AS-84.3126 Machine Perception
Exam
10.12.2013

Questions are given in English and Finnish. Answers can be in either language.

Material allowed in exam: Calculator.

1. Explain the following terms briefly (6 p.)
Selitd seuraavat kistlicel lyhyesti:

(a) Absolute crientation problem

{b) Image rectification

(c) Intrinsic camera parameters (sisdiset kemeraporametrit)
(d} Focal length (pelttovils)

(e} Optical flow (optinen vuo)

(f) Pose

2. Answer the following questions: (6 p.)
Vastan seuraaviin kysymyksiin:

(a) (3p.)
Describe what a “degenerate configuration” means in camers calibration,
Give a simple example.
Kerro, miti “degenercituneelle konfiguraatiolle” terkoitetoan kameran kalibroinnissa. Anna
Iyhyt esimerkki. -

(b) (3p.)
A projection matrix can be used to describe a perspective camera. Which attributes of a
camera can be described by the projection matrix? Are there some attributes that can not be
described using the matrix?
Projektiomatriisia voidoan kdyttdd kuvaeamaan perspektiivikomeraa. Mitd kemeran ominaisvuk-
sia projektiomatriisillo voidean kuvata? Onko olemasse omineisuuksie, joite mairiisilla ei
voida kuvate?

3. Two-view stereo vision (6 p.)
‘Write a longer structured answer describing two-view stereo vision. You can use the following
questions as hints, but you are not limited to answering those: What are the poals of stereo vision?
How does it work? Why and where it is needed or useful?

As a six point question, you need to have a structured answer demonstrating your understanding
of the topic. Use full sentences in text. In addition to text, you can draw figures to help describe
issues.

Kirjoita pidempi hyvin jésennelty vastaus kahden kuven siereonddstd. Voit kiyttid seuroovia kysymyk-
sid wvihjeind, muile sinun ei tervitse rojoittue nidhin: Mithi ovat stereonddn tavoitteet? Kuinka
stereonikd toimii? Miksi jo missi se on tarpeen fai hyddyllista? )
Kuuden pisteen kysymyksend vastoukses: tulee ollo hyvin jésennelty jo néytidd ymmdrryksesi kysymyk-
sen eiheesta. Kaytd tdydellisid louseitn. Voit kiyltdd tekstin ohesse kuvia helpottomaan kdsitteiden
kuvaamisia. ’
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4. Time-to-contact (6 p.)
Consider a perspeciive camera setup for measuring time-to-contact from image motion, That is,
the time needed for a visible target to reach the camera should be measured.

The setup is shown in Fig. 1. As shown in the figure, you can consider a 1-dimensional target and
thus only projection from 2-D to 1-D camera. The initial distance (at time ¢t = 0) of the object
from the camera is I} and its size is L. Show the perspective projection equation for the size of the
target in the camera [ (I p.}. The object is moving with a constant velocity v towards the camera.
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Figure 1: Perspective camera.

Write an equation for the size of the target I(2) at time ¢, (¢ > 0) (1 p.). Calculate the rate of
change in the size I'(t) (the derivative of I{t)) (1 p.). Show that the ratio :,({?) is equal to the time
to contact {3 p.).

Tarkastele torméysoikatorkastelue perspektifvikameran kuven perusteella. Toisin sanoen tevoitteena
on mitete aika, joka veadilaan, ettd kemerasse nikyvd kohde saovuttan komeran.

Asetelma on esitetty Kuvasse . Kuten kuwvasia iy ilmi, riittdd, ettd tarkastelet 1-ulotieiste ko-
hdetta ja siten vein projektioto kehdesta wlottuvuudesto I-ulotteiseen kameraan. Kohleen eldisyys
alussa (T = 0) kamerasta on D jo sen koko L. Esitd perspektiiviprojektioghtéls kappaleen koolle |
kameran kuvassa. (1 p.)

Koppale liskkuu kameras kohden vakionopeudello v. Kirjoite yhidls kappaleen koolle 1(t) ojenhetkelld
t {1 p.). Leske kappaleen koon muutosnopeus U{t) (1{t):n derivaaita) {1 p.). Osoite, ettd suhde %
vastos aikaa tirmiykseen (9 p.).

. Pick and place application (6 p.)
Consider the following application: A robot needs to pick up small 100msn x 100mm x Lmm sheet-
metal pieces from a moving conveyor belt and place them on a worktable, where holes are drilled
to them. The pieces appear on the conveyor in random locations and orientations. They should
be placed on the worktable in correct place and in correct orlentation. After processing, the piece
is automatically remaoved from the worktable. The robot is equipped with a magnetic gripper to
manipulate the pieces.

Analyse the above application from the point of view of the course. Which of the following topic
areas of the course are relevant for the application: (a) camera calibration; (b) sterea vision; (c)
motion field analysis; (d) target tracking; (e) pose estimation; (f) structure-from-motion? Why or
why not? Propose a high-level design for a system to solve the application problem, concentrating
on the topics of the course. Describe if there are some potential problems or challenges in the
design. State your assumptions and justify your choices.

Tarkastelloan seuragvan sovellusta: Robotin tulee poimia pienid 100mm x 100mm x lmm chutlevyn
palesie liskkuvelte iukuhiknalta jo aseltaa ne tySpiydille, joissa nithin porataen reikid. Osat tulevat
liukuhihnalla sotunnaisessa asennossa, jo ne tulee osettoa tydpsyddlle oikenon kohtoan jo asentoon.

Porauksen jilkeen osat poistuvat tydpéydiltd eutomaottisesti. Robotisso on magneettinen tartfujo
osien likutteluun.

Analysoi sovellusta kurssin nékokulmaosta. Mitkd seurcaviste kurssin aiheiste ovat relevanticja sovel-
lukselle: (a) kameran kalibrointi; (b) stereondkd; (c} likekentdn enalyysi; (d) kohieensenronta; (e)
paikon estimointi; (f) structure-from-motion? Miksi tai miksi eif Ehdota korkean teson suunnitel-
maa jirfestelmille ylldolevaan sovellukseen, keskittyen kurssin eiheisiin. Kuvaa, mikdli suunnit-
telusso on mehdollisic ongelmakohtia toi heasteite. Esild oletuksesi jo perustele valintasi.




