
Applying high frame-rate digital radiography and dual-energy 
distributed-sources for advanced tomosynthesis 

Gil Travisha,*, Felix. J. Rangelb, Mark Andrew Evansb, Kristin Schmiedehausenb 
aUCLA Department of Physics & Astronomy, Los Angeles, CA 90095 

bRadius Diagnostics Research, Inc., Los Angeles, CA 90095 

ABSTRACT 

Conventional radiography uses a single point x-ray source with a fan or cone beam to visualize various areas of the 
human body. An imager records the transmitted photons—historically film and now increasingly digital radiography 
(DR) flat panel detectors—followed by optional image post-processing. Some post-processing techniques of particular 
interest are tomosynthesis, and dual energy subtraction. Tomosynthesis adds the ability to recreate quasi-3D images from 
a series of 2D projections. These exposures are typically taken along an arc or other path; and, tomosynthesis 
reconstruction is used to form a three-dimensional representation of the area of interest. Dual-energy radiography adds 
the ability to enhance or “eliminate” structures based on their different attenuation of well-separated end-point energies 
in two exposures. These advanced capabilities come at a high cost in terms of complexity, imaging time, capital 
equipment, space, and potentially reduced image quality due to motion blur if acquired sequentially. Recently, the 
prospect of creating x-ray sources, which are composed of arrays of micro-emitters, has been put forward. These arrays 
offer a flat-panel geometry and may afford advantages in fabrication methodology, size and cost. They also facilitate the 
use of the dual energy technology. Here we examine the possibility of using such an array of x-ray sources combined 
with high frame-rate (~kHz) DR detectors to produce advanced medical images without the need for moving gantries or 
other complex motion systems. Combining the advantages of dual energy imaging with the ability to determine the 
relative depth location of anatomical structures or pathological findings from imaging procedures should prove to be a 
powerful diagnostic tool. We also present use cases that would benefit from the capabilities of this modality.  

Keywords: X-ray, imaging, healthcare, medical, detectors. 

1. INTRODUCTION 
The benefits of advanced imaging on healthcare are evidenced for example by the transformation of patient management 
enabled by Computed Tomography (CT) scans. Three-Dimensional imaging allows clinicians to better identify, localize, 
and monitor abnormalities within the body without invasive procedures. For instance, in traumatology, oncology, and 
orthopedics, the CT scan has become indispensable. However, these machines deliver a significant dose (often more than 
10 Sv)1, require large infrastructure, and are expensive. For many applications, especially for screening, trauma, and use 
in field medicine or developing nations, simpler devices which use digital tomosynthesis to obtain 3D images from sets 
of 2D extended sources are preferred. Digital Tomosynthesis is already in clinical use, mainly for mammography. In 
addition, tomosynthesis seems to be less vulnerable to metal implant artifacts than CT or MRI.2 

To obtain multiple images from an extended source in a relevant time scale requires acquiring these images faster than 
the typical inherent motion time of patients (from breathing, etc.). Motion blur can be avoided by limiting the exposure 
time to a fraction of a second. Currently, obtaining a series of images within this time is not possible because the existing 
sensors are too slow. Moreover, the requirement to move the x-ray source to multiple positions implies further speed 
limitations. So, tomosynthesis is limited to a few applications. The class of detectors under consideration here may 
eliminate this barrier and allow widespread use of tomosynthesis as well as other advanced image reconstruction 
methods. 

Advanced imaging can go beyond geometry and include enhanced contrast and spectral information. While energy 
resolving detectors have been considered and are under fabrication3, varying the source energy is the more common 
approach. Historically the introduction of dual-source or dual-energy CT enabled the differentiation of materials or 
identification and quantification of contrast agents (reconstruction of virtual non-enhanced images). These techniques 
translate clinically into improved diagnostics of many conditions including: gout, urinary stones analysis and many other 
vascular, kidney and liver diseases.4,5,6 The main energy levels used are 80 and 140 kV, respectively.,7 A true dual energy 
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X-Ray system has the potential to translate the benefits of current dual-energy CT into the area of planar X-ray and 
Tomosynthesis, leading to an improvement of diagnosis and a reduction of radiation exposure.  

The main hurdles in application of dual energy are complexity, image motion blurring, and potential dose increase. The 
complexity problem is addressable through standard workflows and software. Blurring due to patient motion has been 
noted even at 150ms exposure separation times 8, so speed is critical. This is especially critical in chest imaging, where 
intrinsic respiratory as well as cardiac movements increase the risk of motion artifacts and blurring. Finally, dose 
increases over single energy imaging should be small and the increased imaging information should justify the small 
differences. 9, 10 Also, if a planar dual energy image allows a diagnosis that would otherwise require a CT scan, the 
overall exposure (for the full exam) of the patient might be less (Aunt Minnie, 2007). 

Thus, for both tomosynthesis and dual energy imaging detector speed matters. Existing Digital Radiography (DR) flat 
panel detectors have developed to the near commodity point (Figure 1, right). The needs of general radiology are well 
met in terms of speed (up to 30Hz for fluoroscopy), resolution (down to 30um for mammography), quantum efficiency 
(over 50%), and energy range (<20 keV to >120 keV). Specialized detectors are still under development for specific 
applications and with energy resolving pixels. Despite being well served by existing products, there is a growing desire 
for more advanced imaging capabilities. 

Here we explore a hard x-ray detector with simultaneously three key features: high resolution (<100 um pixels), large 
area (100s of cm2), and very fast frame rates (e.g. 1 kHz at full resolution). Using an innovative combination of CMOS 
detector arrays, parallel digitization, and memory buffers, this new imager will be capable of unprecedented frame rates 
at full resolution and will enable faster data acquisition while preserving state-of-the-art detector performance. 

In order to achieve these extreme data rates (roughly 10Mpixel per frame, 12 bits per pixel, 1 kHz = 120Gb/s), the device 
will have a highly parallel structure with a large buffer memory. The intended energy sensitivity range is from 20 to 120 
keV. This class of device has a strong dual-use case in both research (light source beam lines) and healthcare (medical 
imaging) applications. The device considered is based on proven CMOS arrays, but with innovative readout electronics. 

  
Figure 1: (left) MediPix 3 chip layout.11 (middle) Example of a flat panel detector mounted on a complex movement stage 
for use on a synchrotron beamline (DESY12). (right) A current state-of-the-art flat panel detector (Dexela-PerkinElmer).  

2. APPLICATIONS 
To motivate the detector design here and to inform the technical specifications, we highlight a few application areas in 
radiology, and mainly in the areas of bone and chest imaging: 

Intensive Care Unit (ICU): 
In critical care settings, imaging is needed for diagnosis, monitoring, as well as to identify endotracheal tube and central 
venous catheter and other support device positions. Where as a standard planar x-ray is often sufficient for the 
identification of supportive devices and routine follow ups, three-dimensional imaging can be useful in selective patients 
to exclude pulmonary embolism, to investigate sepsis of unknown etiology and postsurgical complications, and to 
support image-guided interventions.13 Movement of the patient to a CT is challenging and risky, since a bulky mobile x-
ray unit weighing over 200kg must be brought in to the patient room each time an image is required. 
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For ICU applications, a light weight and compact flat panel source could be a key differentiator as it would allow 
acquiring planar x-rays as well as tomosynthesis images with the same device in the ICU setting. The parallel nature of 
the source means that the panel can be placed in close proximity to the patient. In addition, the possibility of dual-energy 
imaging would increase the possibility of tissue differentiation allowing better diagnosis of intrapulmonary lesions by 
digitally removing the bony structures  

Tuberculosis: 
The planar chest x-ray continues to be an important part of the diagnosis and follow up of tuberculosis. As mentioned 
above, a dual-energy source would yield the ability to separate lung tissue and bone (by energy window subtraction) so 
each can be viewed separately. Lung abnormalities would be more easily identified. In general, this approach to chest 
imaging would be valuable in a wide range of oncology and infectious disease imaging applications: the chest X-ray is 
still the most highly prescribed radiological procedure.14 In addition, a distributed source could potentially provide the 
means for tomosynthesis and would allow to better identify suspicious thoracic lesions when compared to planar x-ray, 
as described by Kim et al..15 However, the burden on the detector and readout speed would increase dramatically if 
blurring from chest breathing moments are to be avoided.  

Orthopedics: 
Clinical data have shown that tomosynthesis enables clear visualization for example of bone fractures, callus formation, 
and bone and joint structures while remaining less vulnerable to metal implant artifacts than CT or MR. Especially 
important in orthopedic surgery (and in ICU as mentioned above) images can be acquired independent of patient posture 
and even when the affected area is supported by a cast or corset. The dual energy capability would also allow a better 
identification and differentiation of multiple materials, including gout foci. 

Fluoroscopy: 
The continuous imaging at high rates (30 Hz) required for fluoroscopy and the need to detect motion makes the addition 
of tomosynthesis extremely challenging both from a detection and reconstruction perspective. At only 33msec per 
“frame”, and minimal acceptable lag, both detectors and economically viable reconstruction hardware (computers, 
GPUs, etc.) are beyond state-of-the-art. Nevertheless, there may be a compelling set of use cases which will drive these 
developments. 

Flat panel sources promise Region of Interest Illumination and reduced side scatter achieving lower radiation exposure to 
patients and staff, which may make for more effective and far less costly fluoroscopic imaging. 

Industrial Applications:  
In the industrial space, there is a range of potential applications. We simply mention these to show the potential future 
impact of distributed sources and high-speed detectors: portable failure diagnostics, permanent failure surveillance; 
industrial quality control; munitions inspection; and, homeland security. 

With these and other applications in mind, we briefly consider detectors and source configurations. 

3. DETECTORS 
There are several approaches to the detection of hard x-rays. Often a distinction is made between direct and indirect 
sensing (Figure 2). Direct semiconductor detection converts x-rays directly to charge carriers (electron-hole pairs) within 
the sensor material. This method of image acquisition is widely used in medical x-ray imaging. Amorphous 
semiconductors such as selenium have suitable properties and feature low x-ray absorption 16. Direct imaging allows for 
reduced light scattering and increased image sharpness when compared to the reliance on scintillators. This technology 
has been improved by the use of Thin Film Transistors (TFTs), which collect and digitize the charge generated by the 
incident radiation. 

Indirect read semiconductor detectors utilize a scintillator layer coupled with a semiconductor to detect x-rays. 
Amorphous silicon is often the semiconductor of choice when it comes to the construction of large area flat panel 
detectors. These detectors operate by converting x-ray energy into visible light in the scintillating material (usually 
Cesium Iodide) and the conversion photons then travel into the semiconductor to produce electron-hole pairs. As in the 
direct semiconductor detectors, the semiconductor is embedded with TFTs or a PIN photodiode for charge collection and 
read out purposes 17. 
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Indirect detectors have evolved to essentially eliminate the disadvantages associated with scintillator use and can now 
produce high-resolution images over large energy ranges. The detector arrays in common use until recently were charge-
coupled devices (CCD). The electrons (from the electron-hole pairs) are accumulated at charge channels awaiting 
readout. This method of charge acquisition has high quantum efficiency.  

 
Figure 2: (left) Indirect and (right) Direct x-ray image detection methods (adapted from Ref 18). 

For the reasons suggested above and the flexibility of design, we are selecting an indirect CMOS sensor array. There are 
a number of considerations any sensor array design must make, including: 

• Pixel size & fill factor (pitch); 
• Array size & cost; 
• Detector energy sensitivity range, QE, image lag susceptibility, dynamics range and dark current.  
• Readout architecture speed & support of ROI control 

While CMOS based sensors can be fast, sensor arrays are typically limited in their frame rate by digitization speeds and 
interface data rates. Before we consider the specific detector requirements, we review the promised capabilities of flat-
panel, distributed, x-ray sources. 

4. SOURCES 
Conventional radiology employs absorption contrast imaging from point sources. In order to achieve three-dimensional 
imaging, exposures from multiple angles are taken. Traditionally, angular control of the source uses mechanical motion. 

4.1 Moving gantries 

Typical tomosynthesis systems utilize a moving source or gantry to expose the target (patient) from multiple angles. A 
mammography system for breast tomosynthesis is illustrative (Figure 3). A single source is placed on a gantry and 
mechanically rotated in an arc about the patient. The detector is either fixed or moves in concert with the source. These 
systems suffer from long acquisition times, and complex large and heavy mechanical systems. In mammography, the 
lack of speed translates into patient discomfort, as the breast must be fixated for the duration of the exam. 

Proc. of SPIE Vol. 8853  88530H-4

Downloaded From: http://reviews.spiedigitallibrary.org/ on 10/28/2013 Terms of Use: http://spiedl.org/terms



Muhl -bairn x-ray scum*

Angle range

o

-7:5° 0 1-7,?

óó

versus

.25° 0 .25°

The angular range of the tomosynthesis system will directly affect the depth resolution. Two projections at
±7,5° will not be able to separate the two spheres. Two projections at ±25° can separate the two spheres
due to an adequate depth resolution

  
Figure 3: An example mammography system that uses tomosynthesis. (left) Photo of a Siemens system19; (right) diagram of 
the range of motion allowing for wider imaging angles20. 

4.2 Stationary systems 

Eliminating the mechanical motion of the source has traditionally meant utilizing multiple, fixed, x-ray tubes. Space, cost 
and complexity limit this type of system to one of a few applications. A modified version of this multiple source system 
has been developed by Xintek21, and is able to produce multiple exposures (Figure 4, left). By moving to a full-extended 
array of micro-emitters, it is possible to produce a flat-panel source which offers thousands of emission points in one 
fixed device (Figure 4, right). 

The advantages of eliminating a moving source in favor of a fixed, distributed source vary with application and modality. 
With respect to mammography a switch from moving gantry to electronic raster across a non-moving array offers a 
variety of potential benefits: 

• A reduction in costs associated with the elimination of moving parts (in addition to the cost advantages 
associated with a MAX array over a conventional source);  

• A move to ‘solid state’ maintenance economics;  

• A reduction in system size and weight, allowing ease of movement or transport; and, 

• A reduced acquisition time with associated reduction in the period of patient discomfort (however it is 
noted that breast compression is reduced in breast tomosynthesis in comparison to conventional planar 
mammography).  

The use of fixed, extended source implies new demands on the source configurations, methods of x-ray production and 
ultimately the methods of image acquisition. 

  
Figure 4: Fixed, extended x-ray source based imaging systems: (left) the Xintek, multiple cathode source22; (right) a 
conceptual rendering of a flat panel (2D array), fixed-source tomosynthesis system. 
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4.3 From point to distributed sources 

The use of physically overlapping but temporally separated cones of x-ray emission from individually addressed targets 
(Figure 5) allows for seamless coverage of the object to be imaged, maximal use of the available flux and avoidance of 
shadows, while maintaining the ability to have minimal stand-off distances. A Digital Radiography (DR) detector is used 
to gather the temporally separated multiple exposures. 

  
Figure 5: (Left) The overlapping cone geometry of the adjacent pixels in a flat panel source. (Right) Adjacent regions are 
excited at different energies (e.g. black=high; white=low), and then reversed. 

4.4 Flat Panel Sources 

Solid-state technology has replaced vacuum tube technology in many applications (e.g. televisions, radio, radar, and even 
the venerable light bulb) due to the benefits of higher performance, increased reliability and lower total lifetime cost. The 
fundamentals of production of clinical x-rays have remained relatively unchanged in its 100+ year history, and rely on 
vacuum tubes. Technologies such as field emitter arrays, carbon nanotubes, and other micro- and nano-based 
technologies hold the promise of enabling a new class of rugged, portable (potentially battery-powered), flat panel x-ray 
sources. Technologies that eliminate the need for external high voltage supplies are especially applicable to field and 
critical care medicine due to the improved portability. 

The authors are developing a portable, flat-panel medical-imaging x-ray source that eliminates not only the “tube” in 
favor of a parallel array of “solid state” emitters, but also bulky, expensive power supplies in favor of a more efficient 
battery-powered device (see Figure 6). 

 
Figure 6: CAD rendering of a rugged, lightweight, battery powered flat panel device based on the MAX technology. 
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Figure 7: MAX source components: (left) Exploded view of the 4-inch prototype stack. (right) Cutaway view of the diced 
tile (approximate dimensions are shown in mm). 

The emission unit consists of an electron source, a bremsstrahlung target (to convert the electrons to x-rays), x-ray filters 
and collimators, and a ruggedized housing unit. All of these components can be fabricated in vacuum sealed stacked 
layers, much as flat screen TVs are typically produced (Figure 4).  

The Microemitter Array X-ray (MAX) source23 is a unique combination of two known technologies: field enhanced 
emission and field production in polarized pyroelectric crystals. The principle of operation of the MAX is conceptually 
simple. Field generation inside crystals is familiar from the “lighters” built into gas stoves. Using a similar principle, 
pyroelectric crystals, when thermally cycled (e.g. heated and cooled), are known to produce very high fields. Similarly, 
field enhanced emission is familiar from lighting rods. A needle like structure “concentrates” an applied field more 
readily than a flat surface. By combing these two effects, we are able to produce controlled streams of energetic electrons 
without the use of an externally applied high voltage. It is also relatively straightforward to produce a large array of these 
emitting tips, much as in the construction of a plasma TV system. The electrons from these emitters then strike a (foil) 
target, producing a source of x-rays over the entire flat-panel area. 

Producing multiple exposures implies a need to reconstruct the target geometry. We consider these image reconstruction 
methods next. 

5. ADVANCED IMAGE RECONSTRUCTION 
Generating images from projections involves one or more of a number of approaches including stitching, tomography, 
tomosynthesis and other reconstruction methods. These methods constitute an entire field of study; here we simply 
indicate some approaches relevant to fixed-source three-dimensional image reconstruction and consider a few potential 
differences with existing image analysis approaches. 

5.1 Stitching 

The combination of multiple, partially overlapping images to form a larger mosaic is now commonplace with 
smartphones featuring such stitching software for producing panoramas. By using elements of the individual images to 
act as fiducial markers, correct image aggregation can occur without additional reference points. Image stitching is 
routinely used in whole-body DEXA imaging, and is used in a more impromptu manner in modern military medicine for 
immediate assessment of casualties. The use of x-ray rulers or other fiducials allows for artifact-free stitching, and is 
especially useful for long-bone (orthopedic) imaging.24 

Despite the utility of stitching methods, more advanced image reconstruction techniques are typically required or desired 
for medical diagnostics. 

5.2 Tomosynthesis 

High-resolution limited-angle tomography (Tomosynthesis) is a well-understood technique that has passed FDA 
approval and is being marketed for mammography. Tomosynthesis offers the ability to discriminate between the 
anatomical structures above and below a feature that may otherwise limit the radiologist's ability to assess it, and the 
ability to eliminate the overlap of tissues depicted on conventional planar X-ray image that may create significant 
obstacles to the detection and diagnosis of abnormalities. 
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Soft DR

The actual algorithms for tomosynthesis are well documented and involve methods such as Radon25 or ART26 solvers. 
We note that for limited number of exposures, such as often the case for tomosynthesis, these image reconstruction 
techniques share similarities with sparse sensing.27 

5.3 2D projections from 3D 

Radiologists are accustomed to analyzing 2D images (projections). This, even with 3D capabilities, a distributed source 
must be able to generate 2D images. Parallax, often something to be eliminated, is also often expected in medical 
imaging. 

The precedent for this approach is in Breast Tomosynthesis as radiologists still require a conventional 2D study as part of 
a comprehensive breast screening exam in addition to the dynamic 3D volumes that enable radiologists to see around 
superimposed tissue in the breast. The FDA has approved systems (such as the Selenia Dimensions 3D digital breast 
tomosynthesis (DBT) system from Hologic) which create synthesized 2D images from 3D data in order to avoid the 
higher radiation dose typically involved in combined 2D/3D studies. 

5.4 Dual Energy 

For diagnosis of lesions where tissues of radically different density are found Dual energy Radiology is employed to 
discern between these tissues. In regular planar radiology this is only possible through exposure to fluxes of significantly 
different energy and processing the resulting data by subtracting/adding the image contrast (Figure 8) in order to remove 
the soft or dense tissue from the image depending on the diagnosis desired. 

 
Figure 8. Four planar chest radiograph dual-energy processed images: (a) just the soft-tissue; (b) just the bone; (c) the 
composite image; and, (d) the original image. An arrow marks a 2.4-cm nodule. [taken from Ref. 28]. 

6. BURDEN ON THE DETECTOR 
As we have seen, for fixed-source tomosynthesis and dual-energy imaging applications, two primary concerns arise over 
the detector specifications: speed and noise. The speed requirement is determined by the necessary frame rate to meet the 
maximal total exposure (image acquisition) time. Patient movement causes image blurring which typically limits 
exposure times to 100ms and in almost all cases to less than 2s. Noise primarily comes from dark-current and from read-
out noise. In single frame imaging, as long as the noise is well below the signal, the image quality can be considered high 
(in reality there is a more complicated dependence on contrast). However, in multi-frame imaging, the signal level can 
remain low for large parts of the image while the noise may add in quadrature. One possible solution to speed burdens is 
through the modification of existing CMOS arrays. CMOS arrays offer critical advantages compared to CCDs: digital 
readout of the charge. CMOS arrays can be modified by placing the digitization circuitry (ADC) at the column or even 
pixel level 29. Early disadvantages of CMOS arrays, including low QE and poor SNR, have now been largely eliminated. 

6.1 General Detector Considerations 

Pixel size has a complex interplay with several parameters. CMOS arrays are commonly produced down to 2.3µm 
pixels, however, this does not directly translate into the same resolution nor does it necessarily produce usable SNR. 
Scintillator coupling and segmentation must match the detector pixel size or blur can dominate. Smaller pixel size also 
implies low flux per pixel. The fill factor is also a primary concern. As pixel sizes shrink, it is necessary to eliminate any 
front side circuitry to maintain a high (near 100%) sensitive area. In medical imaging pitches vary from 30-150µm with 
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numbers above 100µm being the most common 30. (In research, there is a drive towards ever-higher resolution, with 
pixels below 1µm desired for some applications). 

Table 1: Preliminary array design goals 

Parameter Goal 

Area >30cm x 30cm 

Energy range 30-120 keV 

Pixel pitch 100µm 

Number of pixels ~107 
 
Other issues include image lag. Image lag results from charge carriers not being cleared (direct imaging) or scintillator 
decay (indirect imaging). The commonly used CsI(Tl) has a primary decay time of about 1µs 31, and should not present a 
problem at the 1-10KHz frame rates proposed here. 

The parameters concerned with the readout (dynamic range, speed, etc.) will be considered in the next subsection. In 
Table 1 we summarize the preliminary design goals. 

6.2 Detector Speed 

The detector array speed requirements can be simply calculated as follows: for an array with 10Mpixels and a readout 
speed of 2msec (e.g. 50 panels per image at 100msec total exposure time), then we demand 200psec/pixel (or about a 5 
GHz clock). At a 16bit/pixel depth, we have approximately 160Mbits/panel and a peak data rate of 80Gbit/sec. These 
data rates are within next generation Ethernet (100Gb/s) and FiberChannel speeds, but exceed common readout rates for 
large panel detectors by factors of 10-100. 

6.3 Sensor Readout 

The primary challenge faced by this new class of detectors is to design a sufficiently fast readout method for the detector 
array. Common detector arrays use a single analog to digital converter (ADC) for the entire output signal. This reduces 
the frame rate significantly specially in large surface-area detectors. Analog devices such as CCDs are encumbered by 
such problems. A solution for slow readout is to have parallel digitization. Multiple ADCs are deployed simultaneously 
at different charge collection channels to read the signal faster (see Figure 9). 

 
Figure 9: Schematic of a parallel readout circuit with column-by-column digitization.32 
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It is possible to extend the parallel readout scheme to its logical conclusion with one ADC per pixel, however, the 
circuitry becomes very complex and expensive for high pixel counts. A more straightforward approach is to deploy one 
ADC per column. The read out speed increases by 3-4 orders of magnitude over conventional schemes. 

The downside of the highly parallel scheme proposed above is the extreme data rate. For instance, a typical DR detector 
might have 3000 columns, implying that 3000 words (12 bits per pixel + timing and pixel number bits) are generated per 
read step. This high data rate demands an on-board cache memory as well as the frame buffer memory. The need for 
such fast frame rates also requires circuitry directly on the pixelated detector which may increase manufacturing costs 
and add to the dead space surrounding the active detector array. 

6.4 Buffer Circuit 

The buffer circuit is responsible for short-term storage of the image frames. This frame memory must have sufficient 
speed to receive the digitized pixel data and sufficient depth to hold a large series of these images. Transfer out of the 
buffer circuit can then occur at normal network speeds. 

Most commercially available data buffering systems use a FIFO mechanism for processing incoming data. Standard 
approaches which use the FIFO data handling algorithm tend to fill their DRAM and then transfer the data (currently at 
about 6 Gb/s). This memory depletion cycle causes two problems, a bottleneck of data, or loss of data during memory 
transfer. So, for instance, solid state drives (SSD) are generally too slow. (SATA interfaces cap out at about 6Gb/sec and 
even PCI based boards are speed limited by the write time to SSD memory). 

One potentially suitable solution for these challenges is Signatec’s PCI Buffered Acquisition mode 33, where data is read 
in and transferred simultaneously to a permanent storage unit. Although the read in and read out rates are only 2 Gb/s the 
DRAM is never depleted since data acquisition and transfer occur simultaneously and thus data bottle necking is 
avoided. Furthermore, data acquisition can be done in parallel circuits and read into a single storage PC 34.  

6.5 Camera Interface 

For data transfer between the flat panel detector and the data processing unit, a suitable interface system should be 
deployed. For ease and protocol standardization one of two methods can be employed, GigE Vision or Camera link. 
These protocols can also be used over wireless connections (WiFi). 

We note that at current rates (GiGE 10Gb/s and CameraLink 2.04 Gb/s) 50 frames would require some 0.1-0.4 seconds 
to transfer. 

7. SUMMARY 
Tomosynthesis adds the ability to recreate quasi-3D images from a series of 2D projections. Dual energy (two color) 
radiography adds the ability to enhance or “eliminate” structures based on their different attenuation of well-separated 
end-point energies in two exposures. These advanced capabilities come at a high cost in terms of complexity, imaging 
time, capital equipment, space, and potentially reduced image quality due to motion blur. 

Recently, the prospect of creating x-ray sources, which are composed of arrays of micro-emitters has been put forward. 
These arrays offer a flat-panel geometry and may afford advantages in fabrication methodology, size and cost. Here we 
have examined the possibility of using such an array of x-ray sources combined with high frame-rate (~kHz) DR 
detectors to produce advanced medical images without the need for moving gantries or other complex motion systems. 
Detector data rates in excess of 100Gb/s and very low read-out noise were shown to be necessary. A parallel read-out 
architecture using on-board buffer memory and CMOS detector arrays appears to meet the requirements of fixed 
tomosynthesis. 
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