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e escribe a mo el of ob ect reco nition as machine trans
lation. n this mo el, reco nition is a process of annotatin ima e re ions
ith or s. irstly, ima es are se mente into re ions, hich are clas
si e into re ion types usin a variety of features. A mappin bet een
re ion types an key or ssupplie ith the ima es, is then learne , us
in ametho base aroun . his process is analo ous ith learnin
a le icon from an ali ne bite t. or the implementation e escribe,
these or s are nouns taken from a lar e vocabulary. n a lar e test
set, the metho can pre ict numerous or s ith hi h accuracy. Simple
metho si entify or s that cannot be pre icte ell. esho ho to
cluster or s that in ivi ually are i cult to pre ict into clusters that
can be pre icte ell for e ample, e cannot pre ict the istinction
bet een an lo o o usin the current set of features, but
e can pre ict the un erlyin concept. he metho is traine on a sub
stantial collection of ima es.  tensive e perimental results illustrate the
stren ths an  eaknesses of the approach.

b ect reco nition, correspon ence, al orithm.

here are three a or urrent ty es o theoryo o e tre ognition. ne reasons
either in ter s o geo etri orres onden e and ose onsisten y in ter s o
te late at hing ia lassi ers or y orres onden e sear h to esta lish the
resen e o suggesti e relations et een te lates. A detailed re ie o these
strategiesa earsin . hesety eso theory are at the rongs ale to address
ore issues in arti ular, usually addressed y
hoosing yhand o e tsthat an ere ognised using the strategy ro ounded
not usually
addressed e i itly and
urrent theories ty i ally annot redi tthee ui alen e relation i

osedono ets ytheuseo a arti ularset o eatures. his a erdes ri es
a odel o re ognition that o ersso e ur haseonea ho the uestionsa o e,
and de onstrates syste s uilt ith this odel.
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here are a ide ariety o datasets that onsist o erylargenu erso anno

tated i ages. a lesin lude the orel dataset see gure , ost useu
i age olle tions e.g. ,the e
ar hi e ,and ost olle tions o ne s hotogra hs

on the e hih o e ith a tions. y i ally, these annotations re er to the
ontent o the annotated i age, oreorlesss ei ally and oreorless o
rehensi ely. Fore a le,the orel annotationsdes ri es ei 1 age ontent,
ut not allo it wuseu olle tions are o ten annotated ithso es ei a
terial the artist, date o a uisition, et . ut o ten ontain so e rather
a stra t aterial as ell.
here e ist so e ethods that luster i age re resentations and te t to
rodu e a re resentation o a oint distri ution lin ing i ages and ords
. his or ould redit ords oragieni age y o uting ords that
had a high osterior ro a ility gi en the i age. his ro ess, re erred to as
in those a ers, is useul in itsel it is o on to inde

i ages using anual annotations i one ould redi t these annotations,
one ould sa e onsidera le or . o e er,in this or auto annotation does
not tell us i age stru ture ga e rise to ord, and so it is not
really re ognition. n , ori ro osed a ethod or annotating i age
grids using 0o uren es. n , , aron study auto ati annotation

o i ages, ut or one ord at ati e, and o er no ethod o nding the
orres onden e et een ords and regions. his a er sho sthatitis ossi le
to learn hi h region ga eriseto hi h ord.

ne should see this ro ess as analogous to a

hine translation. e ha e a re resentation o one or i age regions Fren h
and ish to turn it into another or ords nglish . n arti ular, our od

els illatas ,de i esthat redi t one re resentation ords nglish ,
gi en another re resentation i age regions Fren h . earning a le i on ro

data is a standard ro le in a hine translation literature a good guide is
ela ed s thesis seealso , . y ially leionsarelearned ro a or



o dataset no nasan ate tint olanguages, here rough
orres onden e, erha sat the aragra horsenten ele el,is no n. he ro
le o leiona uisitionin ol es deter ining re ise orres onden es et een
ords o di erent languages. Datasets onsisting o annotatedi ages are aligned
ite ts eha eani age, onsisting o regions, and a set o te t. hile e
no thete t goes iththei age, edont no hih ordgoes ith hih
region. As the rest o this a er sho s, e an learn this orres onden e using
a ariant o

his ie o re ognition as translation rendersse erali ortanto et

re ognition ro le s a ena le to atta . n this odel, e an atta
y saying that all ords or all nouns, et . ount as
o ets y saying that ords that an
erelia ly atta hed toi age regions are easy to re ognise and those that annot,
are not and y
nding ords that are redi ted ith a outthesa e osterior ro a ility gi en
any i age grou su h o e ts are indistinguisha le gi en the urrent eature

set.

e ill seg ent i ages into regions and then learn to redi t ords using re
gions. a hregion ill edesri ed yso eseto eatures. n a hine transla
tion, a le i on lin s dis rete 0 e ts ords in one language to dis reteo e ts

ords in the other language . o e er, the eatures naturally asso iated ith
i ageregionsdonoto u yadis retes a e. hesi lest solution to this ro
le is to use eans to e tor uanti e the i age region re resentation. e
re er to the la el asso iated ith a region y this ro essasa lo .

n the urrent or , e use all ey ords asso iated ith ea hi age. e
need to reer to the a strat odelo a ord res . lo rather than an
instan e  and the onte t doesnt a e thereeren eo ious, e ill use the
ter ordtoen res . lo toen. he ro le isto usethe training data
set to onstru t a ro a ility ta le lin ing lo to ens ith ord to ens. his
ta le is the onditional ro a ilityo a ordto engi ena lo to en.

he di ulty in learning this ta le is that the data set does not ro idee

li it orres onden e edont no  hi hregion is the . his suggests
the ollo ing iterati e strategy rstly, use an esti ate o the ro a ility ta le
to redi t orres onden es no use the orres onden es to re ne the esti ate
o the ro a ility ta le. his, in essen e, is hat does.

e an then annotate thei ages y rst lassi ying the seg ents to nd the
orres onding lo s, and then nding the orres onding ord oreah lo ¥y
hoosing the ord ith the highest ro a ility.

e use the notation o gure . hen translating lo s to ords, e need
to esti ate the ro a ility that in i age , a arti ular lo
is asso iated ithas ei ord . e dothis oreahi age as sho nin

Figure



umber of ima es.
umber of or s. umber of blobs.
umber of or sin the th ima e. umber of blobs in the th ima e.
or sin the thima e, blobs in the th ima e,
A particular or . A particular blob.
Assi nment { , such that if  translates to
robability of obtainin instance of or iven instance of blob b
Assi nment probabilities
Set of mo el parameters
n icators

euse odel o Bro n , hi h re uires that esu o er all the
ossi le assign entso ordsto lo s.

111

a i ising this li elihood is di ult e ause o the su inside the rod

u ts the su re resents arginalisation o er all ossi le orres onden es. he

ro le an e treated as a issing data ro le , here the issing data is

the orres onden e. his leads to the or ulation. Fro no on, e rite
as

e antto ndthe ai u 1i elihood ara eters
arg a arg a



e an arry out this o ti isation using an algorith , hi h iterates e
t een the ollo ingt o ste s.

o ute the e e ted alue o the o lete logli elihood un
tion ith res e t to the distri ution o the assign ent aria les
log , here re ers to the alue o the ara
eters at the re iousti e ste .

Find the ne aiu arg a
n our ase, the un tionis gi en y
log
11 1
eneed to a i ise su e t to the onstraints or all
ords inalli ages ithe ualnu ero ordsand lo s,and
or any ord and ea h lo . his an ea o lished y introdu ing
the agrangian
1
and, o uting deri ati es ith res e t to the wulti liers and the a
ra eters . ote that there is one ulti lier or ea h
i age ith lo s and ords. hat is, e need to ta e
into a ount all ossi le di erent lengths or nor alisation ur oses. he end
result is the three e uations that or the ore o the algorith sho n in

Figure

A ter o taining the ro a ility ta le, e an annotatei age regions in any test

i age. edothis y assigning ordstoso eor all regions. e rstdeter ine

the lo orres onding to ea h region y e tor uantisation. e no hoose

the ord ith the highest ro a ility gi en the lo and annotate the region
ith this ord. here are se erali ortant ariants a aila le.

he ro esso learning the ta le runesthe o a ularytoso ee tent, e ause
so e ords ay not e the ord redited ith highest ro a ility or any
lo. o eer,een or ordsthat re ainin the o a ulary, edonte et
all redi tions to e good. n arti ular,so e lo s aynot redi t any ord

ith high ro a ility, erha s e ause they are too s all to ha e a distin t
identity. t is natural to esta lish a threshold and re uire that

eore redi ting the ord. hisis e ui alent to assigning a null ord to any
lo hose est redi ted ord lies elo this threshold. he threshold itsel



an e hosen using eror an e easureson the training data, as in se tion
his ro ess o re using to redi t runesthe o a ulary urther, e auseso e
ords ayne er e redi ted ithsu ient ro a ility. n turn, this suggests
that on e a threshold has een deter ined, ane le i onshould e tted using
only the redu ed o a ulary. n ra ti e, this is ad antageous se tion , ro
a ly e ausereassigning ro a ility stolen y ordsthat annot e redi ted
i ro es orres onden e esti ates and so the uality o the le i on.

Generally, edonote e ttoo tain datasets ith a o a ulary that is totally
suita le orour ur oses. o e ords ay e isuallyindistinguisha le,li e

and , Or and .80 eea lesaresho nin gure
ther ords ay e isually distinguisha le , ut not using our ea
tures, ore a le and , otho hiho wuraslargedar regionso

roughly the sa e sha e in aerial ie s. Finally, so e ords ayne era ear
a art su iently o ten to allo the orres onden e to e disentangled in detail.

his ano ur e ause one ordisa odi er ore a le, in our data set,
relia ly redi ts or e ause 0 so e relation et een the on
e ts ore a le,in our data set, either or al ost uite relia ly

redi ts ut in either ase, there is no ros e t o learning the or



res onden e ro erly. hereareso e ethods orlearningto or o ounds
li e , ut eha enotyete eri ented ith the
All this eans that there are distin tions et een ords e should not at
te ttodra ased on the arti ular lo data used. his suggests lustering
the ords hi hare erysi ilarr ah ordisre la ed ithits lusterla el
redi tion er or an e should and does, se tion i ro e.
n order to luster the ords, eo tain asi ilarity atri gi ingsi ilarity
sores or ords. o o aret o ords, e usethe sy etrised Kull a
ei ler K di ergen e et een the onditional ro a ility o lo s, gi en the
ords. hisi liesthatt o ords ill esi ilari they generatesi ilari age
lo s at si ilar re uen ies. e then a ly nor alised uts on the si ilarity
atri to o tain the lusters . At ea h stage, esetthenu ero lusters
to o the urrent o a ulary.

e train using oreli ages. hereare ords in total in the o a ulary
and ea hi age has ey ords. ages are seg ented using or ali ed uts
nly regions larger than a threshold are used, and there are ty i ally
regions or ea hi age. egions are then lustered into lo s using
eans. e use eatures or ea h region in luding region olor and standard
de iation, region a erage orientation energy lters , region si e, lo ation,
on e ity, rst o ent, and ratio o region area to oundary length s uared .
e e hasi ethat e hose a set o eatures and stu ith it through the
e eri ental ro edure, as e ish to study e hanis s o re ognition rather
thans ei  eature sets.

Annotation is relati ely easy to e aluate, e ause the i ages o e ro an

annotated set. e use i ages ro aheld out test set to e aluate annotation
eror an e. A ariety o etri s are ossi le the re ei er o erating ur e is

not arti ularly hel ul, e ause there are so any ords. nstead, e e aluate

the eror an eo a utati eretrie al syste using auto ati annotation. he
lass on usion atri is also not hel ul in our ase, e ause the nu er o
lasses is ,and eha ea erys arse atri .

a hi agein the test set is auto ati ally annotated, y
ta ing e ery region larger than the threshold, uanti ing the region to a lo ,
and using the le i on to deter ine the ostli ely ord gi enthat lo i the
ro a ilityo the ordgi enthe lo isgreater than the rele ant threshold, then
the i age is annotated ith that ord. e no onsider retrie ing an i age
ro the test set using ey ords ro the o a ulary and the auto ati ally
esta lished annotations. es orerele an e yloo ing at the a tual annotations,
and lot re all and re ision.



nly ords ro the ord o a ulary an e redi ted
others do not ha e the ai u alue o the ro a ility orany lo . e
set the ini u ro a ility threshold to ero, so that e ery lo redi ts a
ord. As gure sho s, eha eso e ords ith ery highre all alues, and
ehaeso e ords ithlo reall. he reision alues sho n in the gure
dont ary u honthe hole, thoughso e ordsha e eryhigh re ision. For
these ords, the re all is not high, suggesting that e an also redi t so elo
re uen' y ords ery ell. ale sho sreall and re ision alues or so e
good ords or hi hre all is higher than . and re ision is higher than

petals |0. 0 .00{0. 0 .00|0. 0 .00({0. 0 .00{0. 0 .00
sky 0. 0. 4/10. 0 0. 0. 0.44
oers 0.7 0.2 (0.7 0.2 (044 0.24
horses |0. 0.27 (0. 0.27(0. 0 0.2

foals |0. 0.290. 0.2910. 0.29
mare (0.7 0.2 (0.7 0.2
tree |0.77 0.20]0.74 0.20
people |0.74 0.22|0.74 0.22
ater |0.74 0.24|0.74 0.24
sun |0.70 0.2 |0.70 0.2
bear |0. 9 0.20]0. 0.20
stone 0.4 0. 04 0.

buil in s|0.4 0. 7{04 0.7
sno 04 07|04 0.9
ine e an reditonly ords, e anredu e
our o a ulary only to those ords, and run algorith again. As gure

sho s, the results or the re tted ords are ery si ilar to the original ones.
oeer, e an reditso e ords ith higher re all and higher re ision.
a le sho sthere all and re ision alues or the sele ted good ords a ter

retraining. henu ero good ordsare orethan the original ones o are
ith ta le ,sin e the ordsha e higher ro a ilities.

e o are the re all and re ision
alues or test and training data on so e hosen ords. As an e seen in
gure , the results are ery si ilar or oth test and training data. e also

e eri ent iththee e to null threshold y hangingit et een and . .By
in reasing the null threshold the re all de reases. he in rease in the re ision
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alues sho s that our orre t
the null threshold enough, so e

highest

and

that,
ut

tering the

re all alues o the single ords.

ters

results are etter

re ision alues

ith the in reasing null threshold alues, the nu
eha e

redi tions, re all de reases.
redi tion in reases the uality o the redi tion.

precision

precision

redi tion rate is in reasing. hen e in rease

ords annot e redi ted at all, sin e their
redi tion rate is lo er than the null threshold. here ore, oth re all

e o e aterso e threshold. and ta le sho s
er o ords de reases
ords. in enull ord redi tion de reases the ord

he in rease in the re ision sho s that null ord
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petals (0. 0 .00{0. 0 .00|0. 0 .00|0. 0 .00
sky |0. 0. |0. 0. (0.7 0.7]|0. 0.47
people [0.7 0.2 |0.7 0.2 |0. 0.270. 0.
ater |0.7 0.2 |0.7 0.2 (0.72 0.2 [0.44 0.27
mare (0.7 0.2 (0.7 0.2 0.7 0.2
tree (0.7 0. 9(0.7 0. 9]0. 0.20
sun 0.0 0. 0.0 0. 0.0 04
rass (0.7 0.9|0.7 0.9]049 0.22
stone (0. 7 0. 0.7 0. 0.2 0.2
foals |0. 0.2 (0. 0.2 (0. 0.2
coral |0. 0. 9|0. 0. 9|0. 0. 9
scotlan |0. 0.200. 0.20(0.4 0.9
oers (04 0.7|04 0. 7(04 O
buil in s{0.44 0. [0.44 0.
horses mare |0. |0. [|kit horses mare foals|0.77|0. |kit horses mare foals |0.77|0.27
leaf o ers [0. 9|0.22| leaf o ers plants |0. [0.2 | leaf o ers plants |0. 0{0. 9
ve etables ve etables
plane 0. 2|0. 4 et plane arctic |0.4 |0. et plane arctic prop (0.4 |0. 7
i ht pen uin unes
pool athlete |0. |0. pool athlete vines [0. 7|0. 0| pool athlete vines [0.7 |0.27
s immers
sun ceilin |0. 0]{0. 0 sun ceilin 0.70(0. Ofsun ceilin cave store|0. 2|0.
sky beach [0. |[0. 0|sky beach cathe ral|0. 2|0. | sky,beach cathe ral |0. 7|0.
clou s mural
arch aterfalls
ater 0.7710.2 ater 0.72]0.2 ater aves 0.70]0.2
tree 0.7 10.20 tree 0.7 10.20 tree 0. 0.20
people 0. (0.24 people 0. 2(0.2 people 0. 4(0.2
k o ol
1 lo 1 g 1 ool 1




Be ause the data set ontainsno orres onden ein or a
tion, it is hard to he  orres onden e anoni ally or or large olu eso data
instead, ea h test i age wust e ie ed y hand totell hether an annotation
o aregionis orre t. ne ita ly, this test is so e hat su e ti e. Further ore,
itisnt ra ti ally ossi le to ount alse negati es.

e or ed ith aseto test i ages or he ing the or
res onden e results. he redi tion rate is o uted y ounting the a erage
nu ero ti esthatthe lo redi tsthe ord orre tly. For so e good ords
e.g e haeu to orre t redi tion as sho n in gure  this

eans that, on this test set, hen the ord is redi ted, o theti e
it ill e redi tedonano eanregion. hisisun uestiona lyo e tre ognition.

lo oo
lo o o

tis ore di ult to assess the rate at hi h regions are issed. one is
illing to assu e that issing annotations or e a le, the o ean a ears in
the i ture, utthe ord does not a ear in the annotation areun iased,
then one anesti atetherateo alsenegati es ro theannotation er or an e
data. n arti ular, ords ith a high re all rate in that data areli ely to ha e
alo alse negati e rate.
o eea lesaresho nin gures and . e an redi tso e ordsli e
, , al ays orre tlyin ost o thei ages. e an redit the
ords ith high re all orre tly, ut e annot redi tso e ords hi hhae
ery lo re all.
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Figure sho sthee e t o assigning null
ords. e anstill redi t the ell eha ed ords ith higher ro a ilities. n
gure e sho that null redi tion generally in reases the redi tion rate or
the ordsthat e an redi t.

n gure e sho the e et o luster
ing ords. As an e seen generally si ilar ords are grou ed into one e.g.

. Figure sho s that the redi tion rate
genarally in reases hen e luster the ords.

his ethod is attra ti e, e ause it allo s us to atta a ariety o other ise
ina essi le ro le sin o et re ognition. t is holly agnosti ith res e t
to eatures one ould use this ethod or any set o eatures, and e en or
eature sets that ary itho e tde nition. t ay e ossi letosele t eatures
y so e ethod that atte ts to in lude eatures that i ro e re ognition
eror an e. hereistheusualdi wulty ithle i onlearningalgorith sthata
iasin orres onden e anleadto ro le s ore a le,in adataset onsisting



ol g

o arlia entry ro eedings ee et the nglish ord to translate to
the Fren h ord . ee et ut ha e not so ar ound si ilar
o asional strange eha iour or our ro le . e ha e not yet e lored the

any interesting urther ra i ations o our analogy ith translation.
A greedy al
gorith  or deter ining that so eele entso ale i onshould e grou ed
ight deal ith o ound ords asin ,and ight e usedtodis o er

that so ei ageregionsshould egrou edtogether e ore translating the
y i ally, a set o regions should a to a single ord,
e ause their o ound has distin ti e stru ture as asha e. eshouldli e
to learn a grou ing ro ess at the sa eti e asthele i onis onstru ted.
e are urrently
studying ethods that luster regions rather than wuanti ing their re re
sentation to ensure that region lustersarei ro ed y ordinor ation.

his roe tis art o the Digital i raries nitiati e s onsored y F and

any others. Ko us Barnard also re ei es unding ro anada , and
Pinar Duygulu is unded y B AK ur ey. e are grateul to Jitendra

ali and Doron al or nor ali ed uts sot are, and o ert ilens y or
hel ul on ersations.

. Barnar , . Duy ulu an D. A. orsyth. Clusterin art. n
4 444 | 200 .
2. . Barnar an D. A. orsyth. earnin the semantics of or s an pictures. n
pa es 40 , 200 .
.Bro n,S. A.Della ietra, V. .Della ietra,an . . ercer. he mathematics
of statistical machine translation arameter estimation.
22 2 , 99 .

4. D.A. orsyth an . once. . rentice all

200 . in preparation.



lo oo o

. D. urafsky an . . artin.

rentice all, 2000.

. C.D. annin an . Schut e.
. ress, 999.
7. . arkkula an . Sormunen. n wuser searchin challen es in e in practices
in the i ital ne spaper photo archive. 292 ,2000.
. . ori, . akahashi, . ka ma eto or transformation base on ivi in an
vector uanti in ima es ith or s n
S 99 , 999
9. . aron. hD thesis, , 99 .
0. . aronan A. . atan. wultiple nstance earnin for atural Scene Classi
cation, n , 99
. Dan elame . ress,
200 .
2. S. rna er. Vie a picture, theoretical ima e analysis an empirical user stu ies
onin e in an retrieval. 2 4, 99 .
.Shian . alik. ormalise cuts an ima e se mentation. n

paes7 77, 997.



