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Development of the Robot's Gripper Control System using DSP

Gab-Soon Kim"

ABSTRACT

This paper describes the design and implementation of a robot's gripper control system. In order to safely grasp an
unknown object using the robot's gripper, the gripper should detect the force of gripping direction and the force of
gravity direction, and should perform the force control using the detected forces and the robot's gripper control system.
In this paper, the robot's gripper control system is designed and manufactured using DSP(Digital Signal Processor), and
the gripper is composed of two 6-axis force/moment sensors which measures the Fx force(force of x-direction), Fy force,
Fz force, and the Mx moment(moment of x-direction), My moment, Mz moment at the same time. The response
characteristic test of the system is performed to determine the proportional gain Kp and the integral gain Ki of PI
controller. As a result, it is shown that the developed robot's gripper control system grasps an unknown object safely.

Key Words : Control system(A|o}#32]), DSP(HAE AZ A 2|7]), D/A converter(tl X H/olg 22 WEE7),

Robot’s gripper(Z2 & 121 9), 6-axis force/moment sensor (6 & F/ZHE 4 A)
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Fig. 1 Block diagram of robot's gripper control system
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(1) Gripper controller, (2) Gripper 1, 2(6-axis F/M sensor 1, 2)
(3) Motor, (4) Motor driver, (5) Unknown object, (6) Body

Fig. 2 Photograph of the developed robot's gripper control
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Fig. 3 Block diagram of the robot's gripper controller

Fig. 4 Photograph of the developed gripper controller
ZZ7E 6 & YERAEAMY 2HUE7} F
0.5 mV/V 2 i mlHEIER o] old2a A%
OAde vgd g Fdx F4E A8y
o 1000 WA= FEsly] A AHSHZ, AHEE
ZZ 7| olg2 a1 tlulo] ~Al(Analog Device)oll A
A& AESZE7]4 AD627 ot} Fig. 5 & $F7]
(AD627)S 6 & JY/EAEAA 9 BYAIZE Y
gz glch AH8E FE71e 4 357 3 hE

o

80

g oz JAMAA BE Ao it gRA
FRNLZ FE7)9 o] 5 (gain)& 6~1000 W2 =
AT £ 3, o2 U8 27t AR 2=
of g =YTEY A AGSER AP ¥
29 4 o] Bo} A& FEAE ¢ F U
3Z7] 5248 A% A W7 H 4o 44 49
V 9 -9V & Ursler dtn, AR AA)
28494 W3 32 2 A, W1 8 I
A4d 200 Q8 AYL o] &FY FZES HY
1000 W74 2Rt 6 F YEAEMAAMA 4
gAY +9voln AHAFE o] &3 65 ¢
IZAEAMNY FREAIY 27]EHS 0202 2
gt} 6 & YEAEMAMY 7 AAE] £EAY
& 429 05 mV/vV e AL 9 VE 18
o FZ719 FEZEL 2AHEA 74 A9 Hos
go] ¢ 5V Ax7}t HEE YT

sy

Fig. 5 Amplifier and bridge circuit of a 6-axis
force/moment sensor

AZHHARE AD AHEY DA THEHE T
g3, AD AMEE 6 F F/EAEAA 7z A
o] 28¢l oldZaAZE DSP oA AHEEr)
o] fxEAzE W, DA FHEE 2
Aoz Aojdtr] st tAHFRE obd
oAz e wgste £¥sted A" Fig 6
£ A/D AHE(ADITACN)S}t old=2 1 FEHEH
A (ADG506AKN)E YEeUn tt. & =89 2
e 2709 6 F YEAEAANE FAHNLE
2 F 12709 AMZHEE A3 EEEHER AD
AWE 12 AE AM&siof gt ook T WHES
HAAHER 16 AL ALY F e 1 719
ol 2 2 HEZ A (analog multiplexer)E Z+ AlA]
o dZAd FENEDG AZsy, o] ofdRa
B ZAaxe 1 e AD AWEE AAsUT oF
g2 dEZdAMY AHg& EPLD oA HlolH

O

o
=

ju L odo gn Mo



ARe  FFALIHHR] A A A S5E

DO, DI, D2, D3 & D EHEFLE WA (lach)F
MUX_A0~A3 & o] 83t A9, @ 28 2 49
" Ad9 sz £8d A1Ed AD IAWHE
16bite] HEEHY, Ad 17), £3l% 03mV, 4us
o] WE dojg WPLE, 16HE 29 BFYP
dole] Bd, dPAY AY 1oV EL2 0~10V, A
4AL +5veY AL /X2 Qi

AD WE& W 24~26 Q0 R/C (read/convert
start), CS (chip select), BUSY & ©o|&o}xH, AD
MEe 98 MBAF A3Q R/CABE €S A
ZET F4 10ns B4 LOWE WE7En 4 50
ns A3 ¥ cSAER HA 10 ns ol HIGH 2
gojob gtk 22{d AD AMEHE FA oy
Mg Folgs AL 287l Y3l BUSY 413 E
ADHZo| 45E WA A 4 us B LOWZ
fA5a, ¥gto] ¢aHW BUSY AlEE HIGH 7}
Ho fxg dolg§E £gsiA €t gty =g
2WE AD BE A Foll F Y 4us ool BHE
o] FSHEEZ o] A|NTF ANAAL Fa U
By dolEHE ¢jAY BUSY A3E o] &3A
o] Atz o] Ae)E ZRAl(polling)dtel WE dolE &

[ A =N
27 - .

Fig. 7 & D/A AMEJ(AD669AR)E YEIRI Q)
I, olZ& 16 ¥E HEAYEH, FHALEHA
oV 18480 53& 7IA3 e, oldzay
vlo] ~A}l(Analog Device) A &Fo|th D/A ZHE]S] W
g doledge XA ulolu g (offset binary) &
Aol AF&Eo] 0000 0000 0000 0000B & = -10 V,
1000 0000 0000 0000B & @i O V, 1111 1111 1111
1B Y = +10v 7 4t

B4l FHARE 8255A PPI(programmable
peripheral interface), 8251A PCI (programmable
communication interface), MAX 232, LCD, 22
JE STt 8255A PPI & o] 83 HEYEY AE
o2& DSP 9 YEHWO)HAE &FA7)17] A3t
o] AL&E0, 24 bit & /O ®(Port A, B, C)& 7HA 1
2t} 8251A PCI 9} MAX232 = ZHFEIS RS232 &
2o AgFAE 57] As ALREY, 6 F F/=d
E A9 £8435E BHEHA HFAsr] A8 Al
|3t MAX232 & 8251A M 8" TTL #d¢
AQAEE RS-232C FATFHA REE ¢ 5~
15vEEHeE g V) Aoz HEAA FE=
aztoln], o] AL +5 V 9 @ Aoz A0
Wiel ZhA3 Qe AAWUBIZE o83ty &

ol
=

81

Rkid=
/__&’:>mvm
i ™ e 3
e T
it ] ° = g " Bt [ g
2 H o
o 8 Sl A T
H ,. e K
z i O el = nH—
?': “5" Vi -—L—_——(‘ﬁﬂi ‘5'7
o [T — hl S5 .-
"2 82 .‘_‘_—.___J——"‘ ’F ™
& B o] o« n g
sy—HE | ow
pierd iy ol L w o
o i e TR ke
ﬁ—! 4 -h‘ AN
24X st} A 4 BB ¢
..;;3 » _]_ L e PR anc way
e

Fig. 6 Circuit of A/D converter(AD976 and ADG506)

Vot AT

vEE

B 3 ol I M i

2e
b
]
g

i

5

5
'.{ i‘ .q|.{€
g

g
7 geEsan
58

Fig. 7 Circuit of D/A converter(AD669AR)
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Ki=0.3)
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