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Small animalpositronemissiontomography(PET)is a high sensitivity

and resolutionPET device for small animal imaging. Flexibility, high

efficiency, high precisionchargemeasurementand position calculation

are major demandsof a practical PET systemwhich asksfor a high-

quality analog front end and a digital signal processingmodule. To

achievehigher efficiency and compatibility of multiple dataprocessing

modes,we design the real time digital signal processinglogic of the

small animal PET system, which implements 32-channel signal

processingin a single Xilinx Artix -7 family of FPGA and integrates

several functions, including 2D raw position calculation, crystal

identification, eventsenergyfiltering, flood map and energyspectrum

real time histogram,etc. A technicaldesignof theCrystalLook-up Table

(CLT) is appliedhereto reducelogic consumptionin orderto achievethe

high integrationand the simplification of the logic design. Besides,a

seriesof on-line correctionsare also integratedfor higher resolution,

suchas,timing-energycorrection,energycalibrationto 511 keV photon

peak with crystal granularity, timing offset correction with crystal

granularity,etc. The pipe-line logic processesthe signalsat 125 MHz

with a 1,000,000events/srate. To evaluatetheperformanceof the logic,

a seriesof initial testingareconducted. Theresultsindicatethatthelogic

achievestheexpectations.

Introduction

System Design

A 23¦23 LYSO crystal array is placed

between two layers of SiPM. Dual-end

detector analog signals are transferred

from each block to Singles Processing

Units (SPUs) for AD Converting,timing

measurements and digital signal

processing. The resultsof SPUsare then

transmitted into CoincidenceProcessing

Unit (CPU) via Gigabit Ethernetfor data

coincidence. TheCPUfinally transfersthe

datapackageto DataAcquisition PC. The

PCcommunicateswith CPUandSPUsto
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Fig. 1. Diagram of data acquisition system 

structure and data flow of the small animal PET 

scanner.

A technical design is

invented to relieve the

resourcecrisis, without using

outside-chip storage, which

may lower the processing

speed and integration. The

transformation involves 3

stages. The first stage

transformsthe 1D Crystal ID

(Fig. 3 (a)) to 2D (Fig. 3 (b)).

The secondstagemergesthe

crystals with the same

Crystal ID componenton the

2 directions(Fig. 3 (b)) to Fig.

3 (c) andFig. 3 (d)). Then,a

decoder is applied to

transformthe2D ID to 1D.

The Crystal Look-up Table (CLT) is used for the interactioncrystal

identification out of the raw position calculationresult. A typical CLT

designis shownin Figure3 (a), basedon a 10-bit-width 512¦512-depth

RAM. A largequantityof repeatinformationis storedwhich causesthe

RAM resourcecrisisin FPGA.

Fig. 3.  The transformation from the typical CLT to the 

boundary CLTs

sendcommands, configureregistersandLUTs andmonitor thestatusof

eachpart.

SPU Module Digital Signal Processing Logic Design

Block 1
Block 2
Block 3

Block 4

Timing-
energy 

correction

On-line crystal based timing 
offset correction

Digital Signal Processing Logic
TDC 

result

A1,B1,
C1,D1
A2,B2,
C2,D2

Regular 
data 

package

Flood
Map

Histogram
On-line/
Off-line

Energy 
spectrum 
Histogram
On-line/
Off-line

Command resolution

Token 
ring 

control 
readout

1

Token 
ring 

control 
readout

2

Token 
ring 

control 
readout

3

Mode select

MUX

PC

Configure data Corrected timing
result

Control flow

2D location (x,y)

CLT

Crystal ID

Completely 
Corrected energy

Other data flow

2D pixel 
location
And DOI 

calculation 

DOI
Partially 

Corrected energy

Energy 
window

LUT and parameters 
configuration

Ù 

photo peak 
Calibration

Fig. 2.  Diagram of the SPU digital signal processing logic.

As is shown in Figure 2, to

achieve high integration and

flexibility, the SPU digital signal

processing logic supports 3

modes, Regular PackageMode,

Flood Map HistogramMode and

Energy Spectrum Histogram

Mode.

The PC switches the mode by

sending commandpackagesvia

Gigabit Ethernet. It also sends

lookup tables(LUTs) configuring

commandsand configuring data

via thesameroute.
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The sizeof the new CLT is proportionalto �• 
H�:�• 
F �s�; (n is the binary

digits of theraw (x, y), k is thesizeof thedetector),while origin �R�Q�H�¶�Vis

proportionalto �t�l �:�>�t�Ž�‘�‰�6�•�?
E�s�;�äThe new designedCLT can be much

moresuperiorwhenthebinarydigits of raw (x, y) increases.
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Testing Results

1) Position precision Technicalinput signalcombinationsaregenerated

to simulating different interaction raw position (center, corners and

edges). Theresultsareshownin Figure4, which indicatestheRawX and

Raw Y precisionseparatelyof all the simulatedpositionsarebetterthan

1.5�Å RMS. 2) Timing precision

(delay-line method) The

results of all blocks are

betterthan118psRMS. 3)

Energy precision 2V

input signalgeneratedby

the arbitrary signal

source,Theresultof each

channel is better than

2.4�Å

A Technical Design of the Crystal Look-up Table

4) The Flood Map and Energy SpectrumHistogram

Fig. 4.  The crystal identification with new designed boundary CLT.

Fig. 5.  The 512¦512 flood grayscale 

histogrammedin on-line mode
Fig. 6.  On-line histogrammedenergy spectrum of 2 crystals without calibration

5) The Energy Calibration to 511keV

Fig. 7.  Off-line histogrammedenergy spectrum of 2 crystals 

with calibration.

Figure 7 gives the calibrated

energy spectrum of the 2

correspondingcrystalsto Figure

6, which is histogrammedon

PC from the regular package

modedata. The resultsindicate

that the photon peaks are

calibratedto 511keV separately.


