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Abstract. Human eye location plays a crucial part in machine vision fatigue detection. To address 
the  difficulty of distinguishing eye and brow in traditional way of machine vision human eye lo-
cation, this paper proposes an accurate human eye location way, which is based on geometrical 
characteristics of eye and brow, capable to avoid mistakes of eye and brow judgment, and makes 
locations fast and precisely. Firstly, with the most suitable threshold segmentation algorithm, sepa-
rate the suspected human eye region from face through binary image; secondly, process the binary 
image of human face with mathematic morphology; lastly, make accurate human eye location by 
distinguishing eye and brow geometrical characteristics. As the experiments show, the method pro-
posed in this paper can avoid the interference from brow and locate human eye accurately. 

1 INSTRUCTION 

Statistical reports at home and abroad show the accidents caused by driver’s fatigue driving take 
up 14.9% of human injury accidents and 20.6% of fatal accidents. According to statistics, when 
traffic   accident happens, if driver can react a half second earlier, 60% of those accidents can be 
avoided. Obviously, there is an urgent necessity to do fatigue detecting for drivers. For drivers, the 
no-contact machine vision fatigue detecting is the best     preference, which judges driver’s fa-
tigue degree in the light of facial information. As to the method, eye positioning is the most im-
portant part, thus it makes human eye positioning in machine vision fatigue of great importance. 

Generally, there are two considerations in the process of human eye detecting: one is real-time 
performance, the other is accuracy. The current human eye detecting methods are comparatively 
hardly to meet the two requirements at the same time. The method based on prior knowledge boasts 
good real-time, but it’s hard to master the degree of rules while making conclusion of experiences, 
which makes it hardly to be popularized. The template matching method enjoys higher accuracy 
compared with the former one, but it’s susceptible to posture, brow and external interference. The 
method based on statistics has high accuracy, but the demand of large quantity of samples makes it 
of complicated process and poor real-time performance. Gray   projection method provides simple 
algorithm and good real-time, but it’s susceptible to environment and with weak robustness. 

After analyzing above methods and analyzing actual situation, this paper proposes a human eye-
location method which combines threshold segmentation algorithm and eye and brow characteris-
tics. Firstly, process the extracted facial images with linear graying; secondly, separate suspected 
human eye region from background with threshold segmentation; lastly, make accurate eye location 
according to eye and brow characteristics after morphological processing. The algorithm flow chart 
goes as Fig.1. 

 

International Conference on Applied Science and Engineering Innovation (ASEI 2015) 

© 2015. The authors - Published by Atlantis Press 1012



 
Fig.1 lgorithm flow chart 

2 THRESHOLD SEGMENTATION EYE DETECTION METHOD 

2.1 Facial linear graying processing 

The gray of human eye changes larger than other parts of face, which makes it possible to adopt 
the most suitable threshold method to detect human eye in human face region. Process the marked 
facial  region with linear graying to get human face   grayscale image. The process goes as equa-
tion (1): 

BGRBGRGray 114.0587.0299.0    (1) 
R, G, and B represent three channel component values in RGB space. Out of increasing the con-

trast ratio of facial image, facial region is suggested to go through linear processing. The process 
goes as   equation (2)： 
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K equals 2.8. The contrast ratio of brow, eye, and some other facial parts increases greatly after 
the facial image being processed with linear graying. 

2.2 The most suitable threshold segmentation 

Pupil is the part of smallest facial gray, almost  being black. But the gray of sclera, or to say eye 
white, is very large, almost being white. The main idea of this algorithm is to take advantage of eye 
gray changes, use iterative method to choose a most suitable threshold value, and then separate the-
suspected human eye region from background, and finally achieve the goal to detect human eye. 
Firstly, preset an initial threshold 0T . In this paper, the initial threshold is set to be the average value 

of maxGray and minGray of facial region. 
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Take the image as two parts, detecting target and background. Then adopt iterative method to     
determine the average value of target threshold and background threshold, OGray and BGray . The    

equations go as follows: 
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),( jif  represents the gray of image on the point ),( ji ; ),( jifNum represents the number of points 

with ),( jif . At last, average the two thresholds to get a new threshold. 
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The detailed process of this algorithm goes as Fig.2. 
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Fig.2 The most suitable threshold algorithm flow 

If 1 KK TT  , the algorithm terminates and the threshold 1 KK TTT ; otherwise, 

make 1 KK  and continue the iterative method to determine OGray and BGray again. The effect 

picture after   threshold segmentation goes as Fig. 3. 

 
Fig.3 Binary image of face 

3 MORPHOLOGICAL PROCESSING 

Binary image is set to be processed in accordance with mathematical morphology, which, as a 
method to process nonlinear images, analyzes images with set operation and mainly targets on 
studying geometrical shape of images. 

3.1 Dilation operation 

Dilation operation, with the operator, is applied in binary images to process lengthening or 
widening, which is used to fill the holes of objects. In equation (7), we say A is dilated by B. 
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In that equation, B  is the structural element; 


B is the mapping of B ; and XB


)( is the        

displacement vector x of B ’s image. When using B to dilate A , we should map the center pixel of 
B  first, and then translate the mapping by x so as to avoid an empty intersection between A  and 
B ’s mapping. 

3.2 Erosion operation 

Erosion operation is the dual operation of dilation operation. With the   operator, erosion is 
used to process shrinking or thinning. In equation (8), we say A  is eroded by B . 
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After discretization, many human eyes will appear in the binary image of eye region. Dilation 
processing can merge and restore the eye region while maintaining the aperture of eyes. Erosion 
operation then is used to restore the total width of eye region’s binary image to that before dilation 
and restore the merged face region to its original shape so that eigenvalue can be maintained to en-
sure the final accrete location of eye region. 

4 WIPE OUT THE PSEUDO HUMAN EYE REGION 

4.1 The proportion of the human eye position located on the face 

Out of simplifying operation and narrowing down detecting area, no-human-eye region is wiped 
out in accordance with the area ratio it takes up. In line with GB10000-88 standard, human eye is 
about in the middle of the head. In view of any raising head or lowering head, we relax the stand-

ard, setting it within the range of 
8

5
of face and wiping out the other

8

3
. 

4.2 The ratio human eye takes up of face 

There are several no-eye white areas after processing binary image with mathematic morpholo-
gy, part of which may cause large area deviation. Those white areas will interfere with eye position-
ing, so according to priori knowledge, we wipe out such areas to improve its accuracy. Experiments 
are conducted to wipe out those no-eye areas taking up 1‰-1% of face. Fig. 4 is the effect picture. 

 
Fig.4 Wiping out pseudo human faces 

5 ACCURATE LOCATION OF EYE 

As shown in Fig.4, most no-eye areas are wiped out only leaving eyebrow and nose. Due to the 
symmetry and close location of eyebrow, it’s hard to separate it from eyes, so the relative location 
of eye and brow, as a supplementary condition, is taken  into consideration to help accurately lo-
cating human eye finally. 

In line with human biological indicators and GB10000-88 standard, the rules to distinct brow 
from eye are summarized as follows: 

①Eyes are always between brow and nose. The distance between eye and brow is far short than 
that between eye and nose. 

②Since drivers always look at the front horizontally when driving, the head-tilt won’t over 45° 
and eyes, as a pair, won’t tilt over 15°. 
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③Brow is above eye and the vertical intersection angle won’t over 75°. 
④The distance between two eyes takes up 35%-55% of the width of face. 
With the help of the four characteristics mentioned above, this paper proposes a method to posi-

tion human eye based on eye and brow locations and distinct eyes from other interferences. The 
process is shown in Fig. 5.  

get the height H and width W of human 
face, and the coordinate (x,y) of 

regional center

The distance between each point The angle between two points

0.35W<d<0.55W <15°

Suspected point

put the seemingly human 
eye in Q as a pair

Deposited Suspected points to Pk

H=Pk-Pk-1 The angle between Pk and Pk-1

0.1H<h<0.125H >75°

Pk
’ is a pair of eyebrows

The pare of point not in set P but in set Q is eyes



Y Y

Y Y

 
Fig.5 the process of human eye positioning 

First, find out the width W and height H of human face with algorithm; then, work out the I(xi,yi) 
coordinate of human eye region’s central point in binary image  that processed by optimal thresh-
old segmentation. If there are two points meeting the following conditions at the same time, they 
can be taken as a pair of eyes of brows. The constraint  conditions are as follows. 

①The distance d between two points is: 0.35W<d<0.55W; 
②The horizontal contained angle of the two points is below 15°. 
After those operations, the interference from nares is eliminated. Targeted points are left in a 

pair, at least one of which represents eye or brow. Put the coordinate of each pair in Set M. Take 
out those points individually; find brow points in accordance with the following conditions. 

①The vertical distance h between two points meets 0.125H>h>0.1H; 
②The vertical angle of two points >75°. 
If a point and a certain point in Set Q meet those two conditions, they should be brow points. 

This method is used to find out brow points. Compare brow with the two points in Set Q respective-
ly, if there is a brow point, then this pair can be excluded. The left pair in Q should be human eyes. 
The final effect picture of human eye positioning is shown in Fig. 6. 
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Fig.6 human eye positioning 

6 EXPERIMENTAL RESULT AND ANALYSIS 

The simulation experiment is conducted on a  personal computer. The experimental environ-
ment is Matlab7.9. This paper established a human face data including faces in different angles. The 
100 images are pictured in normal light or downloaded from  internet. Those images contain peo-
ple in different postures or with different expressions and slightly tilted faces. Use the method of 
this paper to make human eye location, part of effect pictures are shown in Fig.7. 

 

 
Fig.7 Part of effect pictures of human eye location 

Use the method of this paper to check the accuracy of human eye location on 100 images. The 
experimental result shows as table 1. 

Table 1.  Experimental result ______________________________________________ 
Sample size  Missing detection  False detection  Accuracyrate           rate        rate  ______________________________________________ 

100       5%         6%       89% 

7 CONCLUSIONS 

Human eye positioning is an important step in  fatigue detecting system. This thesis, taking the 
change of eye’s grayscale into account, adopts   optimal threshold segmentation and use bina-
ryimage to distinct seemingly human eye region from face. Since the locations of brow and eye in 
human face are too close to be separated, a method is worked out to locate human eye based on the 
geometric characteristics of eye and brow. Results show this method is capable to eliminate the in-
terference from brow and locate human eye accurately. 

8 REFERENCES 

[1] C. Gonzalez, E. Woods，Steven L. Digital Image Processing Using MATLAB [M].Beijing：
Publishing House of electronics industry, 2009:252-260. 

[2] King L M, Nguyen H T, Lai S K L. Early Driver Fatigue Detection from Electroencephalog-
raphy Signals using Artificial Neural Networks[C].Proceedings of the 28th IEEE EMBS Annu-
al International Conference,2006:2187-2190. 

[3] LI Du-hou, LIU Qun, YUAN Wei,et al. Relationship between fatigue driving and traffic acci-
dent[J].Journal of Trafficand Transportation Engineering.2010,10(2):104-109. 

[4] Tang Jie, Fang Zuhua, Hu Shifeng,et al.Driver Fatigue Detection Algorithm Based on Eye Fea-
tures[C].The Seventh International Conference on Fuzzy Systems and Knowledge Discov-
ery,2010:2308-2311. 

[5] Tao Dan, Feng Xiaoyu. A fast algorithm for eye and mouth location matching based on integral 
projection and color[J].Application Research of Computers,2009,26(4):1578-1581. 

1017



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




