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Overview.

Current Progress Overview:

WP3: Issues related to) D.8fand D.9 matenal
Overview of image pre- and post-filtenng
Enhancements to Image restoration eptions
Preface to x-ray’ camera geemetny (WPS)

Implementation & calibration ISSUes
ASpects relative to “Exploitation & Dissemination™
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WP3: Issues related to D.8 and D.9 material

Additionall comments for D.8 & D.9:

Use of greyscale: sensor-te-pixel values, scale, normalization

Visualization correction moedel: regression models

Doese, mAS, kKVp: textural features, feedback, “dose” type, beam hardening

Pre-filternng: non-destructive neise remeyval, interleaving, sub-sampling

Comments from CIil:

Report: “CTl Additienallcomments regarding D.8 and D.9 reports”
I-ImaS website: “I-ImaS_CT1_D8-D9comments_Sept05.pdf”’ / 08-Sept-05
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Overview of image pre- and post-filtering

Image acquisition model:
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Overview of image pre- and post-filtering

Image distortions detected at the sensor plane:

Disuniformities on sensors, scintillator, ete.
. Combined noise factors
Relative target-sensor movement (line-scanning)
. “Salt & Pepper” type disunifermities; (black/iwhite spots)
Nen-uniferm gain prefile (Vingetting)
Perspective distortions
. Other geometric/lens distertions (lharnrel-pincushion)

Goals of stuay:
Initiallapproach (D.9): “black-hox* model estimation— complex
Analytical approach: “white-hex* model estimation — modular

Scope: iInclude seme of the “white-box” medel within the
acguisition/centrol loep (on-line precessing) for better guality en the
extracted textural features (Input).
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Enhancement to image restoration options

Type-1 Distortion: Disuniformites on sensors

Usually a result ofi non-uniform; scintillator coating

Alse includes “bad pixels”

A uniferm “void™ exposure can estimate the complete spatial profile
Usually the simplest method for flat-field correction

Vpe-2 Distoltion: Overallfnelse antifacts

Refers to alllimage artifacts of stechastic nature

Includes sensor inefficiencies (thermal/electronic noise)

Includes beam scattering

May alse refer to quantization| I precision Is low.

It can be moedeledl statistically and remoeved at some degree
Nen-destructive filtering requires acecurate neise & acquisition models

(% Y) =49, Y) 7.6 y) +1,(X, Y)

I-ImasS: CTl en WP3 & WP8 Athens, 29-301 September 2005




Enhancement to image restoration options

Type-3 Distortion: Relative movement between object and sensor

Caused by the line-scanning procedure

Resulting PSE for pixels is wide along the scanning| direction
Creates a “smoothed” version ofi the ideal image

Cani be coriected via acecurate moedel estimation and filtering

Impulse Response: h(x,y)

1 x 1
—- rect(—zj-c’i(y)
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Frequency Response: H(§1,§2)
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Enhancement to image restoration options

Wiener filters for image restoration

More stable and noise-resistant than inverse and pseudo-inverse filters
Doees not require analytical mode for the channel (adaptive on statistics)
Combines optimal combination ofi low-pass and high-pass filtering
“Smoething™” for noise reduction, “Sharpening” for PSE correction

Can be “trained” with a calibration template (fixed) or adapt to the channel

Analytical ferm of freguency: response ofi Wiener filter:

H(w,0,)-S,, (0,0,)
2
‘H (a)va)z)‘ +SgoH (w11w2)+snnH (0, ,)

G(o,®,) =

Typical implementation via correlation statistics (spatially invarant form):

e (V)= D Y9, ) r (x—i,y—)]=0 , V(x,y)eW

ieW jew

Note: Size of spatial kernel depends on PSE “smoothing”, typically less than 15x15 pixels
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Enhancement to image restoration options

Type-4 Distortion: “Salt & Pepper” disuniformities

Appear as extreme bright (*salt”) or dark (“pepper”) spots on the image
[ consistent, they can be attributed to sensoer deficiencies (see Type-1)
[ randem, they are pixels saturated with extreme noise values

Normal neise filtering Is Incapable of completely restering these pixels
Instead, “spot” filters are used for detection & Interpolation

Usually implemented as 2-Di Gaussian kennels withi threshold “triggernng™

g =a{"pepper"}
g =b{"salt"}

Spot detectors must be able to clearly distinguish between “salt &
PEPPEr” spots and useful Image content, e.g. microcalcifications: For

minimum size 0,3 mm at pixel size 32x32 um, the spoet detector kernel
should be much smaller tham 9x9 pixels wide.
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Preface to X-ray camera geometry

Gain Profile Distortions: Vingetting, Perspective, Lenses

Vingetting: Image fades near the border due to decrease of gain

Perspective: Additionall gain decrease due te disperse ofi photons ever
Increasing area until they hit the sensor: plane.

Lenses: Cause perspective-like nen-linear effects en Image morphology,

usually referred teras “barrel-pincushien” distortions, NOT an ISSUe In typical
X-ray/ projections
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Preface to X-ray camera geometry
Type-5 Distortion: Vingetting — Non-uniform gain profile

« Commonly referred to as “vingetting” in the final image (fading near border)
o Caused by non-uniform absorption profile and conical projection (see Type-6)
o | olbjectis assumed homogeneous, analyticallgeometricallmedel is feasible

(x—X0)2+(y—Y0)2

0,, = arctan
D

A(T) = Ab exp(_(g " Hglandutar T 1-9)- ,ufatty)’T ) = A\) ¢

0 (9) _ A(Te) breast=B ; A(:B/COS 9) C. ed(l—cos‘le)
A(T,) A(B)

Note: Correction of the gain profile is also possible by using standard flat-field

correction templates (see Type-1), Iif a realistic object substitute Is included
during the estimation ofi the sensoer response profile.
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Preface to X-ray camera geometry

Type-6 Distortion: Perspective — Conical projection geometry

Caused by conical prejection from a point seurce to a flat plane

More evident when object Is placed far frem the senser plane

More evident wWhen|source Is placed near the ebject

Usually included in the vingetting distertion (see Type-5)

[ the geemetny’ of the system! Is fixed, analytical geemetrical modeliis feasible

N/S, S, RO260?
S, D’tan’s0

2
D2 . ed(l—cos‘lelxy) :| 4 Co

Overalligain correction function

(parameter estimation via calibration)
, d(X,,Y,) =1

Note: Correction of the gain profile is also possible by using standard flat-field

correction templates (see Type-1), i an isotropic beam scans througheut the
entire sensor plane and a realistic profile’is created for the hackground.
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Overview of complete image restoration process:

raw image
acquisition

Implementation & calibration issues

noise
reduction

sensor-field
correction

move/PSF
correction

spot/pixel
correction

feature
extraction

gain/pixel
correction

Different stages embed! different levels ofi complexity and precessing time
Exact erdernngland sequence ofithe stages IS impoertant fer optimum results
|deal case: feature extraction cemes after the last restoration stage

Real case: embed as many: stages as pessible within the en-line loep

Design & Implementation Plan:
Split the complete seguence into pre- andl post-processing modules

On-line precessing|loop Includes pre-precessing modules, plus feature
extraction, plus controlflegic

Remaining| restorationimedules are placed ofi-line as pest-processing
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Implementation & calibration issues

Calibration

Sensor-field correction: requires full sample “template” of the imaging area
Wiener filters: combined noise and PSF measurements (assumed invariant)
Gain correction: analytical geemetric model OR full flat-field gain respense

Figures (b) and (c) adapted from [31], Paolo Greppi, Aug/03.

What aboeut the wedge: filters?

o Prebable modification ofi heami spectrum profile, not just the intensity.
» i profile: modification Is significant, separate calibration sets may: he required
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Exploitation & Dissemination

Overview of exploitable knowledge (\WP3):
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** Note: ltem #19 will also include results from the x-ray camera design (\WP8) for improved restoration




Progress Report

Future Work (CTI):

Next major werkpackage involvements in:

1. WP8 — “X-ray camera design and manufacture™ (Tasks: 8.2, 8.3),
starting in Dec/05.

WPR9 — “System display system and camera control” (Trlasks: 9.2, 9.3),
starting| i Jan/06.

Additional werk: consultation on iImplementing the iImage processing,
on-line contrel andl efficient cede for filtering/ modules.

AS SE0NM asia pretotype of the complete acguisition systemIs ready,

test runs are necessary. for the verification, calibration' & optimization
of all the moedules invelved in imaging and control.
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