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We want to find the set of images that minimise a joint objective function,

With a joint prior, promoting shared anatomical boundaries. We use directional total 
nuclear variation (         )

Synergistic Reconstruction



Preconditioning

Preconditioned projected 
gradient descent

EM- type preconditioner: 
majorises Expected Hessian 
of PLL

For guaranteed descent with unit 
step size , we want a preconditioner 
using a hessian approximation that 
majorises  the prior curvature

We can sum these majorising  
curvature approximations and use 
these to form  preconditioner



An iteratively reweighted least 
squares upper bound
1. Redefine prior in terms of Gram matrix

2. Construct quadratic surrogate to estimate upper bound for curvature

3. Pull this curvature estimate back to image space

4. Ignore off - diagonal terms



Where can we go from here?

1. We use the full pulled - back block Jacobi IRLS surrogate:

2. We construct an approximately majorising diagonal:

3. How much can cross - modality coupling matter?



The Experiment

We test 4 preconditioning strategies:

• 10 epochs SVRG

• Initialise with OSEM + Gaussian smooth 

• Initial step sizes,

• Step size relaxation,

• 5 repeated runs

• Preconditioner updated once per 
epoch

Versus one "converged reconstruction”

• 5000 epochs SVRG

• Initialise with OSEM + Gaussian smooth

• 4 restarts (once per 1000 epochs)

• Initial step size,

• Step size relaxation,

• Preconditioner updated once per epoch



The Data

• Yttrium - 90 anthropomorphic phantom data

• Warm liver, cold background, hot sphere, cold 
sphere

•  

• Compared NRMSE for each VOI,  



Preconditioner Time taken 
(ave.)

Standard 
Deviation

1.502 0.031

0.844 0.021

0.854 0.026

0.257 0.024

Results – speed (10 repeats)

*But only once an epoch – insignificant wrt. projections



Convergence

• Visually very similar 
reconstructions after 10 
epochs

• Good news for any 
potential clinical use!

• But does beg the 
question: was this all 
necessary?



Convergence – NRMSE after 10 iterations
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Convergence – NRMSE after 10 iterations

SPECT



Convergence - PET
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Conclusions

For this data set:

• EM- type precondtioner  often out - performed the prior -
aware preconditioners.

• Synergy - aware preconditioner did not significantly 
outperform diagonal preconditioner.

• Synergy - aware preconditioner costs 2x time for diagonal 
and 6x more than EM - type.



Discussion
Was this data set too simple?

• Regions of very uniform does

• Edge regions not included in analysis VOIs

• EM- type preconditioner fails with uniform step size for patient data

Do off diagonals matter?

• We ignore off diagonals in the Hessian (voxel - wise coupling)

• Ehrhardt et al. use an empirical weighting factor. Necessary?

Is the quadratic surrogate too conservative?

• Updated once per epoch –  gets stale?

• Can we use a tighter alternative?

Future work:

• Same experiment on patient data!



Thanks for listening!
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Variance Reduction

A quick foray into the stochastic variance reduced algorithm (SVRG) for stochastic reconstruction



Preconditioning
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