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Lectu re «Robot Dynam ICS»:

151-0851-00 V

lecture: CAB G11 Tuesday 10:15 — 12:00, every week

exercise: HG E1.2 Wednesday 8:15 — 10:00, according to schedule (about every 2nd week)

Marco Hutter, Roland Siegwart, and Thomas Stastny
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Difference Hamiltonian and JPL convention

Table 1: Hamilton vs. JPL quaternion conventions with respect to the 4
binary choices

Quaternion type Hamilton JPL

1 Components order (qw , qv) (dv » quw)

5 Algebra 1] =k 1] = —k
Handedness Right-handed Left-handed

3  Function Passive Passive
Right-to-left products mean | Local-to-Global Global-to-Local

4 Default notation, q q=qge q=qrg
Defaunlt operation Xg=QqQXX,qQ" | Xp=qRXgRq"

P(i1)=Ce®p(s)®¢e P(aF)=Ca ®P(,1)®C;
=M ($ie)M; () P(sT) =M (&a )M (&5 ) P(,1)
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Hamiltonian
Algebra

= Product of quaternions

= Given two quaternions g and p, the product is defined as
{®p=(q0+ q1i+ qz) + q3k)(po + p1i + p2J + p3k)
= qoPo + qoP1i+ qob2J + qopsk
+q1pol + q1p1ii + q1p2ij + q1psik
+q200j + G20l + q2p2J] + 9203k
+qspok + qsp1ki+ q3p,kj + qspskk

Hamiltonian conventior

= QqoPo — q1P1 — 92P2 — 43P3 E=C +&1+E J+EK
+(qop1 + q1Po + G203 — %Pz)l: 0 ? 3
+(qoP2 — G103 + 92P0 + q3P1)J i’ = j2 —k? = ijk =—1
+(qops + q1P2 — q2p1 + 43Po)k N N -
do —q1 —q2 —4s] /Po o ij=—]ji=-1jk" =Kk
191 9 —4q3 q2 ||[P1]|_ |90 - _ sh i ..
|92 93 9o —q1 |\ Pz [Z qol + [Z]x p=M'(p jk ==k} =i
3 —q92 41 9o b3 Pl —
: ) M ki =—ik = j
Po —P1 —P2 —P3| /40 .
_|P1 Do b3  —DP21[ 91 | _ |Po —P _ mh
=l s p0 i || 42T Lv, pol — [,V,]X](_Mr(p)(
[P3 D2 —P1 Do | \43 — M)

Robot Dynamics - JPL vs Hamiltonian |

03.10.2017

3




Hamiltonian
Derivation of rotation matrix

= Derivation of rotation matrix ({ = (p;): M-(0) = [( ol — [(] ]

* p(r) =S @ (1) B = MM, ( ;) [¢"]= - L,

(e TS L | )
o -( COI + [(]X —( COI + [(]X 1r

_ (O)= G+ 60" — 28" = <T[¢], (O)
o) oot~ tod ~ (8,8 8T +G1+ 20002, + [2,02, |\

(%)= 1 0 ](0) ¢1,181,=¢¢™1"
gT) |0 (C%—IZI )H'ZZO[(]X‘FZ((T i

v oar = (B RI) 1+ 252, +2887)
) — (ZCO — 1)1 + 2(0 [Z]X + ZzzT Robot Dynamics - JPL vs Hamiltonian |~ 03.10.2017 | 4



JPL
algebra

= Product of quaternions

= Given two quaternions g and p, the product is defined as
(@ p = (qo+ q1i+ q2j + q3k)(po + p1i + p2j + p3k)

= qoPo + qoP1l + qop2J + qopsk ji = —kzji =k
+q1pol + 11 il + q1p2ij + qip3ik ik =j
taz00j + Q2piji+ 42p2J] + 42p3)K = _k
+q3pok + qzp1ki+ qzp.kj + qspzkk l_] I

= qoPo — 91P1 — 92P2 — 43P3 ]k = -1
+(qoP1 + q1P0 — q2P3 + q3P2)i ki = —j
+(qop2 + q103 + 4200 — q3P1)J kj =i

+(qoP3s — q1P2 + Q201 + q3Po)k
(a0 —91 —92 —q3] /Po i JpL i

3T
_ 191 9o 43  —q2|| P1 | _ |40 - — )
192 —q3 do ¢1 D2 [Z %éle p =M (Op
143 42 —q1 Yo | \P3 ”
[P0 —P1 —P2 —DP3| /%

=T
_|P1 Po ~—P3 D2 i1 | _ |Po 4 .
“|p2 Pz Po P |\q2] [ﬁ pol[F 5><] ¢ = M,(p)¢

[P3 —P2 P1 Po | \43 =:M]r(p)

=M} ()
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JPL
Derivation of rotation matrix

= Derivation of rotation matrix ({ = ({B):

+ p(1) =@ P(1) O = MM, ( )

<,0r)= K qol—cX” { qol—<><] )

CI0+|(| qo¢" — qolT + {7 ](0)
G0¢ — 90 + $*¢ §T + qf1 — 2qo¢* + ¢

1 0
] (zor> | (qé —31°) 1 - 2q07% + 2??7’] (Bor)

|<| )1 - 2q08* +2887) i
— DI —2q,0% + 2887 = Cpi(Q) = Cp(O) = (2q5 — DI +2qo$* + 2447
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