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CAMERA MOTION REVEALS REGARDING SHAPE 

WITH PSF 

 

 
 

ABSTRACT:— 

                      Recent works have considered shape recovery for an object using light source. Now 

we are going to eliminate the problem of determining shape from motion of camera. Our theory 

derives a differential stereo relation that relates camera motion to the depth of a surface with PSF. 

Digital image processing, the manipulation of images by computer, is relatively recent 

development in terms of man’s ancient fascination with visual stimuli. In its short history, it has 

been applied to practically every type of images with varying degree of success. The inherent 

subjective appeal of pictorial displays attracts perhaps a disproportionate amount of attention 

from the scientists and also from the layman. Digital image processing like other glamour fields, 

suffers from myths, mis-connect ions, mis-understandings and mis-information. 
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INTRODUCTION:             

A common problem tied to low-light conditions and the requirement of long exposure 

times is motion blur. This can arise from either the photographed object moving, the camera 

moving, or both. While a lot of previous work has focused on removing blur due to the 

camera’s motion, a couple projects have examined digitally inverting object motion blur .This 

project will examine a certain method of removing blur due to camera motion that has the 

potential to be combined with the object motion removal architecture Specifically, this 

project will explore the use of accelerometers and gyroscopes to estimate the 6D position and 

orientation vector of the camera over its exposure time. Both of these sensors, along with 

digital cameras, are found in an increasing number of cell phones. This is one of the main 

motivations in choosing these sensors to obtain a 6D position/orientation measurement. By 

using accelerometers and gyros to measure how the camera moves and rotates, an estimate of 

the blur kernel (temporal point spread function (PSF)) is created. Camera-generated motion 

blur can generally be modeled as a convolution between the desired sharp image and a blur 

kernel representing the camera’s motion. Thus the measured PSF, which is currently assumed 

to be shift-invariant, is used in an aided deconvolution process in an attempt to recover a 

sharp image. 

Besides deblurring, this project begins to investigate the possibility of using camera 

motion and rotation estimation for user identification. A database of images and associated 

motions for a number of individuals is collected to test whether these movements are not 

completely random. Relevant indicators may include age, gender, and photography 

experience. These results are very preliminary. 

PSF:   

The Point Spread Function (PSF) describes the response of associate degree imaging 

system to some extent supply or point object. A a lot of general term for the PSF may be a 

system's impulse response, the PSF being the impulse response of a targeted optical system. 

The PSF in several contexts will be thought of because the extended blob in a picture that 

represents associate degree unresolved object. In purposeful terms it's the spacial domain 

version of the transfer operate of the imaging system. it's a helpful construct in Fourier optics, 

astronomical imaging, research{microscopy} and different imaging techniques like 3D 

microscopy (like in confocal optical device scanning microscopy) and microscopy. The 

degree of spreading (blurring) of the purpose object may be a live for the standard of 

associate degree imaging system. 
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MOTION AND ROTATION TO IMAGE BLUR: 

This section can 1st show however position and angle is mapped to blur values, and 

discuss that position and angle values ar most vital during this procedure. Then, since the 

planned camera style will solely live acceleration and motility rate with accelerometers and 

gyroscopes, i'll show however these values is transferred effectively to position and angle 

coordinates. 

OBTAINING A POSITION AND ANGLE MEASUREMENT: 

As mentioned previously, image motion blur can be modeled as a convolution 

between an original sharp image and a kernel representing the motion of the object or camera. 

In reality, this kernel is shift-variant – one side of an image may see a different direction and 

shape of blur than the other side. However, for simplicity, this project will assume a shift-

invariant blur kernel. This allows the recorded image S to be modeled as, 

𝑆=𝐼∗𝐾+𝑁 (1) 

where I is the original sharp image, K is the blur kernel and N is noise. The consequences of 

this assumption will become clear in the next section. 

Focusing only on camera motion, a well-known equation in the computer vision community 

models the projection of an image as a function of camera rotation R and translation T with, 

𝑉𝑡=𝐾 𝑅+1𝑑𝑇𝑈𝑇 𝐾−1 (2) 

𝑢𝑡,,1 𝑇=𝑉𝑡 𝑢0,𝑣0,1 𝑇 (3) 

where V is a transformation matrix for image points (u,v) over time, d is scene depth, and U 

is a vector normal to the image plane. From (2) and (3), it is clear that if R and T can be 

measured, the image’s transformation over time can be determined, yielding the blur kernel 

K. 

I will now simplify these equations. Using the geometry shown in Figure 1, where the z is 

along the optical axis, we will consider how each of the 6 position and orientation vectors 

independently contribute to blur in discrete time steps. Figure 2(a) shows how motion 

perpendicular to the optical axis, given by x (and an orthogonal movement vector y), yields a 

blur measurement on the sensor pm: 

𝑝 𝑚= 𝑝 𝑚𝑥𝑝 𝑚𝑦 =𝑀 𝑥 / , (4) 

IMAGE STABILISATION: 

Optically Stabilised lenses are often used in video cameras and more expensive still 

cameras to reduce the effects of small amounts of camera shake. These use a system of 

gyroscopes and inertial sensors to keep the optical systems of the camera steady during image 

capture. This is only really effective for removing a small amount of camera shake at 
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relatively short exposures (less than 1/15th second) Since this technique doesn't really 

involve any computer vision I won't discuss it in any more detail. 

MOTION ESTIMATION CONCEPTS: 

                       Fundamental resolution trade off pictures area unit fashioned AN exceedingly|in 

a very} camera by lightweight energy falling on an array of detectors. a particular minimum 

level {of lightweight of sunshine} energy should fall on every pel for light to be detected. so 

as to succeed in this minimum level, the exposure time needed for a pel to notice lightweight 

is reciprocally proportional to the world of the pel. With larger pixels (low resolution), 

exposure time may be short. With smaller pixels (higher resolution), exposure time has got to 

be longer. This competition between spacial resolution (number of pixels) and temporal 

resolution (number of images per second) is that the basic resolution trade off . 

Modeling the image formation method so as to method pictures to get rid of motion blur, a 

model of the image formation method is beneficial as a abstract start line [6]. Imagine 

Associate in Nursing “ideal” image to be one that captures a flash in time instantly and thus 

with no motion blur. this is often the image we tend to are attempting to estimate within the 

method of motion deblurring. once a true photograph is taken, we will consider the 

deficiencies of the photography method as a series of transformations applied to the current 

ideal image: 

1. The image is integrated over time throughout exposure, leading to motion blur. lightweight 

incident from every purpose of the scene contributes to many completely different pixels 

within the real image. This stage may be thought of as a metamorphosis mapping every pel of 

the best image to many pixels within the real image in line with a degree unfold perform 

(PSF) . 

This can extremely be split into 2 transformations – one appreciate the purpose unfold 

perform caused by camera shake, the opposite appreciate the movement of objects within the 

world relative to the artist. 

2. Optical blur is caused by the lens not absolutely focusing the image onto the detector. this 

may be sculpturesque as a Gaussian perform. 

3. The detector encompasses a restricted resolution such a large amount of pels within the 

randomly high resolution ideal image area unit averaged to supply a worth for every pixel 

within the lower resolution real image. 

To remove motion blur, we tend to should type Associate in Nursing function of the 

transformation in step one. the primary step to try and do this is often to work out the initial 

motion perform, or purpose unfold perform (PSF), as accurately as potential. 

The techniques mentioned later tackle this drawback in many alternative ways. 
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REMOVAL OF BLUR ONCE MOTION FUNCTION IS KNOWN: 

Once we do know the PSF we can restore the original “ideal” image using image 

deconvolution to transform the blurred image to an estimate of the ideal image. Algorithms 

for carrying out this process have been well studied .So all we need to do is estimate this PSF. 

The PSF is an energy density function that describes the amount of time light from a single 

point in the scene exposes each (x, y) pixel position in the image detector. Techniques vary in 

the complexity of the PSF they estimate, ranging from simple linear translation functions to 

continuous functions in 2D or even 3D. 

Motion estimation from a single image It is possible to estimate the motion blur function 

from the examination of a single image but this requires strong assumptions about the motion 

function in order to constrain the parameters of potential PSFs. This method is called blind 

image deconvolution and often assume that the motion was at a constant velocity or was 

linear harmonic motion and was uniform across the entire scene. 

Techniques to estimate the function generally rely on the examination of the frequencies 

present in the image to determine the direction of motion .These are very limited in their 

application as motion is usually far more complex. Estimating the PSF incorrectly results in 

far more serious artifacts than the original problem of motion blur. 

IMAGES: 

Fig(a)   Fig(b) 

 
Fig(c)   Fig(d) 

 
Fig(e) 

 

(a)Blurred image (b)Restored image (c)Blur and Noise image (d)Restoration of 

blurred,noisy image (e)Reconstructed image. 
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CONCLUSION: 

Thresholding the probability map by a constant gives the confidence level of the 

detection; -It also enables to perform an automatic detection along with an efficient artifacts 

rejection; -Direct flux retrieval from the flux map which is a brand new feature in exoplanet 

imaging; -Speed & accuracy of the results due to the realistic model of noise taken into 

account. 
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