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Investigate the Maple codes first, then read this report.
Case Study1:

For the anthropomorphic arm, corresponding D-H parameters are as Table 1:

Joint; 0i ai di i
1 ‘ /2 0 0 0
2 ‘ 0 L, 0 0,
3 ‘ 0 Ls 0 0

Table 1 D-H parameters of anthropomorphic arm

Transformation Matrices (DH parameters):
T, =TiT,

TEnd—Effector = Ti23 = T1 T, T3

Rotation Matrices:

R, =T;(1..31..3)

R, = T;»(1..3,1..3)

Rs = Ty53(1..3,1...3)

So, we have:

cns(ﬁ,} 0 51'11(81,)

4

R, = 51'11(81,) 0 —cns(ei)

o=
—_
Lo ]



cus(la;) CUS(E':_. + 63) —cus(ﬁi} sin(ﬁ_ﬁ_ + 63) 51'11(61,)

Ry = 51'11(61,:; cus(ﬁ_ﬁ_ + 63) —51'11(51,} 51'11(6? + 63} —cus(ﬁi)

51'11(6? + ra_:} cns( 6, + eg} 0

Therefore, we may derive screw based jacobian, as follow:

i=3,s,=10,01]%, So, = [0,0,0]7

i=2,53=R, [0,0,1]7",503 = So, — R3 [L3,0,0]7
i=1,5,=Ry001]",s, =5, — Ry[Ls,0,0]"
i=0,s, =[001]",s, = s, —R;[0,0,0]

Finally:

J1 = [51,S0, X S1] 4 J2 = [S2,50, X S2], J3 = [$3, S0, X S3]

] = Ul»]z»fs]

Final result:
0 s{n(ei)
0 —cos(ei}
1 ]
Ji=

1
F)

g,
cos(@ }I._._. cos(e?} +1, cos(e } C{JS(B:_. + 6_?} —(I._; :‘in((%)_q + 6_?} + L_q_sin(ﬁ_q_}

H H
¥) ¥

0 L, cos(e_,_. + 63} + L?cos( _,_.}

Second Method:

51'11(64,}
—cos(ef}
]

N
¥

-L, cos(e:, + 63} sin(ej} — sin(e )L?cos(ej} —(Lgsin(e_,, + 83} + L_q_sin( ) cos(ej} -1, cos(e ) sin(e_,, + 83}

)
) sin(6;) -L;sin(6,) sin(8,+6,)
6

L cos( 6, + Bg}

J, = Jacobian([X,Y,Z],[6,,6,,05]) , use Jacobian command in MATLAB or Maple.

Jw = 21,23, 3]

Where Zl = Rl(l 3,3) y ZZ = Rz(l . 3,3) y Z3 = R3(1 3,3)

Finally:
_[w
=1



https://en.wikipedia.org/wiki/Jacobian_matrix_and_determinant
https://www.mathworks.com/help/symbolic/sym.jacobian.html
https://www.maplesoft.com/support/help/maple/view.aspx?path=VectorCalculus/Jacobian

Case Study 2.

X =
Joint; ai ai di o;
1 R —n/2 0 0 0
2 R /2 0 0 01
3 R 0 Ly 0 0

Table 2 D-H parameters of right loop of parallelogram arm

Joint; ai ai di O
1L —n/2 0 0 0
2 L /2 0 0 0
3L 0 L, 0 O2p1
4 L 0 Ls 0 O2p2
5 L 0 Ly 0 0

Table 3 D-H parameters of left loop of parallelogram arm

Left and right chain equality condition:
92p1 =0; -0,
92p2 =T - 92p1



Joint; ai ai di Oi
1 —m/2 0 0 0
2 /2 0 0 01
3 0 L: 0 03
4 0 Ls 0 02p2

Table 4 D-H parameters of end-effector

Method 1: Left Loop
With proper kinematic analysis of left loop:

cos(ﬂi)cos.(ﬁ}) —cos{fa;) 51'11(63} 51'11(6!,)

R, = sin(ﬂz) cos.(ﬁ?) 0

—sin(ﬁl,)cos.(ﬁz) 51'11(6!,)51'11(63) co5(ﬁi}

cos(ﬁi}cos(ﬁg) —cos(ﬁi) 51'11(63) ﬁn(ﬁi)

R, = 51'11(53} co5(f33) i}

—sin(ﬁi)cos(ﬁg) sin(ﬁi)sin(ﬁg) cos(ﬁi)

—cos(ﬁj}cm(e}} cos(el,) 51'11[:83} 51'11(81,)

Ry = —51'11[:83} —cos(ﬁs) 1]

sin(ej)ms(es) —51'11(83} 51'11(93) cos(ﬁi)
qrL = [91’92’93 - 92’ _(93 - 92)]T

q= [91, 92, 93 ]T

1. Angular part:
Jw, = zo = [0,1,0]", according to base coordinate systesm
Jw, =21 = Ry (1..3,1...3)

]w3 =Zp = Rz(l 3,1 3)



]W4_ =Z3 = R3(1 3,1 3)

Jwip=wirJwsr Jwsr I, )

[]w1:]w2:]w3:]w4][91:92: 93 - 92! _(93 - 92)]T = []W1’]W2 _]W3 +]W4’]W3 +]W4 ][911921 93 ]T

So, final jacobian will be derived as:

Jw = [fwl'wa oy T s +]W4]

2. Linear part:
P, =[0,0,0]7
P34 = R3[Ls + L4, 0,0]" + Py,
P4 = Ry[L3,0,0]" + P34
P14 = Ry[L;,0,0]" + Py,

P04_ = [O,O,O]T + P14_

Jv, = [20 X Poal  Ju, = [21 X Pral s Ju, = [22 X Paal , Jy, = [23 X Pa4]
]vRL = [/171']172’]173']174]

UoirJogJos T ] [01 02, 03 — 02, — (03 — 02)]" = [JoJuy =Ty + JvurJwy + T, |[01,02,05]

So, final jacobian will be derived as:

Jo = []vl’]vz _]Vs +]V4']'73 +]”4]

Final Jacobian:

1=[]



0 51'11(61,) 0

1 ] 0

0 co5(63) 0
—sin(ﬁj) (—L5c05 EJE} +L;c05(63)) Ljﬁn(ﬂs) cos(ﬁi) -L, 51'11(63) cos(ﬁi)

0 —chos(ﬁ?} Licos(ﬂg)

_—cos( )(—L cos(ﬂ ) + L 4:05( )) —L551'n(61,) 5111(6,\} L, 51'11(61,)51'11(63) _

Method 2: Right Loop
) . . . 1T
qiL = [91, 03, —(93 - 92)]
. . . T
q= [91:92:93]
cos(ﬁj,)cos(ﬁg) —cos(ej} sin(ﬁ_:} sin(ei,)

sin(e_z) cos(e_z) 0

—sin(ai,) cos(eg) sin(ej) sin(e_t) cos(ej)

RI

—cos(ﬂf)cos(e_?) cos(e‘r) sin(ﬂ_?) sc[n(ei)

RD = —sin(e,) —cos(ﬁj} 0

sin(ef)cos(es) —sin(l:‘ij) sin(ﬁ_?) cos(t‘l})

1. Angular part:

Jw, = 2o =[0,1,0]", according to base coordinate systesm
Jw, =21 =R;(1..3,1..3)

Jws =22 = Rp(1...3,1...3)

Jwis=[wir Jwgr Ju ]

[]W1']Wz']W3][91’ 93’ _(93 - 92)]T = []W1'1W3']W2 _]W3 ][91' 92! 93 ]T

So, final jacobian will be derived as:

Jw = []W1'1W3']W2 _]W3]




2. Linear part:
P33 = [0,0,0]7
Py3 = Ry[Ls, 0,0]" + P53
P13 = Ry[L;,0,0]" + Py3

Py = 0[0,0,0]7 + P4

Jv, = 2o X Pos] , Ju, = [21 X P13] s Ju, = [22 X Py3]
]vLL = ler]vzr]vg]

Ui Joy I, ][01, 03, — (03 — 02)] = U T oo Ty —Jog 101,602,605 ]"

So, final jacobian will be derived as:

Jv = []1;1’]173']172 _]173 ]

Final Jacobian:

=11]

0 sin(e;) 0

1 0 0

0 CDS(@E) 0
—51'11(81,) (—I.j cns(ﬁj} +1L, cus(eg)) L; 51'11(63} CQS(B;) -L, 51'11(63} CQS(B;)
0

—I.:T cns(ﬁj} L; cus(eg)

_,:05( )( -I. cns(e)+£ cus( )) —Ljsin(el,) 51'11(83} Lfsin(el,)sin(eg) _




Project:

C{JS(B,} 0 —51'11(6.}

4 F)
R, = 51'11(8),] 0 cos(ef]

0 -1 0

C{JS(BI} cos(ej] —51'11(81) COS(GE} 51'11(83_]

Ry=Ry= sin(el,) cos(e_ﬂ_} cos(e } sin(E!J.] sin(e_ﬂ_}

1
4

—sin(e_q} 0 cos(ej]

e Screw based Jacobian:
i=3,s,=1[001]",5s,, =[0,0,0]"
i=2,53 =R,[0,0,1]",5,, = 5,5, — R5[0,0,d3]”
i=1,5, =Ry[0,0,1]",s,, = s,, — R2[0,0,0]"
i=0,s =[001]",s, =5, —R:[0,L; + L3,0]"
Finally:
J1 = [51,S0, X511+ J2 = [52,50, X 2], /3 = [[0,0,0]", s3]

] = Ulr]27]3]

e DH Jacobian

]W1 =2Zy = [0,0,1]T
Jw, =21 = R;(1..3,1..3)
]W3 = [O!OvO]T

Jw = []Wl’]WZ’.]Wg]

P33 = [0,0,0]7

P;3 = R3[0,0,d3]" + Ps3

Py3 = R1[0,0,0]" + P,

Py3 =[0,0,Ly + L3]" + Py3

Jv, = [20 X Po3] s Ju, = [21 X P13] s Ju, = [22]

Jv = le']v2:]v3]



Finally:
_ ]w]
T=1,
e Analytical Method:
J, = Jacobian(|X,Y, Z],[6,, 0,,d3]) , use Jacobian command in MATLAB or Maple.

Finally:
0 -sin(8) 0
0 cos(8; ) 0
1 0 0
7" | ~sin(8,) sin(8,) d; cos(8,) cos(8,) d; cos(8,) sin(8,)
cos(8, ) sin(8,) d; sin(8,) cos(8,) d; sin(8,) sin(8,)
0 -sin(8,) d; cos( 8,


https://en.wikipedia.org/wiki/Jacobian_matrix_and_determinant
https://www.mathworks.com/help/symbolic/sym.jacobian.html
https://www.maplesoft.com/support/help/maple/view.aspx?path=VectorCalculus/Jacobian

