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Abstract— Depth estimation of an object in a scene from images 
intensity is an essential problem in machine vision applications. 
Here, In order to obtain the distance between object and camera, 
a novel method presented for depth estimation from a single 
defocus blurred image. Unlike other methods for depth 
estimation which are based on the characteristics of the three-
dimensional information, here, only constant camera parameters 
are considered. Thus, the change of distance of the object from 
the camera has direct relation with amount of object’s blurring 
in image. In fact, the amount of blurring will be published with a 
direct comparison in front of the camera and can be seen with the 
gray level changes around the edges of objects. The proposed 
method is considered to be Blind method in which image in a 
focus state is not required. Using only one frame, the relative 
uniform depth map can be estimated. 

Keywords- depth estimation; defocus blur; DFD method; circle 
of confusion; COC  

I.  INTRODUCTION 
Depth estimation is one of the fundamental problems in 

machine vision. One of the methods of obtaining distance 
between camera and an object in the scene is using the 
intensity images taken by the camera. In general, common 
methods for depth estimation of objects in the scene are 
according to information based on three-dimensional 
characteristics of objects and scenes. These methods can be 
divided to stereo/movement and focus/defocus methods. In the 
images related to different viewpoints, usually the camera 
parameters variation should be considered. However, these 
depth estimation methods use several frames taken by the 
camera. 

Stereo vision method is based on two images taken by two 
cameras in different positions. The two cameras have similar 
axis and distance from each other is identified. The objects at 
the scene, located in different positions with feature undertake 
point extraction on each object and attain conformity with 
respect to each other. Considering the geometric relationships 
between objects and scene, depth of objects can be estimated. 
This approach is similar to human vision system. Although, 
methods based on movement or stereo are capable to create a 
dense depth map, but there are difficulties because of the 
existence of the different view point situation. Usually these 
methods have very high relative computation cost [7, 8, 9]. 

In some methods, the amount of image gray level and light 
variation in the scene are used to estimate the objects depth. 
These methods can be divided into shadow method and 
defocus method. In the method using the existing shadow, 
with a frame of the scene and a known light source together 
with the reflection model, shadow variation can be used for 
shape evaluation in the scene [10, 11]. 

In conventional methods using depth from focus or 
defocus, multiple images from fixed view point with different 
focal length are taken by the camera. Some of focal lengths to 
obtain the best focused image or defocus value are used, 
which also can be used to calculate object distance. Depth 
estimation from an image using focus properties has recently 
found many applications. 

In focus method, the images of object from different 
distances are used. In this method object changes in focus 
distance into camera is compared to that in out of focus 
distance that caused the object to appear blurred; thus relative 
depth of objects can be estimated. In stereo method and 
shadow method, cameras and hardware accessories are 
required, but cameras parameters are fixed during the imaging 
time. Focus method only uses one camera but camera 
parameters for multiple and different capture of scenes are 
adjusted. 

For any point in the object, therefore, one marking point 
will be recorded on image sequence. Now if the focus on point 
of the object is properly adjusted, that point is visualized and 
if the point is not in focus, the image is to be formed before or 
after the sensor and that marker point appears as a circle, such 
that the more the distance of formed point from image 
sequence, the larger the diameter of blur circle or circle of 
confusion. 

In fact, the important issue in the focus and defocus 
methods, would be to measure the amount of blurred vision in 
different observations. In general the defocus method is 
divided into two categories, namely active and passive. 

Active mode in defocus method was introduced by Girod 
and Scherock in 1989 [5]. In this method, the known beam 
light is radiated to scene. The Image is then recorded by a 
camera equipped with a splitter light beam filter. Considering 
the fact that the beam light is known, the amount of the 
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blurring caused by depth of object located in
would be estimated. 

Passive mode in defocus method wa
Pentland in 1987 [6]. In this method, at leas
different focal length are used. In fact, coun
from images with different camera parame
According to the various amount of blurring
views with focal length and out of camera f
object depth in scene is estimated. 

In this work, a method for obtaining 
defocus blur image from the objects loc
distance from the camera is presented. 
between depth and defocus blur obtained d
focus range and blur observed in the im
camera parameters data for blur spot determ
distance to the camera, the depth of an objec
position can be calculated using depth-blurri
this method is capable to estimate depth f
image taken by camera. 

The difference between the proposed m
methods for blur detection is the criteria 
intensity analysis introduced for defocu
variation of light and brightness conditio
blurriness is detected by depth-blurring func
is applicable to images not only recorded 
outdoor image sequences. 

II. STRUCTURE OF DEFOCUS BLUR

For a camera lens model with foc
relationship between the position of a point
the corresponding focused position in the i
the well known lens formula: 
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III. EXPERIMENTS 
As mentioned, considering fixed camera internal 

parameters, the amount of blurring object has direct relation 
with distance between object and camera or object depth. The 
amount of blurred generated on image can be considered as a 
function of the image blur diffusion or point spread function 
(PSF). For experiments images recorded with a Sony DSC-
W200 camera were used a frame of which is represented in 
Figure 3. The object in the images was placed at various 
distances between the camera and focus distance. For a better 
view, images are represented in zoom mode. 

These images were recorded with 2.8 aperture size. Camera 
sensor dimension was 4256*2832 CCD pixels. Size of each 
pixel on the CCD was 1.7857 micro-meters. Camera focal 
length was considered 8 mm and focus distance was 500 mm 
while dimensions of each image were 4000*3000 pixels. 

At this stage, an edge detection function, namely Sobel 
Edge Detector, was used to detect the edges of the object in 
the image. This edge detector had relatively good response in 
continuous edges and provided a fair speed. In the next stage 
around the edges of the object, the amount of the gray level 
intensity changes and blurring spread in that area were 
studied. The Number of pixels that have been stained and 
propagated as defocus blur, have direct relation with size of 
blur circle diameter (COC) formed on camera image plane. It 
is noteworthy to mention that with digitization property in 
camera sensor, the formed circle was not a complete circle. 
However considering the fact that only the diameter of this 
circle is required in this experiment, this problem can be 
ignored. 

     
(a)                  (b) 
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Figure 3. Object images Sample with fixed camera parameters (focal lenghth 
is considedr 500mm) in different distance from camera, a) distance is 500 
mm, b) distance is 1000 mm, c) distance is 1500 mm, d) distance is 2000 mm 

Taking into account the image size and the number of 
existing pixels of the camera sensor, a direct relation can be 
calculated between amount of blurring spread around the 
edges and size of blurred circle diameter (COC) formed on 
camera sensor. Thus, according to this value and blur spread 
function values (PSF) calculated, the relative depth of object 
compared to the camera could be estimated as shown in Figure 
3. Some edge samples and their blur intensity are shown in 
Figure 4, 5, 6 and 7.   
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Figure 4. a) Edge sample with 500 mm focus distance and depth is 500 mm  
b) blur extent intensity in edge 
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Figure 5. a) Edge sample with 500 mm focus distance and depth is 1000 mm  
b) blur extent intensity in edge 
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Figure 6. a) Edge sample with 500 mm focus distance and depth is 1500 mm  
b) blur extent intensity in edge 
 

               
  (a)                      (b) 

 

Figure 7. a) Edge sample with 500 mm focus distance and depth is 2000 mm  
b) blur extent intensity in edge 



With considering blur spread function values, the results 
are represented in Table1, 2 and 3. In the following Tables, the 
results have been calculated with considering blur spread 
function. In this figure, the real object depth, the size of blur 
circle formed on sensor and also estimated depth after the 
calculations are given. In Table1, Focal distance of 500 mm 
has been fixed and objects from pre-determined intervals 500, 
1000, 1500 and 2000 mm to the camera are located.  Blur 
circle diameter of the relations discussed in the last season and 
also features considered in terms of millimeters in this table 
has been calculated.  Error rate represents the difference 
between the estimated depth and the real depth. Table2 also 
Focal distance is fixed in 1000 mm and in Table3 7000 mm 
has been fixed.  

Finally, the error rate in different distance into the real 
depth object is less than 50 millimeters or 5 percent has been 
calculated while In Table3 with 7000mm focal distance, this 
error reaches 40%.  It shows that this method will have a 
better response in close distances from camera. It is 
noteworthy that all of the numbers in Tables are shown in mm. 

TABLE1. The results with 500mm Focal distance (all numbers in millimeter) 

 Focus 
distance 

Real 
depth 

Size of blur 
circle 

Estimated 
depth 

Error 
rate 

Image 3-a 55000 500 0 520 4% 

Image 3-b 500 1000 0.0058 966 3.4% 

Image 3-c 500 1500 0.0077 1547 3.1% 

Image 3-d 550000 2000 0.0087 1960 2% 

TABLE2. The results with 1000mm Focal distance (all numbers in 
millimeter) 

 Focus 
distance 

Real 
depth 

Size of blur 
circle 

Estimated 
depth 

Error 
rate 

Image a 1000  500 0.0037 530 6% 

Image b 1000 1000 0 950 5% 

Image c 1000 1500 0.005 1555 5.5% 

Image d 1000 2000 0.0052 2060 3% 

TABLE3. The results with 7000mm Focal distance (all numbers in 
millimeter) 

 Focus 
distance 

Real 
depth 

Size of blur 
circle 

Estimated 
depth 

Error 
rate 

Image a 7000  500 0.0037  750  50%  

Image b 7000  1000 0.0047  1400  40%  

Image c 7000  1500 0.005  2200  46.6%  

Image d 7000  2000 0.0052  3000  50%  
 

IV. CONCLUSIONS 

In this work in order to estimate the depth of an object present 
in the scene, a new method was introduced which used similar 
characteristics of defocus blur. Owing to fixed camera 
parameters, it was found out that the change in object distance 
from the camera has direct relationship with amount of 
defocus blur in object in the image. The proposed method, 
compared to conventional defocus and other methods, was 
shown to be a blind method, i.e. no focus state object image is 
required. Another advantage of this method is that it is 
independent from the three-dimensional attributes of objects 
or the scene. The complexity of this method is also less 
compared to similar methods. 
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