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Introduction

Jiaming Lu

Ll
Design of the CLT

- identification out of the raw position calculation result. A typical CLT
Small animal positron emission tomography (PET) is a high sensitivity |  design i shown in Figure 3 (1), based on a 10-bit-width 512X 5 | 2-dETR

and resolution PET deviee for small animal imaging. Flexibility, high | - RAM. A large quantity of repeat information is stored which causes the
efficiency, high precision charge measurement and position calculation | RAM resource crisis in FPGA
arc major demands of 4 practical PET system which asks for a high-
° B k d quality analog front end and a digital signal processing module. To
ac grou n achicve higher efficicncy und compatibility of multipk: dita processing
2 logic of the
hannel - signal
. processing in a single Xilinx Artix-7 family of FPGA and integrates
e General Introduction = e fincime mcising 20 s possion cslctaon. el
identification, events energy filtering, flood map and energy spectrum
real time histogram, etc. A technical design of the Crystal Look-up Table
(CLT) is applied here 1o reduce logic consumption in order to achicve the
high integration and the simplification of the logic design. Besides, a
series of on-line corrections are wlso inteprated for higher resolution, -
such as, timing-energy correction, energy calibration to 511 keV photon E i : —
peak with erystal granulurity, timing offsct comcetion with crystal | | g -l s—" - ol
. granularity, etc. The pipe-line logic proces s 125 MIlz @ el N
with & 1,000,000 eventsis rate. To evaluate the performance of the logic, PR —— Gl bl il A
yste m e S lg n a series of initial testing are conducted. The results indicate that the logic e L
achieves fhic expectatians. I'he size of the new CLI is proportional to n X (k — 1) (n is the binary
digits of the raw (x, y), k is the size of the detector), while origin onc’s is g
proportional to 2°([2log,k] + 1). The new designed CLI can be much Te Stl ng

more superior when the binary digits of raw (x. y) increases.

A technical  design s
invented to relieve the .
e oring ns . Th t form t

outside-chip storage, which € transtormation
may lower the processing

Bt o bt from the typical CLT to
the new-designed

ot rmgelng L boundary CLTs

Crystal ID component on the

2 directions (Fig. 3 (b)) to Fig.
3 (c) and Iig. 3 (d)). Then, a

modes, we design the real time digital signal processi
small animal PET system, which implements

The first  slage

<ol Gl rathe

System Design

A 23%23 LYSO crystal amay is placed
between two layers of SiPM. Dual-end
detector analog signals are transferred

Testing Results
1) Position precision Technical inpul signal combinations are generated
to simulating different interaction raw position (center. comners and
edges). The resulls are shown in Figure 4, which indicates the Raw X and
Raw Y precision separately of all the simulated positions are better than
1.5%» RMS. Timi; isi

from cach block to Singles Processing
Units (SPUs) for AD Converting. timing
measurements and  digital  signal
processing. The results of SPUs are then
trunsmitted into Coincidence Processing
Unit (CPU) via Gigabit Ethernet for data
wnsew  coincidence. The CPU finally transfers the
data package 1o Data Acquisition PC. The
p PC communicates with CPU and SPUs to
send commands, configure registers and LUTs and monitor the status of
cach part.

* Position precision

results of all blocks are
better than 118ps RMS. 3)

ol PET

* Timing precision

input signal generated by

~“the  arbitrary  sigs

T source, The result of each
channcl is betler  than
2

Logic Design

e conal e fation wieh e e ped Becaary €11

* Energy precision
As is shown in Figure 2, 1o
achicve high intcgration and "H.
flexibility, the SPU digital signal
processing  logic  supports 3
modes, Regular Package Mode,
Flood Map Histogram Mode and
Lnergy Spectrum  Histogram
Mode.
The PC swilches the mode by
sending command packages via
Gigabit Ethemet. It abo sends S0
lookup tables (LUTs) configuring  «  7vmscno
commands and configuring data

via the same route.

2 4%
4) The Flood Map and Energy Spectrum Histogram

* The Flood Map and
Energy Spectrum
Histogram

* Digital Signal
Processing Logic
Design

Figure 7 gives the calibrated
cnergy  spectrum of the 2
corresponding crystals to Figure
6. which is histogrammed on
PC from the regular package
mode data. The results indicate

0.7 O omtongamt oy arreno2emee 1hat the photon peaks are
i naice calibrated to 51 1keV separately.

* The Energy online
Calibration to 511 keV
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