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ABSTRACT
Data modelization in tomography is a key point for iterative reconstruction. The design of the projector starts with the representation of the object of interest, decomposed on a discrete 
basis of functions.
Standard models of projector such as ray driven [4], or more advanced models such as distance driven [1], use simple cubic voxels, which result in modelization errors due to their 
anisotropic behaviour. Moreover approximations made at the projection step increase these errors. Long, Fessler and Balter [2] reduce approximation errors by projecting the cubic 
voxels more accurately. However anisotropy errors still hold. Spherically symmetric volume elements (blobs) [6] eradicate them, but at the cost of increased complexity.
We propose a compromise between these two approaches by using B-splines as basis functions. Their quasi-isotropic behaviour allows to avoid projection inconsistencies, while 
conserving local influence [3] [8]. Small approximations transform the exact footprint (projection of the basis function) into a separable function, which does not depend on the angle of 
projection, and is easier and faster to integrate on detector pixels. We obtain a more accurate projector, with no additional computation cost. 

1. THE MODEL
A. Use of B-splines for image representation instead of cubic voxels

                                                                                       For example a cubic B-spline :

B. Cone beam projection of the basis function

We approximate the footprint of a voxel k by a separable B-spline of the same degree, scaled by 
magnification and distorsion factors and centered on the projected center of the basis function.
Therefore our projector consists in projecting the center of each voxel k on the detector plane, 
calculating its scaling factors, and integrating the scaled footprint on the impacted detector pixels 
response (we assume a uniform response on the pixel support).
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R1. APPROXIMATION ERRORS OF OUR MODEL COMPARED TO 
THE DISTANCE DRIVEN MODEL [1]
A. Parallel beam geometry

B. Cone beam geometry
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DETECTOR PIXEL RESPONSE

PROJECTOR

2. B-SPLINE PROJECTOR FOR ITERATIVE RECONSTRUCTION
A. The projector

B. Optimization scheme
Reconstruction with a Quasi-Newton optimization algorithm, minimizing the 
following criterion :

R2. 2D FAN BEAM RECONSTRUCTIONS
Noiseless data

Noisy data (SNR ~ 3.103)                  Cuts

DATA

conversion to B-spline coefficients
B-spline coefficients

DATA RESIDUALS

REGULARIZATION BY SMOOTH TOTAL VARIATION 

Hyperparameter

RECONSTRUCTION PARAMETERS
- OBJECT 256x256
- 60 PROJECTIONS ON 360° / 
                    512 DETECTOR PIXELS 
- SAME SAMPLING
                    VOXELS/DETECTOR PIXELS
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CONCLUSION
We developed a new type of projector, based on B-splines as quasi-isotropic basis 
functions. In order to be computationally easy to implement, our projector makes 
approximations which generate less errors than those of the distance driven model. 
We showed its better accuracy on 2D fan beam reconstructions. 

B
-s

p
lin

e
 m

o
d

e
l

w
it

h
 c

u
b

ic
 B

-s
p

lin
e
s 


