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From the standpoint of data analysis, the computerized tomographic imaging of plasma is reviewed. In start-
ing with the mathematical formulation of the image reconstruction from projections, a variety of numerical meth-
ods useful for sparse-data tomography in plasma experiments are taken up and classified into a few categories of
techniques for regularizing the ill-conditioned least-squares solution of the linear equation: (1) the series expansion
model fitting, (2) the penalty function minimization of Tikhonov-Phillips and nonlinear one of maximum entropy,
and (3) modifications with the Fisher information and the Hopfield neural network. Basic concepts of composing
plasma images with basis functions a priori chosen and numerically generated, and the filtering of Wiener type and
its statistical optimizations of Akaike and Wahba are explained instructively in regarding successful results and
by exhibiting undergoing works of plasma imaging in nuclear fusion research.
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Fig. 1 Arrangement of ITER neutron diagnostic systems inte-
grated from several toroidal plans: 12-channel and two

ba YEEt (ECE) DA A=Y 7 onWTiZ, it ofE 4-channel radial neutron cameras (RNC), and vertical
5] % BIR S 700, neutron cameras (VNC) at four different positions in one

poloidal plane are under consideration. NFM is the acro-
nym of the neutron flux monitor (from Ref. [6]).

Numerical Methods of Tomography for Plasma Diagnostics
IWAMA Naofumi and OHDACHI Satoshi

corresponding author’s e-mail: n-iwama@daido-it.ac.jp

399 (©2006 The Japan Society of Plasma
Science and Nuclear Fusion Research

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

Journal of Plasma and Fusion Rescarch  Vol82, No.7 July 2006

12, ERSEREERBIE ITER B ) T BRGNS
BDOLNTWEZDDOWRERTHL. MIxr/D 1Ky
A FVEE, KEHEIZ 3EOY k- Hh X5 (520
Fx v AN, WEFENIIERIBCH X5 1 10F +¥ %
V) #EE, SHICHBIAMIECTHEON AT FEET
LA REMEDMRET ST v b, JET & T2 ik
THht & BEHER IS LT, OIS0 BB 4
RHFNIT BB Tk ay A—Y g Y E2ERTL,
FR 7S EBRLR TR IR TV 5 (6].

T3 XAXDOCTHRBEREZ D ) —DRTAL). Fig. 213
B RERF RO KA A VEE LHD ISl iF s h
RO A—=F A ATORBEETH A7), 2HOBHE
EUAZFIELT, AYHNT T A 28D 5455 %
LI 2B 7 7 v E— LB AFDBEEEINTVWS, 7
5 A< FEIRETHNIE, BT UBOBKIO NS
FIZFHCADOENSE. —D2Dh A FHEFIZE 5220 D
WHIEDH ISP T WS, LT, mREBOBMICED
N7220F % Y ANVDOEET 4 P FAF—F - 54 4
DEZTH 1 ARKOWHND L OB %2, EOMEIEL
BFIlEZONE. ZH\v) 2D N A FHEHE - KIS
T ARHEEEIZIEE S TR LTS, O ATRE
flio T, EETLOMOE T O ZIFHNT BT 5 BUTRE
D 2RITCEMAHEBEEE LTRDEZ LIRS,

ZOEHL, TIXTOCT WGER BB OH KA
V. EEOBIETE, HRS—HFEIZ U@L v En
) EROBHALIIEICH 5. M0 SN VK2 &
%W, FOLH RBREBCBVWT, BETF-7000
HEHIOBWMIZHE ) ik L GHELZHLEL. Ih
AERAMIZRE N7 —<TH 5.

3. BEBEEBROERL
COMBIZFig 3D L) ICHAMTE S, WE, B
BEofixEgLEZ T, BROEEEL K HOEFE (pixel)
WA RUE, SEERICBU D WEOMET b B RS
fi (k=12 K)BRANBTHBH. 7TI X EN2 VAL
RO HEEEEA ST LT L v, Lrl, 79X
<BOHHFNIWEZERICE TN TR E TR,
WE, Bm RO gn PRMBE ED X B
MARICH B2 HFATRIL-EE, ROLD HIEH#T
TholzbT5h.
K
Yohife =gn  (m=1,2,--, M) (1)
k=1
2T hy 3% R BZEOMWE £, O g0 ~DEBREZ 4D
TEHET A, TNERBEHROBRM 25010420 K
TR TH S, G2ONIMEIHTHL, 115
Al Z AL,

Hf=g

LEGF L. H b, 2ERETIHREATH, f, g i dENE
N fo, gn B ET A K KT, M RICOHER7 PV TH
5.

(1

400

Vacuum Vessel

N

HC Groove

7 R Divertor Legs

%
.
T
nE
W

1%

Fig. 2 Layout of a pair of 20-channel bolometer cameras in-
stalled at Port 4-O and Port 3.5-U viewing a semitangen-

tial cross section of LHD.
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Fig. 3 Pixellation of plasma region and the field of view of a de-
tector for 2D computerized tomography.
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Fig. 5 Time evolution of the soft X-ray CT image (upper) and
the ECE image (lower) in TFTR tokamak during a saw-
tooth crash (attimes A, D, H, | from left to right in Fig. 2
in ref. [14] with the same contour mapping; 3.39 ms be-
fore the crash (A), 0.27 ms (H) and 0.33 ms () after the
start of the crash (D) (presented by Y. Nagayama).
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Fig. 6 Toroidal positions of three soft X-ray CT cameras and
an ECE radiometer in WT-3 tokamak, and the time evo-
lution of CT images at three ports; the arrows show the
shift directions of the kink mode in a straight plasma
model (from ref. [16]).
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B P(f) 126 I X o THESG PR S, B
BigEL FNIZX 5 TRE 5. modelfree & IZRHIST X —
FHREEMBZDLDE V) T L TH-T, P(f) BEFIL
DESIBLIOTHE. i, WHBFOMT O 2 FFHFH%E
erThiiwhrbwnil, FLLEI ThvEEBRY
WCwbh b, vhil, Rk y Ex i) 5 BENRNEIC
5.

7.2 Tikhonov-Phillips IERI{b& & fR/]s GOV R%EE

Eg fr) T-3F0EBHO 2 /S

fD Ar)dr, fn VA2 dr, fD V)P, ... (10)

(F2 3RS OMBHE) 2TV T 1 BHEICHCSD
%, VEOHSEDL % H - T Tikhonov IERME & v 9 | FF
25757V Vr) RRVwALEE, ThERMEIEICE
MV 72 USA BE%E# O 44 % BL- C Phillips IERIME & W
3. 2D &, Cormack BEICICET %% L WERFES
na.
NRFEVFABEEE KR ESOMBPEREFC ZHNT
Pf)=|ICF|? &BMT B &, A, (f) ZHRAMET 2 FldRA E
h.
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F=(HTH+MyCTC) 'H g (11)

(3)yRewmysrE, HiglitkhE»roBiFs2 LIC& iz
i, HRIY 2iTHINETHo2HET (HTH) ! o
MyCTC b oTwab, BiC flr) © 2 FEGE V535
HiEC=1 (BEATH) ZoTCTC=1ThHY, BLHn
TR HTH O AERICIEMEMy 25b 50T, 750 B
AR R R END.

CCTHREMEMAHC ' =ULVT R EATHE, ok
b bRITH 5 [18].

»

j.: Z Wi (7)%C71U,‘, w; (7)= 1/(1+M70i_2)
i=1 ‘

(12)
CHITERC y, ERKETIRBERTHS. (gu;)lo;
BARE, w; (7) MER T AV OBETH S, {u; ), {v;)
BT U, V OFIRZ PV TENRFNIEBERR, o; 35
FHECTRIICIESIEE (0, > 0y == 0, >0) TH DY, IR
TREBLEETC TCRELTAHC 25477 —%
o CHEMEMELTALE, CROEEEZBETSLY —
VHRERENS, p=min(M,K) TH Y, CTHE T
p=M EE-STLWw,

—f) & LT, Jilich® + &~ 7 28 TEXTOR Ok X i
MBMBRBICOWT, AR INRE C o, LARINS
Bif% % Fig.7 & Fig. 8 \T/R37[19]. BRI, EIK C 'y,
BES & & HICEMER» RERP O ELORGE
BB, REVWET IZBWT, HEBICEANLEDS
FEEREMICENE, BKRELTEHTHS. HE
T—5 gDI2ODEKu; bFEKKTH 2. HEOREHIIE
DEEIZ B e BRT LR H(C v, )=0;u; DKL
5.

(12)RCBWT, A gu; g Du, BHThy, 2h
o, CHozOFRbIE7—) TE2ICBITLHTH
5. ENERBICHCZEOER (EEE~OMER) 53
(12)RXTHB. €L X, w,;(7) Eo; DEFRABL D7D
FHi LLBICTBETS. H L720>TCHC ' BELEMLD
L&, REWET i TBI2HERMo, 120158, 20X
I %FEE ICBWT, KA gu,; H4EE dominant TH NI,
$7z, 0;, u;, ; BNH OHEWLERECH XD bbbdD
ThHE, TNoW o, CLAHETREIHIBEINSG. *
No% 74 Vs w (y) 0 %L 3. EAME ST 2 —
Ty (>0) BREVITE, w;(y) idi OmE & HizHL
WEL, 74N 7HEE S, [IERMLD X = X A
BRZTz] EVIREFERILERTH 5.

BT A VS DIST A= y DIBEEZRDEY -V &
LT, G.Wahba ® X ® GCV (Generalized Cross Validation,
— AR ERGE) 255,

22

€ 2
ll_ﬁz“ w; (7’)}

i=1

GCV(y)= (13)
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Fig. 7 Bases C-'v;of plasma image generated by the singular
value decomposition of HC™' (C: Laplacian operator) for
soft X-ray tangential CT in the poloidal plane ofthe TEX-
TOR tokamak (illustrated for i=1, 2, ..., 16).

Fig. 8 Reconstructedimages ofthestationary{(left) andfluctua-
tion (right) components of the TEXTOR plasmausing the
bases C~'v;(i=1~100), which are shown in Fig. 7. In the
dynamic ergodic divertor experiment, the MHD fluctua-
tion mode of m= 2 is recognized. Image at the upper-left
corner is missing from the geometry of the measure-
ment.

IRILD R FHERZE FPE (Final Prediction Error) 12k ~
b #4872 Cross Validation £ WIH BIZHDEREMA D
DT, TP EVEERVEEZ L, y BRI T B &
TANETY TR E o T, &2 BERARYI 55, 570
B EL > TGCV(y) BFLATS. 2oMoR/hEES
2By EIFRBETHD. [RoThD|F—FHHOKREI
HBo LCERICERE, ‘GCVR/AN OBKRTHRBETH 5.
y HORBELIE, F—F DT 4 v T4 YT ORBLT
5. GCVIZE LM 28 X Hf = g O Tikhonov 1IEHI
D7DIZF RITEZONZDHDOT, AIC LHERB L, #
B R VHEEIH L HICRAS, T, 97707
VHEETIE T ATRBIBO THRHYTH S, HEED
LT, C=TDHFLVITHoEWHIRTIX
25 LVEENEONG. MRREEFEL SHVLFEELL v
I AR R RTH 5 [18].

4B, AICLE-T, BEBC, B 5 P(f) DMTGCV
EORBIITE RV, FO L) Iz, iR
1XdH 58958 % b2 Cross Validation 1ZJR 5 Ze v Ewnid 7z,
ADRHS LTEICHL» R EH1C, 12 XD fidg
WKELTHMETHS. WFREEEFC TRE 5175
HC'#BREMILTCLIEZE, £2F v VRIVESEL
THEOLNEHRET—5 g DANBZIINLT, $hbb 7
5 ARG ORHELDBHICB T, BEBERELRLL

Numerical Methods of Tomography for Plasma Diagnostics

The Japan Society of Plasma Science and Nucl ear Fusion Research

N.Iwamaand S.Ohdachi

BHETHA. BRMEDTHEL QR 4% (Gram-Schmidt E2Z 1L
OHEFIR) TEEEZ T, SHBEAKRETREILTERAD D
%[20].

F 7o, MEEBEICBVT, BRAE (. ) RO B IEH
HRADVELEETHIUL, an D 2FMERF VT 1 BEIC
FAWTIEAMLT 5 L RN TH 5. H{a, T g TR L TH
T, OIEAME S5 A —% y OREILIZ GCV AEZ 5.
7.3 FEEMIERIME
(IRAI>POE—-ZXREZOER7IVIVI L

NPT 4 BEE LT, RO LS RMiE £ OB
(WhIFAZY M) 2 fns i, BRIy lub—
#: (Maximum Entropy Method, MEM) &I 5.

Pw:Zﬁmﬂ (14)

AT NIRRT & DR L IB 06 —Inf, OMERHV
CELHBH. ZDEE, ST UVLHBA(f) BR/AME
T5 f2Mor0RERE GERERBLE) Tk s
TR B. 0o —RICEHERIRKEVY, HREHO
ZeOWMBEOEMIRIES A, MBHETIE, HEXED
KEWER BIZIE7 5 X~DEIBE) (CREIFEE LR
T, BEEDE LD EEED-DIHBOD LERE TS
FSAVGDELRPBET L DDA, TOLHIBLED,
BRLY Mo —BRAEHEZHI2VIEREDRICL T
ROLTELEGEE BTEESDH Y, FOFERTHRERIEIC
R,

LaL, 4)RoxF N5 4 BELE, Tikhonov IEHIE
DC=1 (WHhITR/PLAINVF—F) 0L ELETLL, B#E
EEOHMOME - oSS ZHEBICHMTL2OTIERL,
MBI OMWEITHE - 7285 IEAMETH 5 720, Wifgid S
FHFIH L. BREEZHIILL-EFEEELTERE
SETE [HBEOEK] L, XA XWECHHLHBRE DD
HBY, WKLY b —FEoFE2RMICHETE 2
IVICEEZ RV, HEdHoTH, BREFOIIITEL
T [RoThb] OBEHTVRZWV. 20X BIEFFIE
HMLIZBWTIE, BRIERICIA2EH - ARBLUT 74V ¥
VY Z e BEBROP S D RERTRAZ V.

BAL Y bu¥—id, 197040 5 BEERFE OB
BHDOT=OIHFE S, 7)) TEWEXR—RITT HIEHR
f# (CLEAN ) ORARZH LD 0L LT, RELELE
WA BEAHEB (218 K=512x512) TH 57T
2, ERERBELOT VT ZLAHBHEDTF —< Th o
72, RBETHEOL%Z4H 5 Skiling ®“Powerful MEM”
RUPA SN TV, FERERELE VI a— b
ECEERTH S, 10RO P(f) 2RI A, (f) OB/
CICHEAT 5 &, SBEROBMTT, KEBOPEMIC
DWT [Za—FrEPOERLEAN V] Enz b3
EHEMLGEEMNRRTCENRS. LaL, HEfERDLDIC
KB LY 2 €7 V475 (K RIEH) Odfd v iz Biv
AHEOBEIZRD9 5, Cornwell eral. [22]13 2 T 1258 % A
T, PO 2B L2 RDAFEN=2—

*1 FigllEDX %707 74 WVIil%h 5. Fig 9 TREFROFEILD 2D IZHEETIZ W
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BEEZ:. ZORPEEETLAMRLITOALTNS.

ZOMEMBIEWZH LT, 79 X<tillla b o HEBRIZ
F—=F B (M<K ThD M HERHI/NE ) #ifg
SHEEDLIZERTNVITY) XL THA. von der Linden
523 M BEORERREZF/-ICEAL, 210 2 RAE
ETAR/MUBIREIC AR L CHE FA KD B %2 E
Z, Garching @~V H )VEE W7-AS O X # CT I2HW
7o, TREFINC, MH - A S (24, 25) 13 H 2THI AR E
AT, =a— b rEE/ ML M TTHRE TR Z T
EECETT %2 E2, KBBOER (X529] o
X MERBEOEBRERICHCL, ST — 5 OMHED
72D MEM & LTHREFTE D WIIRERETH L. Fig
QIBFEDOTNLITY XL HAWT, Fig 2 DRERTEDS
7275 X< BER#O LHD 75 X~ DBEETH 5.

$7:, ZOMEMBHIZBWT, EAHML/S X — %y
/RS LT, BED 2FPFHME SHRIBBHE O 2 T
WHELDDNELRDETF—F BRI 7 1+ v N &E2T
25, BEREEGICYHENICRETIVEESENS. von der
Linden 53X 4 ZHERMPELEH» o, #MiH - S/ S 3HD
GCVHEZEUMICHWT, ZhEFNICZ OEm % FH L
TWh.
2BAIY bOE—-EOTHE

BRALY PV —EoBRAEBALLY. RAZ Vb
0¥ —EIEHEAES <, BREAFFFFICES. Ll
BOEBETFC 2T f=C'x LEE, MO ShEE
x 2oV Tx Yy bur¥—2E®HKT L, BEiR fOELIH
MENTIEHis N5 7-DIERM LT 2. ADRNE xICD
W BT, FRE FICERT 5. CBR(23] 130
#H C 'x % preblur X FATWA.,

L) —DODERBRRANIZIALY FOE—ETH 5.
)Xoy Fo¥—% XX Kullback HHEICHE &
Wz5.

P(f)= ) f Infiledy ) (15)
k=1

T, fo=(d1, 80 o) T EETFNEERTHE. ZDE
X, PPH20DD f=f, DEEDARPH=0 &) WHEH
bY, P(f) EEE f EETIVEIR f, LO—HOEHTS

5. F—% g K2 EAEMEL EWIHHIROL LI, &
DEBMOERCTEFVABRICRDIEVDDERD S, £,
FES e O—HEBLTWERAKL Y MO E—ETH

D, Ry rofai%bHUHEEEHTw5. flz
X, 79 A EROIMMNERARICELET—F 777 b
PHEULLE, ZOEBTOLRLINESE f, LThE, B
HRZIIRE SN L. FREG L RAROE T VEBZRIZE]
SAABELNWI NI, f, ORE— D HEHICE &%
X vy ewn[23].
(3)B): Fisher 15588 %

RFVT 4 EBP() LT

[ st ar a6)
TEBEA L oL, flr) BPOICEET ST
T A ABEBTRFI VT 4 BKREL %Y, ERMLIHRE
B. flr) THl- 72720 (9) KD A, (F) & FITBI LTI
W% BDT, UL mEIHREOREL ERE 254
fr)>0%3 9 —2MATH 9. (16) XAHEEHF O Fisher
THEEE L ERANIB TS DT, Minimum Fisher Infor-
mation (MFI) 3 & IEiEh, Lausanne O/hE s <2 TCV
TRAZBW SR [27].

Fig. 10iZLHD O AR X — % CTIZBWT, V¥Ar) ® 2§
Hi45 % M v 5 Phillips DB IERIL &, Vi¥r) ® 2% %
(16) KDL 51 flr) TH - IR IEAML 2 e L 72 b
DT, FlE LTFy oLy b2 RS L L XOES
THbD. Jho TOIZRBIEALD 75 X< 8Fs, &
F=FICRELLICTA4 Y FLAEBFLE—27 DBV RE
L2BIZEDL - Tn5. BRED EOBFIZITHA LI
Lo TAHAMPOB X DBV LI BT LN, BEIHNE S
nas.

(4) Hopfield Z 2 —JJb % v bk

Za—0UFAHEICHEES LB LRI, EEREICH
RS D D &, MERED S RRIRENE SELT S
L&, ZANY—EREPEESEIFICRS L CR/ME
WCEGET A (28], BIEREZTDOZ2—ar2FITT, (9)
RO (f) BEDZANF—BEICLED I IFRE DL
D, ROFAFIvrA%a vy ¥a—¥ Ty Ial—}

Fig.9 MEM images of bolometer CT in a transient phase of
plasma collapse of LHD: Shot 31721, t=3.00s (left), t=3.61
s (right); pixellation of K=32x32. Magnetic surfaces are
also plotted. The peak value of the right image is higher
thanthatofthe leftimage by afactor of 1.4 (fromref. [26]).

406

Fig. 10 Bolometer CT images of LHD plasma by the Phillips
method (left) and by its modification of MFI (right) in
a pellet (Ti) injection experiment; Shot 64880, t=2.0 s.
The peak value is raised by a factor of 1.5 with MFI (from
ref. [26]).
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y =1.0x107 y =1.0x1072

/

Change of the reconstructed image of Hopfield neural
network with the regularization parameter y (with the
Laplacian operator after 500 iterations; bolometer CT
of LHD plasma, Shot 31721, t=2.0 s).

Fig. 11

FThE, BHIREBCBWTEoa—a ol EHEMEE
T 5RO 5.

Tikhonov-Phillips IERML TH AU, 175 — (/M) (HTH+
MyCTC) OEF% =2 — Y MOKARKICL, )7 by
(2IM)H g (Tbbiifel) 0BEE 2 {2 -0 NS
TACHZTC, BYRMHRErLELES. ZOL X,
Za—a VIZHFET S Y ZEA FEEUIC L o THEMEIRIE
ks N s, BEEMICIE, ¥ 74 FEEE AL CIERE
o7 9 vV 2 BBOR/MEERERETETT) S
LLEMTHS.

Fig. 11 13 LHD ®Fu XA —% - F— ¥ h 51550 7= FiE
B ThHb, 5757 VEETERWC, EAMESYT
A =7y {12& o T MEM W% IEEE GO HH S 2 FET
&%, ARy ru¥—ENEETVHEEZD
Za2—F WAy POREKREREEZ D LR AEMITEA
T%5.

ZZTHELOPNEEHES 20D, 5000 b O IE%
FroTWhZ EICEEL LY. FREEBEICBVT,
Za— b UERSD) KB T ~ 8, HEICIRHE % ik
LLLTH FEETERDLLDICH LT, RAKRTHEEZZD
I IRERENDEIG. UL, HEOBRBENIREL RS
oo — b UEBERTEWICE LS 2 5. 1 EBRMER
SiE x il & DR KD BN BRI T ORI OB
KRR EMR IR, KEOZCICHMELH#L S
EIZHELW. FRERRSE ERBBETEIZ, RE1 MO
HENLR L, o, BENKBETHLLERICLE
V. R, Sa— M EERERTEOLD LML THE
P EREIZL 5.

8. TOMDGEBRELSEDOKERE

VE, /23 740510 7L Wiener 163
W OIERII T, GEWEEO LR b DML 2.
BRI, AP OIX TN ADPEBENIZITARZD D,
b HLDOREHELDD, F— ¥ HITEORRIZON
TR 5,

ZF DO FE I ART (Arithmetic Reconstruction Technique)
ThahH., FEHCT OMBNIRKBEEZICH 2 2k E L
TR L. WEXHf =g OB ZE2DSLT, AloD
Hf 3K (WhIZNEH AR, A& oEE L CExis
ETAIEREERD Ky, POREORIEEA CIXEL, #5
NIBOIHFNIIED L b Dhbhbiwds, £
WKROWHEESH LN, 70753 v ZIEMETH L. A
L — ¥ RS OB S 2 (i3 2 BRED 3 KL CT 12
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IhpfEbi[29]. 72, PP =|fl? & ¥ % Tikhonov
IEAME D% kb 5 KRN D H 2 [30]. 79 A~ Hlg
TIEIMBEE T2 ANS ERWTHAH. ZOMONE
st T, RHEO 2 CTHEFEME f \CASEIZ 0 LELCH
a2 ANTEEZIEMEICTE S, AMEESBRZOBRDIEREL
ZHEDEWT, PHARTNEATY 2 EGICH 2Rk ww
A

TIATHRBIIE LN LMD L FHEEEL LT
Gerchberg- Papoulis KAEED S 5. &7 — ¥ OREEH %
FFIEMHEO0 & LT CT oL THEZ KD, —BIRH
FIZRS LTEDBEBIEL, 20¥Es2 b o> TRERE
HWETSH, LT, ZOREEZHIET. T—FREIIE
2 E THRODH] S TIE R WY, BRI ME 2 5 [31].

¥/, RY O YRR CT (PET) 72 DH IHET
# % natural pixel #7%, ITER % ® 98k X BRS8!I CT
D7D OB LI TV 5 [32]. Fig 120 & ) &%
MHBROILED - 1252588 — VR BRIEICHWT, 2hoo
HREGbte LTHEE2RATAIBBERETSHS. =B
RY =V DIENY EEZEELOD, RilgGE EZETE AL
BLALEEMACT OEFEZA LX) ITHENEVHIB
HTHRONTWA,

EMCT &lX772T 5 X< CT #RfED—D DR - 724
BiE, HAERICBTEBOWE LI HIZH L. BET—
3L Fx VANBHERE LTHESNL, FEICBY
DT TR L, 22/ 2 RILB L ORI OB
AERENTIWES S, BEHFNOME EFoFHn
BElE - W oHE) BRDAAL 74 My ) 7 (GERIL) A3
I NBERETHS. TOL) BRHAIVELRSNT
Wh, LAHL, BEOBmE LT, RExERO?2 Xt
F—yHEFOT I E AL LTERMESRL, Boh
7R E (0, ) DFRFRIZOWTIETER 21T &, 7
5 A< OEWIKD LIREK T TG EREL L v &
7, MO — R LA RAN B [4]. Fig. 8 &%
DEHZLTHELN.

2R 3 RITH B\ 22 2 Ko K UHERT o R
%7 AWK LT, =2— b &R Tikhonov iFHJ
AL TH TV O 53 % 8RS 5 ERIEOBFED 2 ST &
W, PET % EIEM CT 71T KB e B BB 0 % 17 -

Fig. 12 Reconstructed images of 14 MeV neutron emission CT
in the T2 gas puff experiment: the initial shape 150 ms
after the puff, when the tritium density is hollow (left),
and the highly-peaked shape after 750 ms (right) once
the tritium density has fully relaxed (from ref. [33]).
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XD DL, BEAEZEOMEIIEATYS, 5O
TENRRD T 2170 THRIZVOTHNE, REIFERHD
B AL PRAS & SR W BEEASTREME 2 b D T B AT Y
HDPHTHLZLEFMBELT, 0 LD - M2HBET 50
#d R shTLw,

Z0fl, X7 MV NEZT T4 RTREMED S D 3K
JECT Z LR L ATEHELRD O, KR LO
BN OhH 50, HEEE LTORBMOKREIR U TH
5.

9. bYIC

HERZTHDB L, ZOEDIMHA Do IR FERE DD
FEITEPE, BREIB 72 B0—HEZIREL T, ¥
HREXOHEERAD L) IS 6B%E2RDLTELH o
7o, BEREBEMNZIELFFHADIE, Radon B LD L H
Gfb e 7 — N OVERICEEWICR S, AE IOVWT T —
) B, P1Fr 122w T modelfree @IFHIL & v ) Ko
JibbAHAH L. JET OPBEFRHECT THE LT
BNIZDIIZ D/ ETH o7z, 75 X< CTRHIPHE -
TR, EES LWBENE2b->THEE-T, KELE
MO aNniz, ZORPTHERANZI EZECZLHICE
I . BHOARE L KFIZLT, BARPREEICZE VT crea-
tive THN 72 WLDTH 5.

JET 2003 EEIZHEES L, EAFEL M) F 7412
IAMRBERIETRET HFUTRITOT 43 v 7 58
Exn bz, AIZRETSaliF DAY OMHLAD
DR L) A= R HWTzy BRI CT T L
7o XHBRI33,34] & 7 —WifgE R2 L, WGEHEMORE
SEMRIGHIEEOSBEMBEH I NNy 7 VEEFEOW G %
BALTTAIZHEZS.

HARF AT RO T V2 7 M2 [f A=
¥ T OREIAEY 1 S 1 (http//www.nins.jp/imaging-
science.htm), MEEHATFREOH L g I > Tw 5,
EWEAOBLEE Y. CORROLMCZORIKE %
BTV EENTH 5.

HEE
HEIDH72oT, £ DT AP LEROBMAE 1T 7-.
ZhTH, BEAREWRTORILGFREE» SV —=
VIUREEBDR ST REMBON T —RE, FU B
ISPSHIZEE 206 R0 A — ¥ OBEF OB % TR V7272
Wiz, BEAIZL2SEH L.
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FEEREER
Z N >Z# Radon Transform c_ EFNDNG A7 EEE L TWIHITHEEZ L) £ <
AR 7 P v n CEEOE AN SO p TRESNSIN NHTEXZDIFER, WEMD ) A XWX LI L
B o 72 2 KICHIE f(r) OMFES f74/btﬂ§%MﬁH%%é g A IE A I HE D
EX, AICO®E1HHIZ (F— ¥ H) xIn B 2 ) L EEHT
)=[ s(p—n-rfir)dr X, EFNORTEOORIEERT. H 1 HICELVEI L
P AR, B2HEAMERLT, 0 %I A—F RV
%, B%E J.Radon DEZEW-T, f(r) ®F FrEH L. EFNRRNETFT N EHR SIS,
2T, 8()EFNTEE, DX Ar) OERBTHS. ME
7574 OBEERETH ST 4 VI RERBEES L7 — 1SRESM  Singular Value Decomposition (SVD)
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