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Abstract

This research is to apply the control of neuron networks for the real-time walking control of
Multi-articulated robot. Multi-articulated robot is expressed with a complicated mathematical model on
account of the mechanic, electric non-linearity which each articulation of mechanism has, and includes
an unstable factor in time of walking control. If such a complex expression is included in control
operation, it leads to the disadvantage that operation time is lengthened. Thus, if the rapid change of
the load or the disturbance is given, it is difficult to fulfill the control of desired performance. This
paper proposes a new mode to implement a neural network controller by installing a real object for
controlling and an algorithm for this, which can replace the existing method of implementing a neural
network controller by utilizing activation function at the output node. The proposed control algorithm
generated control signs corresponding to the non-linearity of Multi—articulated robot, which could

generate desired motion in real time.
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Fig. 1. Structure axis of robot

o 1. D-H 85 & XQIE A&
Table 1. D-H parameters and Joint angle
Joint 0, o a; d; Range

1 6, |—90 0 d, —90°1090°
2 0, | 90° 0 d, 200160 °
3 0, [—90° | 0 dy | —150°t030°
4 6, 90" 0 d, —150°t030°
5 05 |—90 0 ds | —150"t030°
6 O 0 0 dg 20°to160 °
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Fig. 2. Humanoid robot

230 AfozE 1279 RC RESF B,
3-Axis Acceleration Sensor(AM-3AXIS-P)E= -
el 259 A= 26kg, 2715 280mme]th

ZF ol AREH ol olEl= R/C A K. BE =A]
HS-5645MG(Hitec Inc., US.A) EES AS3FTE
HS-5645MGe] Torquet= DCA8VlA 12.1kg - mO]
t}. Pulse duration 0.9msollA] 21ms¥ wl FE 2] 7}
T 00014 180°= sl ) Pulse refreshesi= 20ms
ojn, ojuje] F3}4= 50Hzo|th

B =8-S 98k Alo] Al4Ele RecurDyn™e 54}
A ARE HaAAS AAREe R Aojshr] 9 &
F4L& NI LabVIEW 20113 NI CompactRIO
Real-Time ZAEZ#(National Instruments Inc.,
US.A)E AHE-sIaith

NI CompactRIO= LabVIEW Real-Time %
LabVIEW FPGA”7|9o. 2 G55 A4 o] 7153k

U= AES 2 54 EgFolck

S TS AlFsh= Xilink AFe] FPGA Core Vertex—5
LX&7F W NI9116< AR8-aFiT

RT HAEZ2 2% Real-Time o1Zg]70]4S 9]4)
533MHz, Freescale MPCS347 2| DEFY] LA}
AlZAdo] =2 Real-Time OS(VxWorks)7} &2
NI cRIO-9022& AF&-3}Ath

/0 25 4 T 8Ad 10ns9] 2114 A& s
TS PR gAY i 2 S BEQ] NI9A01
B 20E st 12709 R/IC 2EHE PWM Al
Aoz Aojd & AEE ST

it

o

D



NSRS 088 2% wY 3o A Y 7

o} 250kS/s] A5 Al

—_
(@))
)
|m
%
[oX
i 1

FPGA Chassis
NI91ie

Target 1/0 Module

3z
=39
o

1670¢] A& opd=

T2
25

obg

B2 3

RT-Controller
cRIO-9022

Actuator
R/C Servo
12-Axis Motor

Sensor
3-Axis

Acceleration
Sensor Signal

J8| 3. A|lAH 2N
Fig. 3. System Configuration

3.2 MBRUZY MO AIXE

PeETH 29Fe] ABAE Vipxn), 2HSTH
FHSA) AAFE Wimxp)= Ao #e 27
shalal St e Al iEste] vt 2ol

NET, =XV7', Z=f(NET,)

_ T __
NET,=zW", Y=f(NET,)

D

Manitoring

Simulator
Algorithm

HOST PC

)

=g
o2 el ot Felze] 245 g ek

239 SUEAFALS A}

d= 250 grof 9l AHlellM A7) Ak Hit
Alojn] oluff F2 y= nlalste] 54 Sk vEel
& F9% 7o) AFeA p Ue 2
1 m
=5 20—y ®
QiZI
QA pE Azdlehs WFoR QAT v, 9} &
9] QARE v, QAL Havt AR W)

oF
Aw;; =—aV E, Avy ==« o, 9)

o714 o= GFroleh itk el oA WAHE o
443 5,9 5 & Thea) o] Ael@

SR A L] et FeSe QAR W
= vishy

ol thet AR glo|m= 2AAP7E doh= AlofE A

Journal of KIIEE, Vol. 26, No. 10, October 2012



=N S >~ [e) =
Fow Ay o vk ARe ZFaL Stk

4. 8% % FUH

Al A AREEE A3 2 Alo] Al4Fle] AE
< Hlush] flste] PID Ao Al=glS ARS-akSlaL,
7§43 Zegler-Nichols7}F Aot Aldk SO
25H dojxl s HE ARSI

A3E 913 PID Alo] Alz=gla) A7 32 Ao
Al=glle] e = 3 29 2tk

2 =dAe tEA 98 A Z2
RecurDyn™ v.7.2(Functionbay Inc., Korea)& ©]
ato] 9hd &k 33k CAD Eelo]] 7} H3to] w9 2 I
Al o EAE Fofste] 5460 mE AlAs A4
st

2o Hajo]| mpE 2o B3 PPeE SA 5]
A8l 23] Adtel] AAME F2elal A B 7
A& FEot7] flste] AAS| 2 Ao Al=ElE o]
gato] AdS st

o oo o

O 4= 2] Bl mE Ao A|xEEe] S

s10]t,

E 2. A|AHIQ majojg
Table 2. Parameter of systems.

Category Values
p | HEelIS K 1.20
L] Awels & 050
D meels & 013
AT o
N wAE d 7t BH ol Ry A
N FAgT A 10
sys gy | D8 Aol B
B 23 $YEYRA

o

a8 4 (), b x SHIAE =T} F% ek
= 71&oldE HeEhliith 19 4 ()2 PID Al
288 6~ 7HA] 75 (Peak to Peak)3lsl oL, A1
g2 Alo] Azgle 4~5°7 zlFo] WAEy
EF 19 4 (), D))y $HFAES H5} $Fow

oY > |

5 s - ;’“'\ — 5 . —\ A @K /P\ \ L I1gs _
et w \! i [ i1 L iy ! Wl y } ] i b 1 :: wo
2 "g 8.8 - # /\ I ; \/\/\ \ 1 /\‘ ,=: Ii. i \ VA - 8.8 E
o] = VPN Y VAN = 3
. -5.8 41— - - —— 4 e —— } ——— 8.5 N

= TRETHIY A ANTAR'INS

' - TIME[sec] I

(a) Response of PID control system

18.8 1.9
R wa b /\" 7 J i /\/\A ﬂ\ . 3 f YA "“\\/ o\ e.e )
5l A N T YL T N A RO g
[T I R ™ -~ - b L ' . 5, 't 8.5 r

i = y MR
-1e.8 1 z -1.8

TIME[sec]

(b) Response of Neural Network control system

28 4. SE3

Fig. 4. Response curve

- A7) AN 83 =24 A268 A10E, 20124 10¥

BN
o



>

23RS 0|88 2% nY 22 A % 7Y

o4 YERITE 19 4 (a)¢] PID #lo] Al
HPAA FAA] £10° o] 5507 KEa)
A, 1% 4 (b)9] A8 3|27 Alo] A] =7l £0°
Stk 19 4 (a), (b)9] z SH=4S
Yk} o} Wgko 2 2lsshs 7R AV]E
Eld Ao 2A T 7IEE g 9.8m/s*elt) 19
4 (2)9] PID #lo] A28l -065~1goloevt, 1d
(b)e] 243 Z Alo] Al -029~067g=
PID #lof A28l w1} ZEo] 2HA] vepyt
upebA] i ATRe] 25 ofFel A8y A3 =
;q]o] }\]/\Eﬂ,Q_ 71—,0_ Eioﬂ 943]]/\1 01561— u;Hoﬂ cﬂ—lﬂ
29, 919} olefe] e AT o o) 53lEE K o

Al Aol e Bl

o to

T

’

Ry U [ S
T L
u
jQ

© = oo
Lﬁrﬁ

5.8 E

Aol Fromo| = 23] AXZE 1 Ao
2 9JallA, A3 me] npxut o) 2R B4
=4 ﬂ?é— S8} s ARSI Alo] Al2ElS
etk 484 Mﬁﬂ;m— A 28] L
3] o]E/\]oﬂ ol_'q -‘J"F O]_ng H]‘?—E}_E 2%
o] ZHA| mAgste] ®A O] EEE oY AS R Ek 4= g)

PE

= =22 20128HE st wH|X|[Hof ofsHA
.
N

References

(1) Kazuo Hirai, Masato Hirose “The Development of Honda
Humanoid Robot”, Proc. of Int. Conf. on Robotics and
Automation, vol.2, pp. 1321-1326, May 1998.

(2) Yamaguchi, J., Soga, E. Inoue, S. & Takanishi, A
“Development of a Biped Humanoid Robot—-Control Method
of Whole Body Cooperative Dynamic Biped Walking”, IEEE

D

International Conference on Robotics and Automation pp.
368-374, May 1999.

(3] Y. Ogura, K. Shimomura, H. Kondo, A. Morishima, T.
Okubo, S. Momoki, H. Lim and A. Takanishi, “Human-like
Walking with Knee Stretched, Heel-contact and Toe-off
Motion by a Humanoid Robot,” in Proc. of IEEE/RS) Int.
Conf. on Intelligent Robots and Systems, 2006, pp.
3976-3981.

(4) S. Kim, C. Kim, and B. J. You, “Whole-Body Motion
Imitation using Human Modeling,” in Proc. of IEEE Int.
Conf. on Robotics and Biommimetics, 2008, pp. 596-601.

(5) S. Kajitay T. Yamaura, and A. Kobayahi, “Dynamic
Walking Control of a Biped Robot Along a Potential
Energy Conserving Orbit,” IEEE Trans, on Robotics and
Autormation, 1992, pp. 431-438.

(6) N. Motioi, T. Suzuki, and K. Ohnishi, “A Bipedal
Locomotion Planning Based on Virtual Linear Inverted
Pendulum Mode,” in Proc. of IEEE Int. Conf. on Industrial
Technology, 2006, pp. 158-163.

(7) Bebek, O, Erbatur, K, “A Gait Adaptation Scheme for
Biped Walking Robots,” AMC ‘04. The 8th IFEE
International  Workshop on  25-28 March 2004, pp.
409-414.

B)S S Lee, Y. W Kimj H Oh and W. S Park,
“Implementation of Self-adaptive System using Algorithm
of Neural Network Learning Gain”. 1JCAS. No. 3, Vol. 6,
pp. 453~459. June 2008.

99S S Lee, Y. W Kim, HO Oh and W. S. Park
“Implementation of Self-adaptive System using Algorithm
of Neural Network Learning Gain”. 1JCAS. No. 3, Vol. 6,
pp. 453~459. June 2008.

(10) Mark W. Spong, M. Vidyasagar,“ Robot Dynamics and
Control”, John Wiley & Sons Co., 1989.

(11) T. Sato and K. Chnishi, “ZMP Disturbance Observer for
Walking Stabilization of Biped Robot,” in Proc. of IEEE Int.
Workshop on Advanced Motion Control, 2008, pp.
290-295.

SORSPN |

°I’8-¢—($/ﬂii*)

1973 5¢ 104 4. 20024 %%Eﬂf‘nﬂ
A7 £, 20049 F fer £
(AAh). 2009 ~& A 5 ﬂlik A7)
ety WAl A 200493 ~ @A T
Zgldjsl il A~ /\3/\].;(]_55}4,]_ A},

.\_4

BREA] (FhE )
1953 5¢ 194, 1982 gdistw
A7l @eta 9. 19859 =AWew

et AT ERIAD, 1992
Aot oished 713} wak A4
Rl A R R R T A

Journal of KIIEE, Vol. 26, No. 10, October 2012



