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Problem 1

The frames B and C are given relative to the frame A.
a) Draw the frames {A}, {B}, and {C} using the isometric grid given below.
b) Express “B in terms of two rotational and one translational transformation.
c) By inspection, determine “B

0 0 -1 -1 0 1 0 -10
AB_lo 0 10 AC_00—1 )
1o -1 0 -2 -1 0 0 1
0 0 0 1 0 0 0 1
Zc
{C}
yc
Xc
A

B

{B}

XB

VB

AB =Trans(-1,10,—2)Rot(z,90) Rot(x,—90)

010 3
cg_|0 0 -1 9
10 0 -12
000 1
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Problem 2

Assume that Roll, Pitch, Yaw (RPY) angles used with a robot are 90°, 90°, 90° respectively.
Determine what angles should be used to achieve the same result if Euler Angles are used
instead.

Given:

Some General Analytical Inverse Kinematics Formulas
IF THEN

cosf@=b G:atanZ(J_r\/l—b2,b);i.e,.both 6 and —0

RPY (90,90,90)=Rot(z,90)Rot(y,90)Rot(x,90)

0 -100J0 010][to 0 0] [0 010
1 0 000 100[00-10[[0 100
RPY (90,90,90) = _
0 0 10|l-21000/[01 0 o0/ |-1000
0 0 01jlo 00 1/0 0 0 1/ |0 0 0 1

Clczcs - S183 _Clczss - Slc3 Clsz
SC,.C,-CS;, -SC,S5,+CC, S5,
_Szcs S283 Cz
0 0 0

Euler(4,,0,,6,) = Rot(z,4,)Rot(y,6,)Rot(z,6,) =

O O o

Cosf, =0=6,,=90,6,, =-90
Cosé,Sing, =1
Siné,,Sing,, =0
Cosé,Sing,, =1

. . 6, =atan2(0,-1) =180
Siné,Sind,, =0

Cos8,,Sing, =1
931

}911 =atan2(0,1)=0

. . atan2(0,1) =0
Sing,,Sing,, =0

Cosé,,Sing,, =1

. . 6,, =atan2(0,-1) =180
Siné,,Sing,, =0
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Problem 3

For the given 4-DOF robot:
a) Assign appropriate frames for the Denavit-Hartenber representation.
b) Fill out the parameter table.
c) Derive the forward kinematic equation of the robot.

t,

GIVEN:
cosd, —cose;sing, sing,sing, @ coso,
sing, cosg;cosf, —sing;cosd, @ siné,
A= 0 sing, cos¢, d,
0 0 0 1
sin(a F B) =sina cos S Fsin fcosa

cos(a ¥ f) =cosa cos S £sin fsina

Link Parameter Table:

Linki | 6 d g | 9
10-1) | 4, 0, 0 |0
2(1-2) | -90 d, 0 |-90
3(2-3) | -90 (,+d, |0 |-90
4(3-4) | 6,-90 | 0 (, |0
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C, =S, 0 0 0 0 1 0 0 01 0
S, C, 00 10 0 0 100 0
Ao 0 14 PTlo c10d| BTlo 10 das
0 0 0 1 0 0 0 1 0 00 1
S, S, 0 18,
p_| G S0 LG,
0 01 0
0 00 1
CC, -SC, S, (d,+0,+(C,)C,
F_AAAA | G S8 G (@ lCS,

S, C, 0 d,+0,+(,S,
0 0 1
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Problem 4

The frame A was subjected to a differential rotation of 8 =| 0.1 | radians relative to the

0.1

reference frame and a differential translation of Ad =

Find

a) the differential operator relative to frame A.

b) the differential operator relative to reference frame.

c) the differential transformation dA

0.2

d) the new location and orientation of the frame A.

0

A=

1
0
0
o
A5,=ns=[0 1 0]/0.1|=0.1
0.1
e
*5,=05=[0 0 1]|0.1|=0.1
_0'1_
e
*s,=as=[1 0 0]/0.1]=0
0.1
0 0 01 01
0 0 -01 0
|01 01 0 02
O 0 0 0

A
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AA= AA = A= AMAAT

0
0
0

-0.9
1
0

0011000 0 01 010 1 0 -5
L |too0 50 0 010001 -3
010 3[|-0101 0 02|10 0 -10
000 1]0 0 0 0000 1
01 01 0 02][0 1 0 -5 0 -01 01 04
|0 0 0101001 3] o1 o
0 0 -01 011 00 -10] |-01 O
0 0 0 o0j0oo0o0 1 0 0
01 01 0 02
A | O 0 01 01
0 0 01 0
0O 0 0 0
0011200101 0 02
10065||0 0 01 01
A, =A+dA=
01030 0 -01 0
00010 0 0 o0
01 01 1 102
1 0 01 51
A=l o0 1 o1 3
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