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Positron emission tomography example 
Positron emission tomography (PET) is an imaging technique documented since 1950 and mainly 
used to produce three-dimensional images of bodies using specialized scanners (see figure 
below). PET is a mix of nuclear and biochemical analysis that provides information about 
functions and metabolism of the body's organs, in contrast to computed tomography (CT) or 
magnetic resonance imaging (MRI), which show the body's anatomy and structure. PET is mainly 
used to study patients with cancer, heart diseases, and neuropsychiatric diseases. 

 

PET scanner 

PET description 
PET is achieved by injecting the subject with a radioactive isotope that acts as a metabolic tracer. 
After waiting for the tracer to reach the areas of interest in the body, the subject is placed in a 
PET scanner (see figure above), where the radioactive nuclei of the isotope is decayed by a 
positron emission from the scanner. This produces a pair of photons that fly away from one 
another at a 180° angle, each photon carrying energy in the amount of 511 keV. These high-
energy rays, when leaving the body are detected by an array of captors surrounding the subject. 



When a pair of photons is detected within a few nanoseconds a hit event is recorded (called a 
coincidence event). The pair of photons originate somewhere along the line connecting the two 
detectors on the line of the coincidence event (referred to as the line of coincidence). Photons 
that are not detected in pairs with in a few nanoseconds are ignored. 

PET application modeling on the VHS-ADC 
The PET example models a downscaled version of actual PET using eight detectors through the 
Nutaq VHS-ADC coupled with a DAC module. This makes the application independent of any 
other hardware, especially the detectors. The DAC module coupled to the VHS-ADC acts as an 
output for the detectors. 

Note 
All the hardware used in this example is DC coupled because of the nature of the signals of 
interest. 

 The figure below illustrates the application model used throughout this Help. The model acts as a 
data acquisition system for coincide nce events. The model uses two groups of four detectors. If a 
hit is recorded by one of the detectors in the firs t group, and then a second hit is recorded within a 
specified time frame at another detector in the second group, a buffer of 64 or 128 samples for 
each channel is stored and transferred to the host device connected to the system through 
RTDEx. 

 

PET example model 



Detector emulation 
Data recorded as binary files is loaded to the VHS-ADC’s SDRAM, and then replayed with the 
SDRAM playback module. There are three usable binary files: 

• The first two files— playback_sinus_1channel_524288.bin and 
playback_triangular_1channel_524288.bin—are mathematical approximations of the detector outputs 
(with ramps and sines). 

• The third file—playback_pet_detector_1channel_524288.bin—is the actual recorded detector output of 
a PET facility. 

 

The data is replayed on one channel of the SDRAM playback module at 105 MHz. It is then 
processed by two modules to generate two groups of four channels each. Every module sets a 
delay, polarity, and enable/mute on the four c hannels, depending on the values of custom 
registers 4, 5, 6, and 7. Different delays are added to the data outputs so as to avoid excessive 
noise on signal lines caused by simultaneous switching output (SSO) on the FPGA driving the 
DAC module. This was done to maintain the design as realistic as possible and due to the nature 
of the replayed signals (which behave as near-zero noise, creating frequent zero-crossing 
because in two’s complement, when the input changes from 0 to –1 , all the bits change state). 
These delays must never be removed; otherwise, the example will cease to function. 

With this model it is also possible to explore some of the scenarios that may occur in an actual 
setup. 

Note 
SDRAM playback with the VHS-ADC’s onboard memory can handle up to two channels at 
105 MHz. If you need a smaller sampling rate, you can use the other channels and up sample the 
outputs (refer to the VHS-ADC/DAC eight-channel re cording and playback example for details). In 
the case of more intensive applications, su ch as where you need to use eight channels at 
105 MHz, you can use a VHS-DAC with a memory module and store up to 2 GB of data on the 
module. 

 

The eight channels are physically forwarded on the hardware to the digital-to-analog converters 
on the DAC module and looped back through MMCX-to-MMCX cables to the corresponding VHS-
ADC inputs (channel N to channel N). 

Acquisition and processing 
The VHS-ADC’s analog-to-digital converters samp le the eight generated input channels at a rate 
of 105 MHz. The sampled data is fed to a threshold-crossing detection module, which detects 
when thresholds are crossed, concatenates all the channel data, and generates signals through 
logic for hit events, forming a single hit event or a coincidence event. 

A triggered timer asserts valid signals over periods of 64 or 128 samples for each hit signal 
received from one of the two groups of detectors. A start and stop pulse delimiting the recorded 
samples is also present. The timer’s output is used to address a circular buffer and the 
concatenated data located at that address. Two bits are used to time multiplex the four channels 
of each group to 16 bits, as illustrated below. An offset in the address issued to the circular buffer 
offers the possibility to retrieve 22 samples before the hit event. 



 
Data mapping and time multiplexing of the channels 

The data read from the circular buffer is buffered in a FIFO before it is transferred to a host device 
through the RTDEx module. This is a protection against problems that might occur in the RTDEx 
pipe if the host application accesses the VHS-ADC while the RTDEx channel is still open. Also, if 
the thresholds are low or there are consecutive back to back hits, the FIFO may overrun, resulting 
in lost data. In which case, the host device informs you, and then resets the register and the 
FIFO. 

Configuring the PET example 
To simulate the phenomena that occur in an actual PET, you can modify certain configuration 
settings. 

Controlling detector emulation 
Four settings controlling detector emulation are available: 

1 . Data played back—the replayed data is supplied as three files, as mentioned above. You can change the 
waveform by changing the value of the Recoded Filename in the Get Recorded Data block. You can 
also modify the gain value to see the threshold effect on the example results. 

2. Channels enabling—you can select the channels that you want to enable and to mute, to witness the 
effects of each channel on the example. To enable or mute a channel, double-click the Channel enable
block, and then select or cl ear the associated check box. 

3. Data polarity—you can select the data polarity of the detector emulator in the Polarity Selection block. 
If you configure the polarity as negative, the data is multiplied by –1 ; otherwise, the data is directly fed 
to the DACs. Configuring a negative polarity transforms your positive slope threshold detection 
crossing into a negative slope threshold crossing. 

4. Channels delays—delays between event hits are the cornerstones of the PET algorithm. The present 
example allows you to test the effects of this parameter on each channel by introducing up to 24 delay 
taps on each channel. All you must do is double-click the delay block associated with each group, and 
then specify a delay value. Keep in mind that, in this example, the length of the coincidence window is 
hardcoded to 21 samples—that is, 200 ns. 



Controlling the PET algorithm 
PET algorithm results depend on a set of parameters that you can modify to test the design. The 
different configuration settings can affect the whole system or affect the channels. 

System configuration settings 
System behavior depends on four parameters: 
5. Coincidence (value 0) and single (value 1) modes—place the example in a real PET process by 

selecting the coincidence mode. Place the example in troubleshooting mode by selecting the single 
mode, where a hit on any channel triggers recording. Single mode is used at the beginning of any PET 
test to calibrate the gains and attenuations on each channel and to gain confidence about their states. 

6. Buffer size—this parameter can be configured as 128 samples (value 0 ) or 64 samples (value 1).
7. Hit enable—this parameter enables the hit and activates the buffering process and data transfer through 

RTDEx. 
8. The RTDEx ready generator can be pulsed or always configured to 1 .

Channel settings 
PET results are tied to two values on each channel: 

9. The threshold level at where the hit event is raised 
10. The polarity of the signal at the hit level 

PET example expected simulation results 
Given the multitude of cases that can be simulated with this model, the case in the following table 
was used to obtain typical results. 

PET example detector emulation configuration settings 

Data played back playback_pet_detector_1channel_524288.bin

Data played back gain 0.2 

Channels enabling All channels 

Data polarity All positive 

Group 1 

channel 1 0 

channel 2 12 

channel 3 0 

channel 4 0 

Group 2 

channel 1 12 

channel 2 0 

channel 3 24 

Channel delays 

channel 4 0 



 

PET algorithm configuration settings 

Run mode Coincidence 

Buffer size 128 

Hit enable Yes 

RTDEx ready Always high 

Data polarity All positive 

Group 1 

channel 1 0.25*2^13 

channel 2 0.25*2^13 

channel 3 0.25*2^13 

channel 4 0.25*2^13 

Group 2 

channel 1 0.25*2^13 

channel 2 0.25*2^13 

channel 3 0.25*2^13 

channels threshold 

channel 4 0.25*2^13 
 

The simulation results are illustrated below. 

 

Signal replayed from the SDRAM  



 
Signals generated with the DAC module  

 

RTDEx data transferred after a hit  

PET example hardware implementation 
Requirements
To perform this example, you must meet the following requirements: 

Hardware requirements 
11 . DC-coupled VHS-ADC (×1) 
12.  DC-coupled DAC module (×1) 



13.  MMCX to MMCX cable (×8) 

Setup
1.  Install the DAC module on the VHS-ADC. 
2. Insert the VHS-ADC into your cPCI chassis. 
3. Connect the MMCX cables to the VHS-ADC and the DAC module, in the following order: 

*  VHS-ADC channel 1 to DAC module channel 8 
*  VHS-ADC channel 2 to DAC module channel 9 
*  And so on 

Testing the example 
Real-time hardware implementation 
1 . Turn on the cPCI chassis containing the VHS-ADC. 
2. Start the CCE. 
3. Open the PET demonstration  model by clicking Open this model in the upper-left corner of this 

document. 
•  Alternately, you can double-click PET demonstration.

4. Double-click the System Generator block. 
•  Two dialog boxes open—the System Generator  and the FPGA configuration.

 
System Generator and FPGA configuration dialog boxes 

4. Close the FPGA configuration  dialog box. 
5. In the System Generator dialog box, click Generate.



 

Generating a bitstream 

•  The bitstream configuration file is generated in the folder specified in the Target directory text 
box. A copy of the bitstream is also saved in the current MATLAB folder. 

PET example application 
The PET example application controls the VHS-ADC and its DAC module. The application allows 
you to program the VHS-ADC’s FPGA, selecting channels, selecting channel polarity, and 
selecting the gain threshold. It also allows you to acquire data according to different 
configurations, and then reviewing the recorded data. 

The application also allows you to select the necessary DAC module channels, channel polarity, 
channel gain, and channel output signal delay. Finally, it allows you to control the beginning of 
playback in simulation. 

Performing a PET experiment 
Note 
Before connecting any hardware into the VHS-ADC inputs, make sure that the 8, 50-  
impedance channels of the VHS-ADC have full scale inputs of: 

6. Gain = 0 (min), 4 dBm, 1 Vpp 
7. Gain = 15 (max), –18 dBm, 80 mVpp 

1.  Browse to the ADPLOC\matlab\r2007a\VHS-V4\demos\vhsadac_v4_pet_files\ folder. 
2. In Microsft Visual Studio, open DemoRTDEx.sln .
3. Build DemoRTDEx.vcproj.
4. In ADPLOC\matlab\r2007a\VHS-V4\demos\vhsadac_v4_pet_files\bin\Win32\, double-click 

DemoPET.exe.

•  This step must be performed directly on cPCI chassis. 

Ω



 

PET example application 

 
5. On the ADC and demo control tab, in the Usage group, select the Connect to hardware option. 

•  The application establishes a connection with the first VHS-ADC it finds. The FPGA of the VHS-
ADC automatically runs. 

6. If the VHS-ADC’s FPGA is not already programmed, in the FPGA programming group, locate the 
desired bitstream, and then click Program.

•  The application automatically connects to the hardware and the FPGA automatically runs. 
7. Connect your PET detector to the VHS-ADC input or start the PET detector simulator. 
8. To simulate the input signals with the DAC module, click the DAC simulation control  tab. 

1.  On this tab, you can enable DAC channels, apply a delay, apply a gain, and configure the polarity of 
the DAC channel output signal. To apply the configuration, click Apply configuration.

2. To output the simulation data with the SDRAM Playback module, browse to the desired data binary 
file, and then specify its frame size. Click Play to replay the data file and output it to the DAC 
channels.



 
DAC simulation control tab 

9. On the ADC and demo control tab, select the Trigger on Event and Samples in the Hardware 
Config group. 

10. Click the Preview Activation Start button in the Hardware Configgroup. 

•  You can now see a snapshot of what the VHS-ADC is sending. If the RTDEx access count in the 
Data Display group is not moving, you have no hits. 

1 1.  In the Hardware Config  group, adjust the Gain  and Threshold of the desired channels until you begin 
receiving hits. 

•  When the Preview overrun counter or Acquisition overrun counter increases, the RTDEx is 
overrunning. Overruns occur when the FPGA logic receives hits faster than can be handled by RTDEx. 
Because Microsoft Windows is not a real-time operating system, a few overruns can sometimes occur, 
even if configuration settings are correct. 

12 . To reset the overrun counters, select the Reset overrun counters check box in the Usage group. 
1 3. When you are satisfied with your configuration settings, select your target file using the Save in

browser. There is a default file with the date and time of the experiment. 
14 . Click the Acquisition Start  button. 
15 . Look at the duration timer. 
16 . When the duration is good, click the Acquisition Stop button. 

•  You can also use the acquisition timeout by selecting the Use checkbox. 
Note 



• You can use the VHS control utility to verify that the changes you have performed with 
DemoPET.exe are received by the VHS-ADC. Do not use the VHS control utility when RTDEx is 
transferring data to avoid corruption. Refer to the VHS-ADC/DAC user’s guide for details. 

Converting a .raw  file to a .dat file 
Note 
During a .raw to .dat file conversion, the .raw file is not copied. We recommended that you copy 
your .raw file performing the conversion. 

 
During an experiment, acquired data from the VHS-ADC’s RTDEx is directly saved to a .raw file 
on the hard disk drive of your host device. Before a using DemoPET.exe , you must validate .raw 
file data with a parser that verifies the sy nchronization tags embedded in the RTDEx data, 
validating the data. When invalid data is loca ted, one event’s worth of data is deleted. 

You can parse .raw files as follows: 

1.  If you want, you can copy the .raw file that you want to convert. 
2. If not already running, in ADPLOC\matlab\r2007a\VHS-V4\demos\vhsadac_v4_pet_files\bin\Win32\

double-click DemoPET.exe.

 
PET example application 

3. On the ADC and demo control tab, in the Usage group, select the Batch format option. 
4. In the Format/Playback file group, select the .raw file that you want to convert. 



•   When the Formatting complete message to appears, the .raw file conversion to .dat file is 
complete. 

Note 
A .log file is generated during the conver sion. This file is only for Nutaq internal purposes, thus 
is not documented. 

Replaying previously recorded experiments 

1.  If not already running, in ADPLOC\matlab\r2007a\VHS-V4\demos\vhsadac_v4_pet_files\bin\Win32\
double-click DemoPET.exe.

2. On the ADC and demo control tab, in the Usage group, select the File playback option. 
3. In the Format/Playback file group, select the .dat file that you want to replay (generated in the 

previous procedure). 

•  In the Data Display group, you can browse through the event using the scroll bar. You can see the 
Gain , Threshold , and Polarity  configuration settings used during the experiment for each channel 
selected in the Hardware Config  group. Use the check boxes in the Legend group to display each of 
the acquired signals and thresholds on the display. 
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