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Abstrnct 

A mcthod is wportecl that robustly extra& eye-struc- 
trire d e ~ a ~ h ,  I.@. the inner and outer eye-corners and lhe 
upper eyelid, on a partial image with a human eye. It 
is very dificulr to ohrain stable t ~ u l t s  whrn using con- 
rrntionaf methods, due to the weaknes~ in resisting nokt 
ni~nala and wrlnkln around the eyes. Therefore, local &re- 
live attributm on the image, regarding the tye-eorncm and 
tlre upFr  cytlid, wE~ich t e i l e ~ t  a l n a ~  &mount OC personal- 
ity, are rcs~arched in order to obhin reeulta robual agairurt 
nniw ai~nalr, A hew computcrizd structr~re+xtrbction 
mclhod, which u mainly cornposcd or aimplc icgicrrl o p  

crations. is propod.  If war apldicd to a h i ~ n d t d  buman 
right rye phatorrbplr~, Good rrsulls were abtaincd. 

An autalrlatic prcccrlu:~, for extracting dptailil on human-face 
structurm is cegl~ired for the man-machine interface, human-iden- 
tification, etc. The human-identification system in use of face 
irnagm is an extremely intereting theme and can be applied nt 
tnorc various locatiom than in identifying finger-prints. 

Duc to the dificulty in obtaining fine face structures, some 
t~aman-identification mcthoda werc recently rcportd,  which were 
variations on the gray i m n g  matching ~lgori thm [l]I2]13]. HOW- 
ever, t h ~ y  are not adaptable to various situations in which images 
arc obtained. So, rllc Zltiman-idcntrficatian method in use of face 
structures 19 more attract ive. 

For communication or identification betwen human beings, it 
in said that thc e p  r d e c t  a large amount of pcrsondity. Tlier* 
fore, it is very important to obtain data on the fine structure 
of the lruman eym. Several methods for extracting data on the 
ey~rrtructure, i.~., the eye-corners, the shspm of upper end lower 
eyelids, the irk outline, haw been tried, based on conventional 
rnetltods [4][5]. However, unstablc results, especially insecure rc- 
sul(s rqasdtng cpcornefs,  were obtaind.  The remon w m  that 
only thp edgc information, for example, the zero-crosaing of the 
Laplacim-Gawian edge operator, ia not sufficient for efficient 
identification. The m i g ~  information wna YO s u b j ~ t  to interfer- 
ence from noiw sippala and wrinkles around a human's eye that 
o th r r  informstion hail to be effectively used for obtaining data 
or1 the  stable eyesrn~ctute,  or i t  wrrn neccgsary that other ate- 
Tde eye-sttucturm were found. Therefore, the model, on which 
structurc-txtracting mcthods werc b d ,  and thr  at tr ibute of 
tltc ey~-structure a11 an image, were r~i~lvcstigated. 

The area information is often used as muctr na the edge infor- 
mation, Rowever, both the mlge infurmation and the atca infor- 
mation, rlrat arc e x t r a c t ~ l  indcprndently from each other, cannot 
be simultai~eously used. A new image-analysis technique waa de- 
velopcl, that clearly detects rariolls categories of edgm, at first. 
Nmt, arena between two different-category edges are detected. 
Alwr that, are- infurmation, i.e., ~ h c  average brightness, variance 
and -m on, is calculated within the detected arew. 

A new structure-extraction m ~ t h o d  is p r o p d ,  bawd on the 
ima~*aadysir techniqu~, t11r ~xtrnction rnatl~l concrpt, md thr 

Table 1: E d ~ e  categorim 

attributes on an image. This method l~aa a few prrarnetcrs with 
clear meaning. It is simply deaignd to mainly use logical opcr- 
atione. Exp-irnents were carried our, using a computer, on the 
eyes in a hundred human pliotograptrs. 

The results obtained by the  new method were cainprud with 
the eye-structutc data selected by humans, and were found to 
be more able to withstand noise in the pickupsignds than data 
obtained by the conventional method. Morwwt,  this rncthorl ie 
little jnfllrenced by foIdPJ cyelids, which often caaiu: pyplid detw- 
tion erron. 

Second Diffrtenrid 

Image 

E d ~ e  Cate,prim 

2 Technique for using edge inforrna- 
Sion and area information 

Step(+] e d ~ r  +-+(I-- 

S t ~ p ( - )  e d ~ r  

Y-ditch w i ~ e  - - + O - + +  

First Differential 
Irnmge 

In image analysis, it is very dificult for both thc edge information 
and the area information to br simultaneously used, because the 
dges do not geherdly match borders around the ateas. Thcrrfore, 
the following steps arc propowd. 

1. To further clarify thp  operation meaning, the four edge cat- 

egories are dctwted in use of first- and second-order part14 
d~ffercntial Gaw.sian edgr operators, witti tlir sxmP roe%- 
cipnt matrix. 

2. The four catgorim for RrPas betwwn two diffcrcnt category 
edge, to ccrtainly constrilct ~losed IEnc, are d e l ~ t r r l .  

h t  four Fdge c n t ~ p ~ r i m  with ckar  meanings be givrii rn a con- 
tinuous line on Fig.1. The 'step[+)' and 'step( -)' c d ~ r  categories 
in a direction are def i114 as an inflection point. Thr 'roof' edge 
catcgory is defined ay a rnaxi~nal vdue point, ant1 thr 'v-ditch' 
edge category is defined as a minimal value point. These edges 
can be detected by cxamzning nigns of a convolvd image with 
second-order partial differential Gaussian e $ ~ e  operator. The four 
cat%otiea and their relations with first- and second-order partial 
differential Gaussia~t edge operators are s~in~rnarized i n  Table 1. 



individual areas, d d n e d  in Table 2, haw areas- between two 
different category edgea. Atea iniormation, i.e., t h e  average bright- 
nmq, variance, textures, the shape of the area and so on, is cal- 
culated in the obtained area. TIIC nrca and the  edge information 
can be used aimultanml~rly in scrugnition procedures. 

Figure I: 'Step(+)', 'step(-)', 'v-ditch', and 'roof' edp 

Table 2: Area categorim 

A r m  Categorim 

3 Eye-structure features on an image 

To obtain a stable eyestructure data extraction method, locd 
ef l~ct ive  features for the upper eyelids, and the inner and outer 
eye-corners on an irnrrse were researched, using the IoIlowing ui- 
teda 

Light conditions or wrinkles around ail cyc are stable, whcn 
points with a large curvature a n d  deep interior aredetect~i .  

Step(+) to Roof 

Strp(-) edge t o  

V-ditch to 

Step(+) 

First Differential 
Image 

The local minim$ pointu can be detectd in use of the  firat 
differential i m a ~ ~ ,  which h rtronger thau t l ~ e  necond one in 
thc conventid rnctlrds. 

Second Di f f e r~n t id  
Image 

There are fcw local minimal p0int.q in t h r  irnagc. 

Stable   ye structure is dpfinpd by the following features on the  
Image. 

1. Thc inner and outer eye-corners are defined m 'v-ditch edge' 
in every direction on the  imaple, between the eyeball and 
other parts. 

2. The upper eyelid consists of two partn. The firat part ia 
compoRcd of 'step(-) edge' pints  between the skin and e y e  
lashm. The other pnrt in corn@ of 'v-ditch edge' p i n t s  
near the  innet and outer eyecorners on the  irnagc, 

In the fo11owing section, a new eyest ructure  data extraction 
prc-cedure ia ptopasd. 

4 New eye-structure data extraction 
method 

A new eycetructure d a t a  extraction method i u  p m p d ,  as U- 
low. The authors aRsume that a face image ia already aqmentcd 
and that the partial image with an eye hwomes an ~ i v e n  (Fig.2). 

(a) A partial eye image (Fig.2) ia ptoceased here. Con- 
volved images are generatd with first-order differential 
Gaussian dang thr 90.45.0.-45 d imt iona  rersue the 3 

axis, and Laphian-Gaumian edge operators. These 

Figure 3: First differmtial irnapp:~;' . Q:: - ~ j l "  ly'" -16  

Figure 4: Sccond differential i r n a x m : ~ g l  . a$' - . w?:~ 

edgeoperatom have thesame kernel function, the Gauu- 
sian function wit11 s tandard devtatiana = 1 in every 
tIirection. 

(b) The convolved image  are accomplihPd by bysetting up a 
threshold to generate t o  two rqionr; one p i t i v e  and 
the  other negative. In  thi paper, individual irnages are 
called V: . Q:: - at' . ( i  = ~ ~ 2 ) .  



2. U ~ ~ e f - t v e l i d  rcnion detection: 

(a) Thc Q, r q i o n  (Fig.6) is obtained with the  logical o p  
 ti^,, Qo = (42 n~.)  , where - shows logical 

negation and n shows an intersection. The Q. area is 
in t e rp re td  .w thr r ~ g i o n  between the  step(-) edge and 
t h ~  v-ditcl~ edge. Tlie upper-eyelid is detected along 
with eyelxshs. 

Figure 8: 'v-ditch edge' in fo i~ r  directions 

Figure 9: Rmults 

5 Experimental results and discussion 

Figure 6: Upper-eyelid candidate 

(b) The eb reginn h~ cconn~ted regions for the @., whose 
lengths are  greatcr than a thrmold value. Tlie thrmh- 
old murt be widpr than ail iris width and narrower than 
an uppct-eyplid width. This operation is used for eras- 
ing the  irib rrgion. 

(E) The Wlrrlld (Fig.7) contains the @b region with the low- 
~t brightncsa. This region is the upper-eyelid region. 

3. Detecting the eyccorncrs and the upper eyelid near the eye 
corners: 

(a) The V.llvdrtch in obtnined with the  logical ope~at ion,  
aa Eq.1 and 2, where R is an operator t h a t  extracts 
region ou t l ina ,  T is an operator that  expands 1 pixel 
around regior~s. This QOl lodrr rh  has v-ditch edges in 
every dirrction. The expansion operation means that 
position uncertainty is io l e ra td  for a size smaller than 
the  standard deviation in the Gaussian function. 

Figure 7: Detected upper-ey~lid rc~ion.  

(b) The rlr* v d u e  is obtained u-it11 the logical operation, 
*cgtfp = Quylrd n * . , ~ ~ . d , ~ . h .  The q,,.j, value has the 
eye-corners and t h ~  upper ~y'vrl~d near the eypcorncrs. 

Thi? al~ori thrn waq applied t o  a bundrpd partid right pyc iniaga. 
Ench original image 11- 512x512 pix[-l size with one big front face. 
Each partial i m a ~ c  (Fig.2) with a b i ~  r i ~ h t  eye has an 8Ox5U pixel 
size, determined Ly tr~rnrni~ig a t  th r  ]land-picked iris center point. 
One of tlie ~ u t h a r s  sribjstively, but strictly, evaluated automatic 
extract& points for Loth the conv~ntional method and the ncw 
mrtllod, in comparison with hand-picked points (Table 3). 

T h e  conventional methods are based on the  second differ~ntial 
image. This 11ew method is based on the first differential image. 
It i* easy and stable to pick the ey-corners, which arc  almost a l  

t he  points where the first differential image is equal to 0, by hnnd. 
It ia mpecially difficult for the  outrr cyc-corners to  be detcctcd by 
edge shapw which are calculated by the second differentid image. 
Therefore, the eyp-forners d ~ t e c t d  by conventional methods, map 
be distant from the llanrl-pickcti points, and 70-80 percrnt of the 
conventiond-method r ~ s u l t s  would be incorrect. 

Figure 9 s h o w  a corrpct tletcction example. The conventional 
methods arried out detections, based on the  second different im- 
age, e.g. the convolving inkage with the Laplacian-Gauwian wlgt 
detectot. Figr~rc 5 clrarly shows that the outer CyFCOrnCr cannot 

carnrr eye- 
corner 

Irrraular face skit1 I 2 G 

I eycs influence 1 1  I I 
I Broke11 line II 3 1 O I 

Table 3: Subjwtive rrstllt cvalaation 

F i ~ u r e  1 0  One bad rm1ilt:influence of wrinkles around an ?-ye 



References 

Figure 11: One bad teult:g broken line 

[l] M.Turk and A.Penti~nd, 'Face Recognition without Featura', 
MVA'SO W R  Worksl~op on Maclune Vinion Applications, 
pp261-270(1990). 

[2] O.Nakamura, S.hlnthur and T.hGnami, 'Identiffcatfen of Hu- 
man F a c a  B a s d  on lsodenrity Maps', Pattern Remgnition, 
Vo1.24, X0.3, pp.263-Zi?(1991). 

13) T.Sasaki, RS.Wallace, S.Akamatau and Y.Suenaga, 'OEKUS- 
sion on A Face R~ognition System Based on Image k m t n -  
tation & Labeling ~Gorrthm Bnd Pattern ~atehin; ~ e i h o d ' ,  
AI90-49, PRUQO-43, pp.17-24(1990). 

141 M. Huumoto, T. Iiiriyama, 0. Nakamura md T. Wnarni. 'A  
Consideration for Edge Extraction from Human Fan' ,  Kogakuin 
Univ. Annual Rcport(1984). 

[5] R.Buhr, 'Rnalyse und Klassifikation von GuichtsbiWern', 
ntzArchiv Bd.8 pp.245 (1986). 

Figure 12: One bad re9ult:irregular face skin influence 161 S.$akamoto, Y.Miyao, J.Tajima, 'Analpis of features for 
human-fact identification', Proceedings of the 1990 IEICE Fall 
Conference,S41 l(1990). 

be detectd by only the 'step' edge sl~apea. The proposed method 
w the 'v-ditch' edgm, and good resulb are obtained. 

Incorrect dctecti~n examlplm are shown in Figs,lO -12, Figure 
10 ia i n f l u e n d  by the wrinkles around the eye. There were 16 
out of 100 such caam. Hunlans may decide whether the image is 

ether eyecorners ar  not, by brightness undulations. This decision 
cannot be forrndized. 

Sometimes, the  inner eye-corners cannot be detected, became 
of the large cdge scale between the eye ball and the akin (Fig.11). 
Therefore, the edg~opera to t  aim optimization will be examined. 

Detected points are f ~ r  away from an eye (Fig.lP), sometimeet 
because of the irregular face skin influence. This caae can be 
simply avoid4 by introducing the upper-eyelid shape. 

Tlie new imag+analynk technique was developed aa ane of 
the methods that integrate ba th  c d g  and area information. The 
eycatructurea exatraction method w ~ s  proposed, bascd on th'i 
imege-andyais technique, and applied to a hundred men's pho- 
tographs. This rnetttod requirm only a few parameters and has 
a simple design. Good r ~ l t i l t s  obtained, especidEy for e y e  
corner detection. Because their positions were more accurately 
dco~cted in comparison with reaulta obtained using another tech- 
niquc bmed on the convcntional method, this new technique i s  
believed to be uwful ra a prcprommin~ for face identification. 
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