TIME AND MOTION

CS 3630 Introduction to Robotics and Perception
Frank Dellaert
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MULTIPLE DIMENSIONS,
MULTI-SEGMENT




INTERPOLATION IN 3D

* Suppose 0 = c(0/2) <s(8/2) v>
s rotation between g and @

» Slerp(ai, gy, t) =
qr ® c(t8/2) <s(tf/2) v>

» SLERP: Spherical Linear Interpolation



CARTESIAN MOTION
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* Linear Interpolation for 3D translation

B =ip or 5D rotation



INCREMENTAL MOTION

Remember:
Ry (6:0,%) = Rya(9) R (O)R, ()
1 0
=10 cos¢

0 —sing cos¢

CoCy

= | S¢S6Cy — CySy S¢SQS¢-+-C¢C¢
CSeCy + S¢Sy

cos@ 0

sinfg 0

C¢SQS¢ —-S¢Cw

(2.4)
—sin # cos?y siny 0
0 —siny cosvy 0
cos 6 0 0 1
S¢Co | (2.5)
CoCo



INCREMENTAL MOTION

Remember:

Ry(6:8,%) = Ria(ARIF(ORY (¥)
1 0 0 cosf 0
=10 cos¢ sing 0 1
0 —sing cos¢ sinf 0

CoCy CoSy,
= | S¢S6Cy — CySy S¢SQS¢-+-C¢C¢
C¢Sgc¢,+-S¢S¢ CSHSyh — SCy

(2.4)

—sin # cos?y siny 0
0 —siny cosvy 0
cos 6 0 0 1

S¢Co | » (2.5)

CoCo

When angles are small, w dt, we get

R(t+6) ~ 6,S(w)R(t) + R{t) = (6,8(w) + I3 ) R(z)

(0 —w, w,)
S(w) =| w, 0 —w,
\—wy W, 0 )




INCREMENTAL MOTION

Remember:
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When angles are small, w dt, we get

R(t+8) ~ 6,8(w)R(t) + R(t) =~ (6,S(w) + I3 )R(r) (0 —w, w,)
S(w) =| w, 0 —w,
\_w}’ W 0 )

SRR CREE:

R(t) = S(w)R{r)



INCREMENTAL MOTION

Remember:
Ro($,0,%) = Roa() Ry (O)RY (1)) (2.4)
1 0 0 cos# 0 —sinf cos?y sinv 0
=10 cos¢ sing 0 1 0 —siny cosvy 0O
0 —sing cos¢ sinf@ 0 cos# 0 0 1
CoCy CoSy, —Sp
= | S3SCy — CoSyy  S4SeSy + CoCyr SaCh | (2.5)
CSeCy) -+ SeSyy  CpSeSy — S¢Cy  CyCh

When angles are small, w dt, we get

R(t+8) ~ 6,8(w)R(t) + R(t) =~ (6,S(w) + I3 )R(r) (0 —w, w,)
S(w) =] w, 0 -—w,
\_w}' W 0 )
And hence:
R(t) = S(W)R(r) Quaternions:
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INERTIAL NAVIGATION

« Measure angular velocity
with gyroscope, acceleration
with accelerometer

BRiiEeorate over time:

R{k+1) = 8,S(w)R{k) + R(K)

°q = °R, %a

Ring-laser Gyro
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