

AR A phz - o R AR R BB i 0 2 AL R
AR RIE A R F RN 4 o B4 B § re 47w K48 B L NC-F4-2010
EARNEA R St ER £ IR SLE SRR S IES R S

BT A AR SRR (P A S E R 2 A R

EN
KR8 S
WEES
RoboRealm HIER R WRRER Visual EN{EIBN
- 4R Sequencer
I 1 B2 ARES
MATLAB @8 v
AERERMR BIIZIEAE NC-F4-2010
EEEER Bl SR EREERE

TR csv

FtER
WEE : BEiE=

2010 7R

SIS - B Wi !

Bl 4-6 7 Az ARG A28 [16]

B 4-6 5 *F sk r B P AR AR 0 A kiR (TiEARY o APk
AR ERTYIIZEHMY RER IR F it PR ERZ 2N
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BiAe K o - B OR RAANRIINAR o A B AR RFEL METRY
INC-F4-00 #8 B A % LUt 038087 7 A4 » 7304 2 & §_ ¢ * RoboRealm
$H80 A TR GFES AL 0 R RAR L RS % 82 MATLAB - (T 4 2 42

FARGEE WL B 46 Sk BURARINA 0 AT Mg HHEmRD

42 # AR IEHREFK

AP i 412 H TRz R B E A, 0 R A b o ¥
AR HE B A NC-F4-2010 7 A%2L:g 3 A5 4 - At 7
Ase o IE LR RRBEGR £ B 5 35mme A B F 2mm & Amm S a5 R
2mm Fl& F Rk B4 ¢ Mo Amm FlERET 4 d AT AR SRR A SRR R
2% o @ 23 A5 5 250mm x 350mm P &4 0 H 132G 8 x 6 1B

3t > Flo BFRE S 40mm > e 1% &2 i3 F 8 A5 he B 4-7 o
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Bl 47 PR E B 48R A AER X

43 PELR TR

R Sherid g AASE A NC-F4-2010 B8 28 £t A3 % 2 #1284

2. NC-F4-09 ¥4 5 R3] » = 3 7 e A %AH| % Kol 45

=H

-
N
S

T
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Wivted 2% - 3740w B FL - P EL e LM S PERE S 4 ak
B N R R P UETRESRTHTAL N L P S RAHEET

Bete R gI e FEFRATSER DR R L RS 2 - B

B 4-9 5 A#73w BB & NC-F4-2010 #7i& * chi IR G iE » 3 * 45
HITEC 2 & [17]#72 & 2 @R 5 i HS-485HB » 4p i (S 8 B & #1i# *
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# 4.1 HITEC HS-485HB Servo Motor 1 %

Control System +Pulse Width Control 1500usec Neutral
Operating Voltage Range 4.8V 10 6.0V
at 4.8V at6.0v
Operating Speed 0.20 sec /60" at no load 0.17 sec /60" at no load
Output Torque 5.18kg.cm 6.41kg.cm
Idle Current 8mAlidle 8.8mAVidle
Running Current 150mA no load operating 180mA no load operating
Operating Travel 45 Deg. one side pulse traveling 400usec
Direction Clockwise/Pulse Traveling 1500 to 1900usec
Motor Type 3 Pole Ferrite Motor
Potentiometer Type Indirect Drive
Dimensions 39.88x19.81x37.85mm
Weight 45.08g
Bearing Type Top Ball Bearing, Lower Bushing
Gear Type Karbonite Gears
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il 31 682 1549 2416
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