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that Makes this measutre veiy ticeaht and robust
The paper ts oreAtized as follows chapter ?? c alutns

our Complex Sahenit Rgions. In seton 3A we poerorm a
set of expriments comparng tie statqofthe-art rgion de-
tet ors The vaidatton iS done over putbic inge databases

a81nd video sequences I I in| i e to test the repqa t
bilty false Alarm ate and matching scOre of the detero
Finally, sec tion 4 Min ludes the papc
2. CSR: Compile Saliet Regios

In I9 Kdii et al iiitduce the, gvey lc salihiicy
regio ns The ke pinciple bI ehd theii Approach is ffiat
s het imnta e rgons ehi bxit unprditabihity itn locaM
atributes and Ve patil scale TI is section s divided in
two paits firstly, we desite ttic bhackgrmnd fOntulatiOn.
inspi by9. Aind! secondly, We introduce the new met-
iies toe timate the iene omC0pliy

The awproch to detet the position and sca e of thie
saiient reions uses a salienr cstimani6o dcfined b the
Shannon entro at difteie scales at a given p6irt. Tn this
way we obtain te ertropy as a liancton irn t space of
Scales. We conside signit cant saliency regions tose that
conepo6nd to tIe maxima o this function wher e the max-
imal entropy vaue is Used to etimate the cotmplex salient
manitud Now we define the notation and description of
t stags of te Oroeess

Lt J btfh entry o a gi n the spc ot
sgicant scales ad Wthe relcane lato wett) I
th cntinutous ease the saliency mneasur is dInd as a
ffuion6 of scale and p0Oitfn it , astllws:

or ecKh point x aid he set o' scales at which en-
trop paks are obtaid (y) Then, the saltency is de
tertinied, by weighting he en ropy at th w6es byo TV.
The entropy 1h1s w SE is defifnied as

is th p ohability deisity function of te intensity I As A
niction of scale s and position j I the discrete case h

a icgion R[, of pixels the Shannon etotpy its difined as

H(R) 7)0} -~ Y ZXt}E(2.)

where 14-v)is the probIfalItiy if taking the value 4
Iith loa tegio The set of scaes 4$, is defined by the
maxima of the function H tn the space of sle,s,S S {

Th entrpy as a function u the scal space S it shown
iih fig I hi the (gu aA point i S evaated in the space
of sWessotainhing two loca maxinr Thse pek of th
etroy estimation coiresnd to th psentive scales
fr the aalye imae pint

0i

Figur& Localr nitii of funhet oi 11-i in fth sae Ic txrc 8

Ihe ieevance oieach position of the salieicy at is re
resent tive waes is dfined by the intersWaloe saitency ina-

Considei ing each scale s E S that ape local maxita ( E
) and pixef r. we estimbate IV in t1Ic disciete case as a

nWetioroWf the chage in tnai il of the enitopy over the
scales;

it W4 ItI(i - U (ii XE)U 1
Qi

Using th pteious wi;Gghting fint, we asstume thAt Xt
significa salient neions corrsond te that locations with
high distorio in terms of the ShannO entoy anld its peA
ma4nitude
2.2. Taditional greydee and orn t saliency

Kadiir et al* [9] used the gneylevel entropy to define
the aliency comolextv4 of a givle rgiont oHo ve this
ipproach falls short in ftrt if elcaf case of dil mnt coi-

plxities tn fig one can obseve dilierent relors With
the sane amount of' piXels o ech gry level and diffr
ent visuaf eomtlfetxi y Note iat the appoah based on tfhe
gwi*y1celf citi pfaopsed buy I9I g'[ye tie satine cofpy
valte, thins t(he Same rai ity"le IM obr all oh tfIciti1

Figdur 2. Rein f dtcrif mDpolekity with thi sane gn levet

\ naturaf and well Ioundei measu e to sove d*i pathol-
ogy s the ituse ofcoifilementany riettation information
Ift te same Woi f,l Kadi et at. shows prefimtnary
restsuts applying the ooentation information in finieinmt
images HIowever the use of orientations as a measure of
complexty involves several probleis Ini o -der to exciem
pItify Ihosc problhems sopipoe hat wc hae the regions (
in dhi i ffiigh R tif r i 66ns h4c the same ptfi fig. AO)
buit the cntain dienetnt miAber f signfifeant oitentatioins
Iihistograms of ig d3( id) de)I r r(n1s4 hktogianm Ilow
mnakniftu d grie"nt is mostlay due to iiief and it is dbitb
uted unifmfnly oven ia bmin venthefesis, the pd obaied
in those cases icitns the saetbcabse of the hisgogram

a &
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(A.) (b .) (0 (~~~~d) (1<
Fig6 3. l)T( wtci6diair gi onS W i h6 smccoci aihltd ct rc olut on (6) Smc d ftor the rgios
hiss ram or (a; ad (c) oniicn ta onr h twga (1o

harnialifiti6 Wtake into account these ISSue and Wc in
cormrate a noel orientations nornudiiaion proedure that
eluate piopel y the complexi ty leve of each image region

2A3 Noirmialid orientation entropy measure

The noimalized oiientation entropy measuie is baed o
comput ig thIe cntopy ust a eud histograni of onieo
ttions The usual Wa to etstniate the hisogtanil oieqn
tatiOns f a region is to use a range thim 0 to 2w radians
tConsidting Orentation independent roni giadtent magni
Wel hiidieth danger t ox signa with noise (usualy, eor
responding to 1lw giadient inagnitudes). In the hiiiit casce
w intih gmdin tiffs ze we have singulity i fdiyt eih
entation lunetion On the other hand the c pitels noimally
corrcspond to Iiiiogeneous rins tha can be useful to
diesribe parts ol tbe objects To overcom e this ioblemb
we piopoe, to intrduce an additional hin that correspoiids
to the pixel with ulndtermainie Ioenta:tion that is calle
null orintfation bin In this case signal is not mixed With
noisc ad at th same tim, homogeneousregions aic taken
into account Our proposed orientation niet c con ksts (of
compu0dting thde sakliecy iinl6uding thk hn/or6 uimHMW in
t modified orientaton peltd

First oiai, we conipuicte t releaxnt gaiemn Miiaitmids
ot a imag.t otto* the st igtican ointatiMs, Insead ol
using an experMental threshold we use an aiaptixe on
entation thrshold if6or ech partietilai iinwi r a gien
image our MCth6iJ computes aid nomitaied the gradient
iidu jV( )I In the ringe (AI Then we estihiate its
histoIgaiii aiid the Otsu niethi I 51 s appiedl to obtaii the
adaptive threshold hb iOrienttionfs The sig'udicant orienta.
tio locations obined t two iniage sanple s m shoWn im

Considering the k < rmost signitant orientations us.
ing the aptive teshtold, whiere K is the total number of
locations tn a given tegion i conipute th orientaions lis
tograiii ho hoi oFtiit ihii In this ease, th e nuibbr
o1 U41 _ WI ofUMin l iations is lied t KIs A, ad they
are addd t the histograni I- as o16n 1)+ 1 K - A

The position 1+ l thfthe hiAtti4ti tiO is t(fe iiiiiI
ofMftt u binh a d die niodified pdf is obtained by meansp9Dg) ,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .............. 2. X 4

oDhb(b [ 41 U/

a) nd (b).(dh1) OfienrAf10ns

Fin ilhy. the Nf` PD)T is used to estimate th oii'
entation enropy value oh a given rgion. Note that the

1! t& ntlt( obti binh o 1 is not included in the enc
tropy eAlttiino since its goal is to noir;nima Rie d ieit tn
bins accotAidgi to the ati cominlexitW
2A4 Cobiining the aliency

In our partitilar caseq the geyhexel h istoian is cOi-
hue is ith tIle psetido liustocani oh oruentation ns Wecpei
imenmally tested that the perfomance of both inmlo iatton
oters bettei peelormance that only i sing the oiientations
or the grey4leve entropy ci tenon In this way once esti6
mated the two cwritcsprindig g we appy equatiOns (I i,

ad (3) to cach one in the same wayw Ibe itnat Ineasur
is obtained by iieais of the simphe addition +

wlie n and iraL estirnica( by eiuAiion FtIo the nre
and orientaion saliecy, and is tI rsult, s iichi contains
the inal signihicant satiency positions, iiinitusi (evel 6ot
comphicx )it andd ses Ibis new satieny I ui gtves
a high eoiplxity Value Whin th regiom eontAins tdilfient
grey 1hexsif fleoination non-hioniogemeots region) and the
shap complexity s hih (hig nutiib of iAient magni
tutdes at fitiltiple orientations) The ceuipexity to estimiate
tile egmons salienco is () w) wheir 6 is the ntinibr oh im-*
ae ptxels ad Is t number oh eacs sea e In a
pixel I1he complexity of the secod step is O(6), whie& is
thentifftob oc6xtrrma d&tt at tdie pne iots tdo. Nmt
that in exhiastivc search i nt awsays ruired, and not a1

OhWrxah tie ntropv mei um oh itirt wiln"4itril hilluiutiAly
MAkst fthA6 F en ooSuSt

rVtx[nnc iCIl 4s,NC r ei itlin 1cnh on etIgi iiexprsp.ii r siil l ii dthait tllisi SI kmat to Wiirti hintaus
Mo0st Miovat (le}Svtitgn otiipanoiiwl oithe1r kfinld ofborbtlbntti



piels and possible wacls have to be estimnated. Neeithe-
less, the exhaustive search is latiely As to compute (lss
than I second in a SO0x640 medtum resolution imtag)

To il ustmte the efet 6f the cornbin d saliency measuiec
we designed the toy pobbem of figm. 6 gR c 5 has 3 itp
resentaive objcts of different conplexities W applied
the giyleve entropy, the orientation entrop and the comr
biined saliency Oecan obserc that the comnbined shliency
measur sciects the rcgton with hgher visual complexity
(fig. 6

ii-
(a) (b) (c)

Figu 6 Firsi maximAl eomlpexiry region fr gry 4a enurpy
(t)o odi6iioais euopy, (bih od 6ion ihid 6iiti (0.

An example f CSR rcsponses for an 'Imae sample uw
dc differint ti asfbmaittons is s§hown int figi S. RotationA
white nioie a&ddition ad afhnc distgortion transotrmltions
areshown. Obseiwe tt the CSRitcions arec Maintaind in
thc se ofansi mations

The mean nummb of deWtetdrgions and thc Xmean av-
era pegion sie I oi th tfeiadfitoial gcy4lev saliency and
the nVl sali riter non rising the Cal&h datAaw sam
pIes I9 of fig. 7 arc Shown in fig.. . All iigesa e of
mediur resolution (approximately 60x600 piels) The
size of the rgions corsond to the radius of the dt

jictular teiioni t 20 binS betwe fadius of lekgth 5 ahd
100 pixls Note that tbe ntmbeu oldcf ted rtgions con-
Stderably increase usitg the new metti, in particuta it is

t th ni&fes mre. At sanme time, tkpte'rk6td ri*gcis
for tk noxel Salient rions are of reasonableW ses,hWhch
tipically impl es have a higler d scriminAble jxwer r 1.

Figure 7. Cahleh databse amlpIesM

As our ornentattons stratey noormaifi, the input image t
ofrs invariane to scala chges in itune coirast. The
uw of grients is also invardat to n addi0tiw Contrast
chang in brightness, Whih makes the technique invariant
to illumination changes Invaiamne to scale is obtained by
flte sMea searh 6f cxal tnaxiimiums and the use of circular

Con lX Sahient ii
F gure 8 H1stogs of meai ;gioi siz aid i irber of detecetd
roion s or the sAnplcs of wi& "

rcions taks lnto account th global cmtplexity 6f the in
ner 6f the iegiS, Whieih M iakctheb staitc ixvdiailt
to rotation

3. Resuilts
lo validAte, thie pisented meihixlology~ we should dctcr4

mine dat nimasurenments for the exnnpeints4 Stat-ofth-
ax methods tb ompare and applications.
a) Dia I lmaes a obtained kfim the piblia Caltec Jti-
ito y 8 ad the video sequnces hum I nd b7
b) MWastirenehsh To analyz te performance Of the Pro-
posed CSR, we perform a set of experimenits t shoW the
obbUstness to ima iransflomations of the Ano cegions in

temis of repeatabilft false alari4 ate aiid natehing score:
The repatability matehiing score criteria Ae based on
the evIuationi t ame*fk of [ I31Be ids we inelude the
fws alai ate measur}emnt
c Std$rl f r ir metlibods Weconpre the preseted CSR
With ti haHAis Lplacian Hessian Lapaacian, Ad, the gry-
level saliency The parameters sed for the region etectors
are the defa parametrs given by the uthoirs [ I F1[9] [ 1 I)
For the salient criteria of [9ad our CSRwe use I6 bins
for the giy-level ad orientations histograti is Ie nuniber
of regions obbtane by eacbhimthod strongly depens on the
image since each onecan cOiitaini diffent type ol katuis*
d) Ajpj afi6ns: Tb show the wide apphicab lity of the pr-
posed(' we desigled a hoad set of expriments. Fist
we compar th of the presed ('SR with th
traditiOnal ap each [9o F S et0nd we shott t robtu
ncSs to ntmae transformarions of the novel eg'nnS, Thiud
we miateb the detected reions of images taken from diftf

nt camera points of vieW. And finlly we apply the tech-
nique on vieO sequenees to analyze the temporal behavior
by matthin the detee rgionis i different fraums

II i



3d. G.ry4level Salieny versus CSR 312 RPeatablty and Fale Malrm
WeseIued a ae of 250 Mandoi hioorbike sanp1es orni

tk nlorhike Cateh database [r nd wOestimated the
hikhest saldeny reponHseC tot 6Ch im4ge usn Ike gTy--
1e61 sakLHy and tie CSRrtons. The ti&an voume lm-

V 6 d6teaLed i416hs 'ai ~h'wfi inaig. Thk VltiUH
m e V isd Mined as d:n,n.: eltdtiL

7.1 N

wher lT is the htnar tmace witfh v ue, I at those post
tions that a1 into ie detected rciulat rtnons in lu4e
and N is the lota1 numlLier of mace samples One can oh
cwre tha tik CSR re ponses rco ver better tile motorbike,

and Ike pio baiiy to detect each objctc pan s Ihigher In
kg Itwo exampeol ddetec CSR Io ti morbike
d.atabas arc shown

~~I I
ta) (b)

Ft ite 9 Mean volte itAge ort the most revant dUtLced andL
mtar on thi se it (aWtec MotOrbike da abase For grecySlny
(at ad out proosed CSR(b)h

3N the riit r tia w At o t to th 9tiiott
respions ool oh ktitO ir Visul diTtifii c rb nil itd di a]t to
ir tiili fmio hit iot i

n otdr to vifdatb our KsulLt we sekcted ihe simples
shoed th fg 7 lii the public Catcch repsiltoty dalab
base [1 .Intis set oLf amples.l We apptfed a se f tIItns
flout itonsi rtAiton ( I I degrees Pe step up to 100) whilc
nose diftii I of ethvartance Pet s up to t10) ie
ehanges ( 15C% pr step up Io 150) aftf distortions (5 pix
els x-axis dkbision per step up t 50) tod fight deeeas
ing 0(05 p r step of I don I6 40 5 where th bghtness
of dhe new ima is iatsed iO the powr of Whei 'is

4 )) Somae examples f ntige tiratsilations apo
ptie on the sartples are Shown in tim. I1.

(c) (d)
Figure 1mt1 agi tittofiatics i PCX 9. (a" Wiie i ase idd&
fbn tn auntdfstot olion ) decreasin tigHt id o) imtag rota-
tion

Ovcr the set of transtisrmations we apply th(e extuation
frmework of [ lor the reeatability cti teion The re
peattabtifiy tate measure how well the dtetor selects the
sate cne tegn Under vari Image As
we have a eien&ce image lo each sequenc of tMansfo-
malionts we know the honoiapties hboo eah slti
Imta to t cenee image Tteit the accurac is ina*
surd by the amountt of oil ip between the detected i-
gion and thec Omsponddi ig reion projected Whfoi he teci

tc iem vi g ith th known honto a phy oTwo rg itons at
mat(ed if they satisly-

R Thi ii (6)
I?rZ T-
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(C.) (t dhalftti&S (i} ) 66id .dght m i'on.

4. Conclusions
Wepwsrfin a novel Set f sial'nt eafurexs the C(owpl

Safient Regionsh. Thes lamres are basd on Lomplex Im
age regions cstinat usmng an cntopy measure The pre
sented CSR analymes the comnpkxity of the regions usmng
the gri-e4ve1 ad 6nomations ihnfirmon. Wintromdd
a nove1 pr0odure to onsiid the anisouropic latur&s of
image pixels that makes the imae orientaions useful antd
highily discnminable mobect reognifio frameworks The
novel t olf eaturs is highly insarant to a gtea variety 6f
*ng e translormations and leads to a better i*cjtatabihty
auId lower IW 41calr raw than the stacoft hed4 kcyp tnt
dtctors Thes nove saient tnions sh W obust tcmw-
Ml bhavxior on eal Vii&d sequences and can be potentially
aplied to matehing under diderent camei poilnt of view
and image rrtrIevl prblems

W~are no.w oauiting the thodlVgyto esign a
mAtltmelass jeet recognition approach We: want to cat
egorze the CSRby eotnpoldity ad giup r tions to odlel
a recognition franevor
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