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ABSTRACT 

The research of face recognition and face distance estimation is a study that is being developed 
nowadays. This research proposes a model of face recognition by combining wavelet decomposition, PCA 
and Mahalanobis distance. This method will provide a better of recognition rate and will improve the 
computation time of face recognition. We also develop the measurement of distance between the face and 
the camera on the proposed face recognition system. We propose real-time distance estimation on face 
recognition system using stereo vision camera. We calculate the distance using stereo vision camera based 
on stereo triangulation method using two lenses. The two lenses of stereo vision camera are used to capture 
a face image and to determine the 3 dimensional points projected from 2 dimensional points. The 
calculation of distance is determined by the projection from stereo vision camera. The proposed system is 
capable to calculate the distance beetween face and camera on the proposed of face recognition. This 
research also suggests a correlation between recognition rate and the distance estimation beetween face and 
camera. The recognition rate of the proposed of face recognition can work well in the range of 50-350 cm 
in real-time conditions. 
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1. INTRODUCTION  

 
Face Recognition System is an application of 

computer technology that can be used to detect and 
recognize human faces from images or moving 
images such as video from a camera. Generally, a 
face recognition algorithm can classify human faces 
and recognize the identity of the detected faces. 
Some previous researches on face recognition 
system have been done by several researchers. Turk 
and Pentland [1] have developed a face recognition 
system using eigenfaces method. A face recognition 
system using a comparison between the features 
and templates has been developed by Brunelli and 
Poggio [2]. Another face recognition system using 
discrete cosine has been developed by Hafed and 
Levine [3]. Kelsey et al. [4] conducted research on 
face recognition using eigenfaces algorithm and 

histogram equalization. Zhichao and Meng [5] 
conducted a research using illuminance reduction 
prior to extraction in face recognition process. Kato 
et al. [6] have developed a research in face 
recognition using real-time angle and illumination-
aware based on artificial neural network. 

In a face recognition system, the determination 
of the distance and the location of human face are 
studied separately as a continuous research. Our 
research is a progress in the development of 
computer vision and robotics used in navigation 
systems.  Estimated distance of a face can be 
calculated using a triangulation method. The 
method computes the distance between the 
projection of  two-dimensional image and their 
three dimensional points using a stereo vision 
camera. The face distance measurement can be 
performed on real-time video using stereo vision 
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camera. Several researches on distance 
measurement using a camera have been done earlier 
by several researchers. Lamża et al. [7] have 
developed a method for depth estimation using a 
single camera for video surveillance system. 
Joglekar et al. [8] conducted a study on a depth 
estimation using monocular camera. Saxena et al. 
[9] have developed a depth estimation system using 
monocular and stereo cues. Fanelli et al. [10] 
conducted a study to determine the estimated real 
time head pose from consumer depth cameras. 

Research development using stereo vision 
camera in face detection and face recognition has 
been developed by several researchers before. Lin 
et al. [11] used stereo vision technique to obtain the 
distance of face from camera. Budiharto et al. [12] 
used stereo vision camera to obtain the depth 
between camera and a face as a service robot. Chen 
et al. [13] have developed a new method of face 
recognition and face tracking using stereo vision 
camera for its implementation in robot platform. 

From the previous researches, there is no study 
on the recognition of a movement face and the 
determination of the real-time distance between the 
face and camera. Therefore, this study implements 
both face recognition and real-time distance 
calculation between the face and the camera at 
once. 

The rest of the paper is organised as follows. 
Section 2 decribes our research method. Section 2.1 
explains about face recognition model. The distance 
estimation model is explained in Section 2.2. 
Section 3 discusses the results and analysis of our 
experiments. Our conclusions are presented in 

Section 4. 

 

2. RESEARCH METHOD 

A face recognition system developed in this 
study is equipped with real-time distance estimation 
using stereo vision camera. The proposed system is 
used to find out who is detected on the camera and 
to determine the distance of the face captured by 
the camera. A stereo vision camera that has two 
lenses (right-left) are used to measure the distance 
to the object. 

The distance calculation is done firstly by 
transforming the object in the image coordinate 
system to the object in the real world system. There 
are three steps to calculate an estimated distance 
between the camera and the face: 

 
(1) Capturing a face image by a camera.   
(2) Conducting the process of face detection 

using Haar method. 

(3) Determining the distance of the face using 

two points in the face image.  

The calculation of distance and face 
recognition process can produce a real-time model 
of distance estimation on face recognition using 
stereo vision camera. Generally, the proposed 
system is shown in Figure 1. 

 

 
Figure 1: Proposed System  

 

2.1. Face Recognition 

In this study, we used a feature extraction 
model using wavelet decomposition level 3 and 
PCA. We use Mahalanobis distance as the method 
of classification. There are four steps to perform 
the process of face recognition :  

(1) We conduct the image acquisition process 

and preprocessing of face detection  

(2) We reduce the dimension of the image 

using wavelet decomposition level 3 

(3) We use Principal Component Analysis 

(PCA) as feature extraction 

(4) We use Mahalanobis distance as 

classification 

2.1.1 Preprocessing  

We use Haar cascade classifier to localize the 

face area [14]. We combine four steps: (1) We crop 

the face image in the face detection, (2) We change 

the RGB face image to grayscale, (3) We resize the 

face image in 160×160 pixels, (4) We normalize 

the contrast and brightness using histogram 

equalization. 

2.1.2 Feature extraction 

  In the feature extraction step, the combining 

method will produce a 20x20 pixels of face 

image from 160x160 pixels as shown in Figure 2.  
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Figure 2. Face Images From Wavelet Decomposition 

Until Level 3 (160x160, 80x80, 40x40, 20x20) Of Pixels 

 

2.1.3 Classification 

  In the classification process, we use 
Mahalanobis distance to produce an accurate and 
optimal value of face recognition. Mahalanobis 
distance is also used to anticipate differences in 
illumination and variations of face expression. If x 
is vector data, C-1 is inverse covariance matrix, T is 

vector to be transposed,    is vector of mean of 
variables and then we can obtain the Mahalanobis 
distances formula (D2) as shown in Equation 1. 

 

           (1) 
 

2.2 Distance Estimation 

In the distance estimation process, we use 
stereo triangulation as a technique to measure the 
distance in stereo vision system. We use a stereo 
vision camera with two lenses as a face image 
capture and to determine the 3D points projected 
from camera lens. The image from the camera is 
further processed using face tracking and distance 
estimation. We use a stereo vision camera that has 
maximum resolution of 800 x 600 pixels and 

equipped with 2 lenses. The distance between the 
left and the right lens is 6 cm, this camera has a 
maximum focal length in 10 cm and the maximum 
image capture on the camera is 30 fps (frames per 
second). A 2D (two-dimensional) object captured 
by stereo vision camera will be projected into a 3D 
(three-dimensional) points to estimate the distance 
of the object from the camera. 

To obtain a point of image projection from 2 
different angles, we use 2 lenses from a stereo 
vision camera to determine the distance estimation 
of the object. The stereo triangulation model of 
image projection from stereo vision is shown in 
Figure 3.  

 

 
Figure 3: Stereo Triangulation Model Of Image 

Projection In Stereo Vision Camera 

 
Figure 3 shows that stereo vision camera has 2 

lenses (C, C'). Both lenses are capable to capture 
images of objects at the same point S (Scene point). 
The location of point from 2 position of the image 
is denoted by A and A'. f is the focal length of the 
camera and T is the distance between two of lenses. 
The difference in distance between lines A or A' 
with the normally axes of the camera is denoted by 
u and u'. To determine the distance (Z), we can 
obtain from Equation 2. 

 

          (2)         

                                                        
In the stereo image processing model, 3D point 

in the stereo camera is projected to the left and the 
right image frames. The stereo vision camera model 
that is used in face detection system are shown in 
Figure 4.  
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Figure 4: Projection Model On Stereo Vision Camera 

 

Stereo vision camera is used to obtain the 
position of the moving object's face in the picture, 
and then do the calculation to estimate the distance 
of the object’s moving faces. Z is a 3D point of 
estimated distance, A and A’ is the position of the 
camera image on the right and the left cameras. a is 
the distance between the midpoint of each camera, f 
is the focal length. To determine the distance from 
the camera denoted as Z, we can reconstruct using 
2D point projections as shown in Equation 3. 

 

                             (3) 

 
3. RESULT AND ANALYSIS 

In the face recognition process, we use 36 
different faces of person and each face is taken in 
10 times pose retrieval. We use 160x160 pixels of 
source image and comparing using Euclidean and 
Mahalanobis in each level of wavelet 
decomposition. The result is shown in Figure 5. 

 

 
Figure 5: Comparison Of Recognition Rate 

 
Figure 5 shows that the proposed system using 

Mahalanobis provides better face recognition rate 
about 95.56% than Euclidean that only provides 
91.94%.  

In the comparison of computation time, we 
use Mahalanobis and Euclidean as classification to 

compare the testing computation time. The result is 
shown in Figure 6. 

 

 
Figure 6: Comparison Of Computation Time 

 
We can see that the testing computation time 

of the proposed system using Mahalanobis is better 
than Euclidean. Mahalanobis distance provides 5.56 
ms of computation time while Euclidean distance 
can provide only 6.24 ms of computation time in 
average.  

In the distance estimation process, we perform 
the test by measuring the distance between the face 
and the camera. The experiments have also been 
carried out by measuring the distance during the 
process of face recognition. The results of the 
experiments carried out by performing face 
recognition process and comparing samples of face 
image that have been stored in the face database. 
Face database consists of 36 different faces and 
each face is taken in 10 times pose retrieval. 
Experiments carried out by performing face 
recognition and face distance measurements 
between 50 and 650 cm. The experiments 
conducted by random measurement and calculated 
the average of each measurement. The Results of  
Distance Estimation measurements  are shown in 
Table 1. 
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Table 1: Results of Distance Estimation and Face 

Recognition 
Distance 

(cm) 
Estimated 

Distance (cm) 
Face 

Recognized 

50 51.00 √ 

100 101.00 √ 

150 149.40 √ 

200 197.40 √ 

250 246.00 √ 

300 294.30 √ 

350 341.60 √ 

400 388.40 √ 

450 435.15 √ 

500 481.00 √ 

550 526.90 - 

600 571.20 - 

650 616.20 - 

 

In the next experiments, we have been testing 
the face recognition based on the distance 
estimation by comparing between the proposed 
system and PCA-Euclidean. The results show that 
the proposed system is better than the PCA-
Euclidean. The results of the experiments showed 
that the difference of the distance between face and 
camera will affect to the results of the face 
recognition rate. The ideal distance of face 
recognition using the proposed system is in range 
of 50 to 350 cm. The best result of recognition rate 
is in range of 50 to 150 cm and the average of the 
results of recognition rate will achieve recognition 
rate is 96.49%. The experimental results of face 
recognition based on the distance are shown in 
Table 2.  

 
Table 2: Recognition Rate based on Distance 

(Comparison between PCA-Euclidian and proposed 

system) 

Distance 
(cm) 

Estimated 
Distance  

(cm) 

Face Recognition Rate (%) 

PCA-
Euclidean 

 Proposed 
System 

50 51.00 92.11 94.74 

100 101.00 92.11 97.37 

150 149.40 89.47 97.37 

200 197.40 86.84 92.11 

250 246.00 78.95 84.21 

300 294.30 71.05 76.32 

350 341.60 65.79 68.42 

400 388.40 52.63 63.16 

450 435.15 47.37 52.63 

500 481.00 36.84 42.11 

 
From Table 2, we can conclude that there is 

a correlation between distance estimation and 

recognition rate of face recognition system as 
shown in Figure 7.  

 

 
Figure 7: Correlation between Distance Estimation and 

Recognition Rate of the Proposed System 
 

From Figure 7, we can determine a 
relationship equation between distance estimation 
(d) and recognition rate (R) as shown in Equation 
(4).   

 
R = -2.0679d

2 - 1.5399d + 101.58 
Where: 

R = recognition rate (%) 
d = distance of face (m) 

 

4. CONCLUSION 
In this research, we have developed a method 

of real-time distance estimation on face recognition 
system. This method will contribute to the 
development of computer vision system, especially 
in the field of robotics and navigation systems that 
require a high of face recognition rate and a 
precision of real-time distance measurement. We 
use two lenses of stereo vision camera to make a 
3D projection and to calculate the distance between 
the camera and the face in real-time. The 
experiments showed that the proposed method can 
produce an accurate face recognition system and 
capable to provide a real-time distance between the 
face and the camera. The ideal distance between the 
face and the camera recommended for face 
recognition using the proposed system is between 
50 and 350 cm. The proposed system of face 
recognition will achieve face recognition rate is 
about 95.56% and the result of computation time of 
face recognition is about 5.56 ms. 
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