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Purpose: To derive Fourier metrics of imaging performance(e.g., NEQ) in dual-energy(DE) imagingof the chestthat
agreewith human observerperformanceandto employ the resultingtheoretical framework to systemoptimization with
respect to lung nodule conspicuity.

M ethod and Materials: TheNEQ wascomputedusingcascadedsystemsanalysisextendedto DE imaging andcombined
with a Fourier description of imaging task to yield an estimateof observerSNR (i.e., detectabili ty index and AZ).
Theoreticalresults werecomparedto humanobserver performanceassessedin multiple alternative-forcedchoice(MAFC)
testsacross a broad rangeof imaging conditions.The modeled observer SNR was used as an objective function for
optimizing DE acquisition techniquesand decomposition algorithms. A method for optimizing systemperformancefor
multiple imaging tasks wasalsoinvestigated.

Results: Theoretical calculationsof the DE NEQ agreedwell with measurements, andthe task-baseddetectabilityindex
wasfound to provide a strongpredictorof humanobserver performance. Resultsidentified [60/150] kVp asthe optimal
energypair, with a weakdependenceon high kVp. Optimizationof the DE decomposition algorithms yielded significant
improvementsin lesion conspicuity– e.g., improving detectionfrom barelyvisible (AZ <0.7) to highly conspicuous(AZ

~1) at fixed doseto thepatient. Optimaldoseallocation(the fraction of total dosedeliveredin thelow-energyimage)was
foundto range significantly – from 0.22to 0.76– depending on the choiceof decompositionalgorithmand imagingtask.

Conclusions: A theoretical model of DE imaging performancewas derived and validated in comparison to human
observers.Theresultingframework providesa valuableguideto systemoptimization over a wide rangeof acquisition and
decompositionconditions,yieldingsignificantimprovement in lung nodule conspicuity.


