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Robotics Homework #5

Kostyantyn Vovk [0416794]

<< Calculus VectorAnalysis"

Question 5.1

We start off with :

2o = {{0, O, 1}}T;
z, = {{0, 0, 1}}%;
0, = {{0, 0, 0}}";

O: = {{asc1+ acC12, a1 81 + A& 812, 0}};

0, = {{a1c:, a18, 0}};

Zo (oc "OO)

{{{{0, 0’ 1}}({C05[61] Cos[®3],0,0,0},(0,0,0,0},(0,0,0,0},{0,0,0,1}}

(-{{0, 0, 0}}({COS[91] Cosles},0,0,0}, {0,0,0,0}, {0,0,0,0}, (0,0,0,1}} a; Cy +ac Ciz) .,

{{0, 0 1}}{{C05[91]COS[93]:0,0.0},{0.0,0,0},{0,0,0.0},{0,0,0,1}}
I r

(-{{0, O, 0}}{(005[91] Cos|e3],0,0,0}, {0,0,0,0},{0,0,0,0},{0,0,0,1}} a; S; + ac. S12),

-{{0, 0 0}}((‘305[91]C05[93],0,0,0),(0,0,0,0},(0,0,0,0},{0,0,0,1}}
4 14
{{0, O, 1}}{(COS[91]C05[93].0,0,0},(0,0.0,0}.{0,0,0,0},(0,0,0,1}}}}
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z; (oc - 01)

{{{{0, 0, 1}}{{005[91]005[93],0,0,0}.{0,0,0,0},(0,0,0,0},{0,0,0,1}} ac Ciz,
{{0, 0, 1}}{{C05[91]005[93],0,0,0},{0,0,0,0},(0,0,0,0},{0,0,0,1}) acsiz, 0}}

So the JacobianMatrix is :

~3; 81 -a; 812 38, 0
2 € +3a:C2 A Cz O
0 0 0
J = 0 0 o
0 o 0
1 1 1
Question 5.2

The first Jacobian termis :

O = {{0, O, 0}}:
o, = {{0, O, 0}};
az C; C2
0 = |azsic H
az Sz
Ay C; C; + a3 C; Cz3
03 = as S1 Co + a3 81 Co3 H
az Sz + a3z 823
0
Zgo = 0 7
1
81
Z; = -C; ;
0
S:
Zs = -C3 H
0

zo (03 - O¢)

({0}, {0}, {{{0, 0, 0}}+{{azcico+ascice}, {arcC2S1+azcys1}, {azs2+assa}l}}
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z; (O3 - O1)

{{({{0, 0, O}} +{{azc1co+azcy c23}, {@a2Cp 81 +azCo3 1), {@azs; +a3823}1)) 81},
{-({{0, 0, O}}+{{azcicr+ascyicas}, {azces: +ascyssi}, {azs2+assa}})ci}, {0}}

2; (03 - 03)

{{ascircez s}, {-ascicaz s}, {0})

Jir = {{20 (03 - Og), 21 (03 - O1), 2z (03-03) }}
Thus

—d28; C; - A3 8; Cy3 -A28,C; - A3 833C; ~-a3Cy 823
Juu = a; C; C2 +a3Cy Cp3 a; S; S2 + a3 81 823 —a3 81 823
o a; Cz + ai Cz3 as Cz3

{{-azczs1~a3¢C3 81, —az ¢y 82 -a;3Cy Sp3, ~A3C1 823},
{azcicp+ascyces, az 8182 +as sy Spz, —as S1823}, {0, az cz +a;3 Cz3, as e}l

Det[%]

2 2 2.2 .2 2 2 2 2 &2 2 2 2

a, az Cy C2 Cp3 Sy + A &3 C7 Cy3 Sz — Az A3 C €23 87 Sz — az az Cyy 87 Sy — Ay a3 €] C; Sz ~
2 .2 2 2 &2 2 2 3.2 42

@, a3 C] Cp Cp3 Sp3 — @3 83 C3 ST Sp3 — 3 &z &3 Cp Cp3 ST Sp3 - 2 @3 C33 87 Sp3

Question 5.3

0o = {{0, 0, 0}}7;
0, = {{0, 0, &;1}}%;
0, = {{0, 0, d;}}%;
03 = {{d2s2¢1, d2szs1, di + dz2}}

zo = {{O, 0, 1}};
z; = {{s1, c1, 0}};
z; = {{s2c1, S281, C2}};

Zo (02 - Op)

{{o, 0, -{{0, 0, 0}}{(C05[91]005[93],0,0,0),[0,0.0,0},{0,0,0,0],{0.0,0,1}) +

{{cidys,, d; 518z, d; +C dz}}({COS[ell C05[93],0,0,0},(0,0,0,0),(0,0,0,0},(0,0,011}}}}

z1 (O3 - Op)

{{(-{{0, 0, d,}}!(Fosler]Cos[631,0,0,0},(0,0,0,0},(0,0,0,0},(0,0,0,1}) |
({c1ds S5, do 5185, di +Cpdy} ) (Co5(01) Cos[031,0,0,0),(0,0,0,0),(0,0,0,0},(0,0,0,1)}y g,
(={{0, 0, d}}{{Cosles] Cos[€31,0,0,0},(0,0,0,0},{0,0,0,0},{0,0,0,1}} ,

{{cid,s;, do sy Sy, dy +c,dy) ) (€061 Cosl€3],0,0,0},(0,0,0,03,(0,0,0,04,(0,0,0,11] ) ¢

0}}

1
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z; (03 - 0;)

{{(-{{0, O, dz}}({COS[QUCOS[SB],O,O,O},{0,0,0,0},{010,0,0],[0,0,0,1}} +
{{c1ds 52, dp 8152, dy +¢ dz}}((C05[91] 005{93],0,0,0},{0,0,0,0},(0,0.0,0},{0,0'0.1}}) c1 8z,
(-{{0, 0, dz}}({COS[Gll005[93],0,0,0),{0,0,0,0].{0,0,0,0},{0,0,0,1}) +
{{cid:s;, d; 5182, di +c2dz) }HCOS[91] COS[93],0:0,0},(0,0,0,0},{0,0,0,0},(0,0,0,1}})
(-{{0, 0, dz}}[[COS{QLICOS[93],0,0,0}.{0,0,0.0},{0,0,0,0),{0.0,0,1}} +

{{c1dz sz, d2 5152, d; +C> dz}}[[cos[ell C05[63],0,0,0},(0,0,0,0},(0,0,0,0),(0,0,0,1)))

S1 82,

c2}}
8; S, d2 -C; Co d, 8, C1
c; S, dp Sz 81
4] Cz
g =
0 0
0 0
1 0
Question 5.4
We have that
a g -~z a3 == 0
aa, —aas = (-a; 8; - A 812) (a1 €12) + (31 812) (a1 ¢+ ay €12)
Which is equivalent to
a;’s,
Question 5.5
oO = {{ol ol 0}}T;
0s = {{dasy, dsci, 0}}7;
Zo = {{or 0l 1]}T;
z, = {{0, 0, 1}}7;
z; = {{-81, &1, 0}}7;

2o * (03 - Op)

({0, 0, -{{0, 0, 0}}{{C05[91]COS[93]:0:0:0},(0,0,0,0},(0,010,0},{0:0,0,1}} +

{{cids sz, ds 5152, di +C2 dz}}{{Cos[Gl] Cos[93],0,0,0),{0,0,0,0},{0,0,0,0),{0,0,0,1)}}}

3= (Zo* (03 -0g) =z Zz)
Zp 0 0
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c;d; 0 -s;
Sy d3 0 Cy

H O CO
O OO0
(=2« R

{{C1 d3/ 0, —sl}/ {d3 S1, 0/ cl}l {OI 1/ 0}/ {0/ 0/ 0}/ {Or 01 0}1 {11 OI 0}}

hfd; 0 -3
Det s;/ds 0 c;
1 0

—C% d3 d3 Si

Question 5.6

We know that for a cartesianmanipulator all jointswill be prismatic and so

29 21 2

J=(o 0 o
0 0 1
010
100
=lo oo
0 00
0 0 0




