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In-plane resolution: 0.2 é 0.7 mm

Nominal slice thickness: S= 0.2 é 1.5 mm

Tube (max. values): 120 kW, 150 kV, 1300 mA

Effective tube current: mAseff= 10 mAs é 1000 mAs

Rotation time: Trot= 0.25 é 0.5 s

Simultaneously acquired slices: M= 16 é 320

Table increment per rotation: d= 1 é 183 mm

Scan speed: up to 73 cm/s

Temporal resolution: 50 é 250 ms

Philips iMRC Siemens VectronGE Performix HDwCanon Megacool Vi

GE Revolution CTCanon Aquilion ONE Vision Philips IQon Spectral CT Siemens Naeotom Alpha



What does CT Measure?

ÅX-rays are generated in an x-ray tube.

ÅThe polychromatic radiation is attenuated
in the patient. X-ray photon attenuation is
dominated by the photo and the Compton effect.

ÅDetectors measure the x-ray intensity after the rays
have passed through the patient along several lines L.

ÅThe log intensity is the so-called x-ray transform:

ÅOften, the follwing monochromatic approximation is used:



Demands on the Mechanical Design

ÅContinuous data acquisition (spiral, fluoro, dynamic, é) 

ÅAble to withstand very fast rotation
ïCentrifugal acceleration at 550 mm with 0.5 s: a =   9 g

ï with 0.4 s: a = 14 g

ï with 0.3 s: a = 25 g

ï with 0.2 s: a = 55 g

ÅMechanical accuracy better than 0.1 mm

ÅCompact and robust design

ÅShort installation times

ÅLong service intervals

ÅLow cost



Data courtesy of Schleifring GmbH, Fürstenfeldbruck, Germany
and of rsna2011.rsna.org/exbData/1678/docs/Gantry_Subsystem.pdf
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Courtesy of Schleifring GmbH, Fürstenfeldbruck, Germany



Demands on X-Ray Sources

ÅTube voltages from 70 to 150 kV in steps of 10 kV

ÅHigh instantaneous power levels (typ. 50 to 120 kW)

ÅHigh tube currents at low kV (good for Iodine contrast)

ÅHigh continuous power levels (typ. > 5 kW)

ÅHigh cooling rates (typ. about 25 kW º1 MHU/min*)

ÅHigh tube current variation (low inertia)

ÅMust withstand centrifugal forces

ïCentrifugal acceleration at 550 mm with 0.5 s: a =   9 g

ï with 0.4 s: a = 14 g

ï with 0.3 s: a = 25 g

ï with 0.2 s: a = 55 g

ÅCompact and robust design

ÅLong service intervals

ïBall bearings cannot be lubricated and wear out early

ïLiquid bearings to be preferred (also due to good heat conduction)

* 1 MHU = Õ2 MJ
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iMRC photo courtesy of Philips Medical Systems GmbH, Hamburg, Germany
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double quadropole and dipole



Courtesy of Philips Medical Systems GmbH, Hamburg, Germany

Liquid bearings
Åñspiralò grooves (stationary)
Åe.g. 10 µm GaInSn
Ågood heat conductivity
Ånearly wear-free
Ålow vibration 
Ålow noise

Graphite to store heat



Courtesy of Canon Medical Systems, USA

Liquid metal bearing



Straton (Siemens)iMRC (Philips) Vectron (Siemens)Performix HDw (GE)



Exposure Time

Power

1 s 30 s

53 kW

66 kW

100 kW

40 s

120 kW

80 kV

100 kV

120 kV

140 kV

80 kV

100-150 kV

Vectron (Siemens, 2014)

Straton (Siemens, 2004)

91 kW

6 s

70 kV

90 kV

4 s

Straton vs. Vectron at all kV



20 s1 s
Exposure Time

Power

40 s10 s4 s

Tube Voltage 80 kV

55 kW

104 kW

64 kW

73 kW

Vectron (Siemens)

Straton (Siemens)

MegaCool Vi (Canon)

iMRC (Philips)

Performix HD (GE)

Performix HDw (GE)

46 kW

C = 0 HU, W = 700 HU



Exposure Time 
1 s 40 s

120 kW

100 kW

90 kW

20 s4 s

Vectron (Siemens)

Straton (Siemens)

MegaCool Vi (Canon)

iMRC (Philips)

Power

Tube Voltage 120 kV

Performix HDw (GE)

Performix HD (GE)

82 kW

10 s

C = 0 HU, W = 700 HU



Anode

Bow-tie filter

Wedge filter

Detector

Additional filters

Figure not drawn to scale. Type and order of prefiltration may differ from scanner to scanner.
Depending on the selected protocol filters are changed automatically (e.g. small bowtie for pediatric scans).

e-e-



120 kV + 0 mm water
with and without prefilter

No prefilter

Prefilter



120 kV + 320 mm water
with and without prefilter

No prefilter

Prefilter



Anode

Bow-tie filter

Wedge filter

Detector

Additional filters

e-e-

Figure not drawn to scale. Type and order of prefiltration may differ from scanner to scanner.
Depending on the selected protocol filters are changed automatically (e.g. small bowtie for pediatric scans).
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Bow-tie filter
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Additional filters
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Figure not drawn to scale. Type and order of prefiltration may differ from scanner to scanner.
Depending on the selected protocol filters are changed automatically (e.g. small bowtie for pediatric scans).



Onset of target melting (rule of thumb)1: 1 W/µm

1 D.E. Grider, A. Writh, and P.K. Ausburn. Electron Beam Melting in 

Microfocus X-Ray Tubes. J. Phys. D: Appl. Phys 19:2281-2292, 1986

e-e-
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Data Completeness
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Each object point must be viewed by an angular interval of 
180° or more. Otherwise image reconstruction is not possible.



Axial Geometry (z-Direction)

1998: M=4 2002: M=16<1998: M=1

z

z

2006: M=64



Axial Geometry (z-Direction)

1998: M=4 2002: M=16<1998: M=1

z

z

2006: M=64
Today:
up to M=320



Courtesy of University Hospital Mannheim

Somatom Force: 
Ultra Low Dose Lung Imaging

ÅAtypical pneumonia in inspiration and expiration

ÅTurbo Flash mode, 737 mm/s, 100 kV Sn

ÅDLP = 7 mGyÖcm º0.1 mSv per scan
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aFFS and zFFS

ÅThe flying focal spot (FFS) can be used to improve 
the in-plane (lateral) sampling as well as the through-
plane (longitudinal) sampling.

A B

CD

a°

z°

Anode as viewed from the isocenter

anode rotation
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Demands on CT Detector Technology

ÅAvailable as multi-row arrays

ÅVery fast sampling (typ. 300 µs)

ÅFavourable temporal characteristics (decay time < 10 µs)

ÅHigh absorption efficiency

ÅHigh geometrical efficiency

ÅHigh count rate (up to 109 cps*)

ÅAdequate dynamic range (18 to 22 bit)

ÅSignal stability (better than 0.1%)

* in the order of 105 counts per reading and 104 readings per second



Gd2O2S
7.44 g/cm3

Photo courtesy of Siemens 
Healthcare, Forchheim, Germany
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modular and 2D tileable, 1D anti-scatter grid,
modules arranged on the surface of a cylinder segment

(Photo courtesy by Siemens)



ñNano-panel detectorsò, modular and 2D tileable, focussed 2D anti scatter grid
(Photo courtesy by Philips)



ñStellar detectorò, modular and 2D tileable, focussed 2D anti scatter grid. Photo courtesy by Siemens.

Fully Integrated Detector Electronics

ÅElectronics fully integrated into detector

ÅVery low electronic noise

ÅLess dose for infants, better images for obese



ñStellar detectorò, modular and 2D tileable, focussed 2D anti scatter grid. Photo courtesy by Siemens.



Ultra High Resolution Scans

ÅWith energy integrating detectors UHR requires1,2

ïdetector comb or detector grid

ïŬFFS and/or zFFS

ÅRealizations

ïSomatom Flash and Force comb (0.61 mm ­ 0.33 mm)

ïSomatom Flash grid (0.61 mm ­ 0.33 mm and 0.56 mm ­ 0.53 mm)

ÅDose loss

ïabout 50% with comb (46% + penumbra for Flash or Force)

ïabout 75% with grid (66% + penumbra for Flash)

ÅDose penalty

ïabout two-fold dose needed with comb

ïabout three-fold dose needed with grid

1Flohr et al. Novel ultrahigh resolution data acquisition and image reconstruction for multi-detector row CT. Med. Phys. 34(5):1712-1723, May 2007. 
2Meyer et al. Initial results of a new generation DSCT system using only an in-plane comb filter for UHR temporal bone imaging. Eur Radiol 25:178-185, 2015.

Flash (0.7 mm × 0.8 mm focus)

Å UHR: 1D comb

Å zUHR: 2D grid

Force (0.4 mm × 0.5 mm  focus)

Å UHR: 1D comb

Å sUHR: 1D comb + z-deconv 



Ultra High Resolution Scans

ÅCanon offers the Aquilion Precision, a system with 
dedicated ultra high resolution pixels
ï0.25 mm pixel size at iso 

ï50% less septa thickness 

ï1792 channels

ï160 detector rows

ï1D anti scatter grid

ï0.4 × 0.5 mm focal spot

ï10800 rpm anode, liquid metal bearing

ï512, 1024 or 2048 pixels per image

ïNo need for post patient grid or comb: 
no dose penalty, small pixel effect can
be utilized.

Image courtesy of Canon



Photon Counting CT (since 2021)

Alpha PCCT at University Medical Center Mannheim (UMM), Heidelberg University, Germany
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Evolution of Spatial Resolution

All measurements at Naeotom Alpha, Siemens Healthineers. QIR Reconstructions such that the maximum spatial 
resolution of Flash, CounT and Alpha is demonstrated on the same sample. C = 1200 HU, W = 4000 HU

2005: Somatom Flash (B70) 2014: Somatom CounT (U70) 2021: Naeotom Alpha (Br98u)

Pixel size 0.181 mm
Slice Thickness 0.60 mm
Slice Increment 0.30 mm

MTF50% = 8.0 lp/cm
MTF10% = 9.2 lp/cm

Pixel size 0.181 mm
Slice Thickness 0.20 mm
Slice Increment 0.10 mm

MTF50% = 12.1 lp/cm
MTF10% = 16.0 lp/cm

Pixel size 0.181 mm
Slice Thickness 0.20 mm
Slice Increment 0.10 mm

MTF50% = 39.0 lp/cm
MTF10% = 42.9 lp/cm

10 mm



To Bin or not to Bin?
(the continuous view)

ÅWe have                                     and                                   .

ÅFrom Rayleighós theorem we find noise is

ÅCompare Small (A) with large (B) detector pixels: 

ÅWe have                           and thus               . 

ÅThis means that a desired PSF/MTF is often best 
achieved with smaller detectors.

A:

B:

Kachelrieß, Kalender. Med. Phys. 32(5):1321-1334, May 2005
Baek, Pineda, and Pelc. PMB 58:1433-1446, 2013

B

A

This nice phrase
was coined 

by Norbert Pelc.



Noise

FWHM
0.25 mm 0.6 mm 1 mm 2 mm 3 mm0

Small detector pixels
(e.g. 0.25 mm of PC detector)

Large detector pixels
(e.g. 0.6 mm of EI detector)

Less noise with small pixels at the same
spatial resolution (e.g. 0.75 mm FWHM)

Better spatial resolution with small
pixels at the same noise (e.g. 25 HU)

Kachelrieß, Kalender. Med. Phys. 32(5):1321-1334, May 2005

25 HU

50 HU

The ñSmall Pixel Effectò



Noise

ResolutionHigh Medium Low Very Low0

Small detector pixels

Large detector pixels

Less noise with small pixels at the same
spatial resolution (e.g. B70f)

Better spatial resolution with small
pixels at the same noise (e.g. 25 HU)

Kachelrieß, Kalender. Med. Phys. 32(5):1321-1334, May 2005

150 HU

300 HU

The ñSmall Pixel Effectò 



To Bin or not to Bin?
(the discrete view, LI)

ÅLet detector B be the 2-binned version of detector A:

ÅAssume LI to be used to find in-between pixel values.  
Wlog we may then consider B to be upsampled with 
mid-point interpolation to the pixel size of detector A:

ÅTo obtain the same PSF/MTF with the unbinned detector 
we need to convolve A with

ÅNoise propagation yields 20% more noise (variance) for 
the binned detector:

Kachelrieß, Kalender. Med. Phys. 32(5):1321-1334, May 2005



To Bin or not to Bin?
(the discrete view, NN)

ÅLet detector B be the 2-binned version of detector A:

ÅLet us now do an upsampling of the detector B such 
that each of B´s pixels becomes two pixels with the 
same value and with the pixel size of detector A:

ÅTo obtain the same PSF/MTF with the unbinned detector 
we need to convolve A with

ÅNoise propagation yields 20% more noise (variance) for 
the binned detector:

Kachelrieß, Kalender. Med. Phys. 32(5):1321-1334, May 2005



PC-UHR, B80f, 0.75 mm slice thickness 

EI, B80f, 0.75 mm slice thickness 

PC-UHR, U80f, 0.75 mm slice thickness 

PC-UHR, U80f, 0.25 mm slice thickness 

± 75 HU

± 53 HU

± 131 HU

± 214 HU

All images
reconstructed
with 10242

matrix and
0.15 mm slice 
increment.
C = 1000 HU
W = 3500 HU

Data courtesy
of the
Institute of
Forensic
Medicine of
the University 
of Heidelberg
and of the
Division of
Radiology of
the German 
Cancer 
Research 
Center
(DKFZ)

x

z

10% MTF: 19.1 lp/cm
10% MTF:17.2 lp/cm
xy FWHM: 0.48 mm
z FWHM: 0.40 mm

CTDIvol: 16.0 mGy

10% MTF: 19.1 lp/cm 
10% MTF:17.2 lp/cm
xy FWHM: 0.48 mm
z FWHM: 0.67 mm

CTDIvol: 16.0 mGy

10% MTF: 9.3 lp/cm 
10% MTF:10.5 lp/cm
xy FWHM: 0.71 mm
z FWHM: 0.67 mm

CTDIvol: 16.0 mGy

10% MTF:  9.3 lp/cm 
10% MTF:10.5 lp/cm
xy FWHM: 0.71 mm
z FWHM: 0.67 mm

CTDIvol: 16.0 mGy



± 94 HU

MTF10% = 10.8 lp/cm

± 94 HU

MTF10% = 10.0 lp/cm

Energy Integrating Detector (B70f) Photon Counting Detector (B70f)

Acquisition with EI:
Å Tube voltage of 120 kV
Å Tube current of 300 mAs
Å Resulting dose of 

CTDIvol 32 cm = 22.6 mGy

Acquisition with UHR:
Å Tube voltage of 120 kV
Å Tube current of 180 mAs
Å Resulting dose of 

CTDIvol 32 cm = 14.6 mGy

C = 50 HU, W = 1500 HU

L. Klein, C. Amato, S. Heinze, M. Uhrig, H.-P. Schlemmer, M. Kachelrieß, and S. Sawall. 
Effects of Detector Sampling on Noise Reduction in a Clinical Photon Counting 

Whole-Body CT. Investigative Radiology, vol. 55(2):111-119, February 2020.



Vendor CT-System Configuration
Collim, 

Cone

Rotation,

FOM

Max. Power, 

Anode Angle

Max. mA @ low kV,

patient-specific filters
Matrix DECT

Canon

Aquilion 

ONE 

Genesis 

320 × 0.5 mm

PUREViSION  

160 mm

15°

0.275 s

50 cm

100 kW, 10°

MegaCool Vi

600 mA @ 80 kV,

none
512 2 scans

Canon
Aquilion 

Precision 

160 × 0.25 mm

PUREViSION 

40 mm

3.9°

0.35 s

50 cm

72 kW, 7°

MegaCool

600 mA @ 80 kV,

none

512, 1024, 

2048
2 scans

GE
Revolution 

Apex

256 × 0.625 mm 

GemStone Clarity

160 mm

15°

0.28 s

50 cm

108 kW, 10°

Quantix 160

1300 mA @ 70+80 kV,

none
512

fast TVS

or 2 scans

GE
Cardio-

Graphe

192 × 0.73 mm

(focused FOM)

140 mm

17°

0.24 s

25 cm

72 kW, 13°

Dual MCS-2093

600 mA @ 80 kV,

none
512 2 scans

Philips
Brilliance

iCT

2 · 128 × 0.625 mm

NanoPanel 3D

80 mm

7.7°

0.27 s

50 cm

120 kW, 8°

iMRC

925 mA @ 80 kV,

none

512, 768, 

1024
2 scans

Philips
Spectral CT 

7500 

2 · 128 × 0.625 mm

NanoPanel Prism 

80 mm

7.7°

0.27 s

50 cm

120 kW, 8°

iMRC

925 mA @ 80 kV,

none

512, 768, 

1024
sandwich

Siemens
Somatom 

X.cite

2 · 64 × 0.6 mm

Stellar 

38.4 mm

3.7°

0.3 s

50 cm

105 kW, 8°

Vectron

1200 mA @ 70+80+90

kV, {0, 0.4, 0.7} mm Sn

512, 768, 

1024

split filter

or 2 scans

Siemens
Somatom

Force

2 · 2 · 96 × 0.6 mm

Stellar 

57.6 mm

5.5°

0.25 s

50/35 cm

2 · 120 kW, 8°

Vectron

2 · 1300 mA @ 70+80+ 

90 kV, {0, 0.6} mm Sn

512, 768, 

1024
DSCT

Siemens
Naeotom

Alpha

2 · 144×0.4/120×0.2 mm

Photon Counting!

57.6 mm

5.5°

0.25 s

50/36 cm

2 · 120 kW, 8°

Vectron

2 · 1300 mA @

90 kV, {0, 0.4} mm Sn

512, 768, 

1024
DSPCCT

Premium CT Systems 2021/2022
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Sinogram, Rawdata
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Filtered Backprojection (FBP)

1. Filter projection data with the reconstruction kernel.

2. Backproject the filtered data into the image:

Reconstruction kernels balance between spatial resolution and image noise.

Smooth kernel (e.g. B30) Sharp kernel (e.g. B70)



0° 36° 72°

108° 144° 180°


