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The objective evaluation of imaging systems requires the specification of several items:  the task for which the images will be used;  
the objects being imaged and the mapping from objects to images;  the observer that will perform the task; and a figure of merit.  The 
task can be generally categorized as classification (detection or discrimination) or estimation.  Once the task is specified, the physical 
and statistical properties of the objects must be characterized.  Knowledge of the deterministic and stochastic properties of the 
mapping from object space to image space is then needed to formulate a description of the images, i.e., the data.  The images are then 
passed to an observer designed to perform the task.  The ideal observer is the observer of choice for the assessment of imaging 
hardware, with the Hotelling observer as a useful alternative.   Finally, performance of  the observer is expressed through an 
appropriate  figure of merit such as a signal-to-noise-ratio (SNR). 
 
When the task is detecting a signal known exactly (SKE), i.e., a detection task, from a background known exactly, i.e., a homogenous 
object, in the presence of stationary Gaussian noise, the ideal observer SNR takes on an elegant form for linear, shift-invariant 
imaging systems.  In this special case, the ideal observer SNR can be written as a spatial-frequency integral with a hardware and a 
signal component in the integrand.  The hardware component is the detector based noise equivalent quanta (NEQ), i.e., the numerator 
in the expression for the detector based detective quantum efficiency (DQE).  The signal component is the power spectrum of the 
signal.  Even though the hardware and object components are separate entities, in optimizing the hardware, one must still be cognizant 
of the signal of interest.    
 
In addition, we should recall the assumptions for the imaging system and noise, i.e., linear, shift invariant imaging and stationary 
Gaussian noise, that led to the privileged position of the NEQ descriptor for the assessment of imaging systems as described above.  
First, noise is often object dependent.  For example, the structure in realistic objects is not homogenous.  So, the covariance of the data 
is location-dependent due to the object structure as well as non-uniformities in the detection device.  Second, the assumption of shift-
invariance is violated by discrete detectors.   When there are image features with dimensions on the order of the pixel size, the 
detected data are quite dependent on signal location and are not shift-invariant.   
 
The connection of NEQ and DQE to task based observer performance in a situation with shift-variant imaging and without noise 
stationarity remains the subject of current research.  The suitability of spatial versus spatial-frequency domain interpretations is also of 
interest.  We will provide results on recent advances in the computation of ideal- and Hotelling-observer performance including the 
scoring of imaging phantoms for a variety of imaging conditions. 


