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ABSTRACT

The individuality of human face depends on the fine
details of the facial components, and it is necessary to
extract and to describe these detailed patterns in order
to recognize human faces. In this paper, we propose a
method to describe the eye figure with small parame-
ters by classifying their patterns to typical groups.

First, an eye image is divided into parts such as
eyelid and inner corner, and a set of 1-dimensional slit
projections is obtained from the 2-dimensional intensity
array. Then, the principal component analysis is ap-
plied to these projections to find the major axes which
have typical features. The individuality of each eye is
parameterized by the principal component scores. Ef-
fectiveness of the description is evaluated by generating
sketch images based on the parameters extracted from
real eye images.

1. INTRODUCTION

The technique to extract and to describe the individ-
uality of human face can be practically used in many
application fields such as man-machine interface and
CG, etc. The individuality of a human face depends
not only on the location of the facial components such
as eye and nose, but also on the detailed patterns of
each facial component. It is said that we get variety of
information from the eyes while communicating with
others. Especially, the shape of eyes has significant in-
fluence to the impression of the face.

In order to get the detailed structure of an eye, a
method to detect the geometric shape such as the out-
line of eyelid has been proposed[1]. But it is hard to say
that such geometric shapes can represent the individ-
uality of an eye sufficiently. A method for extracting
and describing the delicate nuance of the eye shape is
necessary.

In this paper, we propose a method to describe the
detailed pattern of an eye by combining the slit pro-
gection and the principal component analysis. The slit

projection has been used for the extraction of rough
structure of a face such as the position of facial com-
ponents, but it is also effective for the extraction of
detailed structures by changing the slit size, location,
and orientation.

The principal component analysis has been used for
extracting and classifying the whole image of an eye[2],
but it is also effective for the delicate pattern of eyes
by using the output of the slit projection.

2. EXTRACTION AND DESCRIPTION OF
EYE FIGURE

The structure of human eye is shown in Figure 1. In
this figure, the upper eyelid and the inner corner are the
most important features in expressing the individuality
of an eye. We extract these detailed patterns for the
expression of the individuality.
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Figure 1: Structure of eye

2.1. Projection of local patterns

For an upper eyelid, since the horizontal wrinkles
are important information in expressing the individu-
ality, vertical Sobel operator is used to generate an edge
image. This edge image is divided into five regions with
equal width as shown in Figure 2, and a set of slits is
applied to each region. A sequence of projections is
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Figure 2: Projection of upper eyelid
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Figure 3: Projection of inner eye corner

obtained by changing the orientation of the slits, and
then the projection with the largest variance is selected.
The orientation which has the largest variance and the
peak location in the projection are extracted as the ge-
ometric parameters.

The inner corner of an eye is the junction of the
upper and lower eyelids. An edge image is generated
by using the horizontal Sobel operator. By setting the
intersection of the upper and lower eyelid as the origin,
a set of slits is applied radially to the edge image, as
shown in Figure 3.

By using these slit projections, 2-dimensional inten-
sity patterns are represented as 1-dimensional projec-
tious.

2.2, Classification of projection patterns

The projection patterns taken from many eye images
are classified into typical groups. A projection obtained
by using n-slits is represented by an n-dimensional vec-
tor. The principal component analysis is applied to
these vectors. Since the principal components are the
axes that express the typical features, each projection
is classified into a group based on the sign of principal
component coefficient. The feature of each eye part
is parameterized with the sign of its principal compo-
nent coefficient. For the case of upper eyelid, geomet-
ric shape is parameterized with the orientation and the
peak location in addition to the coefficient signs.

3. SKETCH GENERATION

It is necessary to evaluate whether the description pre-
serves the individuality of each human eye figure. For
this purpose, a sketch image is generated by using the
parameters obtained. The effectiveness of the descrip-
tion is evaluated by comparing the impressions that a
human observer gets from the original image and the
sketch image.

To synthesize a sketch image, an average image and
a few typical local sketches are prepared. A sketch
image is synthesized by overwriting one of the local
sketches onto the average image. The average image
is obtained by the intensity average of the given set
of eye images. The local sketches express the common
features of each classified group. For the upper eyelid,
a local sketch is prepared by synthesizing the inten-
sity pattern based on the principal components. For
the inner corner, a local sketch is prepared as the most
typical pattern which is clipped from an image in each
classified group.

Figure 4: The average image



4. EXPERIMENT

28 right eyes of front face without glasses were taken
as input images. These images were normalized by size
and location manually.

As the result of the principal component analysis
for the upper eyelids, the first p.c. (principal compo-
nent) indicates whether an eye has double eyelid or sin-
gle edged eyelid. The second p.c. indicates whether the
eyelid is clear or narrow. The signs of the coeflicients
of the first and second components indicate the group
as shown in Table 1. For example, Figure 5(a),(b) and
(c) are classified as clear, narrow, and single-edged re-
spectively.

As the result of the principal component analysis
for the inner corner, the first p.c. indicates whether
the corner is round or not. For non-rounded corner,
the second p.c. indicates whether the corner is sharp or
down pointing. The signs of the coefficients of the first
and second components indicate the group as shown in
Table 2. For example, Figure 6(a) and (b) are classi-
fied as sharp corner, Figure 6(c) and (d) are classified
as down pointing corner, and Figure 6(e) and (f) are
classified as round corner.

The same analysis is performed manually for the
comparison. Tables 3 and 4 show that the automatic
classification by the principal component analysis is al-
most correct expect for a few cases.

The input images and their sketch images are shown
in Figure 7. The input images are in the upper row (a)—
(d), and the sketch images are in the lower row (e)—(h).
(a) has a clear double eyelid, (b) has a narrow double
eyelid, and (c) and (d) have a single edged eyelid. Also
(a) and (d) have a sharp corner, (b) has a down pointing
corner, and (¢) has a round corner.

Since a sketch image preserves the important fea-
tures of an eye, it is clear that our method is effective
to represent the detailed figure of an eye.

Table 1: Classification of upper eyelid

sign of the | sign of the
first p.c. second p.c.
Clear double eyelid + -

Narrow double eyelid + +
Single edged eyelid -

no relation

5. CONCLUSION

We showed that the detailed patterns of an eye can
be extracted and classified by using slit projections as
far as their orientation and location are carefully con-

Table 2: Classification of inner corner
sign of the | sign of the

first p.c. second p.c.
Sharp corner + +
Down pointing corner + —

Round corner — no relation

Table 3: Comparison of the automatic and the manual
classifications for upper eyelid
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trolled. We think that our method can also be used for
compressing and synthesizing eye images.

6. REFERENCES

[1] Alan L. Yuille, David S. Cohen and Peter W.
Hallinan, “Feature extraction from faces using de-
formable templates”, Proc. IEEE Conf. on Com-
puter Vision and Pattern Recognition, pp. 104-109
(1989)

[2] M.A. Shackleton and W..J. Welsh, “Classification of
Facial Features for Recognition”, Proc. IEEE Conf.
on Computer Vision and Pattern Recognition, pp.

573-579 (1991)



(a) Clear double eyelid (b) Narrow double eyelid (c) Single edged eyelid

Figure 5: Classification of upper eyelid
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Figure 6: Classification of inner corner

Figure 7: Results of sketch generation (top: input images, bottom: their sketch images)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


