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• Technical principles (FD)

• Performance characteristics (FD)

• Image processing

• Image quality control

• Applications in real-time imaging
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 �� �� � � ��� �� �� � � �� ��� � � ��� ����
�� �� � �	 �!� ��� ����!�� ���� � �	 
 � � � �� ���� � �

Source:  Trixell

"� � � �� � ��� � �� � #
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 � �
 �� 
 ��� � � �	 ��� ��� ��� � � ��� ��
 � ��� � � �� �� ��� � �� �� �
��� ��� � � � � ��� ��� ����
 �� 
 �% � ���� � �� ���� �� �� � �"� � & #

Pixel length typically: 150 µm

20 µm20 µm

Source: Trixell
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 � ���� � �� � ���	 �!� ��� �� � � ����� �� 	 ��� �' � � ��� ��
 �� 
 �
	 
 � �� ��� � �� � ��� ��� ���� �� �� �

Photodiode

Switching element

Bias line

Data line

Driving line  

143 µm

Source: dpiX, Trixell
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1. preparation

Q0

4. measurement    

+����Q:
el. Signal

3. after exposure

Q0 -����Q

2. exposure 

-����Q

light 
quanta

$ 
 � �	 
 � �� � �� � � �� ���
 � ��� �� � �	 �!� ��� ����!������ ���� � �
��� 
 ������ �� �� � ���� ���� 
 ��� �
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� Scintillator: CsI (600 µm)
� Active area: 43 x 43 cm2

� Size of matrix: 3k x 3k 

� Pixel size: 143 µm 
(Nyquist frequency: 3.5 lp/mm)

� Analog to digital converter: 14 bit

� Readout time: 1.2 s

� No cooling

� Scintillator: CsI (600 µm)
� Active area: 43 x 43 cm2

� Size of matrix: 3k x 3k 

� Pixel size: 143 µm 
(Nyquist frequency: 3.5 lp/mm)

� Analog to digital converter: 14 bit

� Readout time: 1.2 s

� No cooling

$ 
 � �� �!�� � �( ) * * ��� ��������� � �� � �� ��� 	 ��� �' � � ��� ��
��� �� � ��	 
 �� ��	 	 ��� ���� ��
�� �� � �� � �
 � �� �!�� � �( ) * * ���� + � � �	 ���� � �� ��

Source: AX, Trixell
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� ����� � �� � �� �� �
 � � ������ � �� � ��� �� ����� �

� � ��� �� ����� � ,�� � � 	 ���� � ��� ��� � ��� �� ����� � �� ��� �!�� � �( ) * * ���� �� � �� � ������ �� � � �� �

$ 
 � ����� � �� � ��� �� ����� � ����� - � ���- �� � ����� � � � � � � � � �"� 	 � � � � �. * * �/ 0 * * #

��� ��� � � � � � ��
 � ��� � � ��� ���� ��+ � �
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Flat detector (CsI)

Screen-film

Flat detector (electronic noise)

Spahn et al. “Digital radiography with a large-area, amorphous-silicon, flat-panel X-ray detector. Invest Radiol 35 (2002) 260
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� ����� � �� � �� �� �� !
 �� �� 
 �� 
 ��$ �  ��� � �

�$ � , � � � 	 ���� �� � � ���$ � � � �� � �� � � ��� � ��� ���� �� ���1/��� �� � �� � �� ��

$ 
 � �� � ���/�� �� - 	 �� � ����� � � � � � �/� �� � � ������� � �� � �� �� �
 � �	 �� �� � � � � ������ ��� �� ��� � �� ���

�
 � � �� + /�� �� ��� � � �� �� � ���� � �� � � � �� ��
 � �2 � % � �� ����� % � � �� � ���� ��

Spahn et al. “Digital radiography with a large-area, amorphous-silicon, flat-panel X-ray detector. Invest Radiol 35 (2002) 260

Dobbins et al. “DQE(f) of four generations of computed radiography acquisition devices. Med Phys 22 (1995) 1581

Van Metter et al. “Objective performance characteristics of a new asymmetric screen-film system. Med Phys 21 (1994) 1483
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Flat detector (CsI)

Storage phosphor

Screen-film



11

04
05

07
_V

A
B

.p
pt

 

� ����� � �� � �� �� ��� �� 
 � � & � ��� � � - � ����� �  � �� � �� � ��
���� �� ��� �� ��� � �	 
 � � 	 
 � ��� � � �� � �

� � 	 � ��� ��� � & �� �������� � �� � �� �� �� �� � � �� ��� � �3�/� ��	 ��  �� � � �� � � � �� � � � ��� � 	 � �� �����

- 
�
�
�� � � � ���� ������ � 
 ��% � � �

� � & ,�� � � 	 ���� �� � � ��� � & �� � �� � �� � � ��� �� ��� ���� �� ���1/��� �� � �� � �� ��
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Spatial frequency f [lp/mm]

D
Q
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Flat detector (CsI)

Storage phosphor

Screen-film

M. Spahn et. Al, “Flachbilddetektoren in der Röntgendagnostik”, Radiologe 43 (2003) 340-350
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�� �� � �	 �� � � � � ��� ��� ��� �� � ���� ���� �	 �� /� � �� � �� � �- ��
 �
�
 � �� 
 � �� � � � �
 � �� �� ���	 �� � ��� �
�� �� � 	 �� � � � � ��� ��� ��� � �� ������� �� � ��	 
 �

• Look-up-tables
• Frequency filter 

methods (edge 
enhancement, 
harmonization, 
advanced methods) 

• Automatic shutter 
recognition

• Automatic window and 
level

• Rotation and flip
• Automatic calculation of 

exposure index (EXI)

Image
post-
processing

• Offset and gain 
corrections
(flat fielding)

Image 
pre-
processing 

$ 
 � �	 �� � � � � � � �� �� � �� �� �� 	 ��� � � � � �
 � �� � ���� ��- ��
 �� ���� - �� � � � �� �
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& !�� 	 �� 4 ,�� ������� �� ��� ��� � � � � � ���!� � �	 ���� ����� �� �

����� � ���� ��� ������� �� ���� � ��
 � �!/��� ���� �� �� � � ��� �� � � � � ��� ���� �� � � 	 � �� ��� �

Noise caused by pixel-to-pixel or 
channel-to-channel variations

Fixed pattern noise is removed 
after flat fielding

Flat fielding 
compensation
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& !�� 	 �� . ,�5 ���� � � 6 � � + /� 	 /��� �� � ���� �� ����� �� ��� ��
� 	 ��� �' � � �� �� � 	 �� � � � � ���

$ 
 � � � �� � � �� � � ���� - �� �� 	 �� � � � � ��� �� � � �- ��
 � ���� �� �� 	 ���� � �� ��� � ����� �

Original 14-bit image

12-bit image: LUT 1

12-bit image: LUT 2

LUT 1

LUT 2
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& !�� 	 �� 7,�� ���� ���� � 
 ��% � � � ����� - �� � �
 ��� � ��
 � �
� 
 ��	 �� � � �� ���� � � � � ��
 � ��� �� � �- ��
 ����� �� � �

Enhancement
of sharpness

Reduction of
noise
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& !�� 	 �� ( ,�� �  ��� � � ��� �� � �	 �� � � � � ��� �� � �
 � � � �
�	 	 �� �� ���� �� �� ������ ���� � �������� ��� 	 � ����� �� �"4 37#

� Amplify signals in 
regions of low 
contrast

� Reduce signals in 
regions of high 
contrast

Signal adaptive 
spatial filtering

Image decomposition 
w.r.t. structure size

Direction sensitive 
noise reduction

Advanced image processing

0 4095

4095

0 2048

2048

Contrast In

C
on

tr
as

tO
ut

� Decompose the 
image into n layers
of different 
structures size

� Perform a weighted 
reconstruction

P1 P2 P3 Pn

Original   1      2      3  ... n

� The direction of 
images structures is 
detected and noise 
reduction done 
accordingly
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& !�� 	 �� ( ,�� �  ��� � � ��� �� � �	 �� � � � � ��� �� � �
 � � � �
�	 	 �� �� ���� �� �� ������ ���� � �������� ��� 	 � ����� �� �". 37#



19

04
05

07
_V

A
B

.p
pt

 

& !�� 	 �� ( ,�� �  ��� � � ��� �� � �	 �� � � � � ��� �� � �
 � � � �
�	 	 �� �� ���� �� �� ������ ���� � �������� ��� 	 � ����� �� �"737#
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& !�� 	 �� 8 ,�� � �� � ���� �- ��� � - ��� � �� � � �� � ��� � � � �
 �
� � ���� ��� �� ��� �
 � �� ��� � ��� �� !	 � � � � ���� ��

Step 1: image after applying 
the look-up-table

Step 2: detection of
collimator area

Step 3: detection of directly 
exposed area

Step 5: image after window-
ing and cropping

Center

Width

Step 4: calculation of
center and width
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� � � �� � �� � �� 	 ���� �� � � � �� � �� ��� ��� ���� �� � ��� � � 	 �� ��
� � � � ��� 9� � �� � ��� ���� ��� � � 	 ���� � ��� � ��

Automatic 
exposure 
control 
(AEC)

• Adjusted at a well defined and reproducible beam 
quality (70 kVp, precision filter of 2.1 mm Cu)

• True dose adjustment, i.e. S400 corresponds to 2.5 µGy 
image receptor dose

• kV response set to constant detector output signal for 
full kVp range (kV-independent conditions for image 
processing)

• User interface provides a “sensitivity class” (e.g. S400) 
which compares easily to former screen-film systems

• Flat fielding calibration on regular basis
• Flat field test
• Dynamic range test (Cu step wedge)

• Spatial resolution test

• Low contrast resolution test

• Exposure index (EXI)

Acceptance 
and quality 
control (QC) 
tests

������ �� 	 � ��� �� �� � �� �� � � �� � �� � �� 	 ���� �% � ����� �� � ���� �

Reviewed 
on following 
slides
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Reference doseReference doseReference dose

4x reference dose4x 4x reference dosereference dose

$ 
 � � �� � ����� � � �� ��� ����� ����� ��� � �� � ����� ���� �� ���� � � � �
��  � ��
6 �� ����� �� � � �� ��� ���� � ��� � ��� ����� �� �� ���	 ���� ��

$ 
 � ���� ����� ��� � � �� ��� ��� � � � ��� ��� � 	 � �� �� ��� � � � �: �� �� !	 � � �� �
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$ 
 � ��� - �� � ����� ���� � � �� ��� ���� ��� � �� � �� � ��� ���� � ����
� � ����� ��	 
 ���� � ����� ���� �� ���� � � � ���  � ��
6 � - �� � ����� ���� � � �� ��� ���� � ��� � ��� ��
 � �� � ; � � ��� � ��	 
 ���� �

� �� ����� ���� �� �� ����� �� ���� �� �� � �: �� �� !	 � � �� �

Reference doseReference doseReference dose

4x reference dose4x 4x reference dosereference dose
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$ 
 � �� ��� � ����� ��� ���
 � �� !	 � � � �� ���� � !�"& 1�#�
 � �	 � ��� �
���� + ��
 � �� � �� �� �� �� � � ��� � � �� � �� � ����� �
� � �� � 	 ��� ��� !	 � � � �� ���� � !

� A linear relationship to the image receptor dose
� A dose indicator depending on the specific organ

� The mean value within one or more ROIs within the image area 
is caluculated

� The center mean value depends on the organ
� Geometry, collimation, beam quality (kVp, filtration) influence 

the EXI

� A twofold EXI value means a twofold receptor dose 
(comparable conditions)

� The EXI is a valuable parameter checked in quality assurance 
e.g. periodic constancy testing

What does 
the EXI 
provide?

Which 
conditions 
influence 
EXI?

Application of 
the EXI

How does EXI 
work?
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$ 
 � �� ��� �. ����� ����� � � ��� �� � �� �� ��� ��
 � �& 1�

� � �� � 	 ��� ��� !	 � � � �� ���� � !�� ��� � ����� �

Fully integrated system provides 
positions of active AEC elements:

ROI

Cropping 
area

Sensor area

ROI 
(active AEC 
chambers)

Cropping 
area

Sensor area

Fully integrated system provides 
positions of active AEC elements:

Determine mean value on pre-
processed 14-bit data
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� 1�< � � ��� �� � � 1��� ����� ��� ����� � ���� � ���� �� � ��	 
 � �
� � � �� � �� � ��� �� � �� ��' � � �	 � � ���� ���� �� ���
 � �� � �� � �� �

AXIOM Aristos FX
� Automatic positioning via organ program
� New applications:
� Lateral and oblique exposures
� Trauma applications
� Imaging of immobile patients

Flat Detector for Radiography

Area:
Pixel size:
Matrix size:
Analog to digital conversion:

43 x 43 cm2

143 x 143 µm2

3k x 3k
14 bit

< �� ���	 �� � ��� � ��� �� � ���� ���� �	 ��  �� � �� � �� ��� ��� �� ��� � ���� �� & � �	 � � ���� �� ��� ��& 1��� ��� � ����� �
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$ � �	 ��  �� � ������ !�� �� �� ���� ����� ��
 � �� �� �����- � ��� ���
	 � ���� �� �� � �� � �� ���� �� � � � ��� ���
 � � 1�< ���� ���! �

Portable Detector for Radiography

Area:

Pixel size:
Nyquist frequency:

Analog to digital conversion:

35 x 43 cm2

160 x 160 µm2

3.1 lp/mm

14 bit

& 1���� �� ��� � ���� � ��� �� � ���� ���� ���� � �� �� 	 	 � � �� � � /�� �� �



29

04
05

07
_V

A
B

.p
pt

 

$ 
 � �� ��� � ����� ��� ������ !	 � � � �� ���� � !�"& 1�#�	 ��  �� � � �
��� �� 	 �� �- �� ��� �� 
 � � + �� � �� �� �� �� �� �
& !�� 	 �� � � ��� !	 � � � �� ���� � !�� ��� � ����� �

Example 1: Thorax p.a.

� S400 @ 125 kV, 0.8 mAs
� Dose area product: 3.8 µGym2

� EXI: 147

Example 2: Thorax lat.

� S400 @ 125 kV, 1.9 mAs
� Dose area product: 10.2 µGym2

� EXI: 314

ROI determined from 
acutal image size 
(cropped image)

$ 
 � �& 1���� ���� � � � ���� �� ��� ��� � ���� � ��� � � � ���� �� ��� ���
 � �� � � � ���� ��	 �� � � � �
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Source: AX PLM-CW

� 1�< ��� ���� ��$ � ,�<  � � �� - ���� �7* !( * �� ����� � �� � �� �

� 1�< ��� ���� ��$ � � � � �� � � �- ��
 ����� � ������� � �� � �� �� �
- � �� ������ � � � � � �� �� �� ��. * * 7

Flat Detector for Angiography

Area:

Pixel size:
Frame rates:
� No binning
� Binning 2x2 pixels

Analog to digital conversion:

Dose ranges:

30 x 40 cm2

154 x 154 µm2

7,5 fps
30 fps

10 nGy - 3,5 µGy

14 bit
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Source: PD Dr. Loose, Nuremberg

6 ��� � ������� � �� � �� ���� ��� � �� ������� �� � ��	 
 � ,�7� ��� � � �� ��� � ��� ��� ��+ �� �� �

� ��� ���� � � ��� �� ��7� ��� �� ��� �- ��
 ������� � ������� � �� � �� ��
� � � �� �

� 1�< ��� ���� ��$ �
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Source: AX PLM-CW        1) Left: 3D image; Right: Cross section with nicely visible muscles and fat tissue

6 ��� � ������� � �� � �� �,�7� ��� � � �� ��� � ��� ��� ����
 ��� 4 #

� ��� ��� �� � �� � ��� � + ��� ������ - �� � ����� ���� � � �� ��� ��� ���
7/� �� ����� � �� ���� � � �� �� �� � � ��� ���
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Source: AX PLM-I

��� �� ��� ��� �� ���� ������ ��� ��� ���� �� � ��	 
 � ,�� ���� �	 �� �

$ 
 �� ��	 	 ��� ���� ��� ���� ��� �� � �	 � ��� �� � � �- ��
 ������� � �� � �� �� �� � ���� ��- ��
 ��
�
�

��� �� ��� ��� �� ���� ���� ����� - ��	 	 ��� ���� ����� ��- 
 � �� �
1/��� �� � � �� � � �
 � � ��� �� 	 � ���� ����� �� �� ��� ���� �� �

Areas of interest:

� Magnetically guided 
catheter and guide 
wire for navigation

� Fixation of 
ferromagnetic embolic 
at target sites
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= ��
 �� �� �� ��� ��� �� ���� ���
 � �� ��
 � �� ��� ���� � �
�� �� ��� � ���� � �� �� � ��� 9� � ���� �� !�� ������ �� �� ��
��� �� ��� ��� �� ���� ������ ��� ��� ���� �� � ��	 
 � ,�� �� � ���� �� ��� ��
 � �� �

Source: AX PLM-I
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Source: AX PLM-CW

< � �� �� �� �,������� � �� � �� �� �- ����������� �� � ������ � � � � � �
�������1/��� �� � � �� � �

Scintillator

� ����� � �� � �� �� ,�� ����� � �� ��� ��
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� � � � ���

� Flat detectors, specifically designed for a given application, 
provide the basis for high image quality (dynamic range, DQE, 
MTF)

� Digital image processing techniques greatly help to enhance 
the diagnostic content of the image

� To ensure reliable and constant image quality, the system has 
to be set up properly (automatic exposure control, kV-
dependence) and constancy tests need to be applied (spatial 
resolution, contrast resolution, exposure index)

� Flat detectors allow to probe into new diagnostic and 
interventional fields which were not accessible so far


