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1 ERRFIEFTTELEREN PET K&

2020 4F, AR TDAEHDEREIENT AL (International Agency for Research on Cancer,
IARC) KA 2020 4F BB A ERIEAEST v A R ™, 2020 4RAG T 1930 BT A RERi ). JET N3
1000 J7, B AEROLAE IR . BT iay7 FE R W) B PR, B 8 3 i B DR A 2 A i
AT R AR UEEDS, 3> T 0 IE R A M HFH, ERUERIT T EA 2E0H, M ey AL
) — SRR I R DURR R, SR 32 I A7 (R i B B e n ™. SRafg, T
FAAE R AT E T, XA T EOCHS B, el E R E Lm0, W ia
TR MR R e AP, DR R R R R T 1) 0 IR I R 4, SRS TR iR 7

PET it R0 ot 5 B A4 A A AR s A% s R = A BE R = B UE L AR E S, & 8 -
ERVRE,  COOh I PR SE b N T e 22 A M R o RIS B 13897 3k PET R MAIXLE, LA
4y off-line PET. in-room PET Fl in-beam PET =", off-line PET Al in-room PET %ZFiI:
IR TEAS . BRI S50, B T HHERAYE, {H7E in-beam PET Hikabsyuiynf LLZBEAH

FE T Al g Ik 25 11 in—beam 5T ¥ ¥ 7 B RE G UE M H R R R A G MM 5, AMUBRET in-
beam PET [JsEitE, hERT KEA MY, M T HEmE™ . HREESIIMAELER (in-bean
beam—on) Wl 51 ARG FE, I AE A5 5 J N [R] A A A B A AN G 185 RO~ Jl PR R 7 S e
P, IXER PET RAH RUFIIAEE 0 HER O RITHEBCR MRS, I HLR 26 F A DL LB KR T R

ARHBNIE TR MVT SR MAH07 PET BRIEs, IR 67 & 450y PET JERHL™ (| D .
FET XM 25 PR A A E S A, RGEIA RGBT 5, Ao A [R) 52 Br il &2 1~ F- 35 o £ ol
4.85 Mcps™ ™. 2 R B J5U 42 B 1A A 465 1k LA KBk G R G000 RO I T, RGUR PR, Al
1R RRE R G UG AR KA, ESEDTI, JF
R T ) PR A S AR AL (radio frequ-
ency delta time, RfDt) "™J:MEJyidk, REEThHm
TEAUHIRN T St A, $2 T T /R4 R PET il
iy

RGN BRI K Pl & R B 1
TSR RO IRIT IR b, BT T AR, N
MUK BRUSEB B0, A i 46 RN 28 TR IR 7 TRk
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K1 R AR PET JEAYLS

Bl it W 2 o UOR A2 PET R AN Fig.1 All—Digitgl} proton—therapy PET
I7] 6 B2t 5 AR AR /N BRI R B AR A 3R prototype

PET iR &5 R, %45 R oA 480y PET AI/EAE RS 00 T 3R i g 45 2R, JF HIJo 2 AE R
PSP LR T, L5 R VAR5 55 B 20 1 5 L AR AN
PA_E SRR S R 78 73 B W 4805 PET £EAE LA Iy T (0 al A7 PE AL

2 F%EREH PET R

BE 5 PR A7 A IO IR, AR R 7 N TR S S8 A OGP0 1) R e R BT, iRl = A3 240176
JY 7, TUHLE 2050 G265 1. 315 AL FRAE 3 s PR KUFERG (Alzheimer’s disease, AD) J&:Ji
SESRCH WL IR, AT R ) 60 % ~80%

PET 4% FHl T~ AD ({32 I =", BLAR PET L5 oAt e Jr M L 2L A 4 e P e S ME A ek, (R DRI
3 2 PR ELRR 3 8 N TR 0 B 0 A7 A AR R D, LR E L (signal-to-noise
ratio, SNR) BAE™. BRI (50 LUK, wl@ Rl 32T PET it 2 45 10 2 A S B, 3K ml ol 44
IST AR A SV AR ™. HAT, Wt KECE I 3 Aoy IR AR E RV, S 1 R A
& PET REMIEARGE /N, 58 2 BRGSO AR ) SR B iy Y, 55 3 Bl K
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Fig.2 Induced activity reconstruction irradiating a phantom (uniformly filled with water), mice,

and rats. The first, second, and third rows present the beam—on imaging results,

imaging results, and average one-dimensional activity distribution along the

beam—off
beam

direction within the black dashed line in the figures, respectively. The red and blue
lines represent the beam—on and beam—off settings. The beam was irradiated from right to

left in the figures”
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2.1 EREAE¥F PET

A K EE T MVT R R HAL R 2%, $5 2B & %07 PET (] 3) « iZ ARG HRIM 4R
JH 6 x 6 iEEREL4E (lutetium yttrium oxyorthosilicate, LYSO) [NARERAFES, PR SRS RN
3.95 mm x 3.95 mm x 20 mm, LYSO fAfRREA SREG AT IESIEER] 10 1 RS, 8 ANERMZSSLFN 4 4~ MVT

W RS SRR 44 ANMEIS M R E A8 375 mm, Al K E Sk 201. 6 mm [#] PET 24577,
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B3 il 40T PET 088 M s pL™
Fig.3 All-Digital PET detector for All-Digital brain PET and All-Digital brain
PET prototype™
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f KW B 22 B % (noise equivalent count rate, NECR) Zj 4 (73 +6) keps; fF FOV H1.0»
20mm X3k, dRZEx RABE Ay (5.8447 +0.0007) %3 FOV Ry Ab A FH B8 U I 5058 L 3145 25 1)
AL 3.3 mm P rE A S (full width at half maximum, FWHM), SRH454 midSemsi — 4
HIv AR s /IMEFE, A8 FOV rpulAbfliing A% ) FI) () 2 (8] 43 #2294 1. 65 mm FWHM. 1.7 mm
FWHM AT 1.8 mm FWHM™,

ERGAE T R Mg — B B e e, HAMHA 3 A2 H, wiAeZ 49 100 F 56 % 280 £
PIE Mg, REMERERRE" . LRGP PET BIR 5 KA P D Policlinic tor vergata %
BE 2 0a ) Siemens biograph PET/CT Pf 15 s A i 48 35 25 B (2-deoxy—2-["F] fluoro-D-glucose,
FDG) PET B4 4 fis. M _EH, AHLL Siemens biograph PET/CT % (K] 4 (a) ~E 4 (¢)),
i & F 4= %07 PET B MG (B 4 (D) ~F 4 (65)) B IRya 812 S . = X 2 S Af . 1%
Sy

3.0

SUV/(g/cm®)
K| 4 FDG PET [&{%"”
Fig.4 FDG PET images™™
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AL BN R 2 000 kepss LR PENEBEh 78 kBa/mL Y, NECR 1A R UE(H K 273 keps; 5
helmet-neck PET"AItl, skZEAX4%7 PET SCOL T H#s ( REEERTHEERE, 70 AI0 73k %04
7 PET BRI AS . HAT, %R CAEE PR K2 R BF S 2 e b I F B b 2%, JFH 5
J% 50 A9 A4 -
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6k 68 % L, KM Florbetapir (AV-45, ¥ &h4 Amyvid) 75 B2 75 1) I N S 0 BF 2 (I
WG 45 R, n] LB B E B PET BH I 5215 5 s 7R
ﬁEm]o

3 &Y PET 1%

PR 22 A S AT FURISP 5 e 1) T AR b
HARRURAR . E ARG I5 AL i 3 &
B BN, R e, MG
R IN vy A BRAE 7 B 1) e K B 4l
—o HHT, FENRERK. SO R IR,
PET $9 55 ik BEAT 15 o 3B I8 KT AR A
YIRS E %, (HREREAT @ PETIT, oIk
B E PO BB E A K
LS TR FEA . REBUEARAES T PET BY
BT LL IR, BEX R AR 57 5 FIK 3 1

AW ENHHATAMR AN = 4E T4k, X 5K T B 5 SLZERART PET EURAL
?Fﬁﬁgiéégiéi[mdyﬁjo Fig.5 All-Digital helmet PET prototype
“RUE” “FwiE” “EWE”

(a) (b) (¢)

Bl 6 68% 2, SRHJ AV-45 ZRIERF I P9 SE R 2 IR i 4 2R

Fig.6 Amyloid imaging in the brain using an AV-45 tracer in a 68-year—old woman
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FOV; $5ef, MRIESLITTRIOAE, RPN SRR —, TR, FFEAR OO g &
RIARE 0 T J L AR 465 4 L AT 1 P ™

BT UL ERe R TRk, AR T 58 v (5 XM PET. X REH M A EAAA 83. 4 mm,
KKy 100. 8 mm (] FE B2 AR AL, P A R) B de K Tk 40 mme #E GEANT4 (geometry and
tracking) fj ELAEZEALIZ R GE, WIS B K I RBUE S (41,091 +£0.004) % Fe KSR
HTEPESE 167,19 kBa/pl I, &y (3690. 27 + 2. 81) kepso T, #F— SR TR HEHEE ),
Wt T/ %, AN EAS R 30.5 mmy Bl 45. 6 mm (Ko7 B Bl ALK, SR FH BRI Ay
1 ommx 1 mm ERAE, SRAK R4 M E A 13 moy 16 mm A1 20 mm BAF BN OL, S ARSIA
[FIRE A KL 78 GEANTA [ FLAE QA LZ RS, W1 BRI R BUE K (12.861+£0.027) %, 4
r A BE A 13 mm P39 F) 20 mm B, REERIN T 41 50%; BoKIETHECE N iGE2E 353. 68 kBa/pl
i, A (301.55 £ 0. 77) keps™™e W RGnEmEIE 7.

b4k, M%) Derenzo AR LA BAHDEARIEAT T U7 5, MG 4R Kl 8.
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CONCEPTUAL PROTOTYPE

| EXPERTVENTALLINITATION | OPERATIONAL LIMIT

iLight, temperature, humidity i
Light, temporature, humidityl g :L

affect the measurement

i

©up to 20 cm

TECHNOLOGICAL
LIMITATION
Shape adaptability

I viaturizep prororveE [

>

up to 20 cm

e (a) PET FEARNE N 32525 . SRR AT BRI (o) AT BASR it A AT A )~ R AL AR 65 4 A5 XA 4 4L
T PET A& (o) b rhaifaim M it

K7 AR PET dikgn it
Fig.7 Structure diagram of All-Digital plant PET™"
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Fig.8 Simulation imaging results of Derenzo phantom and plant phantom'"
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A1 ""C-raclopride S B PR ERFIMARM " FIEBILL L FIRBIE, b T B 6 202 M R RS )
AL LGB I IEHARAS, BT TR REE TR I HL B th B shah Wyt A7 325 PET 948, S BLsh v
B e 1 7 N N AT B SR B B 2 ik A Y IOV AN - ] D F DS
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PET RGiVEfe M Mt T sk . 156, 76 PET H4nk B eb il sh sk i 4o B S e 2, $ 7 1)
Wb 5 EEAT A AR AR AR e, SEIIAZ Bl H br 5 B2 B0 I AR b, IR BB (Bl g s ok, 2
sk PET RS HAG v SR AR ST AR M35 FF PET 2G5 a0, o A S Ii) . v B, 3k 3t i) 2
G Ba, TSI 75 R REE LT 450), VPR TE BRI R SE, Al & A
[) I FHAF 7R FH (AN R) RSS2 36 8841, RIS B IR S FOV, (RIEAEAN I SER b R G0 TR A,
HAFF Hizahia i R AT G, Wb mEstm. ARSI TIT R B, B9 Bon TABIBA
AUFE G (0 DY P AR 4> 507 PETS DUAHALAL 200 3 45 K ml 3RO B % 245 . (depth of interaction,
DOT) PRI 5 Hicts KA S M- 5

(a) PUFAR A %07 PET UL (b) PUARBLA 4 AR G (c) DOT #R & H R4 S MR &5
9 “XBhA” AHCT PET #-H40 PR RIS DOT PRINA B KA K BT

Fig.9 All-Digital bi-dynamic PET instrument prototype of each part and DOI
detector data acquisition and test platform™
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Fig. 10 Comparison of reconstructed images
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ATVULHD, KFUCHC BT = fth, Fefb b rh = YERRE A5, R INARRE S 8 22 M JE gL R G 42
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PRI D EafE S, R R IGA E, TR e N4 (1ine of response, LOR), 5K
IR 5B (P 23 LSS s AR DA s 5l 5 (Rl i v 2 S 808l 0%, R G e e th i,
B RETAE LOR A% HHR IS [ (6 B 18] Eb A5 AT %o 25 2 PR Bl b AT 38 o WA 0 AR [ BAAE A 4 45 440 1) DY
SPA PET T AT i 50, AU BRI L B E0a ) DL RGESHE S 785 AR BINR] AN 50 - AE
AR R B AR IE I ZE RN, I BIBR T B & RO R A i, sest s e 11 Bos™,s
B RIEFE N DA B0 B e i R b i oikiz gk g sty g, Aepi Eh SEEL T I8 H bR
TR AR -
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Fig.11 Comparison of reconstructed images: motion—free imaging, motion—corrected
. . . . . . . . . [53]
discrete motion imaging, and motion—corrected continuous motion imaging
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Innovative Application-Specific All-Digital PET Systems
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Abstract: Utilizing the Multi-Voltage Threshold method, All-Digital PET technology, characterized by "All-Digital" and
"accurate sampling," facilitates hardware and software decoupling and modular "LEGO-like" system construction. This
innovation addresses the limitations of traditional PET system architectures, enabling a broader range of innovative
applications. This paper reviews recent advancements in application-specific All-Digital PET systems, highlighting their
applications and advantages in proton therapy monitoring, clinical and basic brain science research, and plant metabolism
studies. Furthermore, we explore the development trends of All-Digital PET technology to meet the increasing demands of
PET imaging applications.
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