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State Estimation for Robotics. Midterm

TU Berlin WS 2021/22.
Chair: Robotic Interactive Perception.
December 16, 2021

Student name:

Student’s TU Berlin ID:

“Closed books” (no slides, no cheat-sheet, no computer, no smartphone).

Honor code: I hereby certify that I have not given or received aid in the examination: . _ __ =
(Sign your name).

1. (5 pts) Assume a joint Gaussian density over a pair of variables x,y. If the variables are
uncorrelated, which of the following is false?
(a) E[xy"] = E[x]E[y"] (the 2nd moment factorizes as the product of the means)
(b) p(x,y) = p(y|x)p(x) (the joint probability density factorizes into conditional - prior)
(¢) p(x,y) = p(x)p(y) (the joint density factorizes into the product of the marginals)
\/ }di p(x|y) = p(y|x) (the conditionals satisfy this cross-term equality)

2. (5 pts) A random variable x with mean g, and covariance 3y« is passed through a system
described by the equation y = Hx + w, where w ~ N(fty, Zww)- What is the mean of

the output?

(a) py =Hpy
PR i = s,
(¢) my = HE by + B
(d) py = HEG by + Sawbw

3. (5 pts) A random variable x with mean g, and covariance Xy is passed through a system
described by the equation y = Hx + w, where w ~ N (py, Zww) is uncorrelated with x.

What is the covariance of the output?
(a) Byy = H' 2 H
(b) Zyy = HExH'
/ (C) Z:yy = HszxH + Yww
Syyi— HEH" + Sww

4. (5 pts) Match. Join by lines all that apply. Please be clear or it will not count:

p(z) posterior density
_py) sensor model
/ p(z|y) prior density
p(y|z) —metien-meodtl
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5. (5 pts) Which option of the following ones describes the mformanonhfusxé):l::ian R
sian densities {N (i, 2i)}2, in a Baycsian manner to produce another g nsit}

N(p,2)?
(a) p=p1 +p2 and 0}=0f+a-§
(b) o%u=oip +o3us and 1/op = 1/0} + 1/03
J () o®u=o0%ps +oiuy and gp =o?+ 03
pﬂ w/o? =y Jo? + py/o? and 1/0y = 1/o? +1/03

6. (5 pts) An estimator is unbiased when ...

M the true value of the unknown variable that is being estimated coincides with the
expected value of the estimator.
(b) the mean square value of the estimator coincides with the true mean square value of
/ the unknown variable that is being estimated.
(c) the expected value of the estimator and the true value of the unknown variable that
is being estimated are less than 30 away.

(d) the expected value of the estimator is zero.

7. (5 pts) An estimator is consistent when...

(a) the true value of the unknown variable that is being estimated coincides with the
expected value of the estimator.

(b) the mean square value of the estimator coincides with the true mean square value of
7 he unknown variable that is being estimated.
the expected value of the estimator and the true value of the unknown variable that
is being estimated are less than 1o away.
(d) the true uncertainty in the system is perfectly modelled by the estimated covariance.

8. (5 pts) Which of the following filters is a MAP estimator?

(a) The EKF (Extended Kalman Filter)
Df The IEKF (Iterated EKF)

(¢) The SPKF (sigmapoints Kalman Filter)
(d) The ISPKF (Iterated SPKF)

9. (5 pts) What assumptions does the particle filter make on the non-linear models of the
system dynamics, the observation equation and the state?
(a) The state distribution is Gaussian and the models are differentiable.
(b) The state distribution can adopt any shape but the models need be differentiable.
\/ (c) The state distribution is Gaussian and the models need not be differentiable.
)() The state distribution can adopt any shape and the models need not be differentiable.

10. (5 pts) What assumptions does the generalized Gaussian filter make on the non-linear
models of the system dynamics, the observation equation and the state?
(a) The state distribution is Gaussian and the models are differentiable.
\/ (b) The state distribution can adopt any shape but the models need be differentiable.
,bQ The state distribution is Gaussian and -the models need not be differentiable.

(d) The state distribution can adopt any shape and the models need not be differentiable.



11. (10 pts) One way to obtain the Kalm
| state estimate is €r = Xp —

KiCx)™ + KiRi K], and

an gain is via gain optimization. If the error in the
Xk, then the covariance of & is Eléxe]] = (1 - KiCi)Pr(1 -
a cost function to quantify the uncertainty of é. is defined:

J(Ky) = trace E[éké,:-]._

Show how J is related to the Mean Square v.

alue of &, (MSE). Please specify and justify
(with text) all steps carried out. Ex

ample: in this step, I apply property X of E[:].
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12. (10 pts) The correction step of the generalized Gaussian filter uses “Gaussian inference”: it

assumes a joint Gaussian density p(Xk,yk|Xo, V1.k, Yo:k—1) for the state and the measure-
ment, and then computes the posterior vanavehon

- =
p(xk|Xo, V1:k, Yo:k) = N(“z,k + zxy.kzwl.k()’k = ﬂy,kzy&:.k 5 Ezv.kzw‘kzvz.k;)'
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(a) Which term is the ‘Kalman gain"?
(b) Which term is the innovation and what does it represent?
(c) Where and how is the nonlinear observation model used? (not the lincarized one)

(d) Where and how is the nonlinear motion model used? (not the linearized one)
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13. (10 pts) The Bayes filter adopts the expression
dXp—1

AL i) = p(yklxk)/p(xklxk—l.vk)f’(xk—dk().Vlzk-lv)'O:k—l)
—— AR e PRy UK C
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(a) Please provide a name (from the state estimation terminology) for cach of the terms

a,b,c and r.
(b) Pleas explain how a and b are related to the state equations described by functions f

and g.
(c) Why is it said that the Bayes filter has a predictor-corrector form? Please explain ke
steps of the method. You may draw a block diagram to help you explain.
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14. (10 pts) M-estimators work by minimizing the error function J'(x) = ¥, cip(ui(x)), where
a@; > 0 is a scalar weight, u;(x) =

= /el (x)W['e;(x), e; are the error terms and p(-) is
some function,

2
(a) Plot the Geman-McClure function p(u) =L u?

. . 1
2 uadratic function zu
% = and the q
(using the same axes, for comparison).

(b) Please explain why the Geman-McClure function is better than.thC quadratic f““c(t"not:
in case of noisy observations comprising outliers (Note: outliers are measurcn'lq,t. $
that do not conform to our “Gaussian” noise model). (That is, »_vh:?t. charactcr(l).n;_gi
or properties of the function p (derivative at zero, shape, differentiability, etc.) ¢
the robustness with respect to (non-lincar) least squares?
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15. (10 pts) Please explain Gauss-Newton’s optimization method for a non-linear least squares
(NLLS) objective function J(x) = %[[u(x)||>.. We have seen two ways to explain it; only
one is needed to answer, but please be clear about the approximation /derivation process
and about what the steps of the method are to minimize J(x).
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