
Mats Rudemo, tel 772 3575 or 0708 626472Examination in Statisti
al Image Analysis, May 26, 2010Course 
ode Chalmers: TMS016, Gothenburg University: Statistisk BildbehandlingWritten examination May 26, 2010, 8.30�12.30Literature and notes may be brought for this written examination. All types of po
ket 
al
ulators are allowed butnot 
omputers. In the written examination there are two pages and two problems. You are supposed to answer bothproblems, and in the judgement they have the same weight. Answers may be given in English or Swedish.Problem 1.Figure 1 shows six 
onse
utive images from an experiment used for tra
king �uores
ent parti
les and for de-termining their di�usion properties. The obje
t is �rst to �nd parti
les in ea
h image and to determine thepositions of these parti
les. Parti
les in the fo
al plane are sharp and bright while parti
les away from the fo
alplane get less and less bright and less and less sharp.

Figure 1: Six 
onse
utive mi
ros
ope images showing �uores
ent parti
les. The images in the upper row were(from the left) obtained at times 0, ∆t, 2∆t and the images in the se
ond row at times 3∆t, 4∆t, 5∆t with ∆t= 0.04 se
.a) Suggest a method for �nding bright parti
les in the images and to determine their 
entres as a

urately aspossible. Suppose for simpli
ity that ea
h image is treated separately without using the fa
t that most of theparti
les in one image 
an also be found with a minor displa
ement in the 
onse
utive images.b) Dis
uss how one 
ould �nd the 
entres also of less bright parti
les. Again the six images should be treatedseparately.
) Dis
uss how one 
an 
he
k that the parti
les in one image have 
entres that are distributed as a Poissonpoint pro
ess. 1



Problem 2.Suppose that we have lo
alized 
entres of parti
les in the six images in Figure 1 as des
ribed in Problem 1.a) Suggest a method for 
onstru
ting traje
tories for parti
les from the positions in the 
onse
utive images.Dis
uss problems that might o

ur.b) Suppose that we have a two-dimensional 
oordinate system in the plane where the di�using parti
les areobserved. (Disregard the motion in the verti
le dire
tion.) A

ording to di�usion theory the position 
hange ofa di�using parti
le from one image to the 
onse
utive image in the x- and y-dire
tions should be independentand normally distributed with mean zero and varian
e 2D∆t, where D is the di�usion 
oe�
ient and ∆t isthe time interval between the images. Consider �rst the traje
tory of only one parti
le. Formulate a statisti
almodel for the data and des
ribe how the di�usion 
oe�
ient 
an be estimated from the data.
) Assume now that we have observations of n parti
les for whi
h the traje
tories have the same numbers ofsteps. How should then the di�usion 
oe�
ient be estimated? (All parti
les are assumed to have the samedi�usion 
oe�
ient).d) Assume now that parti
les have been observed with di�erent numbers of steps. How 
ould then the di�usion
oe�
ient be estimated? (All parti
les are again assumed to have the same di�usion 
oe�
ient).
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