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2.5 IMAGE RECONSTRUCTION TECHNIQUES  

Image reconstruction techniques in computed tomography (CT) are mathematical methods 

used to create high-quality cross-sectional images of the body from raw data collected during 

a scan. These techniques significantly impact image quality, noise levels, artifact reduction, 

and radiation dose optimization. Below is an overview of the most commonly used image 

reconstruction techniques: 

 

1. Filtered Back Projection (FBP) 

 Description: Traditional and widely used technique based on Fourier transformations. 

It involves back-projecting raw data and applying a mathematical filter to improve 

image sharpness. 

 Advantages: 

o Fast and computationally efficient. 

o Suitable for routine imaging. 

 Disadvantages: 

o Prone to noise and artifacts at low radiation doses. 

o Less effective for modern low-dose protocols. 

 

2. Iterative Reconstruction (IR) 

 Description: Modern algorithms that iteratively refine the image by comparing the 

projected data to the measured raw data, reducing noise and artifacts. 

 Types: 

o Statistical IR: Models noise and optimizes image quality. 

o Model-based IR: Includes physical models of the scanner for higher 

accuracy. 

 Advantages: 

o Improved image quality at lower radiation doses. 

o Better noise reduction and artifact handling. 

 Disadvantages: 

o Computationally intensive, requiring longer processing times. 

 

3. Analytical Reconstruction 

 Description: Techniques that directly compute the image using mathematical models, 

often faster but less flexible than iterative methods. 

 Common Example: FBP is an example of an analytical reconstruction. 

 

4. Algebraic Reconstruction Technique (ART) 
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 Description: Uses an iterative approach where the image is updated after each 

projection, solving a system of linear equations. 

 Advantages: 

o Effective for sparse data or limited angles. 

o Useful in research applications. 

 Disadvantages: 

o Time-consuming. 

o Higher computational demands compared to FBP. 

 

5. Statistical Reconstruction 

 Description: Incorporates statistical models of photon interactions to better handle 

noise and enhance low-dose imaging. 

 Advantages: 

o Effective in low-dose imaging. 

o Provides robust noise modeling. 

 Disadvantages: 

o Computationally demanding. 

 

6. Model-Based Iterative Reconstruction (MBIR) 

 Description: Advanced iterative reconstruction that incorporates detailed models of 

the scanner's physics and image formation process. 

 Advantages: 

o Superior image quality with significant dose reduction. 

o Handles complex noise and artifacts. 

 Disadvantages: 

o High computational cost. 

o Longer processing times. 

 

7. Deep Learning-Based Reconstruction 

 Description: Uses artificial intelligence (AI) and deep neural networks to reconstruct 

images from raw data. 

 Advantages: 

o Excellent noise reduction and artifact suppression. 

o Fast processing with optimized hardware. 

 Disadvantages: 

o Requires large datasets for training. 

o Potential lack of interpretability in AI-generated results. 
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8. Compressed Sensing Reconstruction 

 Description: Utilizes the sparsity of medical images in certain domains to reconstruct 

images from fewer projections or incomplete data. 

 Advantages: 

o Reduces scan times. 

o Maintains quality with limited data. 

 Disadvantages: 

o Relatively new and less mature for clinical applications. 

 

Applications and Considerations 

 Low-Dose Imaging: Iterative reconstruction and model-based methods are widely 

used to maintain image quality while minimizing radiation exposure. 

 Dynamic Studies: Techniques like deep learning and compressed sensing are useful 

for time-sensitive imaging (e.g., perfusion studies). 

 Cost vs. Performance: Advanced techniques like MBIR and AI-based methods may 

require higher computational resources but yield superior results. 

The choice of reconstruction technique depends on clinical needs, computational resources, 

and the scanner's capabilities. Newer approaches like AI-based reconstructions continue to 

evolve, promising faster, more accurate, and safer imaging solutions. 

BACK PROPAGATION AND ITERATIVE METHOD  

Back projection and iterative methods are two approaches commonly used in image 

reconstruction, particularly in computed tomography (CT), single-photon emission computed 

tomography (SPECT), and other imaging modalities. Here's a breakdown of both: 

 

1. Back Projection 

Back projection is a fundamental and relatively straightforward technique for image 

reconstruction. It involves "projecting" measured data (from detectors) back into the image 

space. 

 How It Works: 
1. The imaging system measures projections (line integrals) of the object at 

different angles. 

2. These projections are smeared or projected back along the paths they were 

measured, essentially filling the image space. 

3. Summing all these back-projected data forms an approximation of the original 

image. 

 Challenges with Back Projection: 
o It produces blurry images because the process is not mathematically precise. 
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o It requires corrections to enhance the image quality, such as Filtered Back 

Projection (FBP), where a filter (e.g., Ramp filter) is applied in the frequency 

domain to correct artifacts and improve resolution. 

 

2. Iterative Methods 

Iterative reconstruction methods refine the image through multiple cycles of reconstruction 

and adjustment to improve accuracy. 

 How They Work: 
1. Start with an initial estimate of the image (usually a blank or uniform guess). 

2. Simulate the projection process based on the current estimate and compare the 

result to the measured data. 

3. Adjust the estimate to reduce the error between simulated and actual data. 

4. Repeat this process until a stopping criterion (e.g., minimal error, number of 

iterations) is met. 

 Common Iterative Algorithms: 
o Algebraic Reconstruction Technique (ART): Iteratively adjusts the image 

by minimizing discrepancies along individual projection paths. 

o Simultaneous Iterative Reconstruction Technique (SIRT): Adjusts the 

entire image in each iteration. 

o Maximum Likelihood Expectation Maximization (MLEM): Based on 

statistical models, suitable for noisy data. 

o Ordered Subsets Expectation Maximization (OSEM): Speeds up MLEM 

by processing subsets of data. 

 Advantages: 
o Can handle noise and incomplete data more effectively. 

o Allows the inclusion of prior knowledge (e.g., smoothness, sparsity). 

o Provides superior image quality compared to FBP in many cases. 

 Challenges: 
o Computationally intensive. 

o Requires careful tuning of parameters (e.g., number of iterations, 

regularization). 

 

Comparison: 

Feature Back Projection Iterative Methods 

Accuracy Less accurate, prone to artifacts High accuracy, fewer artifacts 

Speed Fast Computationally slow 

Noise Handling Poor Better noise resilience 

Flexibility Limited High (can incorporate constraints) 

Both methods have their applications. Back projection (especially FBP) is preferred in 

settings where speed is critical, while iterative methods are favored in situations requiring 

high accuracy, noise handling, or dealing with incomplete data. 
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