I"

-;).I:).wéw

LSBT b Gie) 2 e Bl

"ol de> g Vool (cobld o adlolas < Vlg p ygods 56,8

Olpl ol «lisdoms 5 pale axly collud ol olSitils oS 2S5 (S (ousoiigee
Ol ROlAS e (oo oRAIS (5 (gwiigee 008l

e el i 5 e oSS ¢y pwikige 0aSilo

e
T

Sty ol (G (Lo a5 dgdon ounel p gl Glail (S0 pgal )0 ol Jblie bl & paal K 5l b cllSS whl
Soylely 31 (S 0,5 guinainb o pé g o GLbil @ gl (59 ¢ 4 Sl Lo cusle Blda (lg oo 1) paad Ll
Al SIS (g gy Bldail o Slgy ol 3 (slg0d el (g jlwddagy Moo S plgie s Bldail Aliaus S o pud g Bl
2l (59 dneS Sy 45 (597 (ol (39 diany Wl 45) JI5 8590 (581 &G (5l o poliaist (SIS slml sl p b9, onf !
i Sl b gy ol 59 (Sl 9 (Sl Loyl 58 (yloj Alme Coodl & 4295 L 2050 5 (65 1 (g3 Lwain @ pmio SIS
SIS Sy Gl wT 3 sl oo T 58 45 ouiiesls Slaclen (g S on 00Ul gl G (51 BT iy 1 &5 (b 3o
Syl G 45 a0 (0 (LIS o (pupblido wuld pglai 9y 2 B9 (! GO gy Gilwedly I Jel> s b0
dw (on 85 jebar (V4o /Y ISAD jle buvgie jlado (fuljdh) s (fulpdl (Fuil JUS 5o (ol w5551 a1 Comd (g3leidin mits 555!

Sy o 2y
b lio Qs o guai (SIS (b oo gl GLdail i gunds (B3l

Speed improvement in graph-cuts-based registration for
non-rigid image registration of brain magnetic
resonance images.
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Abstract

Image processing methods, which can visualize objects inside the human body, are of special interests. In
clinical diagnosis using medical images, integration of useful data from separate images is often desired. The
images have to be geometrically aligned for better observation. The procedure of mapping points from the
reference image to corresponding points in the floating image is called Image Registration. It is a spatial
transform. These images might be different because they were taken at different times or applied by using
different devices. By the nature of this image transformation, image registration can be classified into rigid
registration and non-rigid registration. The freedom’s degree in a rigid transformation is relatively low and
the methods of rigid image registration are becoming mature. In contrast, non-rigid image registration is
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still a challenging problem because of its high degree of freedom. One of the non-rigid image registration
methods is turning the registration problem into an optimization problem and obtaining the optimal value
as the result of registration. An example of these methods is the graph-cuts based registration. The basic
technique is to construct a specialized graph for the energy function to be minimized in a way that the
minimum cut on this graph also minimizes the energy. Given that our focus in this research, is on the
medical image registration, and time is one of the critical factors in medical applications. It seems that
improvement of this method in terms of run time will be helpful for its clinical and medical applications. In
order to achieve this goal, in this research, with modifying the energy function, we proposed a method that
significantly reduces the run time of registration process. The implementation results of our proposed
method on the images with artificial deformations which are similar to the most pessimistic possible
deformation modes in real image data, show that the proposed algorithm is about three times faster than the
existing algorithm, while the average amount of SAD criterion will be increased from 0.7 to 1.

Keywords: Non-rigid image registration, Graph-cuts, Magnetic resonance images
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(Figure-1): Registration of MR mammography images
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(Figure-3): The source image used in the implementation
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(Figure-4): Block diagram of the proposed registration method
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(Figure-5): An example of a graph for a 1D image. The set of
pixels in the image is P= {p, ¢, r, s} and the current partition
is P={P,, P, P}, where Py = {p}, P,= {q, r} and P,= {s}
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(Figure-6): The first row shows the source image and the second row shows the floating images used in the implementation. Each

floating image is related to an especial kind of deformation.
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(Figure-7): F function diagrams for threshold values of 1 to 10, for “Shear” and “Twirl35” floating images.
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(Figure-8): The first row shows the floating images for the non-rigid registration experiments. Before registration, the differences
between the source image and the floating images are shown in the second row. After registration, deformed floating images obtained
by using the existing method and the proposed method, as well as the differences between the source image and these deformed floating
images are shown in the third to sixth rows, respectively.
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(Table-1): The run time, SAD value and PSNR value for the proposed algorithm (for optimal threshold) and the existing algorithm.
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