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Abstract — Observed images with bare eyes are always 
different than the acquired ones using an imaging system 
since the captured images are considered as the degraded 
versions of the original scene. These degradations may 
vary between image noise, lighting defects and blur. 
Therefore, this article addresses the field of computer 
forensics with image deblurring as the latent details that 
are indeed present in the captured images are concealed 
due to the blurring artifact. Moreover, the constant types 
of blur that are being dealt with in forensics are the 
motion and the out-of-focus blur. The motion blur 
occurs due to the motion of the recorded objects or the 
camera during the capturing process. The out-of-focus 
blur occurs due to lens defocusing errors.  Different 
examples are provided to focus on the importance of 
deblurring forensic images. In addition, concise 
commentaries on deblurring methods, applications and 
blur types are deliberated for additional knowledge. 
 
Index Terms — Computer forensics; Image deblurring; 
Motion blur; Out-of-focus blur; Image degradations; 
Deblurring software. 
 

I. INTRODUCTION 

Cameras are used to record images that signify a 
correct representation of the original observed scene. 
However, every recorded image is more or less blurry. 
Thus, image deblurring is fundamental in making 
pictures sharp and useful. Image deblurring recovers the 
original, sharp image by using a mathematical model of 
the blurring process. The key issue is that some 
information on the lost details is indeed present in the 
blurred image but they are hidden and can only be 
recovered if known details of the blurring process are 
provided [1]. Generally, the recorded image can be 
expressed as [2]: 

 
*G H F N= +                                                              (1) 

Where, (F) is the original scene, (H) is the point 
spread function (PSF), (N) is the additive noise, (*) is a 
convolution process and (G) is the obtained degraded 
image [2]. Unfortunately, the original scene cannot be 
recovered exactly because of different unavoidable 
errors in the recorded image. Still, many challenges arise 
when trying to deblur images, such as devising efficient 
and reliable algorithms for recovering as much 
information as possible from the given data and a correct 
estimation of the blurring kernel. Many environments 
are used to develop the image processing applications; 
MATLAB is one of these applications that are widely 
used by different researchers. The basic MATLAB 
package contains many functions and tools for this 
purpose, but in some cases it is more convenient to use 
routines that are only available from the Signal 
Processing Toolbox (SPT) and the Image Processing 
Toolbox (IPT) [1]. Image deblurring signifies one of the 
most common cases of the applied inverse problems, 
with practical applications varying from medicine to 
forensics. Current studies in image deblurring are 
focused on iterative methods. Direct deblurring (Wiener-
type filtering in the Fourier domain) is limited by 
problems with spatially-invariant blur and stationary 
Gaussian noise [3]. Other methods such as blind 
deconvolution are also used to process various types of 
blurry images. The rest of the article takes the following 
order: in section two, the types of forensics blur are 
explained along with their causes. In section three, the 
deblurring methods used to reduce the blurring artifacts 
are briefly clarified. In section four, the famous forensics 
deblurring software are highlighted and brief 
descriptions about them are also provided. In section 
five, some forensic examples about degraded and 
deblurred images using different forensic software are 
also provided. Finally, in section six, a brief conclusion 
about this article is mentioned to highlight its important 
issues. 
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II. TYPES OF BLUR IN FORENSICS 

Usually, two types of blur are identified as the main 
source of image blurring that are motion and out-of-
focus blur. The motion blur happens due to many 
reasons such as the motion of objects during the image 
capturing procedure [4], the movement of cameras at the 
time of the scene capturing [5]. In addition, motion blur 
caused by a relative motion between a camera and a 
scene is inevitable due to the nature of a camera sensor 
that accumulates incoming light over a certain period of 
time [6]. Besides, the out-of-focus blur happens due to 
many reasons such as lens defocusing [7], and lens 
focusing error [8]. Due to the latter issues, the forensic 
images are degraded by blur. The complicated part is 
when an image has more than one type of blur, which 
occurs in most images. Current deblurring technology 
cannot solve the different blur types occurring in 
different parts of a single image, or on top of one 
another. For example, if an image of a moving car is 
captured and the camera was shaking during the image 
acquisition, the car will be blurry because of its motion 
and the whole image might have some blur due to the 
camera shake. If an image has other issues like the noise 
you often get from camera phones, or if it was taken in 
low light, the algorithms might identify the wrong parts 
of an image as blurry, and thus add artifacts in the deblur 
process that make it look worse. 
 

III. DEBLURRING METHODS 

In image processing, two types of methods are used to 
deblur images. These methods are called blind and non-
blind deconvolution procedures [9]. The blind 
deconvolution is a technique that recovers the target 
scene from a single or a set of blurred images were, the 
point spread function (PSF) type is unknown. For blind 
deconvolution, the PSF is estimated from the image or 
image set, allowing the deconvolution to be performed 
[10]. Whereas, the non-blind deconvolution is the 
process of estimating the latent image from the blurred 
image with a known PSF such as motion PSF or 
Gaussian PSF [11]. Both blind and non-blind 
deconvolution methods can be performed iteratively, 
whereby each iteration improves the estimation of the 
PSF and the scene, or non-iteratively, where one 
application of the algorithm, based on exterior 
information, extracts the PSF. 

 
 
 
 
 
 
 
 
 
 
 

IV. FORENSICS DEBLURRING APPLICATIONS 

 
 

Figure 1. The Focus Magic Interface. 
 
Different applications are used by the forensic 

specialists to deblur the captured images due to motion 
or out-of-focus blur. This article highlights a variety of 
common applications that are usually used in this field. 
The first software is Focus Magic. Focus Magic uses 
advanced forensic strength deconvolution technology to 
literally "undo" blur. It can repair both out-of-focus blur 
and motion blur (camera shake) in an image. It is the 
only software that can significantly recover lost detail 
from blurred images [12]. As shown in the Fig. 1, the 
interface is relatively simple and the outcome of the 
software is adequate. Finally, using this software only 
require some basic knowledge in the field of image 
deblurring to get the desired clear results. 

The second software is ClearID Workflow which 
provides two methods for forensic deblurring, both 
based upon a technique called "Deconvolution." 
Basically this is a mathematical way to provide a 
corrective lens to the image to try to arrive at what the 
original image must have been like. This was used 
extensively on the pictures from the Hubble Telescope 
prior to the first service mission because the telescope 
was nearsighted. Smart Sharpen and ClearID's 
Interactive deblur approach deconvolution in different 
ways. Interactive deblur can yield better results for both 
motion blur and focus blur, but can also have a number 
of artifacts that are less than perfect. Smart Sharpen can 
yield some useful results with its "Lens Blur" setting, 
but these results are rarely as "sharp" as those from 
Interactive deblur. Both are provided in the hopes that 
ONE of them will work as shown in Fig. 2 [13]. 
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Figure 2. The ClearID Workflow Interface. 
 
The third software is Amped Five which is a world 

leader in image processing software specifically 
designed for investigative, forensic and security 
applications. Its primary purpose is to provide forensic 
investigators a complete and unique solution to process 
and analyze digital images and video data in a simple, 
fast and precise way. Through processing and analyzing 
both still and video images, then utilizing a clear 
workflow to present evidence that withstands the 
scrutiny of the courtroom, Amped Five is the forensic 
investigator's trusted partner. Furthermore, Amped Five 
allows investigators to solve a wide range of problems 
which are otherwise easily missed. Since five is self-
contained, it can help to dramatically reduce the time 
required to process data and improves the success rate of 
the treated cases, from the restoration of low quality 
CCTV video to fingerprint analysis as displayed in Fig. 
3 [14]. 

 

 
 

Figure 3. The Amped Five Interface. 
 
The fourth software is Ikena Forensics. During the 

video capture process, a certain amount of blurring is 
introduced due to the low-pass nature of the optical 
system and video compressor. Ikena uses a special 
deblurring filter (bilateral total variation) that is able to 
sharpen images without the typical increase in noise 
seen with edge sharpening or unsharp mask. A standard 
unsharp mask is also available. Ikena can deinterlace 
interlaced video, such as DVD or security camera videos. 
Moreover, it uses super-resolution techniques to extract 
extra information from the two interlaced fields, treating 

accurately fuse those fields into a single progressive 
image, without artifacts as presented in Fig. 4 [15]. 

 

 
 

Figure 4. The Ikena Forensics Interface. 
 

he fifth software is Cognitech Video Investigator. It 
is 

T
the latest major release of the world’s first forensic 

video processing software suite, first released in mid-
1990. Cognitech Video Investigator Software is the state 
of the art video enhancement and processing software 
package. Incorporating over 40 plugins there is virtually 
nothing that cannot be achieved in regards to forensic 
video enhancements. Video Investigator will allow you 
to deblur, denoise, automatically track, reconstruct, 
mosaic, stabilize moving images, change intensity levels, 
brightness and colors, convert into any other common 
file format (avi, mpeg, tiff, jpeg, etc.), measure suspects, 
motion tracking, velocity computations, frame fusion 
and frame averaging, obscure and highlight faces and 
license plates, get component information, automated 
logging, scene descriptions and capture video scenes 
from propriety digital CCTV recorders in an 
uncompressed format as shown in Fig. 5 [16]. 

 

 
 

Figure 5. The Cognitech Investigator Interface. 
 

he sixth software is Topaz InFocus where it uses a 
de

of-focus or motion blurred images. A common side 

T
convolution technology to mathematically reverse 

image blur while increasing the actual sharpness. 
InFocus can enhance the clarity of an already well-
focused as well as deblur an out-of-focus or motion 
blurred image. The ability to re-focus a blurred image is 
a challenging but valuable capability. This technology 
can be applied to both enhancing the clarity in an 
already well-focused image, as well as de-blurring out-

each field as a separate frame, allowing Ikena to 
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effect of the deconvolution process is deconvolution 
artifacts. These artifacts can appear as a collection of 
artifacts around the lines of details in an image. Topaz 
InFocus includes a parameter which designed to remove 
these artifacts as displayed in Fig. 6 [17]. 

 

 
 

Figure 6. The Topaz InFocus Interface. 
 
The seventh software is SmartDeblur where it uses a 

user friendly and useful tool for restoring blurry and 
defocused images. Blurry images are universal in our 
life. There are many causes of that: camera shakes, 
defocussing, and artificial blur via photo editors like 
Photoshop or Gimp. Many people think that blurring is 
an irreversible operation and the information in this case 
is lost for good. But it is not quite true. The new release 
features a blind deblurring module which can 
automatically identify and remove complicated blur 
patterns in an image as seen in Fig. 7 [18]. 

 

 

 
 

Figure 8. The Blurity Interface. 
 
The ninth software is Back In Focus where this tool 

can quickly increase the sharpness of the processed 
photos by using the widely unsharp masking technique, 
which is a flexible and powerful way to increase 
sharpness. Furthermore, for more advanced refocusing, 
use one of the deconvolution algorithms to recover lost 
details. Back In Focus makes it easy to combine all 
refocusing techniques. Currently the implemented 
algorithms are: Unsharp masking (fast and full), Wiener 
finite and infinite impulse response, Richardson-Lucy 
(with a thresholding variant) and Linear algebra 
deconvolution as demonstrated in Fig. 9 [20]. 

The last software is FocusFixer where FixerLabs 
launched a Photoshop plug-in called FocusFixer. It has 
improved controls, is faster, has improved memory 
handling and claims to give better results than Unsharp 
Masking. The plug-in works with Photoshop 6 & 7 and 
is available for both Mac (OS X) and Windows. 
FocusFixer promises to fix blurred pictures. FixerLabs 
also claims to give clearer and sharper images than 
unsharp mask [21]. 

 

 

 
Figure 7. The SmartDeblur Interface. 

 
The eighth software is Blurity where, this tool can 

remove the blur from any photo. All you need is a 
computer, a fuzzy photo, and the desire to see it sharp. 
Moreover, Blurity can be used with its default settings 
for an easy use. Also, a user can dive into the settings if 
the user is an expert in the deblurring field and wants to 
squeeze the best deblurring as displayed in Fig. 8 [19]. 

 
 
 
 
 
 

 
Figure 9. The Back In Focus Interface. 
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V. FORENSICS EXAMPLES 

In computer forensics, different software, algorithms 
and schemes are used to deblur the images that are 
de raded by different types of blur. Thg e subsequent 
Figures are some examples that demonstrate certain 
images and their processed versions by different 
methods. 

 

 
 
Figure 10. Images left to right: image degraded by out-of-focus 

blur; restored using Focus Magic [12]. 
 

 

Figure 11. Images left to right: image degraded by motion blur
 

; 
restored using Amped Five software [14]. 

 

 
 

 
 

Figure 12. Images from top to bottom: image degraded by 
motion blur; restored using a specialized algorithm designed 

by Jue Wang [22]. 
 

  
 

Figure 13. Images left to right: 1) a degraded still image of a 
typical CCTV camera; 2) restored using a specialized forensic 

algorithm [24]. 
 

 
 
imFigure 14. Images left to right: age degraded by motion blur; 

restored using Focus Magic [12]. 
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Figure 15. Images left to right: image degraded by out-of-focus 
blur; restored using SmartDeblur [25]. 

 

 
 

Figure 16. Images left to right: image degraded by motion blur; 
restored using Amped Five [14]. 

 

VI. CONCLUSION 

forensic sc t types of 
blur may affect the recorde  images. The types of blur 
that are usually dealt with in the forensic area are the 
motion and out-of-focus blur. Different labs, software 
companies and researchers are constantly aiming to 
develop new algorithms that are fast, reliable and 
ccurate to improve the field of image deblurring. As a 

lgorithms are not only used in forensics, but with a 
variety of imaging fields. 
 

The leading purpose of this paper is to deliver a better 
understanding of deblurring images in the area of 

ience. As mention d earlier, differene
d

a
result, different deblurring applications were presented 
in this article to highlight that issue. Finally, these 
a

 
 
 

 
 
 

 

 
Figure 17.  Images from top to bottom: image degraded by 

motion blur; restored using Topaz InFocus [23]. 
 

 
 

Figure 18. Images left to right: image degraded by out-of-focus 
blur; restored using Amped Five [14]. 

 
 

 
 

Figure 19. Images left to right: image degraded by motion blur; 
deblurred and deinterlaced using Ikena Forensics [15]. 
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