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FPGA Implementation and Experiment of a Time-Delayed
Controller for Humanoid Robot Arm Control

o2 dMaE Y ™S
(Woonkyu Lee, Hyo-won Jeon, and Seul Jung)

Abstract : In this paper, a time-delayed controller for position control of humanoid robot arms is designed and implemented on a
field programmable gate array(FPGA) chip. The time-delayed control algorithm is simple to implement, and robust to reject
disturbances. The time-delayed control method uses the one sample time-delayed previous information to cancel out uncertainties in
the system. Since the sampling time is so fast with the current hardware technology, the time-delayed controller can be implemented.
However, inertia values should be correctly estimated to have the better performance. The position tracking tasks of humanoid robot
arms are tested to compare performances of several control algorithms including the time-delayed controller.

Keywords : FPGA, time-delayed control, robot manipulator

L M2

2ol ZE9] Zolg} Bl Fool= X thE A
T71 sttt E oA R &9 o, JFuldAZ HUBO
9 292E FHol= Exol et A7+ dAo gt
Ut} @R Bt AR £ o|F BYPg @A A
Y olAlE o]FHoE He 2Xo] Uit Tl dujde=m
FH o= 2R Zof iz A7 SdekR| gy 1 olf
A 2R Uiz 990 LA Fe JATe] sha, o=
Bofl digt A+ ojn| Hol Zl8)x|o] - Adelje]7] wjF-elc)

Foole 2R e F7i9} FH9 Aefzzie] gl 7]
&9 MRERAE 72 dEn. JuiyeR 2 o] F
ZE A4 9 AR €A T B ol Aoz 44
%t Foxmels 28 Fe 2 I3l 757171 FErE o]
ofF &kal, o7 W9 BWAEE Aot sh= Alo717F A
olof d17] whiEelty MPEXR B9 Afde Aor|RRIE
EHAcrs & F9F A DA LE AREHI T
Fool=o] 9o QojXE o)F2e|nE Aojr|m U
t= Fe| 2 Ao} gt

AUt = A|oJ7]9] 7§ DSPY MCUE AM8-31= Zlo] ¢
HWOM SEARE, Fo)Eg) Zho] AojE #Ao] W 7

S+ 7t FHe FEHE Ao &9 XE/} FEIoF Tk
% ja* 230 Ao ulgld 27} B I BT 4TAL
Aojgol g} wpEhA, o712 FgAde] 977 FPGAZ
& AHE3E FHeol ElgEith ol H3e YAd =& F
dshe did FPGA %ﬂ ShE AT ¢ glow, Agar I
8o W&t B 75 /IR UXE 2R R AAste ARE
T 97 HHTOIEH:Z]

rge Aol g2+ PD EE PIDAlY] gag]Eol
Bt} PID Aol hgsdA T AFo] 3

*

2 912 K Corresponding Author)

=R 02006.6.29,  ANEAEA :2007.3.30.

ol , AEY, A& SEUlE BK2l HFIERY A~ OF
(seeuspace@hotmail co kr/atlantisA4@naver.com/ungs@cnu.ac kr)

i

B wol ARgHY shANF v 23] 7
WA AZE AjxEl9 AH2o)= A5t XHO% 71%}71
Tk o= 2 BEAA ] SRt Alog oFA Pt
28 75k} At EgAle AL wAdy AR oA
ZANAA ASEF shzv] 2dle] FE3 il we} A
2do] Ase] Depxicth =g mdlg dakshed dadh A
R 31 sheiof gt

TEE, 2 EEdME ARAAAA7IE ARSEIA 2R
o] 942 FF e golaa ok ARAAA7E 2R
29| Aoyt BEjo| #gHol I S or] Zé%f‘& B} 8l
oH3-8]. Al A AL v hdste] A
Fol 7bed wut ofde}, &%) EAlHE FPGAoﬂ A
S EdeEA 7o) Thssitt 2% ii«l A
AlgdeldS F3 AR A7 e B3
A3}7} go|% FPGAY 17P?<l°4xﬂ°171—§— AAlska o
EX AEst] A¥H R 1 e skt

<

1. 2X&e| PD Hof
A nF 2R FHE 2de vga g

D(@)§+C(g: g+ G+ r@)=7 M

A7NA, ¢ &
< nxn T I, C(g,9)¢ =
Gl nx1HEe] 9, fr(9) &
Lil=g

2R AAGE BFSHPDAClY g Aol HAEL o
w3 22

nx1HEJ9] ZRIE ¢ = nx1HWEJY] B, D(g)
nx1#E] 2] Coriolis2} G4
nx14E 2] vl g e}

r=Kpe+K pé )

A71M e=gz-q°liL é=44—g°Ith
(1) (2)?; E/\]_i ll:-‘j oohﬂc’“ D(q) Ga
3 Thew e BT ox) wHAle o



650

é+D ' Kpe+ D Kpe =D\ (Dijg+C+G+ fr) (3

AT Vet Wela, S
Sol7] 10 ARE QA BalE A
$ FYgo] BAHY ()9 HAHE B

(39 32 AT E oA
S AFES
gt} PD Alole] A

38 5 9o,

i
2

F

L. A{ZHX|4R|of
AAA Ao} WAl ool ARE AREsiA Bl
& flole Ao Yoz T F27) 2este] 21 Ao
of Bo] AT (1)9] 548 22 v o] edsA
LeRo] Zldt.
D(@)j+h=r @

A7 h=Clg,9)q+G(@)+ f1G).
AIZER AAo] iAo Alo] WAL thga) 2
r=Du+h o)

4714 Db e A2 2% B9 D he) Bl Aoy
zZ

u=i (6)
BEFH he ST o] FdH
h=1-D(g)j ™
(N2 22 WEY A7k gg Axtefol slmg Alte] B
7Feds & 4 k. A &S Alzke] HMEE AZHS A}
&sto] olde e AT AREIE h@)=h(-4) &
2 Yehd 4 gtk
et (MEFE HA 4 F e
o] W] HHE AMEEA ggFd grow

232 53 2ol
Yekd 4 9l

h=z(t—A)—Dij(t — A) ®

714 A AEH Azl D& BARE] BriA|o|nt,
Aoz (5)9) Q)ZHFE PDAOI7IS AREEHE AlXHA
o AePyAe o 2ok

r=D(Gy+Kpé+Kpe)+h ©

Xy

Xa

g

3% 1. AR A A oAl Tz
Fig. 1. Time-delayed control structure.
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Fig. 3. FPGA block diagram of time-delayed controller.
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Fig. 4. FPGA program blocks.
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