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Abstract — Human face detection success rate is influenced by illumination generally. But Gabor wavelet has good biological vision 
feature and is not sensitive to illumination. In addition, when Adaboost algorithm is used to train the classifier, if the position of 
human face is fixed in relation to the image, classification ability of the classifier is enhanced. In order to deal with the influence of 
illumination on detection rate, the paper proposes integrating human face location with Adaboost Gabor filtering algorithm. First, 
we use Adaboost method, Hough transform and least square method for ellipse fitting to determine area of the eye and locate pupil 
and eyelid and then we determine the area of the human face with face length and width knowledge. Finally, we use Adaboost 
Gabor filtering algorithm to train cascade connection strong-classifier and use such strong classifier to judge whether it is human 
face or not. Experiments conducted in human face database such as YALE and CMU Frontal Face show that our method has low 
false alarm rate and high human face detection rate. 
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I. INTRODUCTION 

There are many human face detection methods at present. 
Since Viola put forward human face detection method based 
on Adaboost algorithm in 2001[1], many researchers make 
improvement on this basis[2-5]. For example, threshold value 
setting method is used in Literature [2] to improve traditional 
Adaboost algorithm. Literature [3] proposes a self-adaption 
sample weight updating rule and genetic algorithm to 
improve Adaboost human face detection method and it 
introduces mis-classification rate of positive and negative 
sample into sample weight updating process and feeds 
classification effect back to the classifier so as to realize 
effective control of structure of the classifier. It uses genetic 
algorithm to improve selected features and parameters 
further so as to realize high detection rate and low 
misjudgment rate with less weak classifiers. Literature [4] 
uses the difference between human skin color and 
surrounding chroma and intensive chroma of human skin to 
propose a human face detection method based on skin color 
segmentation under multiple skin color space and Adaboost 
algorithm. But these methods are influenced by factors such 
as illumination, face size and starting point position of face 
image. In order to solve  influence of illumination on 
detection rate, as Gabor wavelet has good biological vision 
feature and it can capture local distinguishing features of 
image in different frequencies and directions and it is not 
sensitive to illumination and can tolerate certain degree of 
image rotation and deformation[6-9], the method integrating 
Gabor and Adaboost algorithms is proposed during training 
to train strong classifier. In order to solve influence of face 
size and starting point of face image on detection rate, eye 
location method can be used. Position of two eyes shall be 
determined first of all and then area of human face shall be 
determined according to face length and face width 
knowledge. Therefore, the Thesis proposes human face 

detection method integrating human eye location and 
Adaboost Gabor filtering algorithm. 

II. DETERMINATION OF HUMAN FACE 

CANDIDATE AREA 

When Adaboost algorithm is used to train classifier, if the 
position of human face is fixed in relation to the image, 
classification capacity of the classifier will be enhanced. 
Therefore, the Thesis determines position of human eye first 
of all and then determines human face candidate area 
according to face length and face width knowledge so as to 
make positions of different faces fixed in the image with less 
deviation.  

A. Determination of Human Eye Candidate Area 

 
(1) Edge feature 

 
(2) Linear feature 

 
(3) Center feature 

Figure 1. Rectangle feature figure. 
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First of all, partial Harr-like features and Adaboost 
algorithm shall be used to train eye area and locate human 
eye candidate area preliminarily. As weak classifier gained is 
only used to detect eyes, only partial rectangle features 
similar to eyes shall be selected. Such as a, b, c, d in edge 
features in Fig.(1); a, c, e, g in linear features and a in center 
features.  

The training process is as follows: 
 (1) Provide a series of training samples ),( 11 yx , 

),( 22 yx , ... ),( NN yx , 1yi   or 0 which represent eye image 
and non-eye image. Image size is 12*12. N21 xxx ,...,  are 
human eye and non-eye sample images. 

 (2) Initialize weight. When 1yi  , 1/2m=w i1, . When 
0yi  , 1/2l=w i1, . m and l are the number of human eye 

sample and non-eye sample respectively. 
(3) For   t=1,2,…T 

a)  Normalize weight: 
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b) Train a classifier jh for each feature j and figure out 

corresponding error rate:  
i

iijitj yxhw |)(|, . 

c) Select th of minimum error rate t . 

d) Update weight: ie1
titi1t ww 
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 (4) At last, T weak classifiers form a strong classifier: 
TH in the formula is the domain value. 
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Use the strong classifier to detect the image and find 
human eye candidate area. Fig(2) is the original image and 
Fig.(3) is human eye candidate area. 

B. Determination of Human Eye Area 

Only human eye candidate area can be found with above 
method. Therefore, gray level and gradient information of 
eye area and symmetry of left and right eyes shall also be 
used to determine eye area further. In order to reduce 
influence of illumination variance on eye detection accuracy 
rate, illumination information shall be used to figure out 
gradient information: 
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Modulo of gradient vector is: 

)()(|| 22 AGAGG yxA                              (3) 

Where, ),( yxf is illumination value of point A ),( yx in 
illumination image; (A)Gx and (A)Gy are gradient component 
of point A. According to gray information and gradient 
information, information of eye map is: 

(i,j) )*G.f(x,y)*. floor(j)EyeMapC(i, A80)255(20        (4) 

As illumination of eye area is low, 255- ),( yxf is used.  

 

Figure 2. Original image  

 

Figure 3. Eye candidate area 

 

Figure 4. Eye map under gray and gradient information 

This method is used to calculate eye map information 
generally. Eye area is brighter than other areas, as shown in 
Fig.(4). Fig.(4) shall be processed with threshold value 
method and then binary image of the eye can be gained, as 
shown in Fig. (5). Assume the ratio between eye length and 
width is 2:1 and gain image of rectangle feature value 
according to integral image method. See Fig. (6). 

The brightest position in Fig. (6) is the eye position. 
According to the relationship between eye length and x axis 
and y axis of both eyes in the figure (refer to Equation (5) 
and (6)), position of eye can be gained and is indicated in the 
original image, as shown in Fig. (7). 

|| 1 youzuo xx , 1 is threshold value 1              (5) 

|| 2 youzuo yy , 2 is threshold value 2              (6) 
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Figure 5. Threshold value figure 

 

Figure 6. Figure after integral image processing 

 

Figure 7. Approximate position of eye map after processing 

C. Extract Pupil With Random Hough Transform 

Standard equation of circle is: 22
0

2
0 )()( ryyxx  . 

According to random Hough transform and standard 
equation of circle, central point and radius of circle can be 
figured out, as shown in Fig. (8) and they are central point 
and radius of pupil. In this way, approximate scope for minor 
axis of ellipse of eyelid to be fitted and approximate scope 
for central value of ellipse can be gained. After central point 
and radius for pupils of left and right eyes are gained, 
accuracy area of left and right eyes can be gained, as shown 
in Fig. (9). Fig. (10) can be gained after edge detection in Fig. 
(9). 

 
Figure 8. Find pupil with HOUGH transform 

 
Figure 9. Image of left and right eyes 

There is peripheral point for eyelid outline and peripheral 
point for non-eyelid outline in Fig. (10). Therefore, linkage 

area with maximum edge pixel points shall be found to gain 
the real contour line of eyes, as shown in Fig. (11). 

 
Figure 10. Edge image of left and right eyes 

 
Figure 11. Edge image of left and right eyes after processing 

D. Determination of Eyelid With Direct Least Square 
Fitting 

The Thesis uses direct least squares fit method to find 
ellipse. The algorithm takes minimum quadratic sum of 
algebra distance as mathematical principle of fitting. General 
equation for plane quadratic curve of ellipse can be 
expressed with Equation (7)[10] 

feydxcybxyaxXBXBF  22),(          (7) 

Where, TfedcbaB ],,,,,[ , TyxyxyxX ]1,,,,,[ 22 , ),( iXBF is 
the algebra distance between point ],[ ii yx and quadratic curve 

),( XBF . If 14 2  bac , curve after fitting is ellipse[10,11]. The 
Thesis uses ellipse fitting method specified in Literature [12] 
to gain 6 parameters of elliptic equation and then transfers 
axis of quadratic curve 022  feydxcybxyax . It gains 
coordinate of ellipse center in the image, dip angle of ellipse 
and long axis and short axis length of ellipse after axis 
transfer. For ellipse of direct least squares fit in Fig. (11), 
refer to Fig. (12) and make indications in the original image, 
as shown in Fig. (13). Ellipse in the image is actually edge of 
eyelid. Center of the ellipse is actually center of eyelid. 

 
Figure 12. Ellipse After Fitting of Left and Right Eyes 

 

Figure 13. Ellipse with fitting indicated in original image 

E. Determination of Human Face Candidate Area 

If pupil and eyelid are extracted with this method, this 
area can be judged as human face candidate area. Suppose 
central distance of both eyes is 2d and center coordinate of 
both eyes is ),( 0y0x . According to face length and face width 
knowledge, face width is 5d. During estimation of face 
length, 2d shall be deemed as one part; the area from center 
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of two eyes to the hairline is one part; the area from center of 
two eyes to nose apex is one part and from nose apex to chin 
is one part. Human face area can be drawn approximately in 
this way with height of 6d and width of 5d. After human face 
candidate area is gained, its size shall be normalized as 
24*20. 

III. FILTERING WITH GABOR FILTER 

In order to reduce influence of illumination on detection 
effect, Gabor filter shall be used first of all for filtering 
processing of human face image and then detection shall be 
conducted. During detection of image, human eye shall be 
determined through the front part and then face candidate 
area shall be determined. This can remove most non-face 
area and reduce follow-up calculation amount.  

A.  Gabor Filter 

After researches on human visual system, people find 
that optic nerve cells are distributed in pairs and will tune to 
the same direction during operation with phase difference of 
90 degree. Therefore, general human eyes are interested in 
sudden change of target gray. While traditional Fourier 
analysis can not reflect frequency characteristic of signal on 
local area of time axis. Gabor proposed short-time Fourier 
transform namely Gabor transform in 1946. It can gain the 
best localization both in dime domain and frequency domain. 
Form of two-dimensional Gabor function is: 
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Where,  sincos yxx  ,  cossin yxy  ,and standard 
deviation of x  axis and y  axis is  and  respectively. U
and V are radial direction center frequency component of 
filter. Angle  is orientation of  Gaussian-modulation 
function. Center frequency orientation in this time is 

)/(tan 1 UV . Suppose orientation of Gaussian modulation 

  . Suppose  / and 22 VUF  . Above formula 

can be simplified as: 
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As people find that frequency response bandwidth of 
human optic nerve cell is 0.6 to 2.0 octaves and center 

frequency F will reduce with 2  factor. As 
F


  , 


F . 

Above content shows that  and direction   decide 
orientation of filter. Experiences show that under most cases, 
8 directions can meet classification requirements of different 
textures basically. Due to symmetry of trigonometric 
function, direction  adopts the following equation generally:  

}1,...,2,1,0{,  Nk
N

k
n


                    (10) 

In the experiment, 422221 ,,,, and there are 5 
values. Temporal frequency window of Gabor wavelet is 

F
22Wt
  . If temporal frequency window is too big, 

local feature of the image will be lost easily. If it is too small, 
it will be influenced by the noise. 

B. Conduct Filtering in Human Face Candidate Area with 
Gabor Wavelet 

Suppose in the input image, human face candidate area is 
),( yxf  and Gabor filter is ),,,( yxh . In order to facilitate 

description for local features of image, 40 Gabor filters 
formed by 5 center frequencies and 8 directions will be used 
generally and Gabor filtering shall be conducted in human 
face candidate area, namely: 

),,,(),(),(,  yxhyxfyxp                          (11) 

),(, yxp  represents output image gained after image
),( yxf goes across Gabor filtering designated by n and  , 

as shown in Fig. (14). 
The bigger   in (a) of Fig. (14), the fewer  in (b). The 

Thesis uses Adaboost algorithm to train classifier, so it 
adopts Fig. (b). After Gabor filtering, influence of 
illumination on face image is also removed.  

 
 (a) Larger   

 
 (b) Fewer   

Figure 14. Human face image filtering results with 8 directions and 5 

dimensions 
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IV. CLASSIFIER OF ADABOOST GABOR 

FILTERING 

Influence of illumination is removed after Gabor filtering 
and Adaboost algorithm can be used to train classifier. T 
weak classifiers with strong classification capacity will be 
gained after training. After T weak classifiers combine with 
certain weight, strong classifier can be gained. Its algorithm 
is as follows: 

 (1) (1) Provide a series of training samples ),( 11 yx , 
),( 22 yx , ... ),( 33 yx , 1yi   or 0 which represent face image 

and non-face image. Image size is 24*20. 
 (2) Initialize weight. When 1yi  , 1/2m=w i1, ; when 
0yi  , 1/2l=w i1, . m and l are the number of face sample 

and non-face sample. 

(3)For  k=0,1,…7     
N

k
n

   

(4)For m=0,1,…4   m201 )(*.  
 (5) Conduct image filtering with Gabor filter: 

),,,(),(),(,  yxhyxfyxp   
(6)For   t=1,2,…T 

e) Normalize weight: 
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f) Train a classifier jh for each feature j and figure out 

the corresponding error rate:  

i

iijij yxhw |)(| . 

G) Select th of minimum error rate t and corresponding 
t and t . 

h) Update weight: ie
titit ww 
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,,1  . Where 0i 

represents that ix is classified correctly and 1i  represents 

wrong classification. 
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(7) At last, T weak classifiers form a strong classifier: TH 
in the formula is the domain value. 
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In order to promote detection accuracy further, after 
strong classifier is gained, cascade connection structure shall 
be used to turn strong classifier into cascade classifier. Then 
the cascade classifier shall be used to detect images 
containing human face. Face can be determined when it 
meets above equation.  

V.  EXPERIMENT RESULTS AND ANALYSIS 

There are 15 people with 11 pictures per person in Yale 
face database and it mainly contains change of illumination 
condition and change of expression. There are 40 people 
with 10 pictures per person in ORL face database it mainly 
contains expression change, minor posture change and 

dimension change within 20%. There are more than 1000 
people and more than 10000 pictures in FERET, including 
pictures of expression, illumination and posture change and 
pictures of age change. Face images used in the experiment 
come from face database such as YALE, ORL and FERET 
and non-face images come from Internet randomly, including 
pictures of some animals’ face. Software is MATLAB 2010b 
and PC machine is dual-core Pentium(R) 4 CPU 3.06G, 
3.07G with memory of 4.0G. 

Process of human face detection algorithm is as follows: 
 (a) Seek eye candidate area with Adaboost method of 

eye detection in 2.1. 
 (b) Use method specified in 2.2 to localize pupil and 

eyelid first of all and then gain face candidate area according 
to face length and face width knowledge. Normalize it as 
24*20 size picture. 

(c) Use cascade connection strong-classifier trained with 
Adaboost Gabor filtering algorithm specified in 4 to judge 
whether it is human face or not. 

A.  Comparison of Several Algorithms 

The experiment aims to measure false alarm rate of 
classifier under same quantity of classifier. It will compare 
classical Adaboost algorithm specified in Literature [1], 
improved Adaboost algorithm specified in Literature [3] and 
Adaboost Gabor filtering algorithm specified in the Thesis. 
Refer to Fig. (15) for experiment results. 

 

Figure 15. Relationship between quantity of weak classifier and false alarm 

rate under different algorithms 

Fig. (15) shows that, under same classifier quantity 
condition, false alarm rate of the Thesis is lower than that of 
Literature [1] and [3] respectively. As eye localization is 
adopted in the algorithm of the Thesis and the area similar to 
human face is removed. Gabor filter is used at the same time 
to reduce influence of illumination on detection results.  

B. Test Results in CMU Frontal Face Face Database 

5 levels of strong classifiers are gained in 4 kinds of 
training and there are 3247 weak classifiers. In the 
experiment, algorithms of Literature [1], Literature [3] and 
the Thesis are used to detect CMU Frontal Face face 
database. Refer to Table (1) for experiment results. 
Compared with algorithms of Literature [1] and Literature 
[3], human face detection rate for algorithm of the Thesis is 
higher under similar false alarm rate condition. In a similar 
way, false alarm rate for algorithm of the Thesis is lower 
under similar detection rate condition. Fig. (16) is human 
face detection results when method of the Thesis is used.  
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TABLE 1. TEST RESULTS IN CMU FACE DATABASE 

False alarm rate 
Detection rate 

Adaboost 
algorithm 

Improved 
Adaboost 
algorithm 

Algorithm of 
the Thesis 

74%  0.21%  

75%   0.20 

76% 0.23%   

81% 0.81%   

83%  0.79%  

86%   0.76% 

86% 1.89%   

94%   1.75% 

 

Figure 16. Human face detection results 

In terms of detection speed, as the Thesis searches for 
eye candidate area through Adaboost method first of all and 
then localizes pupil and eyelid with Hough and direct least 
squares fitting ellipse method. Then it gains face candidate 
area according to face length and face width knowledge and 
normalizes it as 24*20 size picture. Most of the area has been 
removed in this time and only few candidate areas are left. It 
uses cascade connection strong-classifier trained with 
Adaboost Gabor filtering algorithm to judge whether it is 
human face or not finally. Although there are many weak 
classifiers used, as there are few candidate areas, calculation 
time is not long and detection speed is quick. Table (2) is the 
average detection speed of algorithms of Literature [1], 
Literature [3] and the Thesis in YALE, ORL, FERET and 
CMU Frontal Face databases. Table (2) shows that, detection 
speed for algorithm of the Thesis is higher than that of 
former two methods.  

TABLE 2. COMPARISON FOR AVERAGE DETECTION SPEED OF 3 

METHODS IN DIFFERENT DATABASES/MS 

Database Adaboost 
algorithm 

Improved Adaboost 
algorithm 

Algorithm of 
the Thesis

YALE 149 93 69 

ORL 167 101 80 

FERET 155 97 73 

CMU Frontal 146 92 65 

VI. CONCLUSIONS 

In order to solve influence of illumination, human face 
size and starting point position of face image on face 
detection rate, the Thesis proposes human face detection 
method integrating human face location and Adaboost Gabor 

filtering algorithm. First of all, it uses Adaboost method to 
determine eye candidate area and then uses Hough and direct 
least squares fitting ellipse method to localize pupil and 
eyelid with most non-human face area removed and few 
candidate area retained. Then it gains human face candidate 
area according to face length and face width knowledge and 
uses cascade connection strong-classifier trained with 
Adaboost Gabor filtering algorithm to judge whether it is 
human face or not finally. It compares methods proposed in 
Literature [1], Literature [3] and the Thesis in CMU Frontal 
Face database. Experiment results show that method of the 
Thesis has low false alarm rate, high human face detection 
rate and high detection speed.  
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