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— Digital Detector Array — is an electronic device that converts ionising radiation into
a discrete array of analogue signals, which are subsequently digitised and transferred to a
computer for display as a digital image corresponding to the radiation energy pattern
imparted upon the device. It offers an alternative to the use of radiographic film and
involves one less process step than CR in that it does not produce an intermediate image
that is subsequently digitised. With careful selection of parameters and calibration, DDAs
can produce an image that is comparable or even better than that produced by film. As it
is a digital image it can be manipulated with software to assist the operator in the
analysis.

RADIA S]GNAL
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CR — Computed Radiography — is the term given to the application of
radiography where the radiographic film is replaced by a re-usable
imaging plate.

he CR imaging plate contains photo-stimulable storage phosphors. When radiation
impinges on the plate, the phosphor crystals become trapped in a semi-stable higher
energy state and the image is retained. The CR cassette is then removed from the
inspection site and the plate placed in a CR reader. The CR reader scans a laser over the
image, releasing the trapped electrons in the phosphor crystals and emitting visible light.
This light is captured, digitised and stored as the radiographic image. The plate is then

wiped clean for re-use.

Optical Photo-multiplier
Scanner Tube/Amplifier

Laser Beam

Imaging
Plate

Motor



CR( Computerized Radiography)
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CT
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CT — Computed Tomography —is the name given to the process
of generating 2-D and 3-D cross-sectional images of an object
from flat X-ray images. CT works by taking digital radiographic
Images at a large number of positions around 180° of the
circumference of acomponent. By a process similar to
triangulation, the features generating the density changes on
the radiographs can be positioned within the cross-section of
the component. To generate a 3-D image, a number of such
cross-sections are produced and stacked on top of each other.

CT can generate 3-D images of cracks within the component
under inspection and can be a better alternative to destructive
examination. However, the component under test must be small
enough to be accommodated by the particular CT equipment
and be fully penetrated by the X-ray energies used by that CT
system.
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ASTM E2698 : Standard Practice for
Radiographic Examination Using Digital Detector Arrays

ASTM E2737 . Standard Practice for
Radiographic Examination Using Digital Detector Arrays

Boeing - BSS7044: RADIOLOGIC INSPECTION, DIGITAL DETECTOR ARRAY

Hamilton- PN44.01 Digital Detector Array Radiologic Inspection (DDA)

P&W - Digital Radiography Method (DRM) Master D'"MIYUN

DNNXN
Honeywell: HGS1005 DIDITAL RADIOGRAPHIC INSPECTION CR 7 Da




ASTM E2698 . Standard Practice for
Radiographic Examination Using Digital Detector Arrays
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bad pixel—a pixel identified with a performance outside of the specification
range for a pixel of a DDA as defined in Practice E2597/E2597M.

basic spatial resolution detector (iSRb detector)—the smallest geometrical detail,
which can be resolved by a digital detector without geometric magnification as defined

in Practice E2597/E2597M.

cluster kernel pixel (CKP)—a bad
pixel, as defined in Practice
E2597/E2597M, that does not have
five or more good pixels as
neighbors and is therefore not
correctable.

4l E 2507 - 07+
i | ) o | i ]l Jom ]y | i s o[ ]
single bad pixel 2x2 cluster2 2x3 cluster4 rel3x4 cluster7-2
clcle clele clelele clelelclcle
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cic|c cic|bjc ccﬁtl-wc cib cic
clele cic|c|c cic|c|p/pic
clelclele
2x24 Line26
clelie clele
ccﬁcccccccccccgccccccccccg_
c/o/p[pp/p p|p p|p p[p bbb DD DD DD D[DDC
clelclelclele|eleclclelelelclclclelc|cle|ec|eclclelc|c
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C pixel used for correction |
[ l | | | | | D defect pixel >= 5 good neighbours
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FIG. 2 Different Types of Bad Pixel Groups: Cluster, Relevant Cluster, and Bad Line
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FIG. 2 Different Types of Bad Pixel Groups: Cluster, Relevant Cluster, and Bad Line

relevant cluster—a grouping of bad pixels with at least one cluster kernel pixel (CKP)
in the grouping.



contrast-to-noise ratio (CNR)—quotient of
the difference in the mean values of the
intensity (signal) in an area in the object
subtracted from the mean value of the
intensity of the background, and standard
deviation of the intensity (noise). The CNR

Direction of Gradient

depends on the radiation dose and quality, =
thickness/attenuation of the object and the “@ﬂ
DDA system properties.

Direction of Gradient
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digital driving level (DDL)—for computer graphics display boards, the digital value
that corresponds to a particular monochrome grayscale level. A particular DDL “drives
out” a particular visible shade of gray. For example, in an 8-bit

display, a DDL assumes 256 values from 0 to 255.

PIXEL VALUE nt )W NITAN? 1022 NIYNNYWNAN NIDYN Y!

grayscale—2xsignal levels for N-bit system :2 2Tam 7190 7w 119XN W ,NT |[7N2

GRAY VALUE 1022 niwnnwnn Nidvn W' — BSS7044 21'NKiA |70 JINN NTaN |07
0T Y NTANY

DDR - The digital value stored in the computer corresponding to a
particular exposure level. For a system with a bit depth of 10, DDR
assumes 1024 values from 0 to 1023. For a system with a bit depth
of 12, DDR may assume 4096 values from 0 to 4095, for a system
with a bit depth of 16, DDR may assume 65536 values from O to
65535



ghosting—residual signal or
image from a prior exposure in a
current image. Signal or image
can be negative or positive and

may affect interpretation of the
1mage.
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window width and level—contrast (window width) and brightness (window
level) adjustment of a digital image by changing how the Gray levels translate
into displayed brightness

levels.

Levels
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Personnel Qualification—Personnel performing examinations to this practice shall be
qualified in accordance with NAS410, EN 4179, ANSI/ASNT CP 189, ISO 9712, or
SNT-TC-1A and certified by the employer or certifying agency as applicable. Other

equivalent......
NAS410, EN 4179
1N)1
[I'0"1 NIVY NN NIYY
TABLE IT — MINIMUM EXPERIENCE REQUIREMENTS FOR LEVEL 1 & LEVEL 2 TABLE I — MINIMUM FORMAL TRAINING HOURS FOR LEVEL 1 & LEVEL 2
Experience time in hours Level 2 with previous Level 2 without previous
Level 1 (Trainee Level 2 with previous Level 2 without previous Level 1 Level 1 certification Level 1 certification
experience) Level 1 certification Level 1 certification PT 16 16 32
PT 130 270 400 MT 16 16 32
MT 130 400 530 IRT 20 40 60
IRT 200 400 600 ET 40 40 80
ET 200 600 800 uT 40 40 30
Ut 200 600 800 RT
RT Film or 40 40 80
Film or 200 600 800 Non-Film
Non-Film RT
RT .
Film & Non- 220 780 1000 Film & Non 60 60 120
Fim Film

TABLE IA — RT FORMAL TRAINING HOURS FOR TRANSITION TO FILM AND NON-FILM
Additional Formal Training Hours

Current Level 1
Current Level 1 | Current Level 2 | to Level 2 Film & Current Level 1 | Current Level 2 | to Level 2 Film &
Non-Film Non-Film

20 200 800 20 40 80

TABLE ITA — RT EXPERIENCE REQUIREMENTS FOR TRANSITION TO FILM AND NON-FILM
Additional Minimum Experience Time in Hours
Current Level 1




SNT-TC-1A

Experience
. NDT . Training Minimum Hours
E t Method Tech
xamination Metho Level echnique Hours in Method or To.ial Hours
. in NDT
Technique

| . 40 210 400
m Radiography 20 630 1200
III Computed Radiography :g ;133 142%[}0

Radiographic Testing
! Computed Tomograph 40 210 400
Il P ography 40 630 1200
I . . 40 210 400
i Digital Radiography 20 630 1200

If an individual is currently certified in an RT technique and a full-course format was used to meet the initial
qualifications in that technique, the minimum additional training hours to qualify in another technique at the

same level should be 24 hours (of which at least 16 hours should be equipment familiarization). The
training outline should be as defined in the employer’s written practice. If an individual is certified in a

technique, the minimum additional experience required to qualify for another technique at the same level

may be reduced by up to 50%, as defined in the employer’s written practice.
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Line Profile—A line profile function capable of
displaying the pixel values (PVs) along a user
defined line as a graph. The line profile tool
should also be capable of adjusting the line
width where the values of the line profile are

averaged from multiple parallel lines of | " ll .i | }'60%

NN ANI7IT NY1IP? nTI9N NPT
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TABLE 1 Element Number, Corresponding Unsharpness and
Wire Diameter”

Element Comresponding  Wire Diameter  Tolerance of Wire
N Unsharpness and Spacing, Diameter and Wire
umber _
(mm) d (mm) Sparing (mm)
Pt5 13 0.10 0.05
Pt 12 013 0.063
Pt 11 0.16 0.08 =0.005
Pt 10 0.20 0.10
Pt 9 0.26 013
Pt 8 0.32 0.16
Pt 7 0.40 0.20
Pt 6 0.50 025 +=0.01
Pt 5 0.64 0.32
Pt 4 0.80 0.40
wWe 3 1.00 0.50
W 2 1.26 0.63 =0.02
w 1 1.60 0.80

A This table is based on data provided in EN 462-5.

5Pt = Platinum.
€W = Tungsten.
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Region of Interest Tool—A histogram type tool capable of displaying the PVs of a
user defined Region of Interest (ROI) as a graph. The ROI tool shall also display the
size of the ROI (in other words, x pixels by y pixels), and as aminimum, the statistical

mean and standard deviation of the ROI PVs

ROI Statistics

X Y
Widih: Height:
Min: 26714 Max: 46832
Mean: 40810 Median: 41594

StdDev: 5100.74 Polarity: Positive

Signal Intensity: 41544

Med. Line StdDev: 4186.28
SNR (EN 14784-1): 9.92
2 01 cooum) ©)
SNRn: 1.10

Pixels: 114570

Contrast To Noise Ratio
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Negative/Positive Image Display—Display images in either negative or positive gray
scale (negative or inverse).
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Linearized Pixel Values—The software shall be capable of performing calculations using
linearized pixel values as a function of dose
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Digital Image Magnification (Zoom)—Adjust and display
the digital magnification level, as well as display the image
at 1:1 pixel mapping (in other words, each pixel of the
image is mapped to an image display monitor pixel).
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Image Pan—Capability to pan the image.

¥ Pan Control
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Size Measurement Tool—Perform measurements for distance or sizing of
discontinuities. The software shall be capable of calibrating the measuring tool to a
reference standard.

Line Color | ‘| Fill Color \' \ B Outline « ~ Measure Font @AYEL Font Size Measurement Units ® in © mm
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Image Format—Lossy compression shall not be allowed for images that are used
for final product disposition. For systems that are not DICONDE compliant,
TIFF images are recommended.

DICONDE

Digital Imaging and Communication in Nondestructive Evaluation

(DICONDE) ASTM E 2339
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The software shall be capable of saving a copy of the radiographic image with
image processing applied.
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REFERENCE
RADIOGRAPHS

For systems used in the 130 MICRON

REFERENCE IMAGE

examination of castings, as ALUMINUM - FOREIGN MATERIAL (LESS DENSE) -
well as other examinations

where reference radiographs

are used, the software shall

have the ability to direct the

viewing properties of the

production image and a !

reference radiograph image

in accordance with the

applicable ASTM or other

digital reference radiograph

standard or specification. 12345670000,
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Only DDA s shall be used in practice as established in Guide E2736.

N1'OXN JoNN NIYAT

The minimum brightness as measured off the image display monitor screen at maximum
Digital Driving Level (DDL) shall be 250 cd/m..

The minimum contrast as determined by the ratio of the image display monitor screen
brightness at the maximum DDL compared to the screen brightness at the minimum DDL

shall be 250:1.

The image display monitor shall be capable of displaying linear patterns of alternating
pixels at full contrast in both the horizontal and vertical directions without aliasing.

The 1mage display monitor shall be free of discernable geometric distortion.

The image display monitor shall be free of screen flicker, characterized by high
frequency fluctuation of high contrast image details.



The image display monitor shall be capable of displaying a 5 % DDL block against a 0 %
DDL background and simultaneously displaying a 95 % DDL block against a 100 %
background in a manner clearly perceptible to the user.

The image display monitor shall be capable of discriminating the horizontal and vertical

low contrast (1 %) modulation patterns at the display center and each of the four
corner locations.

The image display monitor shall be capable of displaying no less than 256 unique shades
of gray.
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The 1mage display monitor shall be checked in accordance with Appendix X1.

APPENDIX

(Nonmandatory Information)

X1. MINIMUM PERIODIC PERFORMANCE EVALUATIONS

Reference Qualification STD Paragraph Reference Freguency (Minimum)
Photometer Light Meter 7.8 Annually
Image Display Evaluation 7.53-7567 Daily
Image Display Brightness 7.51 Once per month
Image Display Contrast 752 Once per month
Bad Pixel, Gain, and Offset Maps 84 —85 In accordance with manufacturers' recommenda-
tions or CEO
1QI Evaluation for Application 10.5 Each examination

Image Viewing Stations—Image viewing stations shall be arranged to exclude any
objectionable 1lluminance that could cause a reflective glare from the display monitor

and shall have light controls to achieve ambient (background) lighting levels of no
greater than 30 lux

Ambient light shall be measured at the viewing
surface with the display monitor off.




Bad Pixel Map
Bad Pixel Map
Single Pixel:
Bad Clusters:
Bad Kernal Clusters: 0
Bad Line: 0

Bad Clusters

(1602,730) - 1x2 cluster?
(2956,1478) - 1x2 cluster?
(1774,2461) - 1x2 cluster?

Radiographic images shall be free of visible bad pixels or other artifacts which may
interfere with image interpretation (see Practices E2597/E2597M and E2737).

Bad Pixel Map
Bad Pixel Map

Single Pixel:

Bad Clusters:

Bad Kernal Clusters: 0
Bad Line: 0
All

(1865,8) - Single Bad Pixel

(2189,16) - Single Bad Pixel
(1714,19) - Single Bad Pixel
(1353,20) - Single Bad Pixel
(1442,21) - Single Bad Pixel
(1587,21) - Single Bad Pixel




The user shall adopt the manufacturer’s recommendations for DDA gain, offset and
bad pixel identification and calibration, methodology and the frequency thereof, and
alterations as needed defined by the CEO based on the object under test.

In the event that any non-uniformities or artifacts (other than bad pixels) appear in an
image between recommended intervals of gain and offset calibration, the detector is

to be recalibrated for gain and offset correction so that these anomalies are removed
prior to continuing production imaging. If these anomalies could be found to either
mask a relevant discontinuity or be interpreted as a relevant discontinuity, then the
effected product shall be re-imaged. When non- uniformities and artifacts occur outside
of the area of interest within an image, re-imaging is not required as they do not
interfere with interpretation.
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9. Procedural Requirements

9.1 Digital detector array systems shall be qualified by the

CEQO prior to the examination of production hardware. The
DDA system shall be tested to establish baseline performance
as required 1n Practice E2737, as well as its suitability for its
intended application. In addition to the Practice E2737 tests,
the following minimum tests shall be conducted:

a)
b)
c)
d)

e)

Required radiographic quality levels shall be demonstrated.

Applicable software tools shall be tested and validated.

Applicable image processing parameters used to obtain the required image
quality shall be tested and verified.

Image display monitor(s) shall be tested to ensure the requirements of 7.5
are met.

When systems are intended to be used outside of specified environmental
conditions, such as portable systems, system qualification tests shall be
performed in the expected conditions for temperature and humidity.



Examination techniques:

DDA %7 D" Ty 17X 707, N 100N QT2 ["X7 W'Y D'0OD 7 NN'Y W' NZR00N QT Iy

The nominal exposmeakevrgl,gaega,ammrmxeDex@eggwgax.me, frame rate, frames

etect

averaged, beam and/oridetectercelimatienabeam filters used including their locations

or other related documentation along with the detector mode (full

(tu be pa rt dete Ct(DEIZ{O'lEm dx@@lﬁﬁ@ p‘thc)forth) and the detector’s gain setting (as
labl

The nominal exposure: source strength, exposure time, frame rate, frames
averaged, beam and/or detector collimation, beam filters used including
their locations (tube, part, detector, and so forth).

The make, model, and manufacturer of the DDA used in the examination.

The detectors iSRb detector shall be addressed on the procedure, technique,

or other related documentation along with the detector mode (full resolution, pixel
binned, and so forth) and the detector’s gain setting (as available).



The geometric magnification factor used, including source to object and object to
detector distances and the measured or calculated total image unsharpness

The window width and level used to visualize the image as well as any
digital image zoom.

Any image processing parameters used to obtain the required image quality or
improve fine detail detection. This would include noise reduction methods, contrast
enhancement, or other filtering procedures.

A system of measurement verification shall be documented. If a physical standard is
used to verify the accuracy of a measurement, the standard shall be certified annually
using standards traceable to NIST (or other recognized standardizing body). The user
and the CEO shall agree to the tolerance

of this standard.



Geometric magnification

” The geometric magnification requirement shall be defined by the CEO and based on
requirements of the examination. Guide E2736 provides guidance on establishing
appropriate geometric magnification.
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TABLE 1 Duplex Wire Number, Corresponding Image Unsharpness, Baslc Spatlal Resolution of the Imaging System, Linepalr Readings,
and Wire Dlameters and Its Tolerances”

Corresponding Corresponding
D . Basic Spatial Corresponding Wire Diameter Tolerance of Wire
Wire Materal uplex Wire Unsharpness Value Resolution Linepair Value and Spacin Diameter and Wire
Number u i pa pacing. i
fm S5R,"%9° Value {Ip/mm) d (mm) Spacing (mm)
(mm) {mm]ﬂ

Pi¥ D13 0.10 0.050 10.0 0.050
Pt D12 013 0.063 7.94 0.083
Pt D11 0.18 0.080 6.25 0.08 +0.006
Pt D10 0.20 0.100 5.00 0.10
Pt Dg 0.26 0.130 3.85 0.13
Pt D& 0.32 0.160 3.13 0.16
Pt D7 0.40 0.200 2.50 0.20
Pt De 0.50 0.250 2.00 0.25 +0.01
Pt D5 0.64 0.320 1.56 0.32
Pt D4 0.80 0.400 1.25 0.40
we D3 1.00 0.500 1.00 0.50
W D2 1.26 0.630 0.79 0.63 +0.02
W D1 1.60 0.800 0.63 0.80

A This table is based on data provided in 1SO 19232-5:2013. All unsharpness values are rounded to two digits after the dot.
8 Pt = Platinum.

€W = Tungsten.

O For conversion of the SAg-values to pm, multiply values which are given in mm by 1000.
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1D

20
3D
ap

5D
6D
7D

8D

9D
10D

11D

12D
13D
14D

15D

- 0,800

0,630

0,500
0,400
0,320

0,250

0,200
0,160

0,130
0,200
0,080
0,063
0,050
0,040
0,032
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DD  d(um) UT(um) SRb(um) LP(1/mm)

D1 800 1600 200 0.63
D2 630 1260 630 0.79
D3 500 1000 500 1.00
D4 400 800 400 1.25
D5 320 640 320 1.56
De 250 500 250 2.00
D7 200 400 200 2.50
D8 160 320 160 3.13
D9 130 260 130 3.85
D10 100 200 100 5.00
D11 80 160 a0 6.25
D12 63 126 63 7.94
D13 50 100 50 10.00
D14 40 20 40 12.50
D15 32 63 32 15.90
D16 25 50 25 20.00

D17 20 40 20 25.00



ISVEVDEENSE | mage Value [+) M FullRa

Line Profile

A > OO b
Start: (1648,1401) End: (1696,1397)
Length: 48

Min: 36100 Max 49380
Mean: 4721840 StdDev: 3892.52

Number of Lines:

@ Pixel Value O Percentage

Percentage

318
Pixel Number
529% |H
Pixel Value: 49149 Percentage 98.26

® Measure
L AN DS (160um) ° (O30T N DI (130um) '

23.86%
SRb: 120 pm




X:1537, Y:1406
Value: 26304 [40%]
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TABLE 2 Maximum Total Image Unsharpness (U,,)

Material Thickness of Product Maximum Allowable Total Image Corresponding Basic Spatial Resolution
Unsharpness (Upy) (2) (equal to'2 Uyy)
=0.51in. (=12.7 mm) 0.010 in. (0.254 mm) 0.005 in. (0.127 mm)
>0.5 through 1.0 in. (>12.7 through 25.4 mm) 0.015 in. (0.381 mm) 0.0075 in. (0.190 mm)
>1.0 through 2 in. (>25.4 through 50.8 mm) 0.020 in. (0.508 mm) 0.010 in. (0.254 mm)
>2.0 through 4.0 in. (>50.8 through 101.6 mm) 0.030 in. (0.762 mm) 0.015in. (0.381 mm)
>4.0in. (>101.6 mm) 0.040 in. (1.016 mm) 0.020 in. (0.508 mm)

(a): If the required total image unsharpness value cannot be achieved with adjustment of the exposure geometry or the focal spot, the compensation principle may be
applied if approved by the CEO (see 10.15.2.5).
Note: Use of the compensation principle may impact the ability to accurately size small indications.
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SRb
: Corresponding
Corresponding - :
Unsharpness Value Bl;ﬁlgolsuﬁi;al
i SR,"™29° Value
(mm) (mm)®
0.10 0.050
0.13 0.063
0.16 0.080
0.20 0.100
0.26 0.130
0.32 0.160
0.40 0.200
0.50 0.250
0.64 0.320
0.80 0.400
1.00 0.500
1.26 0.630
1.60 0.800
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where
v = the geometric magnification, and
U, = the geometrical unsharpness calculated in accordance
with Eqg 2.
U,=(v — 1)*0 (2)
where:

® = the focal spot size.

Notes: 1.) Focal spots shall be measured in accordance with Test Methods

E1165 or E2903, as applicable.
2.) SRbetctr s the interpolated Basic Spatial Resolution (SRb) of the
detector measured in accordance with Practice E2597/E2597M.

3.) U, is expressed as inches or millimeters/microns.



If the measured or calculated total image unsharpness meets the requirements of
Table 2, the examination shall proceed with the defined geometry after Evaluation
of the IQIs Visibility and CNR

If the requirements of Table 2 are not met and the current geometric magnification
exceeds the minimum required, the geometry of the setup may be modified until
the total image unsharpness requirements are met within the minimum geometric

magnification requirements.
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If the contrast to noise ratio is less than the required amount, attempt to increase
the value by taking one, or more, of the following corrective actions: increasing X-
ray tube current, increasing the number of frames averaged, increasing the single
frame exposure time, changing X-ray penetrating energy, or taking measures to
reduce scatter radiation. Verify the gain and offset detector corrections are optimal
(e.g. number of frames averaged, number of gain corrections and associated pixel
values) for the specific image acquisition parameters applied in the examination.
(Note: The DDA will approach a limiting contrast to noise ratio value related to the
quality of the calibration of the DDA.)
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