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A Design on the Rhino XR-3 Robot Controtler Using TMS320¢31

Won Ki Park . Kwae Hi Lee
Dept.of Electronic Eng. Sogang Univ.

Abstract - A robot manipulator is a nonlinear
time varying MIMO system. Therefore, when g
robot manipulator operates at high speeds. the
performance of pursuing its trace becomes
worse due to the increased nonlinearity of
system. Several nonlinear control methods are
introduced for solving this problem. But, these
methods need a large amount of calculations,
so it is necessary to use the controller equipped
with a faster and more efficient processing
ability.

In this paper, we designed the Rhino XR-3
Robot Controller which controls five joints
concurrently. To reduce the size of the
controller and to control 6 dc-servo motors in
real time, we wuse the TMS320c31. the
high-speed digital signal processor
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2. Rhino XR-3 2%

2.1 Rhino XR-3 289 3z
Rhino XR-3 2 &% Z2£2 5A4%=E 2+ gua
BE2X U Edolgelt. AMAQA Fze 2 BHL

z3dse 5749 DC 2HS EXNE AL £ de
gripper2 T4} ik, & #AH gripperd FES
€ % 6719l DC B¥ %9+ optical encoder?t #3%
Ho} g1z ©] optical encoderdl 2% 28 HAzRE
2 g3ae] sAdg H3, 4% 5o FLE d§
Atk & REAE & Jloist BAE n 7 B3R
€ chain 7192 <dd=Ho FHET. &8 A Rl
= B3 AA7 oM J1FEE xR 9717
AR AL A o]Hg Wtz mEjdiol Y, BAHe
BE L& elbow #AHI hand BTAEoIT}

9229 29 19l Rhino XR-3 & & 3o 9@z
E 1o #d 28 A4S Jehuidd.
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2% 1. Rhino XR-3 2%9 & @

2 1. #d 2e9 Ad

B3Ry 71 % |Resolution(deg){Gear ratio{Chain ratio
Base motor F | 0.000687022° 65.5 36/9
Shoulder motor{ E | 0.000343511 65.5 72/9
Elbow moter | D | 0.000343511 65.5 72/9
Hand motor | C | 0.000343511 65.5 72/9
Wrist motor B 0.00046875 96.0 64/16
Gripper motor | A n/a 96.0 no chain

2.2 Rhino XR-3 %9 7|38

238 24 yveld  Rhino XR-3 29 link
coordinates$} E 29 link coordinate parameter®
FH, 2% #39 =7} FIAHE W end effectord
4 AXeg RAEE FEE J1FEH 0 ¥
(kinematic position)¥ Denavit- Hartenberg W

o2 787 g3 2.

ny= C,CmC5+8155 (1
ny, = S]CmCs—Cls5 (2)
n,= —S2Cs (3)
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Oy = ‘C)Cm85+81C5 4)

0y = ”51CmSS“C1C5 (5)
0:= SpCs (6)
ay = _CISm (7)
4= —S;Sp ()
a,= —Cmxy (€2)]
pe= Cy(a;Cy+2;Cpn+2a,Coy—d5Sp) (10)
by = 81(32C2+33C23+34C234—d58234) 11
= dl”agsz"aasn"a45m“d5Cm (12)
714, 4, © joint distance . 4, © link length

Si=sin0i . C;=cos€i .
SB:SiD(82+83) ' C23=COS(02+93)
Sw=5in(¢92+03+64) . Cm”COS(ﬁg"‘@g'f"ﬁ;)

end effector® TS AXs FIAY) 2 AL
3 e Z}EE T3 97178 E Y3 (inverse
kinematic position)E 71783 YJAZRH dsdo
2 3g dne d&n 2o

6y = atan2{p, , p.) (13)
6y = atan2( (a,+ a3 Cyla— a,5:8,

(a4 a3 C3)8+ a3Ssa ) a4
Oy = atan2( S, , Ci) (15)
by = Opy— 6, G, (18)
05 = atan( Syn,~ Cyny , Sy0,— Cyo,) (17)

Q17]}‘1. 6231 = atanZ(—( Clax"‘l' Slay) s —az)
a=di—a; Spy—ds Couy— b
B= Cip,+ Sip,~ay Cpy+ds Sy
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% 2. Rhino XR-3 9 link coordinates

# 2. Rhino XR-3 9 link coordinate parameter

Axis 4 a a @
1 8, | d)(=26.04cm) 0 — /2
2 4, [ 2,(=22.86em)| 0
3 6, 0 a;(=22.86m)] 0
4 4, 0 a,(=0.95em) | ~ x/2
5 Bs | ds(=16.83m 0 0
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2% 3. Rhino XR-3 2% Ao719 Ag=

3.2.1 Joint Controller Board 74

Joint controller boardE® TMS320c¢314 Prlmary
Bus% 148t eni, PC ¢Esolx 3283 R ¥
¥, A" 1/0, Counter¥¥, ¥ JEHPE AF A
HE2 vyl gl

2 =ZJdME Joint controller board®& 29 &
B 9 Aolrl @ 2H AR ALY FA7 =2
¥ Parallel port% S ¢x wAg WolM Re2
HA7F 28 AAE FFEES sted od Ao 289
gqxg ge fxg 1/og &8 ox¥ PWM DC
motor driver® £X 9% < 1geER RHe &
=9 B2E Ao}, joint controller board® HE
W HeE 931 dolele 2% 500CPR (Cycle /Rev) &
Zte dzE AER oE 4:¥ o AlEFezM
65.5:19 718 E Zte 2E F&0)109] AR Ao 8
Ax=E 0.002748° °iv 16¥E 7}_7_33 A g o
2 stzgoldeon Hu 328A& A € # o
Rhino XR-3 284 A% 7zt & ¢ /44 283le 6
AY limit 29X 28E ¥ JEHEA T«H‘E} 7]
BAAE A9 o JHHE HE AHAgEE FA
o, zZ2ay 9 gede owAE 4% MPSD
(Modular port scan device) emulator connector
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Soniz External
Clock Address ROM a7 Intestupt
s 27¢256 KBRS, pove
(32x8) (32K word)
inleriace

TMS320C31-50 < P >

L I

i
XDS510 Pap':n’[ Oigitat /0
Emulator Port interfacs
Intartace

HCTL-2020
1611 Counter

2% 4. Joint controller board 4 28 %

¥ 3. Joint controller board 44 Al

9% AZAY
DSP TMS320C31-50
MEMORY 32K"8 ROM

32K"32 SRAM
6 channel (32bits)
6 channel (16bits)
XDS510 Emulator
PC Interface port
Parallel port

Digital 1/0
Counter

322 3%5% +4

Rhino XR-3& brevel motor(Model 713) 47§}t
small pittman motor(GM8712) 278, & 6719 DC
ZHZ 5719 BHI gripperg& T} ¥ =glo)
Held AgHe 293 39 42242 Darlington
Transistor TIP1229} TIP127& Al &3le] B3x &
2 FAsFen, TTL ¥y PWM(Pulse Width
Modulation) Az 2& FFo] ojRoiAm=
optical isolator pic817& AM&&AD. PWM7ZIHE
Ar2-3te brevel motore ZA$ FE3A Ho &
2633 rpm, small pittman motore 7§ F¥31A
A £% 2600rpm7HA] Ao g},
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