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Methods 
To address this challenge, we propose a novel 
block-based similarity calculation method. The 
region of interest is divided into blocks, and 
similarity is independently evaluated for each 
block. The optimal rigid transformation is 
determined based on the number of similar 
blocks. Multithreading is incorporated to 
enhance computational speed. The algorithm’s 
accuracy was validated using head, chest, and 
a b d o m e n  p h a n t o m s .  A d d i t i o n a l l y ,  4 6 8 
registration pairs from 17 proton therapy 
patients (14 chest, 2 abdomen, 1 pelvis) were 
analyzed, covering 74 fractions with repeated X-
rays (≥ 5 times) and deviated couch shifts that 
guided patients to accurate treatment positions. 
The couch shift values were used as the gold 
standard for  both  phantom and pat ient 
verifications. Similarity maps were generated 
for  both  the  or ig in a l  an d  t h e  p r op osed 
algorithm results, and the performance was 
assessed based on the principle that a larger 
r e g i o n  o f  s i m i l a r i t y  i n d i c a t e s  s u p e r i o r 
registration accuracy.

 
     
       

        
       

       
     

       
      
     

       
          

Conclusions 
The proposed b lock-b ased  s imi lar i t y 
calculation algorithm significantly reduces 
registration errors and improves both the 
efficiency and accuracy of image registration 
in proton therapy. Experimental results 
demonstrated that the algorithm effectively 
handles  anatomica l  deformat ion s  b y 
registering larger regions and converging to 
accurate positions more quickly. This method 
holds significant promise for enhancing the 
precision of image-guided proton therapy.

Background and aims
Proton therapy takes advantage of the unique 
characteristics of the Bragg peak to deliver 
r a d i a t i o n  p r e c i s e l y  t o  t h e  t u m o r  w h i l e 
minimizing damage to surrounding tissues. 
Accurate image registration is essential to 
ensure precise treatment delivery. However, 
conventional global 2D-3D image registration 
often fails to converge in the presence of 
a n a t o m i c a l  d e f o r m a t i o n s  b e t w e e n  t h e 
reference posit ioning CT image and pre-
treatment X-ray images. Therefore, a new 
registration method is needed to achieve fast 
and accurate results under complex geometric 
conditions. Body Site

Couch shift Registration result Registration error

x(mm) y(mm) z(mm) pitch roll rotation x(mm) y(mm) z(mm) pitch roll rotation x(mm) y(mm) z(mm) pitch roll rotation

Head
0 0 0 0 0 0 -0.33 0.73 0.86 0.05 0 0.13 0  0  0  0  0  0
2 2 2 2 2 2 -2.42 -1.64 -1.83 -1.94 -2.31 -1.74 -0.09 -0.37 -0.69 0.01 -0.31 0.13
-2 -2 -2 -2 -2 -2 1.66 1.1 2.2 2.73 2.08 1.92 -0.14 -0.35 0.31 0.15 -0.28 0.02

Chest

0 0 0 0 0 0 -0.2 0.18 0.52 -0.03 0.3 0.19 0  0  0  0  0  0
2 2 2 2 2 2 -2.38 -1.64 -1.82 -1.93 -1.94 -2.1 -0.18 0.18 -0.34 0.1 -0.24 -0.29

-2 -2 -2 -2 -2 -2 2.03 2.37 2.16 2.24 2 2.09 -0.51 0.37 -0.07 0.26 0 -0.02

Abdomen

0 0 0 0 0 0 -0.54 0 -0.28 -0.01 0.42 0.21  0  0  0  0  0 0 
2 2 2 2 2 2 -2.52 -2.36 -2.19 -2.78 -1.03 -2.01 0.02 -0.36 0.09 -0.77 0.55 -0.22

-2 -2 -2 -2 -2 -2 1.66 2.74 1.71 2.54 1.22 2.37 -0.36 -0.17 -0.67 0.22 -0.27 0.32

Table 1 Results of head, chest and abdomen simulation phantom 

Fig. 1. a) the imaging geometry and 3D coordinate system of the 
imaging guided system.

Fig. 1. b) the 2D coordinate system in projection A and B
Fig. 3. adding a similarity map on the DRR image. Green color indicates 

the similarity value high, yellow color indicates the similarity value 
medium, and red color indicates the similarity value low.

Table 2. Results of real patient data

Results
Phantom validation demonstrated that the 

maximum translation errors for the head, chest,
and abdomen regions were all within 1 mm,
while rotational errors were within 1°. Patient 

data analysis showed that the proposed method 

effectively identified optimal rigid registration 

regions even in the presence of deformations,
achieving rapid convergence to the correct 

treatment position. The entire registration 

process was completed within 2 seconds.


