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S101  Upon receipt of a low-dose PET image reconstruction request, obtain
projection data acquired by a PET device and a system
matrix of the PET device

$102 According to the projection data and the system matrix, perform, by
means of a pre-determined PET image reconstruction
algorithm, image reconstruction on a pre-initialized PET
image to be reconstructed, so as to obtain an initial
reconstructed PET image

S$103 According to the initial reconstructed PET image, use a Lagrange
multiplier method to perform joint optimization solution on
a pre-constructed image reconstruction equation and a
pre-constructed gradient domain image feature selection
equation, so as to obtain a target reconstructed PET image
corresponding to the initial reconstructed PET image

(57) Abstract: A gradient domain-based low-dose PET image reconstruction method and apparatus, a device, and a medium. Said
method comprises: according to projection data acquired by a PET device and a system matrix of the PET device, performing, by means
of a PET image reconstruction algorithm, image reconstruction on a pre-initialized PET image to be reconstructed, so as to obtain an
initial reconstructed PET image (S102); and according to the initial reconstructed PET image, using a Lagrange multiplier method to
perform joint optimization solution on a pre-constructed image reconstruction equation and a pre-constructed gradient domain image
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feature selection equation, so as to obtain a target reconstructed PET image corresponding to the initial reconstructed PET image (S103).
Said method improves the speed of reconstruction of a low-dose PET image, reduces artifacts of the reconstructed image, thereby
improving the image quality of low-dose PET image reconstruction.
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EATHEBNHENEPET AR ERE T %, XE. RERAMR

BARAR IR
KK ETES PET BB KAUR, LED R —FETHEBGKF =
PET B H ik, ¥E., Z&ERN M.

HRHEA
IE % B AT E A A% (Positron Emission Tomography, # #% PET) & —#F &K 4%
AR HE AR (Emission Tomography, 4% ET) , & ilidJeatH 2540 AR
N 75 Rk BB AR TRR ML, PET HAKZ 4+ H Ay & s %
(Computed Tomography, & #& CT)F= 2% 23k rx 4% (Magnetic Resonance Imaging,
HAR MRI) Z &R A TlERG—AFAEBHEAK, PETRREMNBF. SoE
BRRF . AMERRERRFIL . ARMB T AT FAABRT B FARGG M A
F& PET g, BAHGHEIF ERANSTERK, CRE TR ELEEAR
wRMBIEAAE, AR RAEL WG TEAKRNE B 6965 % . PET ik
89 B 69 52 R LS RAF 2R R EARRILG SRR, COTERER: ¥
— A M AE, 4 0-15. C-11. N-13 F= F-18 FARiTAARKB AT E 6918
b, RABRBIFHHFKRLEEZHFTXMALREERA, WFLLEHES
EHARHGIAET, RPRBAERAERE, BREEELT GF—AE®H
WeF), ERTELARG (FAR) LT RAEEZR, PARANEEA SllkeV
G T, I ATE-FHLER EIMR AT EHE, FIRKING i B A7
HUET ATRI B 45 2 KRS0 PT A KT, RB Rt — 2 ek, 3T AL MA
B AV A B AR R B89 AR
W T & PET 4 & P48 B 69504 25 4h 2 3T 10 36 B A2 B 9 A T = A 55
s, MTABHOARERYILELAZZTEFA, B4 GHeEEL
:
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PET # &ty At & H —2ibE. Bit, REBFAHGHFER S (
International Commission on Radiological Protection, & # ICRP) #2 i 49 & 324%
A&7 & (As Low As Reasonably Achievable, & # ALARA) E N, & PET 1%
KRR, ABARDOHERFHLGERE RKGEE, REFAT &L
H ) E

R, EITIKH] 2 RALAF 2] 69N 2 448347 PET B 20, A H 4N
PET B TR B AT MBE R AR, tmEREERB~LEshhe, L&
HEWaAERNE LG T A,

KA 5

AKOEY B 69 TIRBE—FPE THEBOKF ZPETEG T EZ 7 X R E,
BEBRAT, BEMEE TIABK L ERE—FH 20985 Z PET B Z &
Tk, FEAMNEPET B ERRAR., AERZERRME LW FA,

— 7@, ARKPRET —A K THEBIKH E PET B & 7k, Ak
TiEOE TR K

LM B & PET BARe9 Z3&F KeF, JREGET PET & RE 289
BAAE, FIRBUNE PET X &89 £ 4815

ARIE PR RS A AR VAR R SR, 8 i TR A9 PET B & 2 B ik 3t 1
s a9 5 E 32 PET BAR8t/T MR & 32, RAW4EE 2 PET B,

ARFEPT R 46 E 3 PET B, R AP B RAFMANZORSL EET
Ao I A I GG B AR AT IR L B T AL AT IR SR KR, BTt &
1% PET B4t i 69 B AR £ # PET B 4%,

7w, ARARET —AE T EBGIKHE PET BT 2% E, AT
HEE IS

ABGRBEL, AT LEMEKHE PET B ETF Koy, RGBT
PET & &R & 2| 69 R 438, JFIRIPTiE PET &% R S48 1%,
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PR Bk 3 P T PR AL L 5 EIE AT e AR B, TR AL 2 B AT AT R
A AUAL B SR Mo EaR KT H 30 & F) & PET B & 7 kA 69 F 3%

B =7 @, AKPLRMET — AT EIT G800, Prd it T84
AT B A TT ENAL R, BT BAAL B A A 3 35 BAT B R e B AR T A
BB A9KF 2 PET BR T 2 77 A Pk 6y F 3%,

AR ARIE PET R &K R 209 3B I AR Z PET X &4 R S48 [,

i PET B & & B T b 46 09 £ 2 32 PET BE st 4T BR 32, AT #0d6
F 2 PET B, ARIEA45F 32 PET B, R A 424 31 B R EH A a2 a9 AR
F I AR TSR A I A R R A AR R IR S AL B AT IR AR AL K R, AR B s
¥ # PET Bgst w69 B4R E# PET B, MMitd TIKH = PET B T2

R, LT AR th# #t w3 T = PET B4 & & 69 BAL i
'_?_‘O
PR B 3 B

1 & A KSR A0 — 3469 A5 T 4 BRI H & PET BR & 12 75 A 09 5%
WRALE ;

2 & KK R A — P K A Bregman %X 77 k5T A8 B AR 34T X
K ARG 52 IIRALE

3 R FP KA ARG AR T AR R KH 2 PET MR T R E 094
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TR
4 KO F A 3B e9 K T AR BB 69 1K F] & PET R T 2 K B a9
BT ER;

5 R KR AP IR AT H LB IKFH Z PET B Z K E 0 X
—REZEMTEE: KUK

K

6 A KRR R Z R ITHRENEHNTER.
FARE 3677 X

ATRHEARAGBEG, BRRAFTERREZ0FLEREG, ATLEEHEAS
), T ARKPSITH— T FEmBL ., 2 LA, LA AT LAY AR SR 451X
IR AR AR, R T IRE AR

VATF 23 & BLAR 9% 46490 55 AR A0 64 BLAR K I AT 9F tm oA

5 364 —

17 T R R AR AN — 440 09 K T4 BUR K K H1 & PET AR & 38 7 ik
WRILARAE, HTRFHY, FHT HRRNARAEB LG, #ikdaT:

4 B S101 F, L3I EKH & PET Bige 3235 K0, FRAGET PET
EERF BRI AL, JFFHRIRPET X469 R A4S,

ARPAFAPERNTFTEFRELEFE, FAREKSE, Pl MATHHEM,
RSB 5% . HEMBKHE PET B4R AT & 26935 Kof, RGBT PET X %
ERFE LM TRER G RRFRRHIE, R PET A& A RIERE, ZF
GAE % R ARYE PET 1% & 89 LT 45 4943 81 B3 3] 49,

B % S102 P, RABIRXPDHEAR RS, B3 Mi%e PET B T2
Bk sT A e A 32 PET Bt TR T3, RiFm45 T4 PET B

BERRPEHP P, RBRFHIBEAR R GIEE, BT L0 PET B E
B RS e s 6 45 F 12 PET B SEAT F0K 28935 RAg1E, AT T 2
PET B4 #tiT B E3&, i E & PET B4, X+, #E1# PET AR L
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Z B, R PET BRETAFLEZAHRAMALHZ K X H & Maximum
Likelihood Expectation Maximized, &4k MLEM)&# & 5T R PER K F &
(Ordered Subset Expectation Maximization, & #k OSEM) % & X J& 3ot 5 H &
(Maximum A Posterior, MAP).

BB E # PET BARE, 48 A7, 354 F & PET B4R 6915 R {847
MBI A E,

f 5 B S103 %, RIEAIEE R PET B, K MEH4D B REFTAME
0 B 32 T AR e P A GG #6 BB AR A AR L IR T AR AT IR SR AL KR, 1%
2| 4146 F 32 PET BT &89 B 47 E 3 PET B4R,

EARAFEAEP Y, RALAHAREFAAMEGEGL TR TH
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st e b LVLi0" =Vim Vi, Bsxtizdatk s B mAARFRLEE, REsF
24045 & 3 PET B oY B4RE % PET B4, H ¥, y ARYHIE, 6 A

R%4EME, m A E# PET B4 (LB B47T 2 PET B12), Vv AT
HH, R AEARRBIIEE, PPAREZR AW E BR o PRIIABMEE, D
AR o IFIEETE, o, HAK B BAR o FAREUE 69 5 1A AR 3R T B 49

EEFNROR ©" % 74k # PET RS 7 69 KB/ A AR A%, ie{l,2} 2 F
FrE M B oty d ORF/ER), LAFAHIERZOHAL OGS R A

BEARKRAFHRE Y, Rk, BHEQEHAEGIEHEZRXLEZEN S,
M it 2 04 FEAR R T o 5] B 69 45 SR 4B TR e g AR ) B AR R 09 PET EARA9%
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AF IR AL AT R A RAL K AR AT, i, KA Bregman 3% X 77 ikt by B4
TG AL IR AF IR R AR 09 54 B B AR AT KRR, Am
#% 7 PET B ay T 5,

—F Kk H, KA Bregman 3% X 77 k4548 B B TAZRE A A E BAR
oA, ERIREREHL, PET R TR B ARMFIERIE S, DA
BB AR, HRGEERESRHK, PET B & 58, ARAFIERELE K
HATEAREK M, 1524046 F 2 PET B4R 5T a9 B AR T & PET B4R, Amit—
RS TPETEMGMERRE, ARG T RMAH G BARZEPET B BB Z.

ok o, A A MBF RN IERRS KN

{D(i)(k+1),0[l(i)(k+l)} = arg Iggl Zl” D(i)(k)Oll(i)(k) _ Rl (a)(i)(k)) ”§ st ” Q ”OS L , %Fi’fa %

AFIFEIE D AedbEm & o FRAEA T —3 K P 46 B AR 0 4T 237800
515, A m K4t &3 PET BE A BB A6 3 S04 B8, ST BB AR #4744
AR 5], VAR Y 57 5] Bl GG S AR 4E [ Fe 4E AR 6] & A SRR 45 E 2 PET B, A
o & A46 F 32 PET B P a2k 5, it M2 5 5 4 PET B0 TR R AL ¥,
A& &

ok, xt A s B R A2 S BRSOl a9 A R B R A M A
v[(D) +(VOm) 1+ > RI(DYV)Y (o)

v, +1

YR T —#iE R Pt BARE % PET B4 m # 47 EH6Ymds1E, AmEikE 4
ey BARZ# PET BARE P RAZ L. P, v, A TIX 49 Ak & Bregman 3£ K
ﬁﬁ%ﬁﬁi%ﬂé,b%&gmm%ﬁ%ﬁé&iﬁo

BEAREAEMRG P, t—F M, Fv,iZEHN 1, Ahit—F%IKE4%
F 6 B AR ZE PET B thR42 5
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PET B m #t47 £ Z69m4518, AmE S ZE/F509 PET B BBR A2,
ok, s EAAPA FA S BIFH PET BT 12 5K

WG!G, +v,V' Vm=v,G y +v,V (0" —b*), 0" H % ki Koy # %

1%, D" R F kR E AR IE EAEE, AT iRS T #3249 PET BiR 4 B R,

o A 2 B, ik, 83 TR R IR A Bregman 3K 7 ik it 1544 B
H A2 #4712 AR KR

B % S201 ¥, ARABTRIL YA dE B AR 4B [EFe TR B IS AR &, 42 A
B 2 AT B Mt A F 3 PET BARST & 6940 % BAR 34T 2 3o

BB S202 W, ARE R ATE 694 B B R e ik IR £ AR R AT B 0GR £
KAEAE, 1% F PET BER E 52 5 KA B AR AR B P Ik B8] AR, 773 B
& # PET B4%,

£ 5% S203 F, AIMT S AT ROR M A G L B IR 69 1% KRR

B AR ERBI T, 35 aTiE AR SR B FOR A K BEME (e, 50 k)
Bt $AT 3R S204, TR, BEE E P K S205,

£ B S204 W, v B ARE & PET B%,

7 B S205 ¥, B B 4RE 1 PET BAR X E A #46 F 12 PET B4R, JHARIE
FRIX A9 B AR SRIRESE S, MndsE 1 PET BALN & 69 4% 5 B4R T 2 Bt 2 &
o) BE S, AB R QL5 KA B B R A A B R

TR KSR AP F, |4 E 2 PET EAEA BRI AE 30 2) 46 2 1,

Bl R4 B AR Ao A R, ARABETRIR A0 B RIRIAE TR, 2 A K4
J B A% A B B A B AR P AR R T A E 6 KR B AR S A B AR IR,

BB B S206 F, sEMGRGT RS S, B E 55 R6H R AR 2
84 45 HEHE [ Ao B AR S 3T 2 69 44 A 1) 2 i AT ARSI BLE 4L

T KR F AR, 50 A3 IR B KR B AR e A B AR St AT 45 AR5 5]
B 25 R 6K/ = A AR 69 K F/ B AR 4R [ fe K P/ 2 B AR
He st 6y KT/ A AIEG R AT AR BLR A, P, HEERE -7 55
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ASB R SRS 2 G AF AR & —— 3T L .

BB S207 W, Frarhese e dF AR ) 2 5 AR E A A04s 4 AESE % Ao 45
HFrirm e, FYarERRH3EA 12k, ok E 53k S201, %4 T —i A,
VAE # PET B1%,

i@t ki Bk S201- 47 B S207 F M AT 4544 B B AL AT KK, VAMFE]
W45 E & PET B4Rt 2 69 B AR & PET B4, AmlE T2 BgethuaE4E,
®& TRHE PET B TR BML A2,

T KRR 645 4, 4838 PET 18 &K & 2 89 32 438 VAR % PET 12 499 &
G4 1% 38 3E PET AR & 22 Lok st F e Ands L 69 5 2 2 PET Bt T M T 2,
R AFAYE E 3 PET B4R, 484145 F 32 PET B4R, K A48 B AR AH
& 69 AR & 3 T A2 e TR S M 32 09 A BB B AR A AR R IR AR AT BR AR AL K AR
846 F 32 PET BE T 269 B AR ¥ PET B4%, A miks T1&7 & PET B
ey TR g, B IRE R R h#AZE, Stmiks TIKFZ PET BT 2
A BRI .

%) =

3TH T ARG R E TH BT ZPET B EZ @ % E
e, ATRTHHA, rdh T HEARXAKEPI X3S, K+ ais:

HBOGRBHE T 31, AT LHMEHAH 2 PET BRa9 € &5 Koy, FARET
PET X 4R % 2| 69 #4048, PRI PET X 449 2 S48 %

WS FHEE T 32, A TARERDEIEAR R R4EME, iM% a9 PET B4
THF A AR SE R PET BT B E &, HF T # PET
KA, AR

THRBRFEL 33, A TAREA T E PET B, R A& B R A%
TR S840 2 69 B T 32 75 A2 Fa TR S0 ) 32 69 46 38 AR A5 A8 28 BR 75 A2 #E 4T BX SR AL
KMg, #4244 F 2 PET BA%T 569 B 47 F 22 PET B4%.

e 4 TR, HitH, THEMBRKMSET I3 0.
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HEAREK M T 331, AT KA Bregman 354K 77 ikt g AR E s AL A B

B B AF AR B 7 AL BX 2 69 4544 B B AR AT A K R o
—F Rk, ERKMET 331 015

TTAL RS L 3311, A TR A Bregman X 77 K 154K B B 5 A2 45 AR A A
JE AR ATk A, KGR ERE KA. PET B T 2R/, URAFIEFRBLR 2L,
VAST#6 B AR 37T R4k, KR 2R ER S, PET B ZTERH., AR IESR
Bk BT R KM, F24046 E 32 PET B4R 269 B AR E 22 PET B4R

—H Rk, B S5 HTTR, FAELSMEL 331 G5

B R AL 51, T ARIE TR 69 A0 45 5 AR 4B [ Fa TR 69 A0 45 45 42 6]

, A% R HS B AR AT R BT A dE T E PET B X 2 69 4 L R 4T 247

PET B2 &2 ¥ T 52, A TR 475 6946 5 B Fe ik iR £ A B H4F
B 69iR £ R IEAE, A& Bl PET B4R 3 3 5 BOR AR B B AAS B 38 P Ik B2 B AR,
#73] B #r ¥ 32 PET E4%;

% ROKRBFVBE 53, BT A S AT RO F B R 09 % KB

PET B %4 #7054, ATAN, #d BixE#E PET BAL;

B3 B2 L 55, AT &N, ¥ B47F % PET B4R B A 4145 # PET
A%, HARIETRIR 0 BRI IRIRSE R, A A045 T 32 PET B4R 2 694 B A%
BT N AE 6 AR S, #p R Q45 KP4 B B R A A B R

HAESF ] R 56, AT EESRSATAAESF S, B 25 320K L B
KT KL 6 4 FEAE [ o AR S St 2 89 A AR 16 2 it R AFAEAR IR 4, AR

HHOREF T ST, BT R4 e 45 AR 13) 2 5 A K E A 046 45 AESE [ Fe
WA IR &, JFAR AR B R AT E T 51, %S T —4iEK, UEE PET
B 1%,

BEARKRAFHRE T, K THEBAIKH Z PET AR EZRENZ L LT H
AR KL 69 FLAF SREAF LRI, S F AT AN IR ZA R, AT, T LR R
A=A, AR, ERTRAUARE AR, Bhd, &FTEFRET KT

9



10

15

20

25

WO 2020/118828 PCT/CN2019/071098

A E A R AP — a3, AR FATR,

RHH =

B 6 H T ARWRAG R HREHNEH, ATRTHA, 5
T 5 AR KR A K 635

KK PR 6T LIRS 6 LIENEE 60, GHE 61 ARGHMERRE
61 P HTAELARSE 60 LE/TeyitEMAERF 62, ZAHE 60 tiTit LA
62 BRI L A T B R a9 K H = PET BAR Z# 77 A Fap P a9 F 3%, Hlde B
1 Pr6y 5 3% S101 £ S103. &#, KAEE 60 Tt EhAF 62 iFE AN LR
BREERAH P EE LD, Pl 3HTEL 31 E 330k,

T KRR A8 4, 4838 PET 18 &K & 2 89 3 43E VAR % PET X449 &
%48 1% | 38 3L PET B4R & 22 JL ok ot 72k An 4610 09 45 2 3 PET B4R 17 AL & 22,
R AFm4E E 32 PET B4, ARIE45F % PET BAL, K A 4244 8 B A e
& 69 AR & 3 T A2 e TR S M 32 09 A BB B AR A AR R IR AR AT BR AR AL K AR
245 & 2 PET B 2 49 B AR PET B%, Kdm# S TIK7H £ PET
BT ERE, LR TZ BB HFAEE, #nits TIKH = PET B4 &
M ER R E,

AR F A 0T H R ETAAANAGTEI, REH5SE. ZiTHE&E 6 T4
I8 35 60 PAT I HAAL B 62 B 5K IA T4 B IR AGIKH] & PET B E 32 75 ik B 5%
G BRI A E AT A TR R AR, BT HARRK,

F RPN

BARPFHRE P, RAET AT LA, % AT %464
N GER T EWAF, % A S A B AT I LR R T R
&%) PET B4R & 32 77 oA 5260 b 29 3R, Blde, B 1 AT %9 4 3% S101 £ S103.
KA, Bt ENAEAFELEEPITH EALAZ R EREH P EETHDRE,
Bl B 3 BT 731 £ 33 893k

B ARAKAREP T, RIE PET K&K K2 B I AFZ PET K&
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