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Translation

• ~rαβ is the vector from the origin of {α} to the origin of {β}.

xα

yα

zα

xβ

yβ

zβ

~rαβ
zααβ

~r ααβ =

x
α
αβ

yααβ
zααβ

 =

−1.003.00

1.50



Cα
β =

 0.785 −0.366 0.500

0.242 0.924 0.296

−0.571 −0.111 0.813


.2

Translation

• Resolve, i.e., coordinatize, ~rαβ wrt frame {β}.
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The two vectors have the same length .3
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Translation (more than two coordinate frames)

• Consider the three coordinate systems {a}, {b}, and {c}
– Origin from {a} to {b} and vice-versa, i.e., ~rab = −~rba
– Knowing the relationship between frames {a}, {b}, and {c}, i.e., ~rab, ~rbc, ~rac, Cab ,
Cbc , and Cac

– Determine the location of the point p
– Describe in what frame,? i.e., ~p a or ~p b or ~p c.
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Translation (more than two coordinate frames)

• Determine the location of the point p
– Origin from {a} to point p

• ~pap = ~rab + ~pbp
• In what frame?
• ~p aap = ~r aab + ~p abp
• ~p a ≡ ~p abp
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Translation (more than two coordinate frames)

• Determine the location of the point p
– Origin from {b} to point p

• ~pap = ~rab + ~pbp
• In what frame?
• ~p bap = ~r bab + ~p bbp
• ~p b ≡ ~p bbp = ~p bap − ~r bab
• ~p bbp = Cba~p
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Translation (more than two coordinate frames)

• Determine the location of the point p
– Origin from {c} to point p

• ~pap = ~rac + ~pcp
• In what frame?
• ~p cap = ~r cab + ~p cbp
• ~p c ≡ ~p ccp = ~p cap − ~r cac
• ~p acp = Cac ~p

c
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• ~p bcp = Cbc~p
c
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Example

• Cab = R(~z,50◦)

• Cbc = R(~y,−30◦)

• Cac = CabC
b
c

• ~r aab =
[
0 0 2

]T
• ~r bbc =

[
3 0 0

]T
• find ~r aac
• find ~r cca
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Example

~r aac = ~r aab + ~r abc

= ~r aab + Cab ~r
b
bc

=

00
2

+R(~z,50◦)

30
0


=

00
2

+

cos 50◦ − sin 50◦ 0
sin 50◦ cos 50◦ 0

0 0 1

30
0


=

1.932.30
2.00
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Example
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~r cca = −~r cac
= −Cca~r aac
= − (Cac )

T
~r aac

= −
(
R(~z,50◦), R(~y,−30◦)

)T 1.932.30
2.00


=

 −3.590
−0.232
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