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Purpose: To relate theoretical descriptionsof detectabilityindexto imaging performanceasassessedby realobservers for
a variety of detection and discrimination tasks.Dual-energy (DE) imaging provided a foundation for the research,
incorporating a variety of decompositiontechniquesthat significantly affectthenoise-equivalentquanta(NEQ).

M ethod and Materials: The NEQ was derived using cascadedsystemsanalysis, extendedto DE imaging with a flat-
paneldetector.Threeidealizedtaskfunctions wereconsidered:sphere detection, shapediscrimination(spherevs. disk),
and texturediscrimination (uniform vs. crenellated disk). Detectabilityindex wasderived by integrating the task function
over the NEQ. Theseidealized taskswere physically emulatedwith a chestphantom. DE images were acquiredover a
rangeof conditionsandnoise-reductiontechniques,and theperformanceof realobserverswasassessedin rank-orderand
alternative-forced-choice (AFC) tests.The degree to which theoreticaldetectability index correlatedto humanobserver
performancewas investigated.

Results:Decompositiontechniqueprofoundly affectedtheNEQ. Theoreticaldetectabilityindexagreedqualitatively with
humanobservers.In DE soft-tissueimages,noise reduction (e.g. anti-correlated noise reduction) had a minor effect on
spheredetection,but a significanteffect on shapeand texture discriminationtasks, consistentwith a factor of ~2 increase
in detectability. In DE bone-only images,noise reductionimproved the detectability index for all tasks, particularly for
detection of small spheres and texture discrimination. The results were consistent with phantomimageswhere, for
example, a 1.6 mm spherebecameconspicuous(Az~1.0)uponapplication of simple-smoothing on thehigh-kVp image.

Conclusions: Analysis of DE imaging performanceprovided a useful probe of the complicatedinterplay between
frequency-dependent NEQ and various imaging tasks,evidentin both theoretical and real observerstudies.The results
provide initial validation that theoreticallyderived detectabilityindex representsa meaningful surrogate for observer
performanceand is a useful objective functionfor systemoptimization.


