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Purpose: To investigatethe behavior of Instrumentation-Noise-Equivalent Exposure(INEE) when there is detectorblurring and
imagepost-processsmoothing.

Method and Materials: INEE is the exposureat which detectedquantumnoiseandinstrumentationnoiseareequal,andbelowwhich
the systembecomesinstrumentation noiselimi ted. In order to understandthe effect of detector blurring andpost-processsmoothing
on the determination of INEE, Poisson-distributedrandomnumbers(representing input x-ray quanta per pixel) weregeneratedthat
simulateanideal inputx-ray imagepattern. Blurring functionsweresimulatedby Gaussian point-spreadfunctionswith differentfull-
width-half-maxima (FWHM), defined in a 15 pixel x 15 pixel kernel. The referencepixel-size and x-ray fluencewere selected
following a setof measurementson a custom Microangiographicdetector (43 µm square-image-pixels in 1024x1024 pixel matrix). A
two-dimensionaldiscreteconvolution of the Poisson-distributedimagewith the Gaussianblurring function results in an imagewith
reducedtotal-noise, but constant signal. The instrumentation-noise was simulatedby an additive constant-varianceand zero-mean
noise.Addition of instrumentationnoise after the blurring processsimulatesthe detector-blurring case,whereasaddition before the
blurring processrepresentsthe image-post-processsmoothing. This study assumedthat the system hasno secondary-quantum-sink
andfollowsPoissonstatistics throughouttheimaging-chain. INEE wasdeterminedby calculatingthesignal-to-noiseratio (SNR)over
a rangeof input exposures, andanalyzedasa functionof Gaussian-width andadditive-noiselevels.

Results:Thesquare-root of INEE is shownto increaselinearlywith detector-Gaussian-blur width, but is shownto beindependentof
image-post-processsmoothing. For this particularstudy, a one-pixel increasein FWHM of the blurring function resulted in 1.5x
higheroutputSNR.

Conclusion: A simple simulation study was presentedto demonstrate that the SNR-based practical measurementof INEE is
independentof image-post-process smoothingin digital x-ray imaging systems.
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