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2.2. Pose in 3D
Eq.(2.11)
2.2.1. Representing orientation
Euler's thm - any orientation can be achieved by a sequence of 3 rotations different
coordinate axes
Introduce SO(3). It has 3 dof
Rotations do not commute, i.e., operator (+) is not commutative.
Orientation representations: R matrix, Euler and Cardan angles, axis-angle, and unit quat
2.2.2. Combining translation and rotation
Introduce SE(3)
4x4 Htform
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O;r 0,= 1 aa. = O
A hos 9 demands and & congtraunts
A has 3 o‘zjwu of freedom

Eulery, fhascorm: .
R e 3M3) can be corstrucked from a al 4 .
sequence of three rotahorg  alonwt coodlingte aves. =N
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4o Hha Fol\w)ir\s th'm aasts
R = RW) R Rx($)

stew_r, saln s not Mczsso\mlj uﬂi‘iu _l

2.2.1.07 Theee - Anle Rapesersfoions

Euler omsll_s ' Rebate alowt one avts , 4han aﬂ’\a-“uf‘/
Hen e Rt xyx, 2z, -

Cacdan amgln b Uee all three axes: XYZ, .-

The doolbox wses 2Y2 wwler omjko;) :

= R = ro(o)+ wty(d2) 4 ot (03)

= ewl2c(0.1,02,03)

T =tc2ew (R) = (0.1,02,0.3)

Seletion 15 not W\'w{\«tl
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4r2eu (ew 2v (01,702, 0.3)) = (-B+ou, 0.2, “N+0.3)
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“The toollbox also uses f‘o“—P‘l‘}‘(/l\sﬁaw af\s(ﬂé
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Genedc Solwhion :

o= COS-‘(G,Q = 4wo s.;lM*L.uy\sl 6, andl ©,= —6,
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€, = -8,

Note that:  sing=+| - G2 '
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Gy = " %%y
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2.2.1.3, S(r\ﬁn\o\(‘ Cd\'\“"\ammm £ Gmbal Lock
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In s{nﬁmm Cases , ToR(d)¢e ty(0) & vtz (V) redmess *
0=0 = ta(d)* :\'@@) x otz (V) = cotz(d+V)
=q > rote (@) ET _i] + r¥) = ro{‘i(tb-tP)

Tn 5;V\3w\d'\ cases :
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6 =0
o+ = a?{:“r\l(ru, r\\)
else G~ |
= G
| bv= adan2 (a1, 1)

Thee is an irdinite Nambar "@ solukrons :
o um‘u‘wl. omd ¢+¢ (Df C‘>"{7) s kuu;iuge}
bt ¢ & ¥ are net vmlqua.

Tn singuwan configs, tr2rpy sels 6=0 by defult-

Singulan cm%jwaﬁ@s lose. oUJNLS of freedpm (see Fg 23)

When two anes of o 3imba,\ a‘ijn , fotachon about am axs
‘Pe\fpmo\l-cu\m!“ 4o the rema'\r\'\«j two (M?OSQLUOI
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onAhe od effector o deina g\a‘

77/
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A’b two V\O'h‘?am,\\(,\ Vectors o defing  an ortertahion
Gl\;e/v\ o & O

8- QO
2oty }g; Axfe5
b= omother

toolbax Lunction ¢ aaz’ﬁ‘(b,a}:} R= [ﬁ 3 a:]
4?2)3{ Y < nst impumented. et nggded
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2215. Rotation obodt am arlohay vector
J

A“:S rotohonm R o be reg«*esen’ren\ by o axts omd N

an amalz of whdien absut that oxs, (8 N )%?
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O N Yy
whne Sw)= ,’? © -gq and Nl =41.

Py Ny

The # of pramtley o 4 9,'\5},/\5,/";}

but U= | is & constraint, so shll R has
07\\3 Thee olzﬁreu of Reeedom !

oo box Luncritn, : ar\jveQZﬁ((e, LNy W N}])‘—? Tal
tedangiee ((TaR) = o,

2.2.16. Und Quaternions | ak.a. Euler Buametes

A quatermion 3L) o 4 glementy {ﬂ‘\lefpfd'\:(o‘ as
& Sealon omd a L\gpu—cm@lw A b

éL= S4 ML+ M‘ié+ ~; kb Oharg Lzza": [:—-—l
= S+N CGL:"

= SN, Ny, AR

We use unik ciuwkm\‘ms + m()re;u& s
e stallolh=A
Pgpin webhae 4 paamatess omd 4 conshaunt,
Sount quatemins povide 3 degetas of frerdom .

Angle vector \‘V\%f‘we‘\u:h\ev\-.
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Angle vector inNer prefochi v -

N
n
- Cosle) _sin(e® /A
S= 5 N= 2 n 0 .
whone roYahon
Nete : ts celahve +5 A
=9 A /%
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Roweverr R R \7%%(14&'

Moo was the above  mudix - vectsr md-l»'ell'ud\'m rule derved ?

Use the usual cules ‘Pv MM\""\AMLAQ muljyie\{ca‘\’\}c»\ and °f’f’\_'j
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Collect g scalan, i, 4, ond k caw\f)or\mﬂls to constuwe
tha midvix and vector above |
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Moo § + R
262+6)-\  Uoc-ad)  2bd+ac)
RE) = |gfberad  2@-)-1 2cd-ab)
2(bd-0c) 92(cd+ab) 2(ar44?) -\

MA()(ﬁr\g R— G
o T (s
L@-\’ R = Krz\ G—L “1.3)‘ G/V\A
Gy V3 (3

VCP\°5\A3 L v R@ ¥ a2\t (2 dt fjlausf

oF= Z‘\“('+ Cht oy £G4y )
Pe30en-mow) o
=z L0000+ - y) @)
dt = L= et (33) “)

“These aquations {m?lj lo soluhins , bndt ov\lj 2 exst.
Off-diagond terms give :

) ado=4(6.6,) b= (Mt ) (8)

© ac=klt- G) bd=x(Mr0G) @

@ ad> (™) cd=L(fa*6) (o

Soln ap()mow\n‘-
O Use -q\kah.w\ O, @) &), oL (&) w | \a/\%zd vale
+o got 2 vawes of 0 b o o o
OUce 2 eqs £om (6-10) +o sole B olhen 3 valus
@ %.Sw\‘\ ‘ts 2 SDlMM Sa’k-s"\hl'v\s C‘L:~Coh
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M. |
Tf tew(R) >0

sohe () for o= F{tr(R)+1
solve Por b’C} d (A«Sif\j t.ciMa‘J'WV\s (5-7)

eq('s) yeds = = GZ' s
o

e‘l,(b) - Similan

41(7) = Similan

ele & = man( a6, 1s)

Solve +or b ub\rxﬁ etf(?.)
Solve for a c,d usng &g (53%,9)

6‘59— T\\' (= W\M(ﬂ\Jrz;_J rzs)

Solve Lo ¢ \As'\r\j 6[(‘3)
$olve -Cor a)‘ojd ms{'\ﬁ E‘IS ("/3,"’)

el\ge )
solve forr d us\ng 44 (4)

Selve foc ok, c ws(rxs €£|S(7,9,l°)
end

g\'m,lb C}ﬁ:(%b,c,d) g CL_: -—é,.
K one ‘H\Q +wo $§lM*L:V\.5\

odlox funchoms —C@(* c[m‘\vfn\w\g
q= Qucc\zm(ov\( 'P\)

C". R q NoCm,
q-plet () 4. ()

To se o\ the mtlodg {\3(19, ' NJrL\oo\S(Q\«dem{m\v

“Toolbox funchons Hor IE(3)
'&@W\S‘ (X)j,%B
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teotx (8) | toty(®) t stz (®)

Brplst (T) okl
t2e (T =R p i), trars| (1\7) (\\)/6 fc}
S
¢ iBB

example * A‘I'c-- teans| (v x totz(0)

Se table 24 fignee 2.5 L o complete Lot
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