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A

(WP K2 HALSE BBARZER, KE  030006)

(2018 4£ 4 f 27 HY®l; 2018 £ 7 A 2 HikBIE 4k )

BT A RIIEAE, 7T LGS & e 4 B AR AR RE B A5 M R UL AL BOR s EE L g R o, B R iy
/N (total variation minimization, TV) B84 2 —Fh ] AT UM RACKEY. G2 W TV R, (FHE IR E
UL R I, TV IEITUN B bR 4. AR SCHEFE TV 290 805 5 B 5/ (T'V constrained, data divergence
minimization, TVeDM) #7 8 TV #58 & H R AR H . A0S T TVeDM £ 8L #) Chambolle-Pock (CP) %
5, AR TR R SR IERA I A T BRI T ;YRGB AR B S B Vs 0 TR S A ik
FEoxT H @ 1 RN e SE S B I SIoE 2 B SR . BF SR I, TVeDM A RUAT ks BE i B 4 fg /); TVeDM-CP
SET ORI SE, ERE A RE P ARG IS TV BN B B B, 20 K2 51N 75 T/ 2 Rk 1

BT FES B A R 32O F e .

K§Eia): B Zf /N, Chambolle-Pock 5%, ffift, EMGEHEE

PACS: 87.59.—¢, 42.30.Wb, 81.70.Tx, 07.85.-m

1 58 =

1E 1T H AL Z & (computed tomography,
CT) B E gt rh, LLIE [ #5 (filtered backpro-
jection, FBP) i ARG E 7 iE/ERH CT
g S (1 HLR SR T e A s .
B i AL A N ) FBP 8 2 51 2 5 R 05 5 12
Bl A R 4 B S s A AL B PR ) TR
AR T+ R RIBE R B Ho,
SR Z BN (total variation minimization, TV) &
PRI E L2 —, HE LA TR CT P,
i B PR CT I, EHEA TR CTI, C-arm
CT B AKF & PR CT ) e MLk 8 f% 1% (on-board
imager, OBI) V- # CT % [0 =4 CT W 15 3] T &
DIWINFH, FEos 1 e vanks FE (0 At = e

TV 535 0] DL sy 4 B 1 R i B 2 1) J BT m] LA

s IITHA EAREIHAIE S (HibHES: 201601D011041) ¥ B 5L,
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MEATT R AR, TV BRI T 48 & 1) 8
. A8 BN, W SR R A A AR 4 R
B H, IR AT RAACAAE F A 5 R 4R 21 10 iR 46 2 4
KRG AE FE B @A, FLIR LR —AE B R H
ML, AE A3 O A A8 45 1 € Y B0/ D).
TV SEEAE M B AR 42 1 B2 K /N3E Hk (gradient
magnitude transform, GMT) "2, TV SHi3AABL T
JeIn 2 I AR, FERR B E ), R AGE A ) 4
PEJT AR ST I, AR TR A LT 24
fift. TV EIEA DB AN T — M e ge iR, Bl
VAR GMT @ Msi ). X6, TV EIER LT %
MR I TV SN IR, TV BRI 7 GE
IEBHIVE . TV Sk A 2 1E %M 05k N H 2
BG AL B b, LT DLAE 25 M 1 [R] I PR 5 R 1) 3L 2%
{5 5. 051 FBP (5 2 51N ZR O B2 2 — i
R RS TV IE A2 38 I o0 3 Fof Mg 75 PR A1 388 8 U
TR T 2ROV, SEIL T ks B AR R E A
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TV SR AL A 29 FOE UM A 29 dOE 0k
PR JEL AR R S5O — AP R 7
FH RS- i K540 R B 77 P R0 T U 7 B, L AT 1
PR R X, LR R AR TVER H
BRSHEMIER L, BEEHERL. FHMNL
R TVAAL, DB R B IO 20 38, TV IE I I
N H bR B B, BRI i DR S0 B ) B A
Z R —ZHo H i i 8 BUK, BT RS
e 121 20 A K % Pan BF S 41N 2014 4E R 442
H T TV M. BdE 2 B/ (TV constrained,
data divergence minimization, TVcDM) #7 TV
AL R 2 BA B T OB R ROTE # M,
C-arm CT I, J 4 F AR CT 71 K 1F o7 K S5 b
JZ 14 (positron emission computed tomography,
PET) %) s, MR AR S 40U TV IR, JLAERE
R [ R A8 A 0 B o B S M B /)N, i o T e B
W EUTT R & R AT

TVeDM Y & — bt £ B e AL BT, A
G AR 20 R AR A0 B R SR R B VL A E T A
e 1% (alternating direction method of multipli-
ers, ADMM) 17y £ 41 5K #% = 7% (split Bregman,
SB) 1)) 3 B FI SRR AR %A% %Y. Chambolle-Pock
(CP) HyEAELR L7200 & —Bp Al 75 (1 St b B AE
28, AMEE M THARA R BB, T B T2
WHMRAE R, EHEZH A H— BkEsHY
A LATHRASR BT AT AN RGE; H T, WL T
M AR TR A P 2 R =
R T AU ) — S A & il CP A
PRAEZR AT DA SR AHE- S SR TVeDM FE 8 1) CP 553%
S

Pan fff 7041 201 F 2012 &£ S T — RFICP H
VL. X e S 4y ) R K R B /) R AR
FELI A Lo-TV B R 0-TV A, FE
LUK KL-TV SR LL R HE 7> A R TV i
/)N (data divergence constrained, TV minimization,
DDcTV) #EAY ) {H & i i oK 32 H TVeDM A5 84
B LAFF %A 25 i TVeDM #28 (1) CP 503 545 i
. 2014—20174F, AR — R FIEH TVeDM #
B CT M PET BUR R 307, EEREA TS
L AR AR B RSN IE 0 R B S B
FEI L 2018 4, ASCAE#H 5 Pan B F 4L L 200
B R 5 EPRIH O 7T 5K IX — BB 3 T H
FTRE IR AR (electron paramagnetic resonance

imaging, EPRI) [ i 5 & rp P, X s mff 58 B 48
TERE YR SR VEAE SE bR A A 1 PPAL T A A8 1
HAE, AIEE SR oL, e R RIM R
TR SRR W i B 2 e 0 VPAl AN S E0E PS5 2R
5 2 T A 9.

ST BRI, AR SCAE B CP STV SE
3R B b, PE4HHE S T TVeDM-CP 5032
SR, Hh tH EE R AR RS, LA Shepp-Logan Al
FORBILD 1 B #4A 221 ff) CT @ A, SeBliZs
v, WAERR A EE BB, B i 2 AN EE
FRUERIERAT 9, Ham WSO, a7 i A
PPAG 12455 8 1) v G s o B A R gl ek xS g
PR AR R B, B T B S HON R E R
Wl B B FE T A S HON SO 2R (1) 5

2 FH &

% 42 3% 42 (continuous-to-continuous, CC) %
BRI N R I G BOE S R . T B -2
B (discrete-to-discrete, DD) BG4 4L 4 4% 52 A1l
BIE R HCR AL KR, DD BRI — Dtk
T REAH, BT DD BAY (Y E At oK 77 AR 4H A i
GO T, ZE T R — A R R A
) HATRAE R E 1 (bt = I ) D7 R4, A4 K A
BN 5 B R B i 1) . Dy T A B I AR B
PR, AEAERR A e BB R 3t — D il O — N i
DA R, A5 3 AT LUK s 7 2 56 55 a6 R 51 N ASE
B HJG, TEB R, DAY,

FTn Bkes, DLCT H# AN 5t, L TVeDM
BRI FORS R, FEAZ S 3 B 42 HE AR 2R 8 -
AR AL -CP 5 -2 Bk £51X — W ST BE R TT 3L
®. BRI B AERZE ) TV AR K SRR
%, AR, AT CT ARSI R, Bl
ARG RS B CT A5 A0 3 A 43 A QIR =)
FUE, FLOTFUT7E R SO S ) R HE T e

2.1 RRiGIERY

AT CT (¥ DD & 45 22— A e bk U5 %
A, (1) PrR:

RH, g R—A KRN M G IR, FoR B HUH
AE; i — RN AR, Ron Bl

198701-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 19 (2018) 198701

%, AR—NK/INN M x NRIAERE, X BARE 2D
Radon B #t; A, , RANHE n MEREXNHEm MY
M EAH I TTER. X 2D Radon 28 # K, A, , A&
FnMEFE(EH ) 5Em FHE (HL) KM
N

WEE KN AN, x ny, $H—F—F 5
1746, BT BLAS B AR B 2 R R, RN A
N = ny x ny,. WREEKNAN, x ng, BIL
Hng MHETHRHRE, BN EAn, N H
H—|—F 8474k, wirT LA 2455 30l 1 n) | 3R
R, RN M = ny x ng.

SEBR b, SRELA,, ., B 773580 52 Bl iR 52 T
1%, BRI RGPS BRI E TR, 5
T7 A5 4% R K Bh 3%k 23], Siddon B £k UK 2h ik P4
Joseph Bt 2R 3R 25 fE B oRsh ik O] 2% (L 4p
PG R IR BSES T NEIE G R, o8t 7 —
FloRs B AR 22 O Bl vk 1290 AR SOl T RS A AR R
UK E R AR AR, BISREL R SRR

2.2 EMHER

BT (1) 2R B2 5 FE 2 A 25« K AR
FOR Bz, T — D% 2 BB — A ik
B, FR R T 2, ] DR R 0 BN | AR AR
il S R % A Bl S 06 R ) DA L
A RSO 5T — Pl B 52 1 R 4 BN 1K TV R
——TVcDM.

TVeDM, BRI TV 25501, £ 7 25 s /MR Y,
ATLARIR N

u™ = argmin ||lg — Aul;
u
st lullpy <t (2)

XH, R R A, R HE ) B
113 7 £ TEHU T 5 B TV 53|y 2

FEIQ B /NS | Dl (10 €, T
[y = |1 DU (3)

X DR—NK/INN2N x N FFERE

)
D= , (4)
D,

Dy M Dy ¥8 N x N [HFE, 53 0RmiE o My
B 7 ) P S AR P A 4

é\uiﬁ,lﬁ S [lanw]a Yy e [Lny] %%:éﬁ@'f%
EEMER, W Dy A H A IR N

Upy — Up—1y, & E [2,ng],
(Dyu),, = { ! v (5)

0, =1,
D, BHn] AR IR A
Upy — Ugy—1, Y € [2,Ny],
(DQU):C7y — Y Yy [ y] (6)
0, y=1.
R | pnag FEAKT A ZHE [ BRAR, FTLGE 6 Y53

Fit, AT LA £ YU, AEARSCH, SR £, Y KR,
By

Zmag:HZ)2:\/m. (7)
X, (3) & [ AT BLR 7R
[y = |[1DUl
D VXN
z,Y

N T REIECERE, STy I HES 5
LI TV i EOM B R ECI0X P 1™ R B A
RN, WA EI T TVeDM B8y [7:8,14]

A
u® = argmin§ lg — Au||§
st vu|lpy < vt 9)

XA S H R B R R R, (BRI
HARHNFIESH, FOVEAIARE I E AR
I, (ELR T DASE M Ak WAL SRR A AT T2

2.3 Chambolle-Pock B A & H 2%

K1t THTRBRMAER (9) I CP &
EOARAS.

ER LI, |||, 25 BB s K& e E, ok
VE WL SCHR [20] R 5L MR, u s BFIR/INA
N; A& p RN M; 18 & g Mlaf) KN 2N;
6.3 HAEL &2 — KN NN B“17 0 &; 6.2
2R E ST ProjectOnto/l; Ball,;, 13K 7% L
T2 N AREE; weony A2 1A B W 155 FH WS 1R
Ja S Sl

ER 2P, 2 RoRm—MKEAN WHE; ol
BRIFCEAE; m g — KA N WmE, HENTR
XT L 2 HORH BTG 3 [ ZERTE sign (x) 2 17475 B
IEE R EUE 2 1, 0 BB EUE 2 0, 730 eR HUE

& —1.
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#1 FATRMBEABR () () CP %R (7,8, 14]
Table 1. Pseudocode of the CP algorithm for solving

the optimization model shown in (9) !

7,8,14]

HiN:

T

g,A, )\ b, and t1
_ llAllsv

compute vy = Dl s
SV

and L =

A
vD sV

1
c=—;71=—;0=1in=0

L L

uo =0; @ =0; po=0; go =0
repeat
Prn+1 = (Pn + 0(Atn — g))/(1+0/X)
6.1 a = g, + ovDu,
6.2 s = ProjectOnto/;Ball,¢, (|a|mag/0)
6.3 gnt+1 = a(l; — os/|almag)
Uni1=un —T(ATp 11 +vDTqn i)
'l_lvn+1 = Un+1 + g(un+1 - un)
n=n+1
until the practical convergence conditions

are satisfied

q&ﬁ&ﬁ@ Uconv

#2 ProjectOntol; Ball [k &L 14
Table 2.

ProjectOnto/; Ball (14]

Pseudocode of the solving algorithm for

1)
2)
3)
4)
5)
6)

7

8)

9)
10)

11)

Function ProjectOnto/;Ball,(x)

if |z|l; < a then
return x

end if

m = |x|

Sort m in descending order

1 J
k = max(j)such that m; — — (ZmZ - a) >0
J

i=1

for all j € [1, N]

1 k
9:; (;mia>

w = max(|x| — 0, 0)

return w - sign(x)

end function

2.4 CPHEZENESLR

AT S M CP BEAE S 45 H Sy s o) 1) e
G972, SRIEHES: TVeDM # R ff) CP 5% 52491

241 CPHKAEERREETH X
CP FIFAHEZE AT LUAETEAn (10) PR F i A it
(it

" :argmxin {F(y)+G(x)} st y= Kz, (10)

TEMCBA ) o Fly 2o il R s X MY 1
ZYEn & K e — MR, RR— MR, w
X7 —=PMINXBY B4ttt G F 5552k
T oMy M2 o, 20 E X T M X MY 2528
() — AW, CPAEZL L RIX AN ek AU ™ R 2L, H
AR
CP HIEHESE N 3.
%3 CPEIEHEAE (N Bisft) [17]

Table 3. The CP algorithm framework (N steps of

iterations) (171,

1) L=|Kl|gsv; c=1/L; T=1/L; 6 =1; n=0

3) repeat

1) ns1 = proz, [F*] (un + 0 Kn)
5) @®pi1 = prox, [G] (xn — TK T ynt1)
6) Tnt1=Tnt1+0(@nt1 —xn)

7)) n=n+1

8) wuntiln > N

K3, | K|gy /2 T8 5 M K Wi KA 7 A8
F* & 45 1 oR B F I LB R G proa, [FF] AN
prox,. [G) 2R AR WU R, T RREE.

FEE AR H (z) FSHEN R B0E SCN

H*(z) :mgx{zTc—H(c)}. (11)

X, TEER, max AR AR RIS HAxR
Hom KB A&, 125K ¢ i RAE R H Fr
PR AR R E.

prox F RIS HIRIE N

prox,[H|(z)=arg mcin {H(C)JFHZ;OLC”2 } (12)

2 AR WU AR b — AN s A ) R H2 R
z— MR, TR RZE KT 2 1R

PLAE, o] DLALSE S A CP BV HE 224 5 CP
SRS B2 RN

1) #i&4n (10) 2B 1 Ee Ak v

2) 3RHL ™,
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3) 3R W proxz [F*]| Ml prox_[G] W A~ & 48 i
DRIR

4) RN 3 B 44T FEE 5 AT TE SRV 52 451

e PP OB M BUR BT (11) Ay 3t
50 R B SR RN IE T (12) 200 S5 A8 0T e S Fr SR B
CP LR 2 — AT AL i SR A 1 &
fifg. XELESRAE (12) 2, B3 H(Z) E 281 5,
DIMEAS AT LSRG P& T U . IUA R, 78
el A5 i S v et FH ) RS o™ R 0B o I ) e <08 3
WS ¥ A et 1200,

2.4.2 TVcDM-CP # k521469 4 5

(9) 2XFTXF B IR e A AL i 8, AT DLGE i G0 AR
IR (10) 2.

(A
u" = arg min {5 lg — Aul’
+ 521 Ball(l/tl)(|yDu|mag)}7 (13)
Horft, 6p, an & DR REL, RoRWIR— P n 4k
[ AR A5 A2 AR A 00 BRIV BT, W eR o 0, 750,
{EN oo, HFRILFN:
05 ||$||1 < a,
O, Ban () = (14)

oo, |z|1 > a.

PR, W e 1R RN a 6 R, T
R 9 0, FIE oo

LT, R R R R, 4 (12) 5
(10) R R K.

r=u, p=Au, q=vDu,

K:(A>, yz(”), (15)
vD q

F(y) = Fy(p) + B2 (a), Fip) = 5 llg — 2.
FQ (Q) = 651 Ball(ut1)(|Q|mag)a G(:E) =0. (16)

MR CP S S i 4 5 20 B8, IAE AT 55 2
RIS Y B3 Fy (p) B F (g) FIFLHE Y 6 8, LA
FORWLEy, Fy F1G =N R prow 5 4RI ML

W (11) &K, 7715

XFE,

. 1
Fi(p) = 55 lIpl; + 97p. (17)

F3 (@) = vt ||| ag (18)

o0

R4 (12) X, 7118
_ b—o0og
TN

proz, [Fi](p) (19)

proz, [F5](q)

oProjectOnto/;Ball,, ( |@lmag )
o

=q|1;—

b)
|q|mag

(20)
prox. [G] () = x. (21)

¥ (15), (19)—(21)ARAFE 3, TSR 1 s
TVeDM BEA ) CP HL 5241

2.5 EESY

AT R HRVE M T — B e B
HE, KA MSHMR T EES5. 5
KSR SHL, 5EFH S S HR N E
PR A8

B ZHAFE TV IR ¢ B8R KA R TTE
& fEASCH ) G FRKNRR TR NERIH— 1N 1,
BRE T 1R R R B R R R 3%, MO E 3.3 1T &
FUREFE TV PR 2 2 R 5.

BB o, \, v 0, Ao, T F10SH
BT LA AR 2, A T N REE, BT DA TR 2
SR N Rl v 0 B R U SO P AN R AR A R,
WGAE 3.4 T 5T Hxh i S R () .

3 & %

FEAAT R, Bk 4 MR 1) EE RN R
E R CP SR R SEAT s 2) B I ik i o
HERE IV, 3) TV IR H @A A2 4) A
AN v PR P WO S0H 6 A R

3.1 HIEFEMR EREAENEIMER
CP E AT

M A R, UG E R — AN . X
TPAT R CT E &, Tk, WiEp R BSCHEZE, 2
Sz Radon A8 #f [a] @ 1R AR5 2 2 Pk 5 PR 4H 1 =R At 1)
L R R — RPN S in) R 7S O A 1 5 R
40 BAR AR H e s AL, Rk
fifE 15 25 AE LT SRS BEJG R N AT LA ge 43/, AR
WARHE R Th, RA BB R L s
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—— M R G B )RR AR
FITHEALSEI, B2 A .

A 73 v, K Shepp-Logan 1 FORBILD
BT R {7 EOAR R 47 AR B AR T 78 4 A5 L
i A FH B8 0y 1 B U A AT E A g i
JRAF FU I IE 4 R IE R T
3.1.1 AFEAIRA T HE LMt

43 5l K I Shepp-Logan % 44 1 FORBILD #4
N BB R AR K /N DR 256 x 256, BB
E Rl AR & S RV =R DA B
128 x 128. R %5 K B2 N 256, BANRITT R/ K
AL 1. H51 R4 [0, Y B 360 AN JE R 4R,
FIT LA 52 Bl 1 K/ 256 x 360. R RS B 1) 15
RIRENIEE X RGERE A, HAE R EIE.
WG g ) 2Rt T FR A, A 256 x 256 N R R HL, A
256 x 360 N7 FE, JE Tk w . (HRE AT REA
SERZRI, BT LT REZEAT M — RS A

HECPHEED, e A=1,b=10v=uv,4,
REESHIERE 1R IHEAR]. TV IREE N
FAAL ) TV AH.

CPik f & % M I 8t % & X A
RMSE(ty, Uirutn) < 1074 RMSE 1€ W
(22) 1 (23) =K.

312 ETHELENIERZE,IN

AR A E s AE BTk, —
J7 AR v e 25 PG 0T B, — 7 T ELR R b 2 A B
BT, DUt AT e e, w20 i, WER AT

F % 2 (root-mean-square-error, RMSE) 1E 4 5 &
bR, R SR

RMSEC@S):Hx;:M’ (22)

Xz R FFIPE AR, s RS AEE n 2R
K.

X} Shepp-Logan = ## K 15, CP 51215 % 4 2
2273 KB, KB T woE WSk ERAS R
I 1. 1 (a) /& Shepp-Logan i . & %4 [ 1%
B 1(b) 2l EEEG EEHAEE
A PARILEANTLT 564 —FF, H IR HE DL 48
Bt B (o) A2 EE g UG A BB R 1 2k
POV R, MEIRRTLUE H, PR JLT w4
A BEMBEENER PN RIS T mEE
H

Xf FORBILD H £ oK i, CP %% 78 ik 4R 3
1712 KB, IE B 7 e s sk k. B4 R
K2, K2 (a) /& FORBILD 1 B R 1%, 2 (b)
S SIS E A AR X AN A AT LR B,
AL 584, FIPIHRAE DAY 345 0k, B2 (c)
J2 T g IR GOR 0 A AR I v 0 2R 3 T LR L.
MEIFRRTLLE H, BB LT e i s, BIgEmM
W0 FEPEAN R BHEAS T ks i A

P B AR ) R R M RMSE Y B3] T
1074, —J5 T KR LR sk & 88 T, 55—
3 T W T AU AR T, DR A I 1) R v s 5 R
file 1 HE.

© — asaw
— Wk

L

0 50 100 150 200 250 300

%FEZ5

K1 Shepp-Logan {ij EAE A TVCDM E# 45 (a) Shepp-Logan 1 EBAK K, (b) EEEUR; (c) B EGAE R
BG4 LR BRI LR B AR, HERREFEIY, —FILFEeEs; BENEREDZ 0, 1)
Fig. 1. The TVcDM reconstruction images of the Shepp-Logan simulation phantom: (a) The Shepp-Logan phantom

image; (b) the reconstructed image; (c) comparison of the profiles on the vertical center-line of the phantom image

and the reconstructed image. In (c), it may be seen that the red truth profile and the blue reconstructed profile are

almost completely overlapped.
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(© T

0 50 100 150 200 250 300
GE%5

2 FORBILD i EAR K TVeDM H#LE R (a) FORBILD 1 AR E1R; (b) E@#EMR; (c) Btk EE M HE i KIG /2
F LB LR AR H Y, WEARERMY, &)L FEeES; BEMERED&(0,1]
Fig. 2. The TVcDM reconstruction images of the FORBILD simulation phantom: (a) The FORBILD phantom

image; (b) the reconstructed image; (c) comparison of the profiles on the vertical center-line of the phantom image

and the reconstructed image. In (c), it may be seen that the red truth profile and the blue reconstructed profile are

almost completely overlapped.
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Fig. 3. The convergence behavior of the TVcDM-CP algorithm for reconstructing the Shepp-Logan phantom: (a) The

iteration trend of the reconstruction error Mi(n); (b) the iteration trend of the data error Ma2(n); (c) the iteration trend of

the relative TV error M3(n).
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Fig. 4. The convergence behavior of the TVcDM-CP algorithm for reconstructing the FORBILD phantom: (a) The iteration

trend of the reconstruction error M (n); (b) the iteration trend of the data error Ma(n); (c) the iteration trend of the relative

TV error M3(n).
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Fig. 5. Comparison of the reconstructed Shepp-Logan images by use of TVcDM and FBP algorithm. The numbers

above the image indicate projection number and the text at the left of the image indicate the algorithm used. The

display window is [0, 1].
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Fig. 6. Comparison of the reconstructed FORBILD images by use of TVcDM and FBP algorithm. The numbers

above the image indicate projection number and the text at the left of the image indicate the algorithm used. The

display window is [0, 1].
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Fig. 7. Plot of RMSE of the reconstructed image as function of projection number with (a) corresponding to

Shepp-Logan phantom reconstruction and (b) FORBILD phantom reconstruction.
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Fig. 8. The impact of the selection of TV tolerance on reconstruction accuracy: (a)—(e) are the reconstructed images
with TV tolerance being 0.6, 0.8, 1.0, 1.2 and 1.4 times of the TV real value. To highlight the display of the images,

the images are displayed in pseudocolor pattern and the display window is [0,1].
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Fig. 9. The impact of the selection of TV tolerance on reconstruction accuracy: (a)—(e) are the reconstructed

absolute-difference images with TV tolerance being 0.6, 0.8, 1.0, 1.2 and 1.4 times of the T'V real value. To highlight

the display of the images, the images are displayed in pseudocolor pattern and the display window is [0, 0.2].
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Fig. 10. Plot of RMSE as function of TV tolerance with (a) corresponding to Shepp-Logan reconstruction and (b)
FORBILD reconstruction.
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Fig. 11. The impact of the selection of TV tolerance on reconstruction accuracy: (a)—(e) are the reconstructed
images with TV tolerance being 0.6, 0.8, 1.0, 1.2 and 1.4 times of the TV real value. To highlight the display of the

images, the images are displayed in pseudocolor pattern and the display window is [0, 1].
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Fig. 12. The impact of the selection of TV tolerance on reconstruction accuracy. (a)—(e) are the reconstructed
absolute-difference images with TV tolerance being 0.6, 0.8, 1.0, 1.2 and 1.4 times of the T'V real value. To highlight
the display of the images, the images are displayed in pseudocolor pattern and the display window is [0, 0.2].
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Abstract

Image reconstruction is an important inverse problem to reconstruct images from its transform. The two main
reconstruction methods are the analytic method and the iterative method. The analytic method, for example, the
filtered backprojection algorithm, needs complete projection data, so it is not competent to accurately reconstruct an
image from sparse data. Thus the iterative method combined with optimization techniques has received more and
more attention. The optimization-based iterative image reconstruction algorithm may accurately reconstruct images
by the use of compressed sensing, low rank matrix and other sparse optimization techniques. Among them, the total
variation (TV) minimization model is a simple but effective optimization model. The traditional, constrained TV model
employs the data fidelity term as the constraint term and the TV regularization term as the objective function. In
the present work, we study a novel, TV constrained, data divergence minimization (TVcDM) model and its solver.
We derive in detail the Chambolle-Pock (CP) algorithm for solving the TVcDM model, verify the correctness of the
model and its solver, analyze the convergence behavior of the algorithm, evaluate the sparse reconstruction ability of
the TVecDM-CP algorithm and finally analyze the influence of the model parameters on reconstruction and the effect of
algorithm parameters on convergence rate. The studies show that the TVcDM model may accurately reconstruct images
from sparse-view projections. The TVcDM-CP algorithm may ensure convergence but the vibration phenomena may be
observed in the convergence process. The model parameter, TV tolerance, has important influence on reconstruction
quality, i. e. too big a value introduces noise whereas too small a value may smoothen the image details. Also, the studies
reveal that different algorithm-parameter selections may lead to different convergence rates. The TVcDM-CP algorithm
may be tailored and applied to other computed tomography scanning configurations and other imaging modalities. The
necessary key work is just to design the corresponding system matrix and select the optimal model parameters and

algorithm parameters according to the insights gained in the work.
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