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Absetrert

The paper dlemls with the caee when a weries of ooy images » groes
atrd fmm a moving ohjert oo everal chipcis Ao svbimatnn ooaedne
¥ arneweyl that ® oyl mo the Eld-algroithm. Thws paooreinoe poomedes
e imatew of positirm, whape of the chjerin, and other parmneten o -
nhratirma

1 Imtroduction

The problem direkead In thle lettear stems from the stdy of metlen of hand
3 preteln meleenle em the red hlewxd ool membrams. Characterizatlon of thile
mrtlen & of lange Wrlogleal Interest,. A pold or latax bead of gles oo 5 1o AQ
nm 15 attached to the moleeule, and plane lmages [typlealy 128 by 80 plels)
are recerched aft gpesd up te 10 (KK} per eenmed to track mcleemles. Optleal
mlerraropy for ench nbjects that, are amaller than the reerhitlen Hmit of #l=dhls
Ieht, prewledes Images of beads [“bead apots™), that ame often we1y nolsy, hawe
cemplew chape ane are of glwes oo 108) 1o ME) o, that, meesds the desdred
anmrany of the wad pedtlnn setimats by nreder.

Hewrlztiral threghelding or meo smt-bazed algnrhhme need by Wolselata, he-
glebes hale Inaemirates In afoeme neles, are heavlly Maged when head speta ower-
lap and/or when & gpat, & ton large or head & ton clees to the 1mage sdge to it
& gpet, Intn the Image frame die to the Nmltad vlew arsa of the mlereannpe.

e propraes & precadime hazed oo the Ebl-alpnrithon that, setlmates the hoad
prettinn meone anmirataly, awd 1z optlmal In & certahn eenge. The maln kMea of the
appreach 1g to setlmats parametars relewant, to the head epet, generatlon e
a grles of lmapes, amd then te enbes the lnwerse problem by sstabllehing the
mrat, preshable cmmter croordinats fnr each Image alnog with other charaetarlatie
[mrlanoe etz

*Adfrer for orecroadear: 101, Blot sz, Chotomt DL WA Odér, TEHA Fomodl
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The appresashdesrribed k Inlvereal romeerning prohlemes of sstlmatine object,
param etars e prattlon orchape fonm earkes of meley lmages er elgnake, when 1,
1z oot oot presthla to pelot, cut, these parametens explleltly amd “ssl-learning”
1z rerpalred.

2 Model

Cenekler the raze of & dngle bead oo the lmage. Let € = [£;,£,) he Blvariats
Intager ek oo the metangular grid K with the dlagenal (1, 1) - (I, L), The
bead hehiceg the Intemelty feld &) e K that 1z parametrieed by & wactor
parameter 8. Let & = [m,d,¢), where = [, ) 1z & bead “eenter”, and
fli, e, d, o A8 prettive real mimbers. The fimeticn

hléls) = man|0, ¢ — |ld - ][/} (1)

1z meed tn the germiel. Here ||¢|| stands fror the Eaclklan norm of the wector «.
We nhearwe & gerleg of Images at mementa £=1, ... | 7. The ntmahty 1n the
priot £ at the mcoent, & 1z assumed 1o he

2l£) = hif|a) + eulf), (2)

where g 1z the ramlom parameter walue af the mcment, &, snppoesd o he dls-
trinned hedependently for all & with density finetlon gia|#), # belng nnknewn
parameter of thls dlemimlen. Let & = (=1, 1),..., % (&, L)) deoote the
Intemety Held inr the whele Image at the ncment, £

Th specify the mexdel completaly, suppess that g:(f) 1 4 raxdom warlahle
dlztritted normally N[, #*) and Incependently for all £ and ¢ Let nfx|s) be
the regpective denalty fimctlon. Dencts by o = (@, #) the complets parametar
2at.

3 Problem

Given the set, Z7 = [(&),... ,&p) of T mages, we sheuld ewluate the bead
prattinn for each & To terms of (1), valies of s, £ =1,..., 7, ae o he
cefineed. It 1g alay Instrimnental to get warlance of the bead peeltlon sstlmata.

For elmplcity we suppree firat, that, Infenalty fimetlon &(f|s) has a finlte
guppert F(a) [this 12 phwialy true for [1]) amd that, for every ¢ we hawe S(s,) €
I le., each lmage cnntalne the bead spot completaly.

4 Solution
e enlwe thle problem 1ot stape. At the At step we estlmatse the paramstar

¢ ndng the Eb-agnrthm (Dempster et al., 1977). Thk k a statlsnieal tonl
tecienx] for maximum Akelhorxd ectlmatsn when the data oheerved X, can



he degrribed az a part, of a complete data got X ompete = [(Xs, Xma ), Whers
Amir 1z, a1, leazt, formally, miszing clata anbast.

For the problem gpecifled | 1=t s treat 2y 8z chearwed data, and 4 8z mkeslng
data. Therefrs, the palr (2, &) & the cempleta sheervatinn &t mement, I.

e nee the enpersripts - and "4+ of ¢ Inr the cirrent, and next, 1taratlone
reapectively. The general dezrlpilon of the EbI-algrrithm 1g az inllowe:

# E—gtap. Detarmine {[$k—), whera

Q)= B (08 F(Rrmgdata| )] Fdmmrvad ).

Hem Egtande for enndltlemal evpectatlon cwer mlssinge part, of data, glwen
TR mrvad and é_

# M—gtep. Determhe ¢~ = argmaxs (J(# ).

Following thk gemeral desriptlon and the treatment, of the mexdel accepted |
we derlve the Ebl-alpnrithm fnr e preblem.

E—gtap. De to Indepewdenee of random wartables g,[€], we get:

T

Hinmgto] ) = T (e [] es) ~ i) | ). @

where mmmation aned snltiplleatinn nwer £ loreaftar dewnts the reepeetlee op-
eratlnme ower all slem mnts of the rectanenlar grid B, and

Qi) =
3 [ vlad2i, ) (lon ala) - 3 [toas/Bra) + (58 - hidla)) /2] Jan,
where f (3 |2y, 4] 1= the peaarkr probabllty of a to he cheereed, glwen 2, and

parameter wahie at, the prewlons Yerathn. This prebabllity 1o caleulatad oo
the Bayes fnrmula:

212, 4= P28, Dalal)
.F'[ |zk| 'ﬁ] - ]Jl:-zk|¢] 1 I:'d':]

whera the dencmina tor be the normall#ing finetlen and $2 s, o] 1o oor model
1z

HEALIES H nl% (4] — hlga) | ),

M—gtap. Mawinelng OJ($[$) over 6, we got:

@) = gz 3 f 102 @ - hGae )



o =argman 3 [ p(alZi,67) log alalfiia. (6)

Flnally, havlmg the maxlmim Nkelllwexd ectimats .5 e the EAT-algnritho,
(1) 1= the eenditdonal denaty of & glven 2, wenes we can ewaliate sk for each
by, ay, mean or hivarlats medlan of the dstribien a2, %'I, arronding to the
grals of nbzaent, analyads. Morenwer, thk densdty fumethn prowldes mrlanos
or any ethor reasnmahle statistles dearriblne acerary of ear evaluatinm.

5 Extensione

The Ebl-algnrithm lete exesesfilly handls meors cemplak cazes. Flrat, we dlzmise
a mexificatien rerpdred o handls ohesrmatione of multiple (say, K = 1] beads
o an lmage. FPhysler of the meperimente prowldes menldnear peneralleatinn of
gngle-tead meodel (2], The medeal

5(£) = HEl4:) + £4 €] (7)

Iz aderpuate, where A = [af,. .., &l ), af % the Intenslty fimetlon parameter for
the k-th bead, and H (3| 4] = maw{k(g|e)), . .., BEal)]. Generalked fnrmula-
thn of the prvhlem az e lnvoleing Inccm plete data k& ohvlme. The paramestar
gt e = [, ., P, 7). Aseming hdependence of randnm weetors af 1n both
t axd &, we ghould replace squaticn (1) by

I (® gzl #1= ] (TTalaf 165 ] als 8 - H2la)la)),
and, firther, (5] by
1 231
@ = g | [P T - HEA At @)
and () by
- =arg nm.s-zf-- -Jlr:v[ﬂlﬂ't. 47) 3 fog alasfe)da’ . da®  (9)

where @ = [, ..., fg ) axd p4|Z,, #] 15 an chwloe generalzatlon of (1], Kote,
that, [P factorikes Wt K separate aiations, axd (8] lowokes multiple Interga-
thn coly for thoes heads that have cwerlapplng epote. Twe-beads owerlapping 1s
chesreed af only 105 of Images, and three-heade ceerlapping 18 extremely rars.

hext, nee of the Ebl-algnrlthm nr tmincatsd data s commen , axd the toeat-
ment, of the caze when head epets do oot 31 Inta the lmage frame 1z fmple:
I hnche nmsbeerved part, of the Intenelty A6l Inte mizehg data component, ma .
e condt the respecilve mexdfcatlon desriptlon.



Finally, mexkeling funetien (1] 1z ewerdmplificaton of the Intandty fald.
kinre compler medels can be weed n our algerithm. Newerthelses, (1) preeldes
grxxd 8t 1o & emall area areund the bead center that, was graexd 1o e analyels.
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