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Materials used

e Chapter 2,3 Introduction to Robotics, John J. Craig
* Chapter 2, Introduction to Robotics, Saeed B. Niku



Alpha-Il Robotic Arm




Alpha-II: Link coordinate frame

Shoulder Elbow Tool pitch




Alpha-II: Kinematic parameters

Axis 6 d a - Home
1 6, 215.0 mm 0 —m/2 0
) 8, 0 177.8 mm 0 0
3 0, 0 177.8 mm 0 0
4 B4 0 0 —ar/2 —ar/2
5 B 129.5 mm 0 0 0




Link coordinate transformation and its inverse
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T = 0 Sa Coy dy

0 0 0 1
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Transformation between two frames

Tine(q) = To(q)T1(g2) - - - Tr-1(gn) = Tolq)

Ta(q) = Tig)THg2)T3(gs) = Tilg)
Tﬁig(q} = Tg(q4)TE(QS) R Tﬁ—l('?u) = Tg(‘fr')

Tﬁt@) = Tﬁ'i:‘(‘?h q:, Q’s)T:ﬁﬁL:(%, gsy - - - q,.)

Th(g) = [Tiet(g)] ™!



Arm Equation / Arm Matrix

Position and orientation of tool in base coordinate frame

Base



Alpha-II: Wrist w.r.t Base

r - -

G 0 =8 0][C =S: 0 aC||C =S: 0 aGCs]
SJE: TLT2 T3 - S; 0 C: 0 S, G 0 ONT S (O 0 (1383

0 -1 0 di]|0 0 1 0 0 0 1 0

0 0 0 1]]0 0 0 1 jjo 0 0 1

CC: —CS: -8 aCC |[cs -S; 0 a;Cs]

_ SIC =SS, C: aS.C S3 Cs 0 asS;
‘“‘"Sz —Cz 0 d] - a353 0 0 1 0
0 0 0 1 110 0 0 1 |

CiCys —CiSy; -8, Ci(a:C; + a3Ca3)

S1Cas —8,Sa Ci Si(@C; + aiCy)

—Sx —Ca 0 d — a.S; — a:8Sx
0 0 0 1




Alpha-II: Tool w.r.t Wrist

ool — 4 5
Twrist = Tjg T-ﬂ,

C, 0 =S, 0fJ[Cs -85 0 0]
_|S«+ 0 Ci 0]|Ss Cs 0 0
0 0 0 1]{o0 0 0 1|

CiCs —CiSs —S; —dsS; |
S4Cs  —S4Ss C, dsCy
—Ss —Cs 0 0
0 0 0 1]




Alpha-Il: Complete Arm

Cijk = COS(C[,: + C[] + qk) and Sijk —

CiCauiCs + S84S5 —CiCpaSs + SiCs  —C18234
S|C234C5 - CISS _SICIMSS - CICS _515234

T T —— R
= e kT i —

matrix

Sin(q,; +q; + qk)

i Cy(117.8C; + 177.8Cx — 96.5S24)
{ $1(177.8C; + 117.8Cs — 96.55.)
t 2159 — 177.8S; ~ 177.8S2; — 96.5C,s
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Five-axis articulated Robot: Rhino XR-3
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Rhino XR-3: Link coordinated diagram
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Rhino XR-3: Kinematic parameters

Axis 8 d a @ Home
1 g d] 0 _‘lffz 0
2 2 0 da; 0 -'Trffz
3 g3 0 as 0 w/2
4 g4 0 as —mr/2 0
5 gs 0 0 -m/2
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Rhino XR-3: Transformation matrix

T =

H

—C1Sxs =S Ci(a:C; + a3Cas) |

TVTiT3

[C, 0 -Si 0]
S 0 C 0

0 -1 0 d

o o0 o0 1]}

FC1C2 _Clsz —Sl
SIC: =SS, Ci
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Rhino XR-3: Transformation matrix at home

cq=0-27 0,—n/2]T

272’

Testthome) =| 0 —1 0 | di + a

= =
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Rhino XR-3: Transformation matrix

Tﬁ'st = Tg Ti :

i C4 0 "‘Sd s Cd-l 'Cj "Ss 0
_ Ss 0 Cs asSa Ss Cs O
0 -1 0 0 0 0 1
0 0 0o 1][o o0 0O

-C4cs —CsSs —Sis asCs — ds 341

SaCs  —848Ss Cs asSs + dsCy

—S; —C; 0 0
0 0 0 1




Rhino XR-3: Arm matrix

8, C1Cs — C; Ss

= 5234 Cs

CI CZ?.-ICS '!'_51 55 _CI Czuss + SICS _Clsz:u
—-81C48:s — C,Cs  —5, 8.

8214 Ss

MRS R s o e e R SR e e e mmEw mm S

Tiel(home) =

C, {ang + a@3Ca + a4 Chay — ds 5134]'
Si{a:C; + a3Cn + aaCiaa — dsS234)

:
=Caas i di — 428 — a:8n — ‘345234 - d":ﬂ" 1

0 1
01 0! a+a
10 0°! 0
00 —1 i di+a—ds
............ .E-----..-..__-_.,--
00 0 1
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Four-axis Scara robot: Adept one
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Four-axis Scara

robot: Adept one
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Four-axis Scara robot: Adept one

Kinematic parameters

Axis e d a a Home
1 q1 d, d) ™ 0
2 g2 0 dz 0 0
3 0 qs 0 0 100
4 g4 d; ] U ‘?sz




Four-axis Scara robot: Adept one

Arm matrix

Tigh = TATIT3TS

C, S
- S —C, 0 a s
1o 0 -1 4
0 0 0 1

0 ﬂ1C1- .

0 f.IzCzq
0 ﬂzSz

1
0

0
1

oo O =

o O = O

(i = I =

o o= O 2
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Thank youl!
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