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1 Introduction

1.1 Probability
DI (Sum rule) P(X) = S P(X,Y) =Y P(X NY)
D12 (Prod) P(X,Y) = P(X|Y)P(Y) = P(Y|X)P(X)

TS (Bres) PUYIX) = = S

D 1.4 (Cont. Var) Sums become integrals

e.g. Y x P(X) =1 becomes [p(z)d=1

D 1.5 (Indep.) x,y indep. iff p(z,y) = p(z)p(y)
D 1.6 (Cond. Indep.) iff p(z,y|z) = p(x|2)p(y|z)
D 1.7 Elz]|= [ xp(x) dz, also for x = f(x)

D 1.8 Covr|=E[zz"] - E[z]E[z]" =X

D 1.9 (Gauss. Dist.) x ~ N (p,X) (n mean, X cov.),
PDF: p(z) = WGXP (—%(-’B —p) = (- H))

1.2 Measurement models

z=bc+sMsw-+b+n+o: be const bias, b time bias, M
missal., n ~ /\/’(O7R) noise, gw corr. meas., o other infl.

2 Locomotion & Kinematics
2.1 Positioning

D 2.1 (Position Vector) wite = witwis Original

Frame, End point, Target Frame, sin = s, cos = ¢

D 2.2 (State vector) xr: x, v of rob in W, pos of sensors
o) —s(¥) 0

D 2.3 (Rot. Mat.) R, = |s(v) ¢(¢) O

0 0 1

c(®) 0 s(y) 1 0 0
R,0)=| 0 1 0 |Ru(p)|0 c(¥) —8(1/))]
—=s() 0 c(¥)] 0 s(¥) c(¥)

R 2.4 Application: wa = Rwggpa

L 25 Rpw = Ry'y = Ry, det(Rwp) =1 (orth.)

R 2.6 Cols of Ry p are basis vec. of Frame .Z-:B in .Z-:W
D 2.7 (Euler Angles) Yaw (z), Pitch (y), Roll (z), mult. ro-

tation matrices, e.g. Rgp = R.(¢¥)-Ry(#)- R,(y), bound..
[n]* =nz ' (matrix from vec + arg )

D 2.8 (Rot. Vec) a = an (n normal)
R(a,n) = I + sin(a)[n]* + (1 — cos(a))([n]*)?
D 2.9 (Quaternions) q = qu + gzt + qyj + q-k with
i? =42 =k?=—1, (ij = —ji = k, same for jk and ki)
D 2.10 (Transf. M) Tup = {?AB AiB}

1x3
R.p; —Rjpats

-1
Tpa =Tz = [leg 1

] Tyc = TapTgc
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