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Chapter 1 

Introduction 

The aim of this thesis i~ to ~VahL"t~ sonw \-~"i"li(jllS "I Ih~ Act;'" Shop,' \I,.kl of Coote" '" 
fl1. [ 1~1. flo applied to monochrome front vicws ,,[upright hUlna" IRee;; ,,-[1 h ],.-,,,1 ml ~xpre,"i"n,_ 
\\'c will S<'e that althongh Ani,-c Shape .\Iodcls nrc wpH sludipa, lhpr~ is 'lill I'{)O'JI In,­
inlpconcnll'Jlt _ 

Thp fl'"dc', ie a.>.>nmo! to be famili", with b,~r image processing Hnd lin~ar Rtll~hr" Fa­
", il iAril,. wilh A('ti\-~ Sh'tjJC \ l ()dcl~ io Hot ""onmlx!; these will be dQ8CTil><XI from the gronnd 
up 

1.1 T he pro hle m 

The problem undp, illwstiga1ion is Ihis: ",WII "" ;'''"f(P "f" face_ li"d tIll' ))",,;1;0" of a 
nllmbrr of iRucim,U'ks (H, tho fA"". A fondmn,li r~pl'ffRnl'" di'l iJl gui'I,,'blc point prlX'Ht i]] 

Figure 1.1: "1 face u'ith correcll!l p08itinrled !rmdmmk •. 
All pr,nter] far"" ill !hi"~ document are from the mold ,,"I iF!i, ,,",,",,pi 1riler, ,w/,d. 
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1.2 _'rH il'" pl"lJ hl ~m 

Fig l ,r~ 1 _~: !/,.,."U" or ,,-n "n."J/i"jll.dm7! A 8M ,'mr<:h_ 

-V ol~ ! he mi,'<)1/'''''''"cn[ iJ}' nme and ntha !andmal'i, ..... 

)lI Ost of Ilw ;'11ag'" mod"r con"id"mtion A" "x~ ITIl'k lan' I '" ",k i, I he hw,.1 i. H' .,r I il ~ !~It P."" 
p"l'il. F i gnr~ 1 1 "" II ,,, prpy inn, p,-,g~ ,10m,'," r" ~., wi lh la,,,lmarks ito Ihdr cnlTect positin ,,", 

I ,wa I illg 1~)"lmarb nn r ~Cf>S is "'] "iv~h'nt to loc,,, ill"; jar;oJ feat""",,. h"".au,;c lanrb "arks ' liar k 
(ml fed,,! fp~tnrcs. 

-rhi" prlJjr<'t in\'csti~nt"" solutions 10 Il lC problcH' mi ng Ilw ,\ct iw Shupl' ~ T O(kl (AS"T) or 
Cooles et al. II!)'. SOJ11C variatiom ufthl' AS]l.1 will oc p""l'"n~1 and l'\'"h1a-t~, 1. \h look ()"I,I' 
ul ",\ri"liOlJ" Ihat q"y "-ilhi,, Ih ~ "ilwal.p Ih~ prnnk> "",del " 'HI ~Io'p<' moop]" ,trMe R.vofthe 
AS"1. wilh ,pp" ratP pTolll~ ~" d slo"I-'" morl~I,. (Cil~jltcr 2 PXp!ajllS whM t his means,) All 
PX"- rll\ll ~ \'" ri a l i()l1 ll nd~r ,·1", "'-'()p<' 01 t il~ project is llsi"~ "- nm- i "stcarl of a (me- rlilllcnsional 
sp,-,rc h Ipmjl l~ t ~ "rollnd ~ !~ndm""k . 

We look for imprlJvc,"cnt, to the AS~ T oc'Camc it is ofil'n il"'"'-''''''t'' and '()lT ldir il l'S r~ib 
cOJllpldciy. Figure'!; 1 ,L shows thl' n,!;lllt~ of a "'-'''Tell that io only pari itdl), '" C~",,-, I'll L 

1.2 Nut the prublem 

1. Lo~"-ti n ~ Ic.nrlmr.rks in fcr.tnrcs in image~ other thnu faces, Only 1,"''-'' arl' l'()n,i d ~n'd 

2 F ind ing III~ ov"r"l l position of f~('e_ T l,P AS'\1 docs" loca! :;carch for faein] [eaI1m". 
The m-crallj,,>'itil'n of thc facc it",lf mnst firsl bc approxiln,,(dy lo,"al,,-I l,.,kJr~ Ih" 
,'\S'\1 kicks in, l'i ~ure 1.:1 , 11OW' t he rl'!;ult, of a bc" d~t,,:tor, TiJi.'< projcM f()r t h~ """I 
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I.:] l ",yout of tll i~ dO':Ul I""', 7 

Figml' 1. :1: .·in imagc mdn face and C!l~,' 1,~,nt",l. 

Th" J'''x< and eyes ·wr,'c locatcd by the HOIdc!! ,910001 f",'c dded",' and Ihe ASM ,""t/'cll mil 

''''''' ky",. 

I'Ml U",-'" II ", Rowley face aud "ye deted or r5t . but the Viola .Iom", d~kN()[ [(io] i, alO{) 
eUII"ider,', L 

:{. Deal i11g with all varieties of faces . This proje~1 li m il" il "" lf I." f","1 ,·i~w" uf lJpr i!': "1 
fm'eo with l1l'utwi "xprc><ii"r~,. 

5 RC~('6'l,ili 11g the facial expres;,ioll ~.g, "mil in!,:. frownin!,:. There a,,, mall" s<'llenwR 
(a few ueri,,~'(l from tlk' ASl>.I'j to deal wit-h t-hi~ and the p revious prohlem. W~ ore 

~'''' ~'-'[l ' ed u lll y with lo(:a.ti llg ]lll,ummh, 

fl. LI.,in!,: 3D image information. We re"l.ri el. UII.." el"", Iu U 2D appro<><:" 

H. Con""lid".1 i ,, ~ mil lti pi" i rna)',,,s ll,iTLl( '" ul io" clm"., d c. \V" "'-'tl.l~h j'O[ hIlUUHl,Ib wiug 
a singk iml\":r . 

9. U~i lJ g Activ" ApIWW"wcc Mudcls (AAMs), Tlk' AA/>.I;" derived from dLe A~~l 
ar id is d ,,,,,,,il ~,' i ll Coul e,> "t, al [1:L Til .. proj,'<Ct ~ti d", to the ASU, 

1.3 Layollt of this dOf:lllllent 

This d ""ll ," ~ ,,1 h I, id UIII "f" ll ow, Chapt.er 2 d",;cr,be'> ASl>.b. Cltapwr:l give" H brid 
history a ,,, I I" ,·iew, t,he I il.t'rallJ reo Cl la l ,1 er '\ b ,b "I w'rlt'ml ""I 'ed ~ oj' 11lOUd builol i11g and 
l'val nMioll , alld ino' inriri; d "",,,i pt iOll s of ll ,r f,, ~, ,1".1., b~,,<-'i\ Il ",-~ I i 11 I hi s prujed C hUI >1 er 5 

works tlt ro\l~h some varbt.ioll" and paranwl. rr., of t.he AS",!. Cilapler ~ ""TI"",riZ''''' res llI I." 
and """'1-"11"" thl'lll to pnbli.,hl'd r~snl t.'. Cllilp ler 7 di.",,,"-"'~ pc,""i1,l r fLllllrr rr""' r'~' "", I 
wmps tlLiugH up. 
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2.1 

:'.02 

two-dimensional "H''''IJ'''' 

x y 

Point1 0.0 0.0 
Point2 3.0 1.0 
Point3 2.0 2.0 

as a vector. 

It then gives a 

0.0 
3.0 
2.0 
0.0 
1.0 
2.0 

models in 

of classical 
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2.1 

set of unaligned 

1. Choose a reference 
2. Translate each 
3. 
4 ... ",..,.<><.T 
5. 
6. 

9 

the first 
so that it is centered on the origin 

to unit size. Call this the initial mean 

7. Constrain the current mean 
8. until convergence (Le. mean 

set of ~A';U~'~ and mean 

2 

it is convenient to 1'OTWO,,,::,,,t­

as a 2n x 1 vector: 
used 

The centmid x 
The size of a 

the centroid. 

are measures 

the position) a x is mean of point 
is the root mean square distance between the shape points and 

distance and size they are not used in document. 

",fn,rTT'" are Uv'~U',Ahl 
such as shearing) is a 

point (x,y) e, scales it 
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'" 

Fi)!,"'" ~.:l · A" ASM _"""'h 
f:a,J, ~;ft1l" ,hoY'.' 1iJ,:> _<MI''' "jtcr ,-nmd,nn by th, ,haP<' ",,>dd. ,vnl ,,1/ jntcrmcd;"ic "hi,!"' , 

(I'" .,lImJ'" 

• ,-m H 
-.,...,,0 <om' \ (' \ 

, ,'''.' /J) 'J) 
{2. I ) 

('001'« ruJd Toylor 1191 A ppen(lix 11 f,i,.,lS "",til",i, [0 "lirJ) j"." ,a"'PC"; I~' ,,,in~ " Im.,l "I""H" 
pn,.."I11,,'_ '\"'11ral" "Iig:nn .... nt lTlay he ,1"'In!.1 ,....-.'" import.",,1 for ('"rtai" T~)ijjl' lllall 1", 

,.bet>, <UHjP"lllh call l~' weigh!c.) "Cf'Otdin~ly dming alignmenl_ 

A set of ,hnpes can be nli~nro llsing an iterative olgmithm rcmini<;('en\ of k_n"""" ('I "'t"riIl~_ 
,~" ,howl] iu Fi~llTI' 2.2 OIl 'h, pr",-j"", page. Th,· c,"lol.m.iIll ill line 7 is n"""""at}' 1.0 prevent 
(be estimatoo mean shape from ,',ander;n!': arollnd or shrillkill~ 

S<nliuR ruld l'otatin~ sha\X'8 dmill~ alignmCJlt ;n\roo.l",", """-linearit;,,,_ TIlCS<' "an )~, )'" 
millimi7.E'<i by pro.i"din~ ,h"p'''' illto a 1"<18"111 "P""" {11\11 ,.~'tioIl4.1). T"IIgUIl 'I)"""" are 
1I0!. "",,) ill [hi., project. 
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2.2 11 

of a face 

1. Generate the start shape by locating the overall nn~l1"ll"n of the face 
2. ,."", ... ",,<.1" 

3. by profile around each 
4. Adjust the to conform to the Model 
5. until convergence (i.e. until no further in fit are 

coordinates of the face landmarks 

1 

set 
a matrix formula which 

Distribution Models, 
use principal 

2.2 

is trained on a set manually landmarked "H~I'>'JU 
we mean that SOlmeooay had to all the images by 

we can use the to 
2.3 on the previous page. The 

then (2) 
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2.3 12 

of a face 

1. Generate the start shape by A~~·~V'AA"" the overall position of the face 
2. 
3a. for each 
3b. for each offset look in the area around the point) 
3c. Build a profile by sampling the area around the 
3d. Measure the fit of the profile the Profile Model 
3c. Move the to the offset of the best match 
4. Adjust the to conform to the Model 
5. until convergence (Le. until no further improvements in fit are possible) 

the coordinates of the face landmarks 

2.5: search with profile 

III 2.4 on 

classifiers to a 
the 

2.3 

models to an 

x = x + il>b 

X is the vector all the Y-COOl"QlIlaT;18S on x 
reminds us that it is generated 

x is the mean average the aligned Xi, defined as 

1 
nshapes 

x=---
i=l 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.3 The 13 

2.6: mean (black) variations of 

~ is matrix covariance matrix of the points 

1 
nshapes 

i=l 

to retain. 

1 

a,H.LCL'~~ b. 

three faces IT,,.nOl"<:>"orl all 
at 0 (where IS 

Now we use 2.4 to 0'0,.,,,,,.,,,, .. ,,, 
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2.3 

8x 1 vectors are 
the right column shows y values. 

-4 
4 
4 
-4 

i~2 ) + .... 
-12 

14 

eigenvector. 

The left column of each matrix shows x 



Univ
ers

ity
 of

 C
ap

e T
ow

n

".J TL" .. \SJI,I SI",I-'\-' l\lu(kl 

Fi~url' 2.8' Opnulim, of lhe ,'haJ~' 'fw,ld 
r"~JI, !muimnrh ""'nt"1i by If,,- pr'lj,/, ",<ltd,PI 

/I,.qlll II" .'fI"'~ !".,,,I',,nrk., r,"'f"mw/lo If,,- "/WI" ,,,,vhf /'I)., l""d"""k Ihfll. 1I'fI.' "tud; 0>1 
th, U111~,- " n"", odl,' po.<?/lnncd. 

",n,Lid nn I he whnlp g<-I <"in,...r In .,·our d,.,i,,,1 ~h~l~' J" ~'ldjn!l ~ TrIlLll ipk 011.1", li',"1 ,'iW"\\·'~·I.nr 

In 11;" TTI"~n ~h~l"" r~lh<', Ih~" 1" .iu,1 d'ilngjn~ Ih(' wj,lIh Th(' "<"')OLd ,·iw-nvn·lor <A'I.UI'<'" 

~~ much or I he r~m"illj"l( vMi~1 inn ""~ poos itJl~. w;1 h ill<' cn",n ~ inl I 10" I. t h(' eig~Il\''''''OrR ~re 

orlbor,o""L 

OW' "f tl", PJI\PllvnlllP1i tpllR '"' t.hp proportion of voriotlOO ('~p1\,-,Prl hl" tb.~ corrpspon<lJUI!, 
cigl'nvL'<'to,". \\'l' elm ~apture n. much variation of the input oh"p"" m, we WWlt by retaining 
the npproprin\c' nlLmber 01 eigl'nvcdofS. 

2.3.3 H.epre~ell[illg a give" ~hape uy [he sh"r'" modei 

III the re\er>-e direction, giyeu a suggested shape", on tI", image. we enn ~alculate the param­
eter b that allow~ Equation :!.:! to b~;t approximate", with ~ mood ;hapl' x, We ,I(x'k tl", b 

nne! T that millimi,e~ 

Tis" ~iTrlilaril,' Ir,m,r"'m which mitT'" 1.1", TTlr)(I~1 "poce into the iTTl~gc space The IrnnslnrTrl 
i" nHwlwl b~('~u"" I.h~ r"t'H ,h"PH"" ('nuld h~ "nywh~r~ in 11o~ iTTl"g~ pl~nH, hUI IhH TT,,"l~1 

works off ""rued IlpIight shapes positioned on the origin. C()()le5 =d T~j"lm ll~ _,tion I.!i 
Jl'Snibe. an iterative nlgorithm for finding bandT, 

After ('.a,kulal.ing /J, w~ I...-hwH fill.'" out-of-l'fIIlgH ,'IHTTM.'tLl" Ii, In ,'n"nre t.hM Ihe g~ne'~1...-1 
x "<lnforms to lhe model. yet remains r:lo;;e to th,· sll!';Ke"I,·d sh~p,·, \Ye d~fer detail" to 
,,,,,tion ,d.:], 

2.3.4 An example 

Nnw ror ~n ('x"mpl~ or 1.1", Sh"p~ 'dodd "I work. Th~ I<,n side nf Figut"!' 2.8 "hove ,<I""V" 
fom IflIldTTl~rks, on~ of whkh i" TTli"poeitiorwd h;-' 1.1". prolll~ m~khel' - il hM sMU",l on 
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2,1 The .\SJ\l Prnhlc l\ Te><lcl j(i 

Fig,,,,' 2.9 Th~ "I/IWl! i"""" (!lP!/OII') (iIl,,;f) ,mo/ nver" 8w.",h faa ,,' the ;tarl of a seardl. 
T"~ 1I'hil~ l1f<p" a,-p ''l,:i>£,ku,,'' aJnng whirh Ihe image inlen,'ily will be sam /i/fd tv Jon" 
I""jile ... In (hi-, c.rample d ,'0 happen., that the nose arid mo'Uti, "'~ "lrmdu fJV8,lwn"d 'I"ile 
"r""mtriy by Ih~ gloi>al faa deteclo,'. The eyes an, oodlu I'mitwrmi. 

th~ "" lla, Th~ rith l · id ,· 'hn"" the l:mdm",b "n", wrrc'diml to th" "hap', " "Mkl \ '" ,id~ 
dr'Tl "r tlw wrr('('tinn, a mi'pbced landmark TUUy pu ll ,>tloe" ]' ,nJ",arh "l i~I"I.v "".,,' hom 
th~ir (]>os"ilol)' t'oIred) )>o,itlO" " T],iR ci1e'Ct '" JJot "1,ihl ~ ill 11,,· I'~"r~. 

T Il(' pb "I ilJ<' pmli lr TlI ",I~1 i- 10 Li.~p"" "1' I'TOxi m"k fnr,' ,h"lJ<' ,til,! pmdllCt-" Ix,ttn ,"~­
g,',1 ~d ,10 ;'1" by 1""'1'1" LF 1",,1 d, ill g ;,t t· IL , ' la ndmarlo. We "bet "tl I lw "'--'''n'h witlo 11o~ "lo'" 11 
fm'" fro][, Lh c ,hap~ mudd, ;,l i~m,.-l and ))()<itiono:xl with a ~lob;J feu 'e' de'tc~'tor (F'igll r~ " .0). 

T1oi, "-crio,, d e .. ,i""" Ih~ O!Jc-dillleu>imwJ (ID) prohle.,; u",'<l ill the c1""';'-',,1 ,\S~L L"' ~ t ".,. 
will J"."k at 2D pr,Aile, (>l(dion J 5;. 

VI. 1 Fhrlllillg a p"ollie 

To fr>rlll Ilw profile \'PCtor g a t a landmiui<, "'" sample iwage illtell-itie- ,-,lollg " o,,~ d i",,,",io,,nl 
whisker, rhe v:h;,'"er i, a "~'Clor at tloc' laJldlllm~ whi('h i, mthc'Ro",,1 10" , h" p'· u lge (l'i:>;­
me~, HI on the' n<'xt P"tc). Tlw VIohl,' Y'~'-lm i; fmm",1 a" !"ito",,, 

1. Set cfJch dellle'nt of the profik- v('(:tor to thc ~ray kvcl (0. 2.'i5~, of I),,· iHla:>;e oolow iI. 
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~,1 The AS~[ Profil~ "lodel 17 

Figure 2.10: A o~e-d;",~~s;omd profile, 
The yellow linc 1<; Ihe '!Hlp<' oo,,~dary. Th~ gray li"e i.< thp 1I'hi,i.·pr, orlhogonallo Ihe oo",,,{­

U171 Tile lawJm.ark •. , aI. the ",fNMdio" ur 1"- bh(llW I"m~d",.y "",Jlhe 1r1",,"~". Th~ ;~",'I 

.<ho1/'.' ihe im"'I" mlni"i!u aJrmq fI" 1I'/I1"klT. In pm"'i,'". Ih~ AS.\! IJMS Ihe II(Jrlfl.aJiol·iJ (ptl 

die/Ii of Ihe imaqe inlen"ity, 

2. RHpl~e~ ~,lt"h profile ~b"''''t by the illtell'it~· gm.cii"llt, T!Ji< i, done h~' repl1U"illg til(' 
l'Jt'olll,· ,.['·lllPnl al "''''h p",jti(}Tl; with the diffcr~m'e betwt!Cn it am\ th" deIIl~ut at i-I 

:1. Divid" <',,~h pl~IIl('llt of the' r~,;uhing \"Cdor b)! tlw Sllm of the al,,;ollltP value, of all 
'"""'tor eleru~nt' 

Using norm"lized grooiClll'; in this mannn i, int.,·nd"" to lps""n the dfe,'t "I "ar)'ing illlFtgP 
lighting "m\ conlr",,!. 

"1 4."1 Ruilding the profile model <luring training 

Dnrinl{ trainillg. \w Imiid " Itlodd fo" "adl latldlll~rk by er~atir", a Ill~"" prolil., fi 'Uld ~ 
o.-:".-,,,·i,,,,,,, '1I(.tri, 8'1 of alll]'3in",g i>rotil"" (on" I",,,, e""h ima#) ", .h,tI I,,,,d,,,,,,k Th,· 
a"nmplion is that the pre ,filp< "r~ "pproxi,,,a tely d isl rihnl €I i ''" a 1 rillil iva, ;a1.p (;an.;.;;"n, .• nd 
thus c"n he d<>ocrihcd hr (heir mPfill ,uld oovarian,'p m,\1 rix, 

Hth" lenglL oftl!<, profik I;; 7 (as in Figurcs 2.1(] and 2.11). 9 will h"ve 7 eienwnts, anG. S., 
will "" a 7 7 matrix, If ther" flr<' [5Il1"ncimilrk; thcnther<' will be' [iN S':Pilrf\t<' ii's "nG. So'" 

"1.'1.:1 Searrhing for the hest profi le 

1 luring 'PMdl, al Pf\l'1o laHG.TII"rk \\'P fOrJ" ><".-.,ral o<'arch p"ofi;", by "" "pli fIg 110" i,j'a;..,<, in \I,~ 
D<'ighborboor! of th" lfll1llmark. Ea"h ,e"rrh profile i,. (,pnln,"";' a, Slrlan positiw or n~gH1i\'" 
displacemC'nls along the whiskcr, \\'c typically form profil"" ilt off"ds of abont -:1 t o 1·:1 pixd, 
along t!Je whish'r. Figurc 2, II Oil th" next pagp ,;hows this prO<'Css. 
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2,:; _\lul ti-re,;olutinn ",OLch 

-------- Model mean profile 

- S(arch profile offset .2 

S(-ar~h profile off~e! - I 

... SeMch profile offset 0 

• ----- Scar.l::h profile off~e t I / 

-- Sean:h profile offset , 

F' iKll r" 1_1 1: 8m"';/;,,.'! -"'" II l)mji'f,- ",u,l.",,-_ 

Tlw I"p pro(ik " II", m,~ld mom p"'fii~ .ij , :J'h~ nma.ming profiles arc prof-ln ,qoncmlod 
dU1-in,q the ,mrch by ;amph"9 th imag, armmd Ihe c"r,.ent po,it;on of Ih~ Jandm.ru-l· The 
[,,,.,1- 'rwlrh h"p1'''''' 1-0 k IIi. "1I"/ I. 
J I/- 1'm<:l;,," . /I,e '1,<,. U" ,\flli,,,lmwbi.; di.,i.n·",·, () J Ii," I<Onn,,/i,p,j ,:" I e".,;I.1i q·mANn! mthr than 

'''e ,';III{ij~ ..I.·uii"e mMd/. ;"di(,(lt~,J. "e,,-

The di","llc(' )W\\"VII II oc,m:h pm li k -'I "tLd t hr' TTHHkl lO ll';'" pre"ik {j i" ,-"loul"I,,1 "sinR 111<' 
;' )"h"I" lloh i, d","llc(' 

(2,(;) 

(Some people o"ll l hi" t il(' .<q·"amJ Mahalannhi" distancA, since It simphfies to dIe s<;um:c of 
t he euclidean di,tauce ,,· hAn S "l is nu i<:lentity mlltrlx .) One of the ,en",:h profil('s will hlW" 
the \o"1Ost diAnnee. It is IllC ])()1;i,ion of Ihc ('enle) 01 thi, plO li.,' Iwhi<il i, "tL 011',,, "lotLR til" 
whi~kc,.~ t hat ib tile tLew ,u),(ges\ed po, iti oll oft lie l,tTl d lll ."k 

This pnlce,,"~ i.~ lI 'pc".!(-d lor ('",:il littLd lll,,,k (,," ,11< >''>';]] in FiR >l rr' 2.'i 'h-p~, b~[orA handin!,; 
cOllirn l h;>ck 10 lI\1' , h".[>\, ,nodd 

2.5 ~\lulti-resolution search 

There is on(' more "Tinklc. BAlore t he 'card! be!;il"~. we build aH il ll a),(e p,,~ar ll id, ,,"d rq"':>[ 
tlw AS1\·) _.-al'('h {PiKUl''' ~ _ 5) III "<,,,h Ir'wi. I'nlTTl CO;"l''''' 10 Ibl(' n',;olll t. ion_ E""h in\a!';p in 
til(' i",,,),(,, py rllTTl id i,; ,-< dnwtL ":,,k,1 \'('r,iOTI of 1.1\1' il ll ll!,;p "ho,'p il II.'i!';lJrA 2.12)_ This i' Q 
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1,1 

l .'i~lLr" 2l~ til "''''.'I' I'irrm"id 

F,,,,h, "'<'''I' h", " 'I1W.d,',- ",I I.h., "",1" i,." "r ih" ;,,,,uI' ull{'1'{' i/, 

""nplp py,.am"l 
and [3G]' 

TiJ~ st'l<r "It"p" 1m l,h,' til''' "'''Heh (wln,'h k 0" Ill" ':001'''''''' i"",W') i, til' ·Il"l'" i'."ll"'Rkd 
from (h~ ,~I'-'I!!<l b,,~ ~ewnlJ' Th" ,;h't "h"I"' "I "LI""!""'lt I .. ", I, i" 01" 1)('.,( j,,,, f"ll])'1 b, 
th~ ,.,arch at tlw lpwl belo", 

We nP<'<i to rl",jrle when wnw'gpne,e h,~" b,~'n ,·""eh,,1 '" "''' e,an !l](.'W to tIl<' w'xt 1",-,,1, or. 
at thp top lew!. annOlllwe 1he ,earc,h c.onlpl"t,,_ T'~'hni~Il'" fo, t,,,rin1-\ e,,,j\-,,r~"jlC-" ",iii L" 
presented in ."petioli :i .4_J , 

The "hap<' morlel i, the samp "cross all p,'ranlirllevels, but" ""p""al<, profil .. mod,'1 ;,,, n,,',h..:i 
for ~ach l~w!. 

Csing thi." mlllti-r~."olHt.IOn "ppro"e.h;'" nlor" dtiej"nr, IllO'" [oL'ht, "Ild e"n\'('r~'" con,,,xl," 
to the ,'O''1",.t ,hape ft-om fllrtll"r dW"-" than "'mdlin1-\ at "- '"11-\1<, ... "ollLtion 
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review - more complete 
VvhU"~"U" [64]. 

1 

2 

are 

A well known deformable model is the snake, also 
IJH,a,n..<OO iteratively sum "external an,~rlTu' 

[57] 

of models 
to warp 
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3.3 

energy is HU!HIIHL,<:;U as assumes Internal 
energy constrains snake shape, typically 

is that you 

are 
series defining the coordinates 

all shapes, 
series is tricky. 

3 

covers 
under the beard. 

ertorrnalD.Ce at time had 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3.5 

3.5 

Models 

a handcrafted model, the 
models by training on a set of r<>t<>rt='n 

UHO'-'''.'''''.lI."CHIY extract important characteristics the training set. 
u,"'ou"",u to get best results in a specific 

22 

I1r:l.Hli"l CA.',C;HU ASMs to a degree that we can 

ASMs use 
entire object -

about by 

this is a disadvantage, since U:",.,,","l.'.U 

most 

texture URILl"". 

6 

Many 

et al. [10,17] use a 
than assuming that the 

texture across 

range 

HH".U.HF. it easy to .ov'n.o,·,rn 

section mentions a 
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3.6 23 

to minimize 
in 

pose 
"<"'JeM"",," space. 
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1 

1. 

2. BioId face 

[49] 

riitf",,.,ont ex:pn~sslorlS and illumination, and with a 
<"'.A:1>'-'<OH1.!\.., use and cannot in (YPlrlPl'" 

or an angry eX1DrE~SSJIOn 
sets 1, 2, 3, 

we into 

sun glasses or scarves are not used.) 
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4.1 

Number of landmarks 

Number of images 
Faces found by 
Faces found by Viola Jones 

Clean faces 
Clean faces percent of all 
Clean faces found by 
Clean faces found by Viola Jones 

Mean search time Rowley (ms) 
Mean search time Viola Jones (ms) 

4.1: 

3. The 

.1 

AR 

22 

508 
87.2% 
98.6% 

155 
30% 

100% 
100% 

3600 
120 

BioId 

20 

1521 
75.2% 
95.7% 

826 
54% 

100% 
96.0% 

1100 
70 

XM2VTS 

68 

2360 
82.2% 
99.2% 

1272 
54% 

100% definition is 100% 
100% 

3600 on 1.5 GHz Pentium 
120 on 1.5 GHz Pentium 

statistics. 

25 

may 

in 

next 
for 

in many ways we may want to compare 
or without eye glasses. 

used often. no bits set. 

image. 
number. 
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1.1 'I'h~ f,,('~ data 

G"c'l . 'go 0.01 

C:~'""' OxO~ 

"""d G~:y, 

"''',t",ho Ox06 
Ot',c"rc" Ox10 
Zj"'C"cod 0,)0 

'_'_1''' ... 0' 0,<0 

a ug" .... b.d in .a~ ••• y Col""od, _ie. ·'i.·.· o f '-'co, o'e ) 

'OC. '" .o""e ' poe,. 
ooord i"c l u1i"l': p""itlc ~\l;t.ch. 
~",",e~o 

f~c. ,. ob,c",od (<>.>="1 'oj od~o of ie"eo 0' , ,,'oj."" h'"~) 

oyo" ''0_'"" (prti>l yap'" i, ,-,.ot co""ider.·) ,lown 
""~rant, C"P~0,"'0" 00 heo 

26 

""~'''cd a,80 Ro,,[oy f·,cc ·jotoceol· hll<d (cu, ",0 ~, on ,nci..c"t,on 0< '>eo "quol.cr") 

'1 h.hip -1.2' 1-'",:, ,rtlniJlII.,-, 

/1/. tl'" 11:11_ II., 1.",..,1/. d""" )'"""" ))":(lIt·, joo.s 1J~t" ,,,J all,,",,/(. bds 'd. 

Figur~ ·1.L Som~ Biold face.; wdh th, rr Mtnht"",, 

1.1.2 Ext!'TldiTlg 11,.. d"I" by Dllrronng 

\-\,p can douhl~ thp numl)<'" "I' lallrl " ,:l."ked hc~ i ",,,!(~~ by u, ing ,,,irwr i,,,,,)!,,,",, Thi, i, wA 

'to red\l"d~m "~ it ,;""nrl,_ bee;",,~ lighting ~j[f'<:\~ '1lld ,,,,,,,11 dij[~r~w'~' in J-l0"'" .'lw l h'ial 
,"ymm""", 1",,~lh' m:l.ke th~ im~)!.e texture OIl Oll~ ~id~ ()11h~ h('~ 'llli1~ d iUer~n1 fw,,, th,' 
other in bet, nft~n more ". th~n tI", textllre .'In,,,, TWn i,,,ug,,, o[ th~ """'~ i"di",d",,). 

.t. I .;} Issues w ith the data 

'II ... g~ll~r.'lliza(ioJL .'lhili1}" of the dl't,'<Cwr is dl'termine,", hy the rangl' of f"""-,, in the ,raining 
d"t;L FW'" (hi~ ]!~r'p"("(i"l', (h ~ lhr~l' dataS<.'(.< are Dol c01llplt;\dy sati,;fact.ory. '1'1", rl~ta"'t 
ra"", '\l'~ of working ad ult s in the Enrope alld the CSA :md excludl' ~hilrlren ~ncl dd~ri)-' 

people_ \ 10,T of t h~ J-l,"o pl~ ill t h~ i"'ag,,, ar~ CIl.WaSiitll, Ie ,<hould also IX' ,;aid that thl' im~ge 
""b px~lucl~ am'on~ WiTh "nIlSlH.d loob (\'~ry o"~rw~igl!t, ~t,·,:;, 

For dh'<Cliw t mi ning and rei;ting w~ 1l<"f"(1 ,,'uj[i('i~llt nHllllwr of 'am pI'" of ullcorrdateJ dat~, 
Thi,< i,; not ellt ircly PO"i;ibie with the giwn (lM"-'~to bee;.,u"", or ,1wng '"ndu1i()Il' lWtW~Cll 

the im"¥,-",. por exmnplp there arp on I:> only 2:1 ditfprellt illdi"idlluh ill th~ l3iold ~~(, and thl' 



Univ
ers

ity
 of

 C
ap

e T
ow

n

~ .2 1' '' 'lili oni ''~ Ih" do",,, 

Fi!-( " ,,' ! ~ . /m '"","; .• I",/ 'I""",,,l/m,,/,,,,,rb "" "NW1' "1i~I,,/ 
Fi,i., i .• " d~lllil fiolll >'M}VTS ""Il"e,< IiIIILLI ,,,,,IIiIII_I_," 

\Ia T ", ~1 h" (] ","-,i<ill,, Os ",,<, " ~uf(d p,n e., 's.' ~n rl " {,I ",,,· ~,'a",in_'li,," 0 1 Liw d ", ~ , ~v.8 1 " 

""rn~ d ;""'~l',,,{' i ,,,,, ]CO< ~x"'n l'l ., look"-, tl, ~ i n,~) n "i,t~l"'\' of f"J"it iun uf tlw IHnch",,,k Oll 
t h~ ll pp~r Cydl,j ilJ I.Iw I"" XlI13VTS 1I1W p,C,S III Fi~lH'~ 1.3, (Nn/0 al"', t he uwl()u nity "f 
li 0" in~ ,hown ),,' t h{' olluib rit ic-s b L'twC'Cn the hi ~hlight" in the t" " cye;,) 

/j.2 Part.it.iUllin),!; the data 

This >,,', Ii ,m di >"u",."'J h(m- ".,' p",t il io" the' d"l " in (),de'r 10 e" Um",I<, I.h" ]X',form"" ,,<, 01 
d il f"fC'l ,t ASi\T m,~k-k Fir.;1. we' "ev iew rl ",d,'1 ,,,,-,,,,,,, rl w,,,l i" mor~ K~n"ra l I "I'm, . H"~"i~ ~t 

~ l. [.1~. "h,,~I.~ ' 7 gin's" mor~ ..,om]1 I"I.~ oI~",',ri pl,ion. 

L for endl modd par1l.lIld,'r 
~ , fm each parameter ")lllle 
3. t rai n on a ,ct 01 face" 
4 cval uate the lIludd by USillg it to Io<:"te Inc"<-' lalllhna,'k, 
5 ",-'k~t l ir e v~ lue 01 the' PUrl\ rl oc'ter t lr l\t ~i\'(Jj lir e 1)('>1 ' "u,<kl 
G I.c'>llhe' li Tl al IHodd by w inK il 10 IO"a le' fae, ' lar ld n,a rh 

mnd ,,1 ~"I ",,1. inn wh idl e'sUmai.t'" I.h " p.-' rl".,'m".I "''-' 01' n ill" ',-,'nl mnnds in 0,01" , to d. "'"" 
OIH' (sit'>", ~-!) "I"'y~) 

2, model a ssessm en t ",h id, C,tiHL~t"" t he fill,, 1 m"dcl'8 Iwrfurrn"ncc on new data (~Iep 
6 ab"vc), 

F(),. both ()f the"" pH",<,S"-'> we nocd data im\qJC'Yl<km 01 the' trl\inillg; ",-'t. \\,,, "''' I ,t t () n,,"~'utc' 

II ", g""~ml-i""I.i(m, al' ili l}' of lir e 'H oo,,!. nne il, al'ili ly 011 I.h" >C'C il w,," I ,-o iw<i on. All,' 
"1",UsU<:n l mn.-I,'I c"" pl " """ both "y" I", ,, olic s l['["t,m' ".1 ,,1 "", ,,I ,,m v~ ,-i"l.ion ill the training 
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4.2 "LI,"VH1H!", the data 

1. a ~"""b set for 3 

2. a validation set for 

3. a test set for 6 

The set should be the 
the model. The validation 

results to be 

now look at two (of the 
face data . 

. 1 

started 
searches. 

divided them into into three 
, and a test set (50 

idea at the time was to limit 
restrictive. 

a 

28 

UICJ.LlHC;:' nearly all characteristics 
for variance of the 

on the 
amount of data noise. In it 

ways 

to clean faces; 

sets. 

raw cross 

sets from 

, a validation set (50 
set (Table 4.2). 

it was realized that this was 

with this approach is there is duplication between the training and test sets. 
(The same is true validation set.) Although the same images do not appear in 

there are some images in both sets of under identical 
conditions. amounts to replication of data. the test set therefore does 
not test the generalization of classifier. 

are 
the random nature of the set than 

and test sets 
say more 

between one model and another. 
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4.3 .... "rrUT<l 

3 

a 

29 

a long series refinements 
on the validation 

We minimize this overfitting 
Most of the tests in this document 

occasionally 

from the 

is not 
The 

is written in C++ Microsoft C 6.0. It uses the 
[33], with an class to allow easy manipulation of matrices. R 

language [65] was used for 

2. 

a start 

uses a committee of 
to the face 

aligned 
project uses 

accumulates the results many 
uses 
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SCALE H::':'OR 

}11'_""1"HhlJR" 
nnF<;ClRJ!"GS 
Mn; H~F " .. IDTII 

u , 
o 
I=S0Width!4 (roduco nu~bor 01 t~l"o ?oolti'Qo) 
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4.5 me17 measure 

me17 15,18,21,24,27,29,31,32,34,36,46,47,48,51,54,57,67 
Face O ... 67 
Jaw O .. 14 
Nose 37 ... 47, 67 
Mouth 48 ... 66 

27 ... 36 
27 ... 31 
32 ... 36 

Table 4.3: used in me17 
landmarks are ·WII'TrI.{;'P'rI-fl. 

5 7 measure 

31 

A.l 

are in terms of me17 measure. Following 
the me17 is calculated as follows: 

1. 

2. by the 
eye distance is calculated from the rQtL.r,~nr'Q 
search). 

3. is more one mean me17 over 

in 
The measure is to some extent (it ignores 
more weight to with close set eyes, for example), 

model me17 is a it 
chooses the maximum likelihood model if the errors are independent and identically normally 
distri bu ted. 

Another 'HYr.".", 

All results in this document are the me17 measure, 
otherwise stated. On U'-""A;tCllUJ.l, more Uv'VUL'v,", v,A'A>U'I-"v would 
be on the eyes 
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4.6 32 

Parameters are paraml, param2 

Model AR Biold XM2VTS Time 
Ref 0.0 0.0 0.0 0 
17,1 4.1 -2.0 -1.7 1 
17,2 -2.5 -5.5 -5.2 2 
17,3 -4.0 -7.0 -5.3 1 <chosen, lowest AR 
17,4 -2.4 -8.6 -2.0 -3 

model. 

6 

,..,,..,oc,,n1"nrt in the shown in 4.4. 

_ .. III case 

table, and 
mascmconf . cpp. 

17, 1 means that 

three datasets we will 
not 

All its entries are zero. 

to 

it is a relative measure, 

An Time column measures search time to time taken the rDtDr"nC'D 

model, in percent. This measures time once the global face detector has found the face 
i.e. the time does not include the time taken to find the face. Once this is a relative 
measure, so times the reference time are negative. 

<chosen note, often a comment, SP(~Cll[leS model was vH'J"'''.H 

7 

plot an J....u.uf>'u'v<u 

) . a vector of mel7 error measurements errs, 
code [65]) to an IS 
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c 
Q 
a 
& 
e 
n 

ECDF 
a 
~ 

00 
0 

a 
0 

" a 

N 
o 

~ - b 
C 

~ +-",--r-, 
003 005 

me17 

007 0.09 

Fi!';11re 4,1: Gm/)h .. for comJ>af'in,q modd.'. 

< 00 

• 0 
0 

" cO 0 , 
2 • • g 
~ 0 

e a • g 
c 0 
0 
0 
~ " , a 
~ 

0 

• cO , , 

RECDF 

~ - b 
- C 

I~" ! ,,'d, " . .. ,I\.,f 
~ ~I" b .""" }" 

, , , , 
CC CC CA " ce 1C 

proportion 

Lcft clI,,,,J/a/wc ai .. trib"tiom of the fit fur hypothetical model .. • 1, E, a,w. C, 

Right Ih" ,dafit'( cmrw/afjc'f ,ji,iT'ib"Uons JOT' Ih" """~ Ihl~c ,fludd" 

x <- onrc("eo) 

y <- (l'leng~h(eo:n)) I :ngth( e E ' ) 
pltll(x, yl 

t lO::lUh o: eturL" the LUIlber of ot el e"e::l~" 

T h" C()<It" i, ""I*~I"d for "",, 'h ,n()<I .. I IO giw" ~ gr"plo li k~ 110"1 nn Ih ~ l~fI ~idp of Figur~ 'I I 
]'he (I'Ji('ker I.h~ S ~Ilr,e ~I."rl ' " " d 11o ~ f~,' 1 ~r it. r ~,wh"" I he tnp. t.h~ [wlt.er t.h~ model. rh~ 

hnri,onl.,,1 gJ',,_, Ii ne ' [lCJW~ t h~ roodifl n \",1",,,,. [n the eXfJJuplp graph. I he p:rob"bilit.~( of gL1.t,ing 
fl.n mel7 of SflY 0.1 ),', OT less i" "hom O. 12, Overplotting llliI.y 'Mh it h,m1 tn compare ,imihT 
mod~l, in ECU I' plots, 

Hpl"tiw bupiTir"i Cnmnlative Ui~tribmion Fn nction (fl EC' UF, ;'""k diff") pl"t, fo('m Dll the 
rdntiv~ PC'lf'OTl 'O<1nc"" 01 th~ 1 , "--'<ld~ and rc'<iu~l' overplot ling. Sc" t!Je right >ill(' of Figun' 4_ 1_ 
TT('n' we plot qua [J tik~ rdulil'" to a r"f'( 'r""~,, n\{)l!<'1 iT, thi:, ~'''''' 'nodd A C;"'("" ,-('('lor, or 
,n(""llr( "[I('[I" r "CGrr s a nd GIT e" Ii", ('IMiI' l o plol" npCDF" 

aooort Cgr_f.~h (rM _on'o) - - ~gr_y,th (or~o) ) 

x (- (l: length( eo:n)) I leng~h( e '·n) 

y <- ollrc(ce( e,·'·o ) - o,,,·o(en,,) 

pl ot(x, y) 

Tlw cod~ i, 11'[X'fJn'<i for ~'j('h modpll'xn']lt the r~i~r~ncl' model. The gTaph for the refer~nc~ 
lllodel is lllerdy it horizontal IiI'" (bind, in Ihp figw-e), The wrtiral !,;rn,'linc ,!Jow, tI"--'lJjedian 
,"h"" T he higher a n"--'<lel's L'U1Y", til" bIH('r II", nlOd"L 
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4.8 

words, Band 
performance is 
value, model C would 

selection 34 

similar and, 
them. 

into account measurement 

case 
median 

are very 
between 

are a reinvention. They are 
distribution is drawn as a horizontal 

,"",-'HHI-"'" [44] section 4.6). They are related to mean-

or [5]). 

8 

Generally, for each 
on validation set. 

If models are similar 

in a 

two models to be ( [9] section 2.2 

come into play, like ~~~"I-'~ 

mean me17 
of a basin of low 

and execution 

into account the variance of the 
The standard formal approach is 
which may throwaway 
approach increases 
does not the 

context. If other are changed 
are optimizing a model many 

in many dimensions. It is not to find the 
in this is to move forward in a sequence of 

a new at each step 
U,""-'''_HO directions constrained to the axes of 

we can hope for is our model building exercise finds a 
to be This is not to argue that is a bad be aware 

its limitations. 

In to sort the 
order to build a good 

parameter 

In the next 
and document a 
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4.9 

9 

The to remember are: 

1. 

2. 

3. 

train on 

pn::!sentE~d as me17s 
""'I"'nn.n 4.6). 

no 

35 

evaluate on AR and test on the set 

times to a r",r"'r~>n 

set 
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A 
nine hundred and ninety-nine retreat: 

that is progress. 

in sections 4.6 and 4.7. It is important to rel:neml)er 
times relative to a model, expressed as a perc{;m:,age 

5.1 

in search time because 
we that time increases 

most extensions to search time is worse 
[31, 

All models up to section 5.6 in this '-'He"",,"'G]' are built 68 we 
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0_ 1 "" ",h~r of ]a '" Irrrmh 

loess fit 
ql"~rdtl: f,' 

---,---
'" '" " 

Fig"''' :;,1 Nmnlvr of landmark.<. 

.'li 

,,-ill train ~nd ill- 'nodeb ".-,U, fi8 poirrh hut ""~ jU"t the ",heet of "eYentcu, mdj points for 
lTaluation. Ito "ocl-ion ,,,ji W~ ",ld """ ... I"rr,hrr"rl<o, 'UI<1 tl",""alt~r u"'" an ~-1 point m<H.ld. 

!i.1. 1 D etails 

";"'-'ir poi", 0" th~ gl-aph w,,, gCllCl"jc,\ from a da,,"iut.llU AS/,,1. hnill. b,I' r~nd(l'nl'y rho""i"g 
I.hp givpn ,,'''rr h,·r or la,,, Irrrurh r wm th~ till ayaibbk in the X:-,IlV'l'S sel. rhis wa., l1'p"Ated 
III limp, for e""ir ,-al"" (If nL"nd.",rks, t(l g-;ve i() point" for ca."h ''lllup of nLandnark~, 
For" given nlltnb", (If 1'''Ki",,,,-b. (·(·rt,~" l",~l",,,)'k set" aw bett.er t.han others, causing 
"catlpr ",nong thp IIIlx,ito'-'. TIw d"r'-~a. .... it! "e"tt~r a" th~ number (If l,,"dmarh incrcR"'" is 
explOCtcd bocnmle thp lDt~1ll1Jml.""· of ok,,'-"~t,iorr' j""- );'-"I'h paint illl,),C"'~'" "" tlw llHm]",) 
or lamlmarh illCr~aSf'.';. 
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5.1 Number of <o,<.'U1.Jl""1. 

was as 

TrainSet = a random selection of 1200 clean faces in the XM2VTS set 
TestSet = clean faces in the XM2VTS set (72 
for nLandmarks = 3 to 68 

repeat 10 times 
LandmarkSet = select nLandmarks landmarks in TrainSet 
train on LandmarkSet 
measure mean fit on TestSet --- result is one on the 

38 
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5.2 

Model 

AlignToRefShape 
Face 
FaceAndEyes 

AR XM2VTS 

0.0 
4.3 
0.7 

-0.7 

0.0 
7.0 
7.4 
5.8 <chosen 

Method used to IW'fl.!"'",,,,,,, the start 
are relative me17 s as 

39 

(section 4.6). 

5.2 

face detector to locate the 
and size of the face. position and size to 
and 
(section 

to detector 

The quality the start 
completely from a bad start 

It is is UHH""'q that an search will recover 

of the start are considered: 

1. Align the mean to the reference land-

provides a r"<"",,on 

2. Face Scale and align the mean 
tor. 

to position by the face detec-

3. and the mean to the face eye 

4. Start off as above to generate an initial 
Then generate another start shape, by mean 

shape to the eye by the detector the overall face 
found by the face . If the inter-eye distance in StartShapeEyes is very 
from StartShape, blend the eyes in Use the 
resulting as start See 

net effect is to use eye positions to correct start ''''''''''''''''J 

shows that the best results are obtained from 
for the model is an anomaly IS 

a supposedly IS 

presumably due to statistical variation. 
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""col .. ..... ~ 
oWI..,clI<:a1 "e , , .. 
~I ,<to hO. ,,_,,_ .. -p;<d l~ , • , • 
• i, '.~ ,~ . bi ._ ;r.~", " .. , • 
• i~tI. ,~ . ".",o"t-p'X. ' '" ,. ,,' 
~ I"H. '00. b ~. lr_"or " 

, , , 
Wi ". r , ~. r." "r_"' - p'x~l U , 
• irl ·.~ l ~O . ,,: ~:~""' , , 

" " <r.~O".' , l o~",," !, P. 

• ,"Ch 200. ~.A<." t-pi .. 1 L ,. " ~~<I.~ :>(10. Mli,"" " , , 
",,~, , = . n",,"l pu~ " 

, , 
~ ,dlb =. bili~ •• , '" 

, , 
• .dlb 240. ~ .... r .. "-p"~ _ • , " ~ ,n' • , '0. b'I'n.~T " " 

Thhl!- ' ,,2: S",IIN lilN' 1CIdll', I J) 1''''J.u.._ 
fhre tee I""e<r...k all I."...'. to 1M qi, ..... u;i4/1. I,. Iv"" W"""'Y (lwl 3('d.rd>",y {UlXpt 101' ,\ ,I/(IJ('_ 

S"'/"'1j 

" 
" • Biola • 

• XM.:VTS 

" 
• • AR 

~ " • • • 
" • " " " ~ " , -! , 

" • 
N • • 
" " ," 050 '00 '"' 

face wo:lth (pll<ela) 

Fill:" .... ~_1: Fut:e ""dIll, w:!h ''Cyrc.&!t'" fllles. IU projii.>.,. 
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5.3 

on the previous page shows me17 
fit as 

5 

section 
(lD) profiles. 

1 

1. 

2. 

matching, we 
section we look at two 

on next page 

we sample 
the 

measurements. 

41 

at I-nCL"'<O!H'O.lH,., of --nPixSearch 
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5.4 Models with 42 

Parameters are nProfWidth, nPixSearch 

Model AR XM2VTS 
Ref 0.0 0.0 

9,1 8.6 3.2 
9,2 4.9 1.8 
9,3 4.2 2.5 
9,4 8.7 2.9 
9,5 16.2 9.5 
9,6 16.2 11.1 
9,7 27.1 17.5 

11,1 4.9 1.2 
11,2 0.0 -0.2 
11,3 1.4 -0.8 
11 ,4 1.2 3.1 
11,5 5.2 5.0 
11,6 14.5 7.7 
11,7 15.1 13.9 

13,1 4.3 -0.5 
13,2 -1.3 -3.3 
13,3 -0.2 -2.3 
13,4 0.1 -0.1 
13,5 4.9 0.9 
13,6 14.5 4 2 
13,7 18.5 6.6 

15,1 4.2 -1.7 
15,2 -2.0 -4.6 
15,3 -0.8 -4.2 
15,4 0.1 -2.2 
15,5 4.7 0.4 
15,6 10.7 2.5 
15,7 32.9 3.6 

17 ,1 4.1 -1.7 
17,2 -2.5 -5.2 
17,3 -4.0 -5.3 <chosen, lowest AR 
17,4 -2.4 -2.0 
17,5 3.3 0.5 
17,6 11.7 0.5 
17,7 52.7 1.5 

19,1 1.2 -3.3 
19,2 -3.0 -5.5 
19,3 -2.4 -5.4 
19,4 -1. 6 -3.1 
19,5 3.4 -2.1 
19,6 8.9 -0.4 
19,7 45.8 0.0 

5.3: 
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5.4 ."-'"'\.<<:;.10 

1. 

2. 

5.4 on 

at 
convergence and 

LUO'pH"''-''''lH'~lll'O are or to 
[19] section 7.3 proposes a 

nPixSearch. 
piCLcemEmt is always O. 

can 
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5.4 ",",-,.'uc;.., 44 

Parameters are nMaxSearchIters, 

Model AR XM2VTS 
Ref 0.0 0.0 

2,75 2.3 3.5 
2,80 2.3 2.6 
2,85 2.4 1.9 
2,90 2.2 1.8 
2,95 2.3 1.5 

3,75 -0.9 0.5 
3,80 -1.6 0.9 
3,85 -1.0 0.8 
3,90 -1.3 0.5 
3,95 -1.5 -0.1 

4,75 -2.3 0.2 
4,80 -2.4 0.5 <chosen, lowest AR 
4,85 -1.7 0.0 
4,90 -1.7 -1.0 
4,95 -1.7 -0.8 

5,75 0.0 -1.1 

5,80 -0.4 -0.7 
5,85 -1.1 -1.0 
5,90 -0.3 -1.5 
5,95 -0.6 -1.4 

6,75 -0.5 0.1 
6,80 -0.6 -0.1 
6,85 -0.3 -0.2 
6,90 -0.8 -1.0 
6,95 -0.4 -0.6 

7,75 -0.5 -0.3 
7,80 0.3 -0.9 
7,85 0.8 0.0 
7,90 0.3 0.2 
7,95 0.1 -0.2 

5.4: 
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5.4 45 

u,-"",-,,,·,,, only 
It was 

on the next page shows some 
to bi of b 

at a finer resolution. 
dataset. 
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o 

;g 
o 

8 o 

mei7 fit 

o fit after ASM search 
..-
c:i 

00 o 
c:i 

- - - - -~--~-~~Z:Z-=-=---~--
- - --- --- -----

C\I o 
c:i 

8 
c:i 

me17 Iii (ellipsoid) 

fit after ASM search 

1.4 1.8 

bMax 

Ref Shape conformed to shape model 

,._----'""---_ .. 

, , 
"-If -

, , 

2 

"136 

1.4 2 2.5 3 3.5 6 10 20 

(b) bMax (using "ellipsoid" method) 

- - - - - - - - - - - - -10 

- - - - - - - - - - -20 

-- - -50 

'136 

2.5 3 3.5 6 100 

"hard limit" 

left eye fit 

o 

o 

is 
ci 

bMax, 

1.4 1.8 2 2.5 3 3.5 6 100 

(e) bMax (using "hard limit" method) 

46 
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5.4 47 

Parameters are nEigs, bMax 

Model AR XM2VTS 
Ref 0.0 0.0 

12,1.0 0.0 0.0 
12,1.2 -3.5 -3.5 
12,1.4 -6.9 -1.6 
12,1.6 -6.5 -4.9 
12,1.8 -6.8 -2.2 
12,2.0 -6.1 -3.0 
12,2.2 -7.8 -2.5 
12,2.6 -3.9 -1.5 
12,3.0 -5.9 -0.9 
12,5.0 0.3 0.9 

14,1.0 0.5 -1.2 
14,1.2 -4.2 -2.9 
14,1.4 -4.3 -3.4 
14,1.6 -5.2 -6.4 
14,1.8 -7.0 -4.9 
14,2.0 -7.7 -2.9 
14,2.2 -7.0 -3.1 
14,2.6 -6.2 -3.6 
14,3.0 -3.9 -1.4 
14,5.0 2.4 -0.6 

18,1.0 -1.6 -2.1 
18,1.2 -4.2 -4.4 
18,1.4 -5.5 -4.9 
18,1.6 -7.9 -4.4 
18,1.8 -6.8 -4.5 
18,2.0 -6.4 -4.0 
18,2.2 -6.0 -3.4 
18,2.6 -7.1 -1.7 
18,3.0 -3.6 1.1 
18,5.0 5.4 2.5 

20,1.0 -1.6 -2.4 
20,1.2 -3.9 -4.7 
20,1.4 -6.4 -6.9 
20,1.6 -6.5 -4.7 
20,1.8 -9.0 -5.1 <chosen, lowest AR 
20,2.0 -8.0 -4.8 
20,2.2 -6.8 -3.3 
20,2.6 -6.6 -2.2 
20,3.0 -3.0 0.0 

22,1.0 -3.1 -2.8 
22,1.2 -6.1 -5.5 
22,1.4 -6.9 -6.9 
22,1.6 -8.9 -4.8 
22,1.8 -8.6 -3.8 
22,2.0 -9.0 -3.1 
22,2.2 -7.5 -3.7 
22,2.6 -5.1 -1.5 
22,3.0 -3.1 0.4 

5.5: 
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5.4 HlUIJC;m 48 

Parameters are (rhs face stretch) 

File Model me17 
Ref 0.75,1.08 0.0 
AR 0,0 2.1 
XM2VTS 0,0 1.6 

improved noise to the training 

input shapes during im-

1. a random amount. in the 

2. 

Table 5.6 noise, versus a by adding 

5 

the other teJ:mm::ttlng a search at a less than the 
worse 

File Model Face me 17 Jaw Nose Mouth 

AR nPyramidLevels=4 0.0 0.0 0.0 0.0 0.0 0.0 
AR nPyramidLevels=3 1.3 -0.3 14.5 -0.6 8.4 1.5 

XM2VTS nPyramidLevels=4 0.0 0.0 0.0 0.0 0.0 0.0 
XM2VTS nPyramidLevels=3 2.2 2.1 2.6 1.2 2.1 -1.1 

5.7: lD 
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5.4 Models 

Model AR XM2VTS Time 
Reference 0.0 0.0 0.0 
Bilinear -2.4 -0.7 17.7 
NearestPix -2.6 -0.8 1.4 

Method used to scale the 
This is the first table in this chapter with a 
model (see section 4.6). 

49 

lD 
column. are relative to the 

results 
results almost 

version of the it. Table 5.9 below 

Model 

2 

3 

5.9: 

AR 
7.1 

12.8 
0.0 

12.1 

of 2 is best, probably because the 
texture. by 3 

XM2VTS 
-3.6 
-1. 8 
0.0 <chosen, lowest AR 
1.1 
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Figll'" 5. j WI"""," r ,} i,~f'lIII".' 10,. ""n r AJI·J VI'S lo",(mark.<. 
n" '''/ ·,r/" .'/.n., "n'/1Om the d,,-'.'imi "18M , Th" IX'" blue ,,1,;,hr "".' '-'I,lif'iJi,! ."{"r'ljin/ 

'1"'''';0''.'" and ;'1w,./ " It,,,d,,,,,,h, 

" line ondaarkO rdor ing 0 0 0 0 , , 0 .0 0 0 0.0 

" U.~_~pl' cC t~p<'C -, , -, , -~,3 0 , , 0 0 , 
Xl-Il'oe::s u.. c ondo.,r'<Or 1orir., 0 0 0 0 0 0 0 0 0 0 0 0 

,"10':" '," .~'plic' t~p.G , , 0 0 , , 0 ., -, " 
, . 0 

T"hl" 5 1U: 117",,'(-'·,. (jin'rl./m,.'·, iD l'mji/(.<. 
Til,., ('O"'lm1'r.' ,', .,,,JI,, ,",,,,,,q 1I'M,krr' di" dio"., ric/eTrn;nrd by onlu,n!! "f lilll-illll'ltk" (i ., _ r'i".' 
,,,,,,,1.1SM), 1.''''''',"" In,!!ts '~,ing "rpli,it/y >p,'cifitrill'io"h,,' di,tN/w,.' 

5 A.S \\"hiskcr directions 

In lh, clab,i""l ;\sr.r. Ill<' di n x'lio" " I "whi ,k"r io d ~l prmi ned by d , r order in which thc 
landmarks arl' lIumh,,·,·d_ T h j, i, h, "'a,,'" 1 1i ~ ",1" .Ju>,' din'dion i" "~'~rmiIlc" hy 1 he I-"",i I ior, 
of pn"-iulI~ m,d ,,~xl h ,d ,,, ,u'b , ~L<lj\'e [,II Ih p cum'm I",,"mork Thi, is ratlH'r ".-bilmn 

COTl ,idc.- \n"<iTtl,,.-k -1C' ill F j"' LJ "~ ' ._4_ whid, ,how, ""l",,[,(vl XM~\,TS lamlmarh. TI~, p,-P"'O"o 

IU1,dTtlark io -17, ",10,,1, j, II ,~ ri:>;hl "ostril. Th" n('xt landmark ib 1!.1 wi,id, i, '''' Ih~ "ppM lip, 
( '(jlL1I'" r~ Lh(, odd directi on of th" resnlt i,,; whisk", (,hOWl, iI , ,.e;IJ I,. 1,1 ,,,1 01" [I «' "hi,hr on 

I.h" ":>mm''l-ri~"llan''llliJ[k ~d. 

1 I , ,,.~,,rl or ,,,i nl( t I", orderi,,; uf P""'i011, ami next ]""d"",rl;, I 0 d,'1 prmi ''', wirbkPr di"l'ni"n. 
we ("m l'xpli('itly "pl'cify i}T(' hl, d 11 ",rh I" I., " 0"1. 111 l' i,,;nr" ,,_4, ", llS~ landmarb ;i!.l ,md 
1!.1 for t,ir i, pnrpo"'. "~rod d ., H', ,,lI iTlg; wlo i, kp,' j, ,how" i" pA,~, bhM 

r"bk ;i.IO .;how" ""nw r,,"uit"_ TI", "1'(m<l1 ,·",,,1 1. , I"or [.1", AB, ",'I are ,li;htlv hetter whell \\-" 
explici t ly ti H· - pH'" io ,,;" ""d "" ""," I""rl ,,,,,,·k.<, 

Note th"t nonc or thi, ap plic'l< to 21) pro li !e, ",hid, ",~ "o1 ,."1,,,1l'<1 for ali;"'''l',,1 to II", ,h"p" 

'·~1g;l'", 
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i 
" < 

~ 
• 0 , 

, 
!! 

1 

tost set, 
le.t"" clc." 

(a) trail1inQ ",I lJl)(lOW",," \IS all 

i~----,---,---, 
)1. , , jest 001 cie,", 

test ""j 00"" 

ioi ~OIir;ng.et: inc, ,"" ~",oroc """90 .... not 

'~------r-------n 

" test ",t cloM 

h , 

, 
l 

~'" 
12'" C.""n 

~.,"" 
, ~ jest",! 

e<'c< on 
t'a,,"" ,el 

Figure ".!';' Fit for 1JarimL.' tmh1;11q mld tf_<1 8Pi8, 11) profile< 
Except wi,ere murkcd !lOt miT'romd, lil( tfYlill;11,q _'018 ;Y!cl"d~ mimm.,d ';ma,qc8. Unobscurcd 
"!Caw lila) 11u.' jaC( ;,< U11ob"eU1d tv!! tile cd!)( o/tlle imag~ or by II", ""byd' .• h,md). Clca!l 
fact> 11<"'0 11<) face al/r,btdf' Into sci (Table 4.")' 

5.1.9 Fa('(; allrihnl"s m U", t.raiuillg s,'l 

Looking at thp Table of fA(,P attributes ('I'Ahlp 4.2) on P"g~ 2(i, it j, nalnra! to 8.9k " few 
qUest,lOlIS. j'M examplp, i, it hettRr to \.rain on ali imilgee, or jllst 011 "p;ood" im"l\es? And 

""'lUning we W'LTlt to ",-'arch for f"'"huc'b (mly OlJ fa,%", without g)'h"-'~, io it lJl'ttCl' to lraiTl 
OlJ ali f",e~" or ja"1 OlJ a oab.!e!',' Th"rc ,nc mUll)" p=ibilitic~. Fig,urc ii,f, ,how~ OOTTl" of Iii" 
tn(m' iul<)]'.,.l.i,,1', ()Ue,'. 

The color [If I.he ~urves indiratp., t.hp!.eM oot, rhe a.llnotation on the right [If pj\~h ~mve is 

t.he tminin?; oot, Thc horiwntal axis is the nnmher of tminin.o; illlil~C", The all bbd mC<tTlS 
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size varies training set. 
marked not mirrored (section 4.1.2). 

In the unobscured means that the [ace is unobscured i.e. the Obscured attribute bit 
Clean faces have no attribute bits set. 

Using as an we see if one landmarks only 
(black it is to train the only on clean If one 

wishes to landmarks on on all images (blue it is to train on images. 
Finally, the best results for clean (solid are better than the results for 
faces (dashed blue). 

All graphs show a 
images increases. 
could increase or 
increases, we are 
(see for 

tendency for the test error to 
is true at least up to about 2000 

the cases where error increases as 
the 

2. 

are 

1. as a f..-o,r"'H'., rule, the results depend more on the test set than 

2. for landmark location on a test set "o.lllIJIC:U 

training set is a set of 2000 images sampled 
images (subfigure 
that as does 

set 

the best 
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!),!) "Iod~ls Wilh 2D profil,," 53 

Fi)('1I\' .J.G L~JI ,;(1"" In pmjil",. R ill!.l. ,;ome 2D proF/e_'. 
Yr!lo,,; .'''011',' lite ,,,.o[de., (wr.h 2n I""ji/, '.' the (um ",."de u ydlol1' /K1Xj, Re,l ,how" lite 
c",,,,nl .. hap<; ",odr/. 

5.& ::\-Ioueb with 2D profiles 

Thi" ",xtioll Ulore-or-lc", repears t he' emire previous SO'!.io", but, for AS.'Ifs th"t ,,"" two­
instead of OlI<,-dilllClisionru profile,,;, 

c,. !'i. 1 

Th~ da." ic,,1 A S\J Ll"''' Il. o .. .-,-d i n..,,,~i o llid 1"'oItJ~ at eadl I~nurnark ",-ow we are illt ere"' ,~i in 
u:;.ill)( tw(;-di" I~",io"al pmfi I",. 1",1.<'",1 of ,a""pl i II); ", "'",-di m"rlsie)t\,,1 line r;.r pi xci, "Ie",)!; t.l", 
whi,ker, we sample a :;quare or circular regio" mOHI"l the landmark (Figure 5.G). Jut-uitivdy, 
a 2D profile ,.,-ca captures ",nrc information around t hc la"dmark a"d thi" i"formation, if 
"",,<I wiAAI}'. ,holLld gh-e lx,tler ""ults. 

DlLdn" ":card! wt' <lispla~e the sampling rcgion in both the' "x" and "y" dir'diOl'~, whe,"" " is 
orl h"f\<) ,,~ 1 to th~ "ha pe t'(\j(e at the ia"<lUl,,rk ""d y is tanl>eut to the "hap" (xige, 

1" thi~ pro.l<-'d, 2D jJrofile" ,I-(\y alig,..,d to t he edg~" of the image, l" "like I D profile:;, we do not 
rotal" t h ~ I>r"li It ", t() alig" "cit h t hc' , hap" ll~,dd whi,ker (""",t.ion 5.4.8). Without [('orientation 
W~ lll ilst r~l:',' on tlw r~c~ h"i ,, )( Il.P1m.lxir",,!.t'ly IIp,·il\ht hut <I() "mid illkq )()la!. i"" "oi,~. 

T he ("(l\'a,·ill."c~ mat.rix "r a ""I of 2D I'rolil", (oNiion 2 .... 2) is form:.~i by t,,'atillg each 2D 
l'wtlle """1'i" "-, a I"" K "".'t ... ,· (by "pp""di"g t1". row~ <'[H1 t·o elld). awi ("aicu];ll.i,,!,: !.h" 
<:ovarian"" of the \"<'<"1-ors. 

\\'~ slnrt, otf OUl· i"YPoli)(Il.Lioll wilh p'·o li le" whl<-h ar" t h" ,igUloid 01 !.l~, "orm"iiwu Krmii~nt 
Illa[\l,itnde, ,,-jth a tial wi",l"w, rile,,' u',·"" will be <'-<pl"in"d in ,,, ·t;o" ".8 whN~ olhAr 
profile type", are <:onhidemd. 
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5.5 

File Model me17 Time 

AR lD 0.0 0.0 
AR 2D -4.4 272 

XM2VTS lD 0.0 0.0 
XM2VTS 2D -3.3 293 

Using but is about 3 times 

5 

5. 

versus 

see that we are not up wrong 
5.11 that the rne17s are 

to a common 
width for the lowest 

Model AR XM2VTS 
Reference 0.0 0.0 
width 140, nearest-pixel 1.3 0.7 
width 140, bilinear -1. 5 1.6 
width 160, nearest-pixel 3.3 -0.9 
width 160, bilinear 1.6 -0.2 
width 180, nearest-pixel -0.9 -0.4 
width 180, bilinear -3.0 -1.9 <chosen, see 
width 200, nearest-pixel -4.0 -1.8 <lowest AR 
width 200, bilinear -2.4 -1. 7 
width 220, nearest-pixel -1. 9 -0.5 
width 220, bilinear -1. 8 -1.8 
width 240, nearest-pixel -0.9 -1.1 

width 240, bilinear -0.3 -1.5 
width 250, nearest-pixel 1.8 -1. 2 
width 250, bilinear 2.2 -1.8 

5.12: Scaled face width, 

text 

we prescale all faces to the given width before using them. 

54 

5.12 

we continue 
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can at expense 
much more time. This is a fairly 

in section 5.10 we will revisit 

The displacements on 
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Parameters are nProfWidth, nPixSearch 

Model AR XM2VTS Time 
Ref 0.0 0.0 0 

9,1 -7.4 4.8 -58 
9,2 -7.3 3.3 -49 
9,3 6.5 5.7 -25 
9,4 16.3 7.7 0 
9,5 28.9 10.6 37 
9,6 76.8 6.9 78 
9,7 337.0 9.7 130 

11,1 -10.1 3.9 -52 
11,2 -10.9 0.6 -33 <chosen, because a low AR and good time 
11,3 4.0 5.4 7 
11,4 10.2 7.9 54 
11,5 24.4 5.6 119 
11,6 70.2 4.5 193 
11,7 382.2 8.3 285 

13,1 -10.7 3.4 -41 
13,2 -11.2 -0.2 -5 <also considered but not chosen 
13,3 1.9 3.4 60 because too slow 
13,4 7.9 4.9 141 
13,5 17.7 6.4 250 
13,6 63.0 3.8 374 
13,7 351.1 5.7 524 

15,1 -11.7 4.1 -26 
15,2 -12.7 -0.6 35 <lowest AR, this 1.81. better but 
15,3 -0.3 3.6 139 much slower than the chosen params 
15,4 5.9 4.8 270 
15,5 15.8 7.2 442 
15,6 60.6 1.7 643 
15,7 415.7 3.5 881 

17,1 -11.3 2.8 -4 
17,2 -11.8 -0.6 93 
17,3 1.2 3.4 251 
17 ,4 7.8 5.3 455 
17,5 15.2 5.9 716 
17,6 57.1 0.4 1026 

19,1 -10.8 1.9 27 
19,2 -12.1 -0.9 179 
19,3 -0.8 3.9 418 
19,4 6.0 4.5 728 
19,5 15.3 5.2 1126 

5.13: 
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Parameters are nMaxSearchlters, 

Model AR XM2VTS Time 
2,75 3.1 0.3 -37 
2,80 3.5 -0.5 -36 
2,85 3.0 -0.2 -36 
2,90 2.4 -0.8 -35 
2,95 2.3 -0.6 -35 

3,75 0.5 -0.2 -19 
3,80 -0.3 -0.1 -17 
3,85 0.0 -0.4 -15 
3,90 -0.2 -0.2 -14 
3,95 -0.7 -0.2 -13 

4,75 0.0 0.0 0 <ref 
4,80 -0.6 -0.2 2 
4,85 -0.3 -0.5 4 
4,90 -1.1 -0.9 8 <chosen, lowest AR, time ok 
4,95 -0.6 -0.4 9 

5,75 0.9 -0.3 15 
5,80 0.0 0.3 20 
5,85 0.3 0.6 24 
5,90 0.9 -0.3 28 
5,95 0.0 0.2 31 

6,75 0.8 -0.2 32 
6,80 -1.1 0.1 39 <also AR, but slower 
6,85 0.1 1.0 43 
6,90 1.2 -0.2 50 
6,95 0.6 -0.3 54 

7,75 0.7 0.2 48 
7,80 -0.5 0.1 56 
7,85 0.1 0.2 63 
7,90 0.6 -0.4 70 
7,95 0.2 -0.7 75 
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Model AR XM2VTS Time 

Lev=O -0.1 -1.1 22 
Lev=O AND AllExceptMouth 0.0 0.0 0 <ref 
Lev=O AND 0.2 -0.2 -43 
Lev=O AND Internal -1.6 -1.9 2 
Lev=O AND -1.1 -0.9 -17 
Lev=O AND Not Internal 7.5 3.8 -37 

Lev<=l 0.8 -1.4 96 
Lev<=l AND -1. 7 0.6 54 
Lev<=l AND -3.4 -3.0 -33 
Lev<=l AND Internal -1.7 -1.7 61 
Lev<=l AND -4.1 -1.4 20 <chosen, lowest AR 

AllLevs 5.2 -2.9 194 
AllLevs 3.1 0.6 124 
AllLevs -0.7 1.6 63 
AllLevs AllInternal 1.7 -4.4 130 
AllLevs AIINotlnternal 14.9 7.6 4 

(Lev:O AND OR AnyLevEyes 0.1 -2.1 22 
(Lev<=l AND OR AnyLevEyes 1.3 -1.4 69 

5.15: Which profiles 

some remain 5.15 a 

o 

The are using the me17 to the results. 
me17 uses only the interior UUJLU>JlUU at the 
expense at 

Also of interest are times - are 
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Parameters are and bMax f or final level 

Model AR XM2VTS 

20,1.5 0.0 -1 1 
20,1.8 0.0 0.0 <ref 
20,2.0 0.0 0.2 
20,2.6 0.4 1.3 
20,3.0 1.0 1.3 
20,5.0 1.2 1.1 

24,1.5 -1.1 -0.8 
24,1.8 -1.4 -0.2 
24,2.0 -1.4 0.2 
24,2.6 -0.7 1.0 
24,3.0 -0.7 0.9 
24,5.0 -0.3 1.0 

26,1.5 -1.0 -1.1 
26,1.8 -1.1 -0.3 
26,2.0 -1.7 -0.1 <chosen, lowest AR 
26,2.6 -1.0 0.7 
26,3.0 -0.7 0.5 
26,5.0 -0.1 0.6 

30,1.5 -1.3 -0.6 
30,1.8 -1.3 -0.2 
30,2.0 -1. 5 0.4 
30,2.6 -1.0 1.1 
30,3.0 -0.7 1.1 
30,5.0 -0.2 0.8 

40,1.5 -1.0 -0.3 
40,1.8 -1. 2 0.1 
40,2.0 -0.8 0.7 
40,2.6 0.0 1.3 
40,3.0 0.1 1.2 
40,5.0 0.0 1.0 

5.16: up the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5.5 60 

PyramidRatio Interp AR XM2VTS Time 

2 4 bilinear 0.7 0.2 8 

4 bilinear 10.4 3.9 17 
sqrt2 6 bilinear 5 9 -1. 7 46 

8 bilinear 2.7 -1. 8 42 

sqrt3 4 bilinear 7.4 -0.2 14 
sqrt3 6 bilinear 1.5 1.8 21 

2 4 nearestPix 0.0 0.0 -2 <chosen 

sqrt2 4 nearestPix 10.3 4.1 5 
6 nearestPix 6.6 -1. 1 19 
8 nearestPix -0.9 -1.2 24 

sqrt3 4 nearestPix 6.8 -0.4 5 
6 nearestPix -0.8 -0.2 12 

5.17: ratio, profiles. 
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:i,:i } 1",ld, wit h 2D pro!i'es 
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tost ""t d~a<l 
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_ • -II or,," en 
___________ ~------ r CAn 

12',6 

! 
(e) tro nlf1\; oet, IOclee " nli rro re<1 vs no, 

c'----y---,,--,,-,- n 
-- "st""t e"a n 

~al 
"""rr 

(b) t," ning set c;"a n vs al l 

I'ii\llt'" ,,.7: Fil jor ,'Q,-iam tmiE;ng aEd /cst ,tI~. ;!D pmjiln. 
t:n'pt ,,-,hcrr marl-oj not mirrored, the Imm;nD let., ;n,dud, 'mourn/ Im ,uII", lJ,,()h~1J N'd 

mrAn" that rhc ja'A' ;,' "'cob,'wH"{ (by till cdy, oj the i1llu!l' 0'( ' hy Ih" _"III,}"",,-.. IImul). CI~an 
Ja ,'c.' /IIWC no jace atl,';av./! Int" Id (Tn1lje 4 2)-
t il I"h/iy"," (I,j, Ih" "m'U" for d~an but -,ndud ~ 9 [ ~~ 3 ~~ and beard is nat ~hau'n jm 
, , __ , t "d dean I"",,~,,: It i. I II, ,,,,,no as /hc """'C jnr c[ " ~", 

,~ .i'i.10 ~'a,,(' atlribulcs ill the training set 

I H "ect ion ,- j, l.~ WI ' louk". 1 a I. how 1 n, illiH!,; 'Hil i """Ill" I. i "l> ''', in "'ii"" "itil <iiif, 'r~"t attribn \c" 
aifl'n,,1 \Jl!' fit_ 'low we' r"l_~'''\ 1'\",\ "" "t,i o1l , hn t fot' 2]) pt'onks , CI' ''' h!';llt'c __ ,,7, 

e nning throny:!J the dH;nil~, W" ~all '"11" [1,,1'; "" nl>\lT'l' ,,_7 "" ('" II..,w", tlw. train ing "'l thR1 
I>i \,-" tilE.' h(",1 r"~,,ll s "n All r~r'''' i, tllA ,.·1 " f ck'a" Xt 11VTS in,agcs , bnt ind"di ll~ imal>"" 
w ith Rio.,;, .. ", ""d \w,-,t,k T il,· milTcw,-d imagps ~Iwuld abo be used, This i" thc dott,,1 1,1\1(' 
rnt\'{' in snbrLgllt'e (h), 
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",f, Addill~ hlldlll;,rh to tlw X\L!\"TS ",'t 

Figure "X Left eye ".'iln nCl1' !andmark.. in yti!mJ'. ,a;;"linq !m"[mark,, in nil. 

'" HI2HS n"" 
,cot oct: n~ faCC" 

"1 """",,rl<,,- 6S o. 0 0 0 0 
"b"i.oarto-75 0 0 , , 

" nl.andnrb_% ., , ., 
" 2:' 

Tc',t 'ct ' C1 con f"., 
nLa,,"oark', eo O. 0 0 0 0 
nLa"l""rko~75 ., , 

" nLanc u rh-8' -Cl , ·0 0 ".'; 

!'able 'J , lH: t;,q/().w/ed X.H2 I, 'f'S tmirli1l9 ""I mw'l"""'. 
Clean faces !>at¥' no f"cc attnb"tc bit, "c/ (lable 4 .. 2). 

5.0 Adding l;'lIHi1n,~rb; to t.he X1VT2VTS ~et 

In ~t\.r~1 liI~ mor. l"nriTWtrb 110. 1 ... IIAr (""'1 ion 5.1). PuroLlin)-\ Iili, iTTlI"O\'~TTI.T". l'i)-\hl 
landm~rko \\'~"" mltt...-ll0 II,. I~[I ~"e or C·IA"" ra",.,; i" llw .\'\IZ\,T~ "~I "~,Ioo'l 11 in Figur~ ,",X 
(Left j, with rl':JIK'Ct tn lhe vie,,-pr,) The tolal numlwr of bmimarb b('COlllrH 68" 8 ~ 76, 

i\TaTmally Illnu"'arkin~ image", i, a ll'uion, Ln,inl.'J.>. ",' in,reuu of mmlUally addin~ extra 
laTltjm~rh Lo II~' r:)-\ht eTe, uLlring traiTlin)-\ w~ gl'llcrare S l'ight eye lll"u"'nrh by "ymTTldry 
frnm I h~ l~fI A'~, TilA 101~llIuTTllorr of Ih0TI I""d",ork, hf't:rJTTIA< 68 + 8 .. B - 84 

There are limit, to Ihi, P"''''''"', ~\,All fOl' on A,",cAptinnolly patiAllt human I'llldmflrk~r. bT'<'allSA 
()ll~ tend< to run oul of lo0ml p'hitiollS fo,. landmmk". 

Table ·5.1S bhuw, thut "" we ~dd lundmmb, mel'! tlllids to impf(l\"e, 

Table 5,1~ on tlw next pag" ,hows dd~ik Thl' improv\.'<! fit at thl' eyes ripples aero,,,, to 

(,'''',",' lmprowu litb on ol,her fac'ial fl'atnn", :'-foIl' that thl' ll'ft j,; IIl1,,"h 1wllt'r thall thl' right 
eVA Ii i, for Ih~ 7ti I~Jinl ;;t'lb (which I"m' IlPW bnuTTlarh Oil lh" ~'fI 1"'001lIy) 
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clean faces is 

AR XM2VTS 
Test set: all faces 

model 0.0 0.0 
stacked model -6.1 -14.0 

Test set: clean faces 
single model 0.0 0.0 
stacked model -1.8 -0.1 

5.20: Stacked versus 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5.8 

5.8 

0 0 0 
0 1 0 
0 0 0 

mask_gray 
level) 

000 
o -2 1 
010 

0 1 0 
1 -4 1 
0 1 0 

(4 connected 

000 
o -1 1 
000 

A 2D profile at a in 

weight H><-''''''''<''l''' 

the 

In the convolution we move a 

1 1 1 
1 -8 1 

1 1 1 

(8 connected 

000 
o -1 0 
010 

64 

landmark to in 
most 

3x3 

this sec:tlOill we go 

1. 
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5.8 Profile 

2. 

3. 

measure cornerness. 

corrects 

are appr<)Xlm~trel) 
intensity reduces the 
pronounced. 

In the 
about 10) Le. 

65 

et al. 
Model 

contrast. 

matrix to 

x 

+c 
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· "[~~~~~~~~~~~~~~'o'" 
11)' 

o 

1-c,-~~-,~~~,-~~-,~~-,~~ 
-4 _2 

Fi:>ur~ _5.~: Sigmoid, for d1jfcrcnt values of tI", .'hay; const,mt c. 

,'i.l'l.;'; \Vflight masking 

rin"ll~(_ we wei/,:ht. the vailles It\ r.he profiJ ~ ",Mrix 1,0 g;iw ",or~ w~i:>!J\ to pixel" ll'-'ill the 
laudrnark. Fig-nrc _5.10 below show;; the three wei!l;ht m,_,j" 11,ed in Ill;, l'roj .. d E.J",,,!'ul " 
ou("id .. tlw nmg'c of the> cireul"" mask me ",,\ (,) ,em. The :>;"""j,_<n m,_,k ;, funn ed lJy 

where ,,2 j, Il. l'0'iti\~ coIl'taui d .. tenIlinillg I ,h~ '1~~r"W"" of the g'».u"ian pe"k, and j and j 
ii'" t he horizontal lind wrli('al di"i,aIl"'" 1Il pix~b from the landmark. 

In tiLi. project., ""!"igilt IIl"",h wer .. iOLLmi 1.0 giw "mail or no imprcwc'lncnt in overall fit. 
aJrlJoll:>;h only" couple of dilf .. r~Ilt wl.iu", I)f ,,2 were tlied. 

figul'e' ,'dO: lV~'9ht mask .. , 
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5.8 

Convolution Norm AR XM2VTS 

mask_grad_mag abs_sum 5.2 -0.8 means const c = 10 
sigmoid_shapel00 17.2 5.7 means const c = 100 

len 0.0 0.0 <ref 
0.5 -0.2 

none 0.1 -0.2 

abs_sum sigmoid_shapel0 -3.8 -2.3 <tied lowest AR 
-3.8 -2.9 <chosen, tied lowest AR 

len sigmoid_shapel0 -1.6 -0.6 
-1.8 -4.0 

none -2.0 -1.7 

abs_sum 0.3 -0.3 
6.0 1.9 

len 1.8 -0.5 
6.4 1.2 

none 7.0 1.1 

abs_sum -2.3 -2.6 
-2.2 -2.8 

len -0.1 -0.8 
0.2 -1.5 

none 0.5 -1.2 

abs_sum 0.2 -1.4 
0.3 -0.3 

len sigmoid_shapel0 -0.1 1.1 
sigmoid_shapel00 0.7 0.9 
none 0.6 0.9 

abs_sum 7.5 9.9 
len sigmoid_shapel0 11.6 16.5 

5.22: zs tests. 

more 

up to now 

that results are 

so we use rest dissertation. 
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Profilel Profile2 AR XM2VTS 
Convolution Norm Convolution Norm mean median mean median time 

abs_sum ---- none -- 0.0 0.0 0.0 0.0 0 <ref 
mask_x_grad abs_sum abs_sum -2.6 -7.9 0.3 1.7 54 
mask_x_grad abs_sum len -2.1 -8.5 0.8 -0.1 53 

mask3_lap abs_sum abs sum -1.1 -0.3 -0.7 1.9 52 
abs_sum abs_sum -0.6 -4.0 2.9 1.7 52 
abs_sum len -0.4 -7.2 1.1 2.9 53 

abs_sum abs_sum -0.3 -5.2 0.5 1.2 53 
len maskA_Iap abs_sum -0.3 -2.8 0.4 5.0 52 
abs_sum mask_8_lap abs_sum -0.2 -1.7 -0.3 4.4 52 

abs_sum maskA_Iap len -0.1 -3.7 -0.1 0.1 52 
mask_y_grad abs_sum mask_8_lap abs_sum 0.1 -6.3 0.4 0.9 54 

abs_sum mask_4_lap len 0.1 -6.2 1.1 3.0 57 

abs_sum mask_8_lap len 0.2 -1.8 0.5 2.5 52 
len abs_sum 0.6 -2.9 0.4 1.9 52 
len abs_sum 0.9 -4.9 0.9 2.0 52 

len abs_sum 0.9 -1.1 3.9 8.1 52 
len abs_sum 1.0 -3.6 0.7 0.6 51 
abs_sum abs_sum 1.0 -3.7 -0.1 3.9 52 

len mask_4_lap len 1.0 -7.2 0.6 2.9 53 
abs_sum len 1.1 -6.2 0.7 1.5 54 
len mask_8_lap len 1.4 -3.0 1.5 2.3 52 

len len 1.4 -5.5 1.0 2.1 56 
abs_sum len 1.5 -4.1 0.6 -0.2 56 
abs_sum harris_ste abs_sum 1.5 -7.4 1.4 2.2 81 

on mean. 

have no 

5.9 

In section we 

1. the 
two 

2. mean two as 
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5.9 

For the 
A better 111C;UIOCl1 

worst cases are worse. 

69 

means mayor may not be 
most of the fits are better but the 

the 
model. 

the results are on the whole not as as a 

Since results are equivocal, we will not use dual profiles but rather will continue using 
the single profile in section 5.S. 
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;) 1I11'riIllIlLiIl~ Ihe prc,file o)Y,lIianc.e "'"""",""' _____________ _ 

I'i~me 5.11: l'mJiif r:ol:(lr,.(lncc Tfw.triT for a lD pn"jiir- .'[,.<UdIlU;d 7. iip of rh1C!) 

B'qq,r ab.;niutr' mi.". " Ii'"~ d"dO(;r 
The fi411!'C .<lIml'" t/" liVi of i Ilf. 'JAmi"lO(; valtlcs in the ji"ojile c,,, 'nt ,'.Il" '" rrw.,'nl'. 

5.10 Trimlning the pronk COY<ln<lIl('(' luutrix 

71.1 

In lhis ",-",tion we di""",,, Irim1nilJ).\ Ih" 1'[I)li)o- ci)\';<rhlllce maericm, The' rc""ltin~ 1n"cl~1 i" 
r.ll<' rrw""",!M,x)"I, which io' th~ ~I mf~ld JlJ L.hi' di."'-"rl"lilJll, x2The Trimmc(L\fodA! ,,!"', 
i"corporale'; Ihe imjJr(A~mAnh pr"""ntp<1 ,'ar]'"" jjJ r.hi' "h"I'I"r 

!'i. 11). I Trimming 

l'lw owaria""" I",r.w"". IWI-' pixds iIJ a profile- I~lld, 10 be 1nlwh IH~her for 1"'XI'I, llH~ u[(' 
rl."", l"!-\Arh~! ' 1'1", IlH"~" 1111'1 for iD profik;_ as we 1ll,)\'A aWH\' Ir,,,,, II", '[;;.<).\1')11,,1 of 
t.h~ r<)\'ari"'H-.- mar.";,,_ Ih" "b"olul" ""lues (,f Ih~ dement, !,:~I "n"lI~r 1'"" ~an "'" Ihi, iIJ 
ri~"rp :'. '11. wh irh ,hm", Ih', log o[ \Ill' "b'dut~~ vwue>, Inl ui lively !,hell 'w ~an ,i '''1'1\' i).\n"r,' 
Ihe val"'''' th,,1. "r~ t,,,, f"r fro'" Ih' di"~"ll"L or equivakntly ",I them to II. Th;, i, ~allA(1 
t"':mming the CO\'",i",W~ ,,,atrix 

r,.lr 2D profik; the di,t:l.n~p l"'lwoon pixp", is "oL "Illply Lll<' (u.,lallce from the (li:l.!,:onal. 
FtO']w'mb"r thaL covariance m"",ic.h f"r 2D 1)f"lil"" ,.r,- [on,,,,1 by 1j'(-aeiIl~ the ~D profik a, 
0"'- IllJlg ,",,,WI. ap)J~ll(lillg ehe' rows pnd 'n end Surh """uriu"c'- llU,lri"" ,-,all be lrimmeJ 
wir.h " li\\k coJ~ 11-' calculate, the' intff-plwl cli't"n~e". 

!'i. HI.2 

The '1th-am,,!,:p "I' trinllnin).\ i, ["".,,! hrriJ";Clk ",arch~>, Th~ prc,fik s~"r<'h time at. ~"rh 1:.<11d_ 
mark is clc,minatM hv rlw ~"Jrul"l ;')]1 '-'1' cllI' .\jahala"obis disti1.lle~ in eq""tion 2.1i. r~pl'orl"rA(1 
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5.10 covariance matrix 71 

here: 
Distance = (5.3) 

because I110St entries are zero, lneans 

are needed. 

tcovar.cpp details. 

main reason we trim is for speed, but 
not make sense to estimate over 

1000 images in the training set. 

5. 

and 

increase. The size 
is not big enough. 

profile has 13 * 13 
apart, about (3 

is a distance is only meaningful if covariance matrix 
is definite. Or, equivalently, the distance should never be 
there is a perfect profile match. usual distance 
be negative - the 

et 
in a matrix 

solution is to 
doing that is: 

HU1Ll"'''' covariance matrix to 

if 

way of 

1. the covariance matrix A by entries that are not ncar each 

2. A = QAQ'l where A is a diagonal matrix of eigenval-
ues. 

3. small or negative elements of A to a small 
value" used in this is x 

4. Reconstruct A 

5. Re-trim the new A pixels that are not near each 

A iterations of the does the trick: the matrix A will be both 
trimmed and 

More .... "rrn'Q ways of are in [34] page 178 . 
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'dO Trimming ,he' profile' OO"" .. illllCl' lllUtrix 

] , , 
! 
0 , 

, 
" " 

! , 

, , 
, 

, 
" , , 

\ , , , 
i, 
\ , , , 

, , 
, , , 

test set d~,'" 

in<}e~' >del 

M 

'" ~, 

/~<"'ngIeMoc~ 
nPror.'Mth 11 

" '_,nProfV~dth 13 
nPro!'J'.Idth 15 

~ , , 
~ 

" , 

, , 

, , 

rVrofV\lldth 13 

nProrNdh 11 

".,'OX" 
'"''.,~''''' 'ri<" 

,., .... -. 
OOY'-~-'" LI," 

Fib'llre ·~,12: Pmji[" ,,,;t!I!, awl (,,,,,a";,,,,,,, In", 
Thl' I"",wlld,,-,, '''''' (')1' Ih, _"l.'On" rl/I><id of 11 _Itl1"};O./ mod,), 
I,,,p A II jil 
Ri!lht _,pm!'h lime 

5.10.1 Parameters: nProf\Vidth and n1'ri",C'ovar 

1_ nPronl.i.dlh. til,· pronip width in pixds, 

72 

A~tllilll,l', we have ,,jready dctermilleil tlw h'llt,n.iw l~"t_ ,'~lL'" "I' nProih'ilh- ll in ",x,­
tioll '",:;.1, N,,,,,- "" redo tlw t"'1 ,,,in~ tritr,,,,,,,l '''''Iri("<',;;~' ,hown in j-"i~\lfc ',_12, We 
"ht"ill good mdT, "nd l.illl'"" ",ilh nProI'.-ialh- 13 ~lHl n'rillCo-.a:r- 3, 
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5.10 covariance matrix 73 

Parameters are WidthCorrect, HeightCorrect 

AR XM2VTS 
Reference 0.0 0.0 

1.0S, 0.60 12.0 -1. 6 
1.12, 0.60 1.4 -S.3 
1.16, 0.60 11.1 -10.3 
1.20, 0.60 13.7 -10.0 
1.24, 0.60 16.5 -7.1 
1.2S, 0.60 19.2 -7.4 

1.08, 0.62 4.4 -4.9 
1.12, 0.62 1.3 -7.6 
1.16, 0.62 3.7 -10.1 
1.20, 0.62 7.0 -12.2 
1.24, 0.62 7.9 -8.6 
1.28, 0.62 19.0 -10.5 

1.08, 0.64 0.5 -7.S 
1.12, 0.64 0.3 -9.2 
1.16, 0.64 -1.3 -9.8 <chosen, lowest AR 
1.20, 0.64 4.1 -10.4 
1.24, 0.64 8.7 -9.2 
1.28, 0.64 14.9 -9.9 

1.08, 0.66 -0.4 -3.9 
1.12, 0.66 -1. 0 -5.2 
1.16, 0.66 -1 1 -11.5 
1.20, 0.66 0.3 -9.5 
1.24, 0.66 2.6 -3.6 

1.28, 0.66 5.6 -10.0 

Table 5.24: for the detector. 
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,'- I I \bil li( (he Viol" .1 0m", f"tee •• lc"·',. ,.,,,c,, ___________________ _ 

5.] 1 

c 
0 

e 
0 , 
" 

• 
0 

0 
0 

" 0 

N 

0 

o j 
o 

0.02 

• --
-

0 00 

RoVllle y, a ll AR faces 
Viola J(}ne~, all AR faG"~ 

0 00 0 .10 0.12 0.14 

"'" 17 

Using the Viola .Jones face det ector 

7<1 

Ill' to ''''''.- 'w h aw )W" " ""' I' i( Ihe l!m, l ~y face .-\~ll'Ctr,r 10 d"L"nniw til(' )!;lol",l jK"ilion or 
t l .. , fa,,',,_ ,,,cd )"'II"e t(, del~ ,.mill~ the "t,/HI "Mpe, In Ihi, ""di(}ll ""' "'IJI""". il "ilh the Viol" 
.1"1",, ddcdlll (i'edi''''' ) ·1) 

TIl<' ,""'1. "h "i'~ b p;mwr8 t.er) ,~" follow" frm fl tl '" Viola .J ("1('" f,,,-, I .,d,>i.i 'J>;lc TI", wiclt,h of the 
r",·., .. ,~' [ " " i(1r i" mnl t ipli'''' hy a (',,,I'\,mt W,,11 ), Corr'~'t. TI". n:d>i.i'J>;le i, n~)\'cd npwmds hy 
>< ""]lot "lLt, Ikight COffC'l t "I1L'" it" h<'i)!;ht _ Tl II' ",od"l trw,'" '),"1><" i, "Jif7ll~1 1,-, the J1loxlifil~1 
r~" 1 !l.lli(W with a i'imilmit.l' tn, ""fom l, ""d I ",,,<l l '"'s I.h~ sj,"rt. ,hap", 

Tnbk> '-'.!~ un I.he 1""'\'iOlL" p";,," ~l , ,-,,,.',,, 1",1 <In"" to ,"I.illLnl ,. t,l", ,,"illri' r,f WidthCorrect~1 _ 16 

'm<l Hei~htCorrect-O 64 

Figm~ ",U nl"w~ IlTld 1'"l,k 3.25 )~'hw "I""" Ih" lit" ><1t~r Ilpncratmg 01", ,(,..-t ,.)I~T)<· ,,-il.l, 
the Vi(}l~ JCIn'" d"t,~:I,"r, 0 " t.he All. "", I ,el the results are quil" d""", t,o tl~' n""-i,,,~ H"'lLito 
blll II(}I "0 (lll t he X.\'i2VTS ,rnilLiIl)!; ",I. 

lto"~oy 

'!,ola Jono" 

A~ 1~2vrS 
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a nutshell, the 
model with some 
detector to 

For the time, we examine 
in terms of me17 me&'lure 

pertormance of TrimmedModel, 

stacks two models in a row, 
trimmed covariance matrices. 

where otherwise. 

test set. the 

is the best 

face 

are nrlcs()llt,ed 
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Figur,' 6_1: Optimized ,ifr.."im! ASM (Iep) ';''-.''''.' 1r-im",~dM,~lrJ (r-i,qht). 
Th, IIIV'-/ vi,;b!e "/lp)]),-~m,"t i/l 1.11." ,-i'lhl, ;"''''1e i.e in the pii."tic,,, o/the "0.''- kmd"'nrh, but 

vthe,- i",pTiJ1;'III~"I.' ,'a" ,,/.'" I)~ .<eu>. 

Th, J"'''/."I-III-/;:-' i" I.i,~ TI'Iht im~'Ir """ still not /wtit/c., .•. Look at I"" I""" ""nlnd the Ix!,," 4 
Ih~ I~P .,,,/r "J Ih ,I-OM. Jat' n"'''pl.-. 

6.1 Results Oil an example face 

l'ig"l'~ r, I _"hm\-' ,.,,"rd, ,,,suIt> u"in:>"; " ch",ical ASM and th,'n u~i II g lh~ Tr i III ",,,,I" 1 (jd~1 rh~ 
ima1~ is t,he ",unc ,I>< l'igurc l.~. The cla""i",,1 ,\SM u""d for th i, ('x".mpl~ i""-" (Jplimi<~d r,1\ 
p{)int m(jd~1 with I D prnliks" l'h" IIlel 7 1m" gOllc [rOIll 0,11 l() O,OG. with "i" h l~ i III pt'()wmpnts 
ill landmark p",itillnillg. 
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6.2 various models 77 

3 search time on 

1 .5 GHz Pentium 
2 excluding global 

face search 

II 

0 

..... 
~ ~ e 

0.. 
~ 0 

.§ ~ a "1::j 

~ <ll 
~ '-" E 
~ .s .E 
M CI) .:: 

'<t 0.0 

MODEL 

Figure 6.2: Performance of various tI"LfUe"", 

6.2 

one 

are: 

1. 20 - train on 
in common with 

2. above, use 68 ""'LI,!UH 5.1). 
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6.2 various models 78 

calculate the as only 17 of landmarks). 

3. 

(a) (section 5.5.1). profiles are the U'h.U"J'~ 
with a 13x13 square 

(b) 

(c) and also 

( d) Use a lambda and a larger number III final fit of 
(section 

4. StackedModel 

(b) HA'U'U.'-'W in series as (i) run the classical profile 
results of the as the start 

5. but use only a 5 pixel band in the 
covariance matrices 1'YlT"''''Ir'''' speed without unduly the 
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c 
0 

c 
0 
0 , 
" 

" 0 

0 
0 

• 
0 

, 
St.cked 84 paint model I 
~d . ~11 

8iold faces 
Rowey detector 

~+ l' c--crJL-C~--C~~_'-'~~"C'-"-'C'T'c--C~-~-
000 '1-1;> 0.04 000 0.08 0 0 0.12 0 4 

m<17 

Fi~ul'<O 0, 1: 8) vel'",,' 6/J POint modd, 

"oc. ull ,... '0'. Mouth >;y o. 

'1_1 ,10 00 00 ,1,1 ,1,1 

Trio.o.cdJ1cdcl-68 3,1 3,~ 0,0 1.~ '1,~ 13,9 

j'"bl~ G. I ~-f .'r,""?!,, 6'1< P";'11/. model, 

TrimmcdAlodd ;,< n1Jr br.,! "-f pm,,! mrnld 

7'1 

TrimmcdAlodd-68 is idcntical to TrimmmModd. P,Y.('cpt lilallhe modd i" buill with the 
o,-ighwl 68 point XI12FTS ,,/, 
Tin /(','1 wt " oil n;vTd ja,,"" jv",,(/ by the RO'u'I(~y ddtc/u,-

6.:1 R4 versus oR pOilll model 

In s""t i011 " .. (, w~ ,'xt ~nd('fI t h~ X \ 12\ 'TS t ra i ni n)( flAt r,.b:,s~ 10., ",-Jdirl)( 1 r, I" nflm" rks. Now \\1' 

m,k thp qupotion; what is the bp,l AS~l p""ihlensifl!,; Ih" l""hniqLl~s in t.his th",is, lollt with 
the original unmodifil'J Xl"j~\'TS dat"",,!? 

Fignre {i.:] alld Tahle (j.l show that training on the ori~illl':l set gi\f'S won"" nw17 resnlts 011 
the ninTd dut". h11t the deterioration i; ,mall . 

'\ot(· Ihe p00r re:;ulb for the eyes, This i" 110t ""prising, he",nu",-' the ndditil1nallundmarks 
rm th,' ~~ poiTlt T)l(~lel were ~ddc,l mo\llld the eye' 
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(jA Rowicy wr-ll' Yiolu Jonc-

" " 

" , " < 
" " " , " " 

" " 

I--------i!~_f~=_;, I- Raw;ey "" 
Viola ~'ores a 
\ ';c~a o~cP ', nO gl",, -. 

Biald faces 
Trimm~dMad~1 

fi.4 R()w ley vcrbU b Vi()la J onl'~ 

W" W'''~nll'' Ih,· "t.arl 'ha j ~' for" """,·i, ,,,i,,'~ a :,;Inhall',,,,,, dCtH10L nnw <l,~" tll!' Ro",i<-y 
Hack 111' "I':ainst the Yiol" .'lanA_ ,IAtPetm in this ~ppli,atio,,? 

Fi~lll'C G, 1 appear" to ,lw,m- t bal thc R;,m-lcy detector gives lwtter I<'Hnlt". There is a mii'kmlin:>; 
",illi<-I.r Iho"gli: I,h,· Rod .. ,' (i<-t('c'or cunno!. liTid -'bunl" feu:", (T"bb' 1,1). Tbu; thc bla"k 
~lJn~ excllJ(j"" klld I"c,,". 1i"j"I': Ih" 
d~tPelm i" mnch """wr (T"bl~ 4 I) 
to"",, thc Violn ,jan"" rl~lp('tDr, 

Il Ow I"" riel ",.-I,nr "" ll,,1 uir ,uhol1lt,,~,· A boo till' Tt,m-w_, 
1"1"",. rl~I'""dj,,)( 0" .11(' "ppli"f".iOTI. jl !1I;t," ],P prf'i'er".hl(' 

In ddaiL thc curve" in 111~ ~raph "",,e 

I, nnwley all i" Ihp T,i'fI,tlr.-li\lorl .. 1 "illiIiN' Rowlp, dO'l'Hor. "l'pli"<l to 111(, niol<l fae", 
(1I4~ f~ec"), 

FrOJll the' fig·nrc. tbe JllC17' at th(' ,II and !,)O p<'feentiles "",,e lDll:>;hly (1,11·1 and (),(l~, 

E'Ulnpb; of facc> with lb"", ,"\h,CS ~~n hc ,."en ill Fignrc l.:{, 

~, Viola Jon€~ a ll i' thc TrimmPdi\lodel wi,h the \-ioh .lon~' dNPdDr , appli...-l to thp 
Biol<1 fac't..'; \ I !."); face,;), 

:1. Viola Jone~ no glaRR€R i" I,h~ 1-l'i!1l,tl",r\lod~l "jlh I.IN· \'jol" JOl"'" d.-l."'''1r. "pplif'(1 
to Biold fa('c" without gj,,,,,," (JlJ31 r<U'cs) , 

From thp ~raph we ea" _p~ thnt th~ w,,"sl. r~~p pPl'lnrm""cp I'or Viol~ Janes all i, pOOl', 

The gray ~"n'e lWW til<: tal' oftllC grapb flatt-ens out at abont ,ilC ')(ith p""entil~, It 1.nrn' "nt 
I h"t t I", r<~'!ainin~ 1'/, fa"'" "rc all wcaring gLs'es, and I-h,: \ ~\la JOlli:" del ector ovcr""tiJl Late-
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l'i,,'Jl'~ r,_,o; Hl!.-ct "I" 1,0.,/ 'tart .'hap: Imm II" t'K" d,-l,d", 
L"f/ 'J'he !lel low 00, '-' tlJ< /,,,.,. I'('g;o" d,,;''{·te,!!!y lin- t', ,,],, jom', I ,,,,, .JeleN,,,. 'J'!Ir re.J ,'hape 

" rhr "tart !!lW[K' i,f. tho IIJ",/d ''''''In ,hOIJe "};'1"'1/ /" IIw hoi" ,""'r~ 00.", jJ,r,"~'" th,' 
d,:" f.-d flVL fUji,>" ,~ 100 6'1' Ow ,.10'-/ .h"J~ "J,~) /'''1 

Ui,~,t Bad .~s\t ~""'~, "."J./.. I~",,~'<C "I Ihe 1",,1 .<Inn '!hap,,-

dl~ ~'7.P 0/ ,h_ f ...... ·,;, II •• /WWll III Fif,u'~ 1).5 . .\ '-';''''' 1. l~ II> ,·~d",l" r ........ "'~~rinl( gl~, 
l(1t'iU.g II", hlll~ "'''"''-L'. 

It i~ h"~!'~sti lJ~ to (,'IJl1H>U T'C fibll'" 6A In I'; )( IJI"'" t ~ ; ", In {'oml"'''p '-",I . " " 1 1I~ BlOld sci 
W w.t.Ol< Ih" Art _d., 1,,,11, with II~· Vic,l • .1m"," ,1~I ""'h"r n,p WOl"l "d>,(.·l>l·,.fut'!ua"~" 01< 
d" , .l. R ",'1 i, t~'II"r, 1,,' .. boll),I,· h ... ~""" {hP m"rI~IIIAr;'.mct~·", were optltllU,...J il< Challk,· 5 
~'T .\o .. AR""{ , 
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ii_.' COmpmlH.m t(} publi'hed resuit< 

, , 
U. J 

'j 
, , , , , 
" • 0 

~ 

0 

0 
0 

000 

I:-~··· 

/ 
! 
! 
! 

I 
,~ 

0.02 
, 

0."" 0.0(; 

·f- Tnmm"dt"bde I 
,--- ClMF'J~ 

Bioi" laces 
Vin.;' J()n~' d~l,·c:()r 

, 
0:0 0.14 

Comp arison to J1 llhli.~ Ilf'rl res u ll" 

A fair I)" '"~"11ing[ld cornl''' riooll C"" lx· maue a:;o;Jin,t the Con.;trainrd Local ;\f ud,-/ .-it,scri Iwd i" 
Cristin".(Y~ [27[_ '1'1", rt,,>,,lls ill Cri,\ill"c~,(;" p"p"r "PI",,'f t(} be the )","t previously pubbl,,:d 
r~"llb on t.llt' IlioIrl set. ,LInl .,re I>r",.Clllcu ill \ernw or lhe m"n, which m<lkes a uirect 
O)Hlp"rioo" !>",sil,k 

Bri~~v TIlt' CO'''Trainl,d Loc,,1 "lorle! i, ,imiliL, to tll] Adi\'e ApP"'llance "l(}uel [li, but ill­
st~,,, I of Hlod.·li,,!,: 1 cxt IJrC "erc." till' ",llo\c he,' It moue!, " "", of local I"" lure tempi" le><, Dur­
in)\ .. ·."eh. lilt' f.·"I." rt· tempI" 1,'0 "re IlH<lcill'u Lo Llll' inw!';" usiug an efficienc slwpe con,crained 
""",,-h I 'h~ rnod~1 i, more' ,,,-eIJrt.Le ""d Ill"'" ,0bn,L LlWll the origill,,1 Adi'-e Appearallce 
"lodel, 

Thoe conlp",i""n h"I1' is <"'fair t.o Crblill"c,,>c_ bc~tnL"" hi, "iuw "'crc uiJkrc11l frmu Lho",· of 
this projeet_ HA W,,< co",p"rin!,: th~ ",hr,i",· perfomwHo-, of 110",,1 ,dgorithm,_ tHlU \0 do "" 
kept the fmnlework in which lhffi(· "1)\ori1.h"" op'm.'.t.c eOlWUHlt. ill!, ill thi" I'roj,,<,,t, We 
(}pLimize by chan:;o;ing the fr""1t'work by incr~asi"1 t.1lt' mmriwr or hmdrr".rko. fo, ~x"rnjll~_ 

NHenheJe:;s some cump"xioon is n~~dp(t and ri1l!r~ (dj shows I,I~' nlAl7 rt'Slllts_ 

I'hc Viola J(}Ill" ddeewr was u",d 10 find the fuc.-s (and !';~neml,e \ho smrr sh"l"') for borh 
(-II('\''''' illl-lle );""I'h Trimlllcu),lodel is the' best morlel in thi" dis:;ertutiOll (sectiou :i.1O: 

"ppli.·d (Q "h~ Biold rht.,.,. C L ), ] Fig l (e) i, Cm,in"c~c'" Con",railLl'u Loeal ')'lodl'l applied 
to the ""me detr,,,_ Thi, C,IlrW rPjlrOdlle.·, th~ CL')'l ~<""" ill [27[ Figure -l(~j_ 
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6.5 83 

HULH'-''U.l'-'.'-''-''-'' is a slower 
time is 440 ms. 

time for a is 410 ms. time is 
section 4.4 in [27] as 

240 * 2 - 70 = 410 ms. 

*2 a 3 to a 1.5 processor. The -70 "A'A~'U",;O 
this is to a certain extent a guess on 
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6.6 

6.6 

6.7 

in the real world 

standard face 
6.7 6.8 the 

84 

but how docs the ASM do on "real" 
of an informal test. 

collection are or not 
and both eyes could be found 

TrimmedModel 

with faces not camera directly example, the 
It also has trouble with faces showing (for the 

in faces 9 and Another common problem is that TrimmedModel 
if the start 6.5). A 

are not too bad on 

had certain success, a human LUL,lU<J"UL would do 

to of Zhou et [69]. The web interface returns 
a shape superimposed on the It not return printed 
landmark coordinates, which makes it hard to compare results. 
in figures 6.8 the detector seems to sometimes 
the 

on the eighteen faces 
sometimes worse than 

It would useful to test against more facial feature detectors. Unfortunately, appears 
to be no other publicly available detector software pre-configured for features in faces. 
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Ii" 1:lH'lh~l' tf!Sh 

Fi~ur~ (;,7: Landmark.< g~ll"mlrd /)!I tJ!e ihnllIl!A.IIr>dd 
The jw::c" arc from my lJCr.lOnal rollr:dion, ,.refl)t jar fare 114 ",hid, i.< Imm. 11" (7,11 Ii fmnlld 
ksl ",'I /1/. 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

you ask an 
summarizes the 

used 

1 

This \..la,",,:)1\..c"1 one-dimensional Active 
(section 5.10). 

the set of landmarks 5.1) 

as adding noise to the set 

two instead UHUvl.'':WJH'.U texture at 

m serIes 

covarIance most entries to zero, (section 5.10). 

result is a facial feature 
tion 6.2). monochrome 
with published (section 6.5). 

used are fairly standard. 
together in a sound fashion. 

A few rules of for ASMs 

the 

results with a better start shape, and you can do this 

results than the '"!<:X,"<:H~CU 

neutral expn~SSl0I1S 

contribution of this 

this project. You get 
UH.lHH'5 two lU'-"'-'vW m senes. 

was 
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7.2 88 

can eNU.''AH'"'' more landmarks. You can discard elements of the covariance 

2 

are many ways to 
techniques that have 
interested in some 

1 

An estimate 
would be useful. 
and the 

if 

A 

without loss of 

are more 
is 
landmark. 

then, say, a 
flat. Weights would 

various 

the inverse of the Mahalanobis distance of 
results. A better could probably 
[16,21] as a starting point. 

with the 

variance of 

An estimate the quality of fit would be useful. this dissertation we 
by comparing to manually landmarked would not 

could be used to 
of the 

the 
a HU.1ULULU are so many 
which ones to 
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7.2 89 

7.1: A double sigmoid. 

The CH."..LU'U'H-"J used in section 5.8.4 reduce the 
and 

would reduce the effect (i.e. noise) as well as outliers. 

Modern 

the feature locater 
of the problem could 

the other internal "A>"nJ.',w,,,, 

could 

worse case n.OY'Tr,Y' U,JLu.u,-"v 

list below a UILLelt'" for work. 
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90 

the head and not just the face. could be 
HRJUOC'l. or combining two one for the face and one 

It is in 
spaces were not 

uVbH.1CULH [63] "fin •• w"-" 

In section 5.10.3 we positive 
benefi t may be 

3 

could perhaps better with a different 

using 
may 

spaces had no practical 

that 

for locating facial 

landmarkers. 
to that 
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Appendix A 

Face landmarks 
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Appendix A 

Face landmarks 
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LANDMARK NAMES 

LTemple 0 LMouthCorner 48 
LJawl 1 Mouth49 49 
LJaw2 2 Mouth50 50 
LJaw3 _MouthLine 3 51 
LJaw4 4 Mouth52 52 
LJaw5 5 Mouth53 53 
LJaw6 6 RMouthCorner 54 
TipOfChin 7 Mouth55 55 
RJaw6 8 Mouth56 56 
RJaw5 9 57 
RJaw4 10 Mouth58 58 
RJaw3_MouthLine 11 Mouth59 59 
RJaw2 12 Mouth60 60 
RJaw1 13 61 

14 Mouth62 62 
15 Mouth63 63 
16 Mouth64 64 
17 Mouth65 65 
18 66 

Landmark19 19 NoseTip 67 last XM2VTS point 
Landmark20 20 LEyeO 68 left eye created for this project 

21 LEyel 69 
22 LEye2 70 
23 LEye3 71 
24 LEye4 72 

Landmark25 25 LEye5 73 
Landmark26 26 LEye6 74 
LEyeOuter 27 LEye7 75 

28 REyeO 76 synthesized right eye 
LEyelnner 29 REye1 77 
LEyeBottom 30 REye2 78 

31 REye3 79 
REyeOuter 32 REye4 80 

33 REye5 81 
REyelnner 34 REye6 82 
REyeBottom 35 83 
REye 36 

37 
LNoseMid 38 
LNoseBotO 39 
LNoseBot1 40 
Nosebase 41 
RNoseBot1 42 
RNoseBotO 43 
RNoseMid 44 

45 
LNostril 46 
RNostril 47 

A.I: Landmark names used in this document. 
This table uses 0 based indexing. " and "R" stand for 
to the viewer. The 68 are the standard 
file atLand. 

and are with respect 
landmarks. $ee the S07.lrCe 
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