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/T he Crystal Look-up Table (CLT) Is usedfor the interaction crys@

identification out of the raw position calculationresult A typical CLT

Small animalpositronemissiontomography(PET)is ahigh sensitivity| | designis shownin Figure3 (a), basedon a 10-bit-width 512 512-depth
and resolution PET device for small animal imaging Flexibility, high | | RAM. A large quantity of repeatinformationis storedwhich causeghe
efficiency, high precisionchargemeasuremenand position calculation| = RAM resourcecrisisin FPGA
are major demandsof a practical PET systemwhich asksfor a high-

Introduction

A technical design Is

quality analog front end and a digital signal processingmodule To | | | o RS r nvented _tq r_etlrllev? t_he
achievehigher efficiency and compatibility of multiple dataprocessing | & i 2 2"+ * reStO_lérceﬁ_”S'S’tW' ou Uﬁ_'”lg
modes,we designthe real time digital signal processinglogic of the 8 69$ outsiaecnip storage, whic

may lower the processing
" speed and integration The
transformation involves 3

small animal PET system, which implements 32-channel signal
processingin a single Xilinx Artix-7 family of FPGA and integrates
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several functions, Iincluding 2D raw position calculation, crystal SlS.508 =iiimam | IS .

identification, eventsenergyfiltering, flood map and energy spectrum stages The first stage
realtime histogrametc A technicaldesignof the CrystalLook-up Table o transformsthe 1D CrystallD
(CLT) is appliedhereto reducelogic consumptionin orderto achievethe (F19. 3 (a)) to 2D (Fig. 3 (b)).
high integration and the simplification of the logic design Besides,a | Thesecondstagemergesthe
seriesof on-line correctionsare also integratedfor higher resolution, R crystals with —the same

CrystalID componenbn the
2 directions(Fig. 3 (b)) to Fig.
3 (c) andFig. 3 (d)). Then,a
decoder Is applied to

suchas,timing-energycorrection,energycalibrationto 511 keV photon
peak with crystal granularity, timing offset correction with crystal
granularity, etc. The pipeline logic processeghe signalsat 125 MHz

with a 1,000,000 events/gate To evaluatethe performanceof the logic, Fig. 3. The transformation from the typical CLT to the t tormthe 2D ID to 1D
a seriesof initial testingareconducted Theresultsindicatethatthe logic roundany CHS | | AnSToNThe s 1L 1O LU,
achieveghe expectations The size of the new CLT Is proportionalto « H:* F s; (n Is the binary

. digits of theraw (X, y), k Is the sizeof the detector)while origin R Q k$ § V
Systembesign proportionalto t' :> Z‘g?E s; @he new designedCLT can be much
A 23 23 LYSO crystal array is placed moresuperiorwhenthebinarydigits of raw (X, y) Increases
I

betweentwo layers of SiPM. Dualend Testing Results

]Sletector ?]ngllogk&gnastl_s alre gansferr_ed 1) Position precision Technicalinput signalcombinationsare generated
rom each block 10 Singles Frocessing to simulating different interaction raw position (center, corners and

Units (SPUs)tor AD Converting,timing [ o y465) The resultsareshownin Figure4, which indicatesthe Raw X and

measurements and  digital  signal [ oo\ v precisionseparatelyof all the simulatedpositionsare betterthan
processing The resultsot SPUsarethen = 1 £ 3 nms 2) Timing _ precision

transmitted into Coincidence Processing (delay—line method) The
Unit (CPU) via Gigabit Ethernetfor data results of all blocks are
coincidence The CPU finally transfershe betterthan1180s RMS. 3)
Fig. 1. Diagram of data acquisition system _datapackageto Data Acquisition PC. The

structure and data flow of the small animal P

scanner. PC communicatesvith CPUandSPUsto
sendcommandsconfigureregistersand LU Ts and monitor the statusof

eachpart

Energy precision 2V
iInput sighalgeneratedy
the arbitrary signal
source,Theresultof each
channel Is Dbetter than
2.4 A

SPU Module Digital Signal Processing Logic Design

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

AS IS shown In Figure 2, to e Digital Signal Processing Logic 4) The Flood Map and Energy SpeCtrum HiStOgram

achieve high integration and . ermeemsisetins £ T 1

flexibility, the SPU digital signal xe.  [wme J_‘f posa | R "™

processing logic supports 3 == Adeo ) et =

modes, Regular PackageMode, || - el

Flood Map HistogramMode and ™ e ~u  =éo | e |, e

Energy Spectrum Histogram 1 T T readon

I\/Iode LbT and parameters #T\fl?: | ﬁ F_ig. 5. The 5_1:2 512 flood grayscale Fig. 6. Online histogrammednergy spectrum of 2 crystals without calibra
The PC switchesthe mode by configuration - %Seea S)h?tﬁgg Emﬁgrgg}n&ngﬁ%ration to 511keV Figure 7 gives the calibrated
sending command packagesvia CommanCresouer ' energy spectrum of the 2

Gigabit Ethernet It also sends  comowedan COE’t‘;mOW‘_Correctedﬁmmg correspondingrystalsto Figure

lookup tables(LUTs) configuring «—zgggzﬁiomx,y)<_C0§rgg§;etee;§rgy<_r§%’.“ 6, which is histogrammedon

commandsand configuring data *  corectedenergy — CrystaliD < Other data flow PC from the regular package
viathesameroute Fig. 2. Diagram of the SPU digital signal processing log modedata The resultsindicate

Fig. 7. Ofline histogrammedtnergy spectrum of 2 crystals that the IOhOtOﬂ peakS alre
with cafloration. calibratedto 511keV separately
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