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KIT Humanoid

Why do we care about kinematics?

Joint encoders tell us head angle
Visual perception tells 
us object position and 
orientation (pose)

Need to know where 
hand is...

Need to tell the hand 
where to move!



Homogeneous transforms
Rotation matrices assume that the origins of the two 

frames are co-located.

• What if they’re separated by a translation?
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Homogeneous transform
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Homogeneous transform
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Example 1: homogeneous transforms
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Example 1: homogeneous transforms

What’s          ?A
BT
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A R B=(cos (θ) −sin(θ ) 0
sin (θ) cos (θ) 0

0 0 1 )
B d A=(−l

0
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−sin (θ ) cos(θ ) 0 0
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Think-pair-share

Calculate:
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This arm rotates about the      axis.
az



Example 3: homogeneous transforms

xA ˆ

yA ˆ

zA ˆ

xc ˆyc ˆ

zc ˆ




l

a Rc=
a Rb

b Rc=( cθ 0 sθ

0 1 0
−sθ 0 cθ

)(
cφ −sφ 0
sφ cφ 0

0 0 1
)=( cθ cφ −sφcθ sθ

sφ cφ 0

−sθcφ sθ sφ cθ
)

Outline the procedure for calculating             and



Forward Kinematics

• Where is the end effector w.r.t. the “base” frame?



Composition of homogeneous transforms
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Forward kinematics: composition of homogeneous 
transforms
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Forward kinematics: composition of homogeneous 
transforms
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s3 c3 0 l3s3
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Remember those double-angle formulas…

          sincoscossinsin 

          sinsincoscoscos 
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Forward kinematics: composition of homogeneous 
transforms

0 T3=(
c123 −s123 0 l1 c1+l2 c12+l3c123

s123 c123 0 l1 s1+l2s12+ l3s123

0 0 1 0
0 0 0 1

)



Think-pair-share
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