
Announcements:
- intro survey out, due

1/29: 50/3), rotations

today
- HWI out today, due 2/12

Last time:
- linear systems
- autodiff

Today:
- defining 3D rotations

- tangent space, exp /log map

- " addition"/ "subtraction" on 5013)
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Two interpretations of WRD

i) "R'= [di dy" dz"

"representing orientation"

ii) operator ☐ ⇒ W

v1" RD v

1

R (t)



Consider RE 5013)

R = ✓ 1, V12 V13

V21 V22 V23

v31 V32 v33 )

DO F= 9 - #constraints

R= [roc ry rz]

retry-0 roctra = 1
rytrz=0 ry' ry = 1
rztrx =D rzTrz-1

RTR = I
det (R)-+1

6 constraints

= 9-6 =3



Rotation kinematics

R (t)

R (t) TR (t) = I

alt)

* (RTR = I)

Flt) TR (t) + R (t)' R' (t) = 0

RR =-(at is)- (RTR)'

A = ITR
AT =-A

"skew-symmetric"



"skew-symmetric"

- v3 V2
V3 ◦ -v.]
- V2 V1

V2

V3

{AE1R³" / AI-A} ≈ 1h3

R.pt  = R.v1 RTR = RRT=I

= Oñ

RTR =-(RTR)'r
v'

in = Rv'

in



Upshot: 5013) " behaves locally"
like 1h3

Find ways to apply perturbation

Rieti = Riet At 8D SW ← IR³
9

= Rie ⊕ ΔtSw "exp" / "log"

Goal:



* E 1R²

dx = 0

{x1 atx = 1}

JC

IT

✗ + Sx ∉ C

I ⊛ 8K

exp
109

"bad picture"

" line " so (3) = {w^ / WEIR'} 1" "promotion

exp: 3013) → 50 (3) matrix exponential
expm

log: so (3) → 13)



Prop (Rodrigues)

exp (wt) = I + unsino + (n')²(1- coso)

② = I/will u = w
1/well

Def 1 (Box plus)
For wt 1123,

Defl (Box minus)

R., R2 ← 5013)

R⊕w= R. exp (wr)

For R, ⊖ R2- log (R,TR2)"


