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3-D Graphic Simulation of Robot Kinematics
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32 SFEHE dv ol A &3 QU 2
£ 3xdeg ady AEgoldde 4& &2
E dloj= RobCAD, Workspace %°] QAR % o]&
& 7HFo| HIM 1, d o] MLHs vig ZEEHE
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o, 9%, . 59 EAE FAsE NBaN) #
= 10070 elHel= 2 Windows$ DirectX7} A&
e 71EFHA Jsvoezar 2R3 FHo s:
gtth. ob&2 Windowse HEInite]l @7 & VR
< T3 "R Audio 715S AFsT
i, 2R JHfiAE dE 9AZZFRANA HALs)
7] 9138 ¥ #(Force Feedback) Zo]AE S 94
A Addte FHE AT Utk B =R AMe
EZREAH 3-D 1Y HaddHd xPL w3
A, BRANE o] &3t TR o|FHEE AN
T F oolFE ZEY AXNY AHAABE DirectX
o aHYe dAsY TR AEHo)
Adte dd9 A S tE MEE AEdgolH
A °4:rl-?_°] BHeta e 488 2RA2

KEPRO-IIY &3l 2ol ExE 2E
A g8l Kk},

] ol

N
A
. 23 714%

25 dE=-o]#HE(End-Effector)7} ¥ ¢
2o A Fo]z 2 (Orientation) & A& 4 Y%
= oo #d2 A 2ELE v Ty o
ZF(Joint)e] wEI Z9o Zx R 23 Zilo]g
Zol FA(Link)E EP T

2.1 Kepro-1I¢] 71+% (Direct Kinematics)
Algdold gl Kepro-II 2% #HE 2 7
T8 e o9 129 13 F 19 B2Qd

Z4d6

Zo I Iz Is zz L
X2

A @ @ @
N Z1 Z2

X3 X4 Xs X6
2% 1. Kepro-1I 239 #y¥A4A

# 1. Kepro-Il 282 &3¢9 AFAHA

A
4=

Joint Parameters Link Parameters

Lin | Variabl |Constan Twist .

K e t Angle Link Length

1 6, 0 -90° I;

2 8, 0 0 Iz

3 f5 0 0 Iz

4 04 0 '900 14

5 o5 0 90°

6 & de 0 0
28 77 2Ry 2 ZAEE g3 ¢S b
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7] B Apg- g, Yurx oz
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The=AlAF-AL = [TAL, <[ 5 2 2],
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G714, Al %9 P )5S FESHE W

& EY 2ol g o] FojH1l
cosf; —cosa;siné; sina;sinf; a;cosé,
AP sind, cosa;cosd; - sina;cosf; a;sinb;
1= sina; cos a; d;
0 0 0 1
(1.b)

Thset 22 Wol2 (Xoyoz)olMd B 2R
HA &3 Y39 AH4E el Normal #E

n;, Sliding ®¥ s;, Approach ®E a;, %
Position Wlg] p,2 FA ")
22 28 97]3F 8 (Inverse Kinematics)

A7) 7L 7| 7ens wglg ds-o]HE 9

ANZ2EE 2z Fo 4 E ALY u AL
ARt o 2ol Ao ma A e &=
de& F Jew, T Fx9% Above/Below
Arm, Left/ Right Arm %%+ Wrist9 Flip/No
Flip &2 Al we} o8 749 s1g & 4
Atk F71FEg fae WygoezE A 7
384 vy, Dual Number ¥ 3} Iteration
5°]l It °lE ZF Dual Number W& 3 A3
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D.~= pg_ dGaz'

(1;+1)° — (E*+F?)
(E2+FH—(1,—1)*"

03 = 2 é tan N I\/
(2.b)
0=+/-1 determines lower and upper arm.
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T : Solution of Direct Kinematics
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X 3 2XAo 34

Ne| 289 gEgw s
home
pause
resume
0 speed <n/a>
1 <n/a>
2 tOOl <n/a>
3| turn <(+)float:mm/sec>
] <n/a> .
5| mov_a <+/-float'turns for gripper>
5| mov_s <+/-floatmm, a-#®E & o] &>
7 <+/-floatmm, s-#E 2 o]%E>
g| mov_n <+/-floatmm, n-HEZ o] E>
9 . <0,1>: close or open gripper
10| &riP <+/-floatmm, x-% 9.2 ©]§>
11| mov_x <+/-floatmm, y-% 9.2 o] §>
12 <+/-floatmm, z-%2o.2 o|F>
13| mov_y <0,1,2>:3] Aukak Ao
14 <+/-float:angle, s-4HE >
15| mov_z <+/-float:angle to be tilted about n>
16 <int:joint#, +/-float:absolute angle>
17/ Tot_type <int:joint#, +/-floatrelative angle>
18 tilt_n <int'joint#, zero for all joints>
19 tilt_s <int'joint#, float:angle reference>
20 joint_a | <float'mm, floatmm move n,s-axis>
21 joint_r | <char!'character’ write on n,s-axis>
99 reset <float:font size>
23 set_ref | <n/a> '
04| mOV_sn <int:time delay in msec>
write
fsize
up_arm
delay

32 227 49
227 28& Y8 “write” e 2EA B
A2 e HE

Hg Aot & Mo 2=
AEoz FAYY wEtA Twrite"s 2R A9
HARHA dHe “move” BHEY IAfolw

o] FAHL& ZE<do] WF7|e] WHH 7] (Internal
Processor)oll A A2} €t}. "fsize” R SAEE
o) 2712 AARSY, IAZEE Windows7t AF
Small FontZ® AH&3t%tt. "Welcome to
Robotics Lab."& 7] A% 2EAAY gY2EE
ot ¢t Zrt,

s

@ Process 0.0 Initialization of Robot Motion
%

speed 1.0 % setup initial speed=1
cm/sec

rot_type O % wrist rotation is short cut
home x move to home motion
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A Eelol ety oA e &

grip 1 % open gripper

turn 0.5 % turn gripper 180 degree
turn -1.0 % turn gripper -360 degree
turn 0.5 % turn gripper 180 degree
grip 0 % close gripper

%

@ Process 1.0 Write "Welcome to robotics lab.”
%

% Get a pen

%

tool % move to tool getting motion
grip 1 % open gripper

pause % halt - Ctrl+Enter to resume
grip 0 % close gripper

%

% Move pen to paper

%

up_arm % move to up_arm motion
mov_x 130.0 % move 130 mm through x-axis
mov_y -=30.0 % move -30 mm through y-axis
mov_z -95.0 % move -95 mm through z-axis
%

% Write characters

%

fsize 0.8 % setup font size

write W %X write ‘W’

write e % write ‘e’

write 1 % write '1’

write c % write ‘¢’

write o % write ‘o’

write m % write ‘m

write e % write ‘e’

write © % write '’

write t % write ‘t’

write o % write ‘o’

%

% Line feed

%

mov_x 220.0 % move 220 mm through x-axis
mov_y 50.0 % move 50 mm through y-axis
%

write R x write ‘R’

write o % write ‘o’

write b % write ‘b’

write o % write ‘o’

write t % write ‘t’

write i %X write ‘i’

write c X write ‘¢’

write s %X write ‘s’

write % write * '

write L % write ‘L’

write a % write ‘a’

write b % write b

write . % write

%

up_arm % move to up.arm motion

%
@ Job Completed!!!

Hel 2RAd greErE Hdz2 HAHY Ao s
He] “COMMAND"e| M "SOURCE"E “FILE'Z
Aest & dgsd RF oz Exmr)s A=y
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JEﬂ-ﬂg ZHE7] A z2He e

4T 228 Y& dgz A3y
o Z2H9 Tﬂ“ﬂ R aHg Algdolde

W3 =%3 1999.109 &Fdiste

27k 296% 2Y7e) R 23 dE-olue g
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Visualization #4& Fd A3 dgsd ogx
2o BA, 2E7]78(Direct Kinematics)e] T &
2 3 2R F9 457 Fojdof it 2 =
o =& dt A=2E ZA AAZ Visualization
4 Algeoldez vxof xo, A AIZE
Visualization®] ¢ 2 ZA0j7)7} Ha L 43
e =% 2R 274 A9, A B

Aol B F Re] AARAM Alole] YA Linear
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olsl F94 WY (Rendering)o) A3}t =i
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LP[.]d[0.2]= DirectX9 Z7]38 T2 aflolA 2
BAEZ AA3}e dAdA dAEG. ofge 1
g 82 2X7|F8 M9 DirectX LEANE HF
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/ Link i+1
Joint iH
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