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Quiz -1
MECE 574 Industrial Automation and Robotics Technology
Fall 2025

Q1: For Euler angles with rotation sequence X-Z-Y, where

e Roll ¢ is about X-axis
e Yaw v is about Z-axis
e Pitch 6 is about Y-axis

1. Build a generic rotation matrix for
a. The extrinsic (axis fixed in space) rotations
b. The intrinsic (rotations about the body’s moving axis) rotations

2. Evaluate both composite rotation matrices for (¢, vy, 0) = G, g, g)

Compare the results for both extrinsic and intrinsic rotation matrices.

Solution:
1.a. Extrinsic rotation
As the rotations are around fixed axis, therefore pre-multiplication is performed
RXZY = ROt(Y, H)Rot(z, lp)ROt(X, ¢)
cd 0 sO[cy —-syp 011 O 0
RXZY - 0 1 0 Slp Cll) 0 0 C¢ _S¢
—s6 0 cOllo 0 110 s¢p co
cOcy sOs¢p —cOcpsy cpsO + spcOsy
Rxzy = [ sy cpcy —s¢pcy ]
—sOcyy  cOsp + cpsOsyY  cpcl — spsOsy
1.b. Intrinsic rotation

As the rotations are around moving axis, therefore post-multiplication is performed

RXZY == ROt(X, ¢)ROt(Z, w)ROt(Y, 9)

1 0 0 cy —sp 0][c8 0 s6
szy = [0 C¢ _S¢ [Slp Cl/) 0] [ 0 1 0]
0 s copllo 0 1ll-s6& 0 6
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clcy —sy sOcy
Ryzy = [sgbs@ +cpcOsy copcyp cpsOsy — sgbcH]
s¢pcOsyY — cpsO  spcyp  cpch + spsOsy

2. Evaluate

0 0.707 0.707
Reyt = [1 0 0 ]
0 0.707 -0.707
0 -1 0
Rine = [ 0.707 0 0.707]
-0.707 0 0.707

3. The results for both operations are not equal due to the order of the rotation.

Moreover, once you form an expression, then mathematically the result operation from L-R or
from R-L must both be same.

Q2: Calculate the forward kinematics of the 3-link robot manipulator. Draw link-coordinate
diagram. Determine all kinematics parameters of the DH Table. Determine arm matrix from
base-tool.

/

Joint |

Figure 1: 3-link robot manipulator
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A
DH Table
a 0
1 0 4 0 0,4
2 0 2 0 6,
3 90 1 0 05

General Homogenous transformation matrix for DH transformation

cosf@ —cosasinf sina sinf acos6

T = sinf  cosa cosf  —sina cosf8 asinf
0 sina cosa d
0 0 0 1

[cos0; —sinf; 0 4cosO,]
sin; cosB; 0 4sinb,
0 0 1 0
0 0 0 1
[cosf, —sinB, 0 2cos6,]
sin, cos8, 0 2sind,
0 0 1 0
0 0 0 1
cosf; 0 —sinf3; cosfs]

_|sinf; 0 cosO; sinf;
0 1 0 0
0 0 0 1

Ny Ox Ay Px]
n, o, a, P
o o0 o 14

3
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cosf, —sinf; 0 4cosB;][cosf, —sinB, 0 2cos6,][cosf; 0 —sinf; cosO3

T3 = sinf; cos6; 0 4sinf,||sinf, cosf, 0 2sinb,||sin8; 0 cosO; sinb;
0 0 1 0 0 0 1 0 0 1 0 0
0 0 0 1 0 0 0 1 0 0 0 1

Ci2z 0 S123  4cqp + 2015 + 3

73 = [S123 0 —Ci23 4y 42815 + 5123
0 0 1 0 0
0 0 0 1

Q3: Determine joint angles for the 3-link robot manipulator shown in Figure 1 using Inverse
Kinematics. Utilize both analytical and geometric approaches to perform IK operation.

Solution:
Analvtical Approach
From Eq. (1),
S123 _ tz1
€123  t11
t
0123 = tan_l (£>
t11

Also remember that 6,,3 = 6; + 6, + 05 and 6;, = 6, + 0,.

(Tg)™'T§ = TETS

c6, s6; 0 -4

-1 _|—s6, ¢, 0 O
(o) 0 0 1 0
0 0o 0 1

—s60; cb, Oy Ay DPy|_|s23 0 —ca3 S23+2s;

0 0 B

c; s6; 0 —4]mMx O0x Gy DPx €3 0 s33 €3t 20
0
1 l 0z Qg PZ O 1 0 0
0

0 0

0 0 1

0
n,cq + NnySq 0,Cq, + 0yS1 a,c, + ayS1  DPxC1 + DPyS1 — 0 s33 €3+ 2¢
—Nn,S; + NyC;  —0xSy + 0yC1  —0xSy + ayCq px51 + pycl ‘ 523 0 —cy3 Sy3+ 25,
n, 0, a, 1 0 0
0 0 0 0 0 1
(2)

By comparing (2,2) on both sides from Eq. (2)

—0xS1 +0y¢; =0
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o
0, = tan™! (—y)
Ox

By comparing (1,4) and (2,4) on both sides from Eq. (2)
PxC1 +DyS1 —4 = c3 + 2¢,
—DxS1 +PyC1 = Sa3 + 25,

By applying square on both sides of the equations above
2 2
(chl tp,s1— 4) = (23 + 2¢3)
2
(pxcl + pySl - 4) = C232 + 4C22 + 4'C23C2 (3)
2 2
(—Px51 + PyC1) = (523 +257)

2
(—Px51 + Pyc1) = S5p3° + 455 + 45535, 4)

By adding Eqgs. (3) and (4)
2 2
(PXC1 +tp,51— 4) + (—Px51 + PyC1) =5+ 4(cp3¢; + 52352)
Expanding c,3¢, + S,35, = c3. Therefore

(PXC1 +p,S1— 4)2 + (—szl + pycl)2 -5
4

C3 s
Using identity s3 = +4/1 — ¢2.

s
0; = tan™?! (—3)
C3

We can use the combined angle 8,3 = 6, + 6, + 05 to determine our last unknown angle, 6.
0123 —0; — 03 =0,

This concludes our analytical analysis.
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Geometric approach

End

Effecter
X,
\ [ I ]
J.

The wrist coordinates are given by

Determine angle a as

Use law of cosine

Where 72 = x2, + y2.

Determine angle 6,.

12+ 12 — 2l11,cosp = r?

k
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Use law of cosine

Determine angle 6,

Determine angle 65

B+05—xh— %
20,1,

0,=n—f=m—

r? + 12 — 2rl cosy = 12

Vo i1
——cost ————
X 2rly

0, =a—y=tan!

0; =0, —0,— 0,



