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Abstract

We conducted research focused on new functions for a panoramic X-ray imaging device,
which is widely used in the field of dentistry, toward development of a next-generation digital
diagnostic device. The objective is to be able to provide products that have functions that
contribute to image interpretation but with less of a burden on patients.

An autofocus algorithm was executed on a urethane-enclosed skull phantom as a subject to
visually confirm its panoramic X-ray image.

In addition, we conducted a simulation experiment to explore the relationship between the
frame rate at which sufficient super-resolution effects of the detector moving and frame
additional technique (DEMOT) can be obtained, as well as the focus size of the X-ray tube for
obtaining super-resolution effects at practical magnifications. We verified the effects using the
panoramic X-ray imaging device with the following results.

The autofocus algorithm processing allowed us to reconstruct panoramic X-ray images at
optimal tomographic layers without re-imaging.

Dividing a memory into four or more sections was the best way to obtain super-resolution
by the DEMOT method. In addition, the focus size of the X-ray tubes at 0.2 mm or less was
found to allow the acquisition of the appropriate super-resolution effects when using general
panoramic X-ray imaging devices with magnification ratios ranging from approximately 1.2

to 1.3 times.

Key words: Digital radiography, Autofocus, Super resolution technology, MTF, Resolution

improvement
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ST EEE 73 KV, '_é:"fﬁ()lh 40mA & L7-.
PEROMBEER T D CCD & TR T, EiFEY A X 100 pmx100 pm, [HE
% 64x1,510, 7L —A 1l — |k 300 FPS @ CdTe CMOS > ¥ SNAP225 (Ajat,
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7'v 77 AOHIWEIZIE, Visual Studio 2015 (Microsoft, Redmond, WA, USA),
7'u /T AFEEICIE C++ (ISO/IEC 14882:2011) & Boost 71 77 U (Version
1.60, https://www.boost.org/) ZF|H L7=. =2 E=—%|% Windows 7, Windows
10 (Microsoft, Redmond, WA, USA) Zffifi L 7-.
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N —=F Al (33, FRK) OEFREZFIH L., EEICES I LTV D ENE
S A XY 0.2 mmx0.2 mm DTy 7 AFE (¥ /) VELET AR, iR
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Ty 7 A L, RERICEE IR STV D EFET A X 100 umx100 um,
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SNAP225 (Ajat, Tekniikantie, Finland), ¥ LT, BEFEH A X 120 umx120 pm,

W #EEL 50%1,200, FHEE#E CMOS & >3 C12902D-40 (IRfAKR h =2 &,
i) %71 —2AL— k300 FPS CHEMH L. £/, =y 7 A i s
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A) MG BRI 7 7 > b A
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ZOHATIE, N/ T~y 7 ABIREIEBEOT — L OEEAREST — L H
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IZEY, (EEOWREAME TON ) T~y 7 AEGEZART 5 Z ENAREE 72
5.:ﬂﬁi@,*W@%E“g%ht7V—AE@ﬁ@?ﬂ&#% 113 O W
BALBEDONS ) S~y ary Ea—% FoFa s 5 MM CEEFBR AT -
(Fig 4) .

(2) A—=FT7F—HADOT LTI XL
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HENWiE DBRATENEEZ L2 T2 T~ v 7 AREREERT H. HEARE
LHWrEALE % 0 mm, BMIGMZE+, HHHMEZ—& LT, -10~+10 mm OFiH
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FHERL 21T - 1= W7 O i 7 L Z I DWW TR B DT 2470, IRES
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TEZEoT, A= T I AWBEFEI LT (Fige).
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FPD 2O ac=y O F —Z OBFEY A X% 100 pm & LTEEL, ATV
B, 0&EDDT RV AZ 10 um FES E LTV S, AEY ADTyUT—
ZHEAEY BIZT RLRAEZBEBHEELRALMELTWE, 207 FLABEIE
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f@ﬁ—é ZZEMER B O 24T ) FIC L - T, T —AL— MNMEDORNT AT 71.
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(2) WEIPLREFBOIRGE

Ty 7 ABEBTOREME 0, =y 7 AMARFERTE 1 & LB T Y
V=2 % AEY AICRERMAL (Fig7), =y Y7 —2%at—75%E0AEY B
I FERERR & RIREIC 10 fFICHER L AE Y 22/ & L, {48 FPD OEFEY A X%
100 um, 1 2O7 RL AT 10 umfHY & LTHRY -7, RIZAEY ADZ Y
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I, MHARTOEHZEEL VI L—a DNz Ry 7 ZRESTE
%%ﬁﬁ&@fﬁkb ERBIZAEDETHBEOREIEZEZ, AEY A D
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TR ORE S, MR ERDIWEERNS T v 7 AFEE S - FPD BIEEEO R
IZE - THEL, BEARMIITIERENS 1.0 ZEE LI £ 1 X & 2R/ E
L.

ME#HDAEY B OF —Z TN T AL B |2 22 [ JE B DT 21T -
2. WRIBEHICE>TAEY BOT RLZ1ODOKE T 10 pmd bR A
BRA L7 R&E S 25021772,

TR I AMIED VI ab—ra VEMRT AIERHEIE, =y 7 ARE SR
LR WRELRWEBIRIED 1.0 025, /) T~ v 7 ARREEERK L
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iy&Xﬁ% JERDOREE (BEYA X) ITONWTIE R I~y
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XTIy I AR EEEIC TERBL LS 5/ 0.20 mm,  HHE] O A R
9575 0.15mm, BLU030mm & Li-.
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1) R IF~vxy 7 A O A — N7+ —h AHKEE
(1) R I~z 7 AEG ORI R T 1T Y X

SR Y L2 VR ABRET 7 7 v P AR UM ENST L LTHRE L
%o, FiREEZITDOT, Y7 N THEOLRTHIE AL E L=, EBRE RO
@Ti,? FRIT 0 3 2 B0 72 T fg ek A P Rk S A, ARAE, 5 K OVBRAR EZE 23 B
PRICHIH S % 2 & 2 lRAICHEGR L7- (Fig 11).

(2) A= P 7 =B ADT LT XA
TLEUEABEER T 7 NAZEURMENGTO L THREL, B NES
DT W B LEI A T Eﬁﬁ?%BODHQ”‘fTL_ IRELTA— N7 —H ATV
A LZEFAT LT, @R RIS TV e o T2 RE, I L ORI )3,
ﬁ%&%@@@Ti%méMé:k%ﬁ%%K 7 L7- (Fig12).

2) DEMOT {EZHAWZ/N ) T~vxy 7 ZARER TOE ST A X EJERRO A
(1) #Y~7 L —AL— MEGE
ﬂﬁEWD@E$ﬁ4fﬁ1mwn&LfDmmT%%£m¢6%,%%U%
\%LkBA& DEILWGALEDY I a2 b—ra UERE Fig 13 107
YEIL723A 1% ESE 25FEANC 72V LSF OHREF 236/ N &y, fREE o) _EAS
ﬁ%ﬂt
Fig 14 |Z LSF O 7 — U = ZBHFER N B5 64072 MTF B2~ 2FA 720
IR IR I DY 5.0 cycles/mm & 720, ZpEEAECTIZ LIz » THJE I
ﬁmf@MwﬁmLﬁﬂmb%Mt

(2) WUWERFIDOMGE
T T AhIELB I a2l —2a CORERIZLLTO®mY THhotz.

ERY A X30.10 mm ThH5E, JERFENREWIT E L O IEE OMMGE
@mLmM@%m JERK 1.20 T 8.8 cyclessmm (10%MTF), #EK2 1.30 T 9.4
cycless/mm (10%MTF), K= 1.40 T 10.1 cyclessmm (10%MTF), LK 1.50
T 10.7 cyclessmm (10%MTF) & 72> Tk, JLRFE L MTFEMZIZH®HE L T E
FLTWAERMENED biLe (Fig 15).

RV A X 015 mm TiE, JEKFE 1.20 T 8.7 cyclessmm (10%MTF), JEK=R
1%193qmwanM@nm JERFE 1.40 T 9.7 cyclessmm (10%MTF), 4k
K 1.50 T 10.1 cyclessmm (10%MTF) &72->TkY, HEEHA X0.10 mm O
REHEB L TEWIERED MTF ERCRKLS 2o TWD M, IERFENELS 2D
X & MTF 725 < 72 o T < BIRMEISHERF STz (Fig 16) .
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SV A X 020 mm T, JEKFE 1.20 T 8.6 cyclessmm (10%MTF), JEK=
1.30 T 9.0 cyclessmm (10%MTF), $LK3E 1.40 T 9.3 cyclessmm (10%MTF), &
K= 1.50 T 9.5 cyclessmm (10%MTF) & 72> TV, HEKZFE 1.50 O MTF {3,
JERZER 1.45 O 9.4 cycless/mm (10%MTF) RIS FETFNR-TLESTVDH,
JERRD EFIHE - TG E S EH L o< BRI S v (Fig 17).

BRY A X3 030 mm 2725 &, $EKEE 1.20 T 8.3 cycles/mm (10%MTF), ¥k
ﬁ@LwT84wwMMnUW%HD,%ﬁ%L%TﬂmeMmlmMMW%
JERFE 1.50 T 7.7 cyclessrmm (10%MTF) L 72->TCTEY, MTF ENRKE 72255
WAL 125 & 1.30 £ D 8.4 cyclessmm (10%MTF) (2720, ZFiLl DLk
T MTFEME< 225 T2 (Fig 18).

R4 X 0.50 mm Ti, JEKFE 1.20 T 7.6 cyclessmm (10%MTF), LK
1.30 T 6.7 cyclessmm (10%MTF), $LK3E 1.40 T 5.8 cyclessmm (10%MTF), &
KR 1.50 T 5.1 cycles/mm (10%MTF) &72->THY, HEBEILKFEN 1.10 & 1.15
& D 7.8 cyclessmm (10%MTF) (2720, ZiLL EOJLRFETIE MTF EDMEL 72
HEWHHERE ST (Fig19).

B A X010 mm 25 0.15 mm DA O EEAER TIE, JEREO EFITHES
fﬁy%ﬁ7mﬁﬁ%mitfkb,#ﬁ¢%k%<#éi&%@§%@<¢é
%%ﬁﬁ%ht

S A X020 mm TIFIERED FHAZ K-> TH S D8 M EOZhE3 /)N
é<@ofk@,L%NMO%@#ﬁﬁfﬁﬁﬁﬁ*@%ﬁgﬂﬁé%@&%i
Hir.

S A X030 mm TIEIERE 1.25~1.30 %523, SV A X 0.50 mm TlrIykk
R 1.10~1.151ﬁ75>ﬁf%ﬁb\ﬁﬂ%f£%%%%M5F%k IRolo. YERIRE &g L
I L DR RE ER X0 I K AR DN, MBGERTORKE 2> T
7-.

(3) /N I~z v 7 ARETEIEEIC X D IREFER
A)%@E%@ﬁﬁ%77y%A

T v VL MTF OfE R % Fig 20-21 (1277

CdTe CMOS & vV DEERA LB I-EHRENATIEIND &, EHENY
Fal—vart bz, FEEE 00 kV, BERE 1.0 mA IR E L TR
e L7z,

AE Y OGEEIT 4 5F] GRF D/ T <13t U THEBED I ZEh 4 15,

WEH 16 5) & L, EHEEHIT CdTe CMOS % Ff L 7= X-ERA MF
@Vﬁ%%Ui%@%’%wTWﬁ$%l4ﬁ W )72 CMOS & o 9%
FIFHLTZN —F Al O A A N VITRTEEIZEB WD TILRER 1.3 5Ok &
7o TN D,
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EHAHITH CdTe COMS & % FIH L7z X-ERA MF OfERFiE T Ot
FEIX A v b A 7 EREDY 7 cyclessrmm Td 5 DIk L, AR ENT CHEMER L
72X 7 <M TlE 12 cycles/mm D FRARFE D15 H AL T-.

MR # T CMOS & o3 2RI Li2/3 ) —F Al OUERTETOMEIE X
71 N A7 JEIREDS 5 cyclessrmm T D DIk L, AR EINT TR L7z /3
/7~ Tl 8 cycles/mm DFREE NG H LTz,

B) R T 7 > b A

UL A AT 7 7 v b A ORI % Fig 22 1077

fEdD Tk & i L, DEMOT H:DEKEE CIELM O A > N L ik
e B RER, AR & R OB RE AR S THY . Lo
(R AT O & TRURRIT, 8\ MIRIRE DT 2318 B L7
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DR Chcil e WiEm 21525 Z ENARE L 72 o7z,

BEHEAHEFXO CMOS B Y2 HHTHIZEICEY 7 Lb—AEE (1#HKREHH
4,500 ) DOEEERENTTRE & 72 0 A — b 7 4 —h ARE A L, B BE D
WATH B CWIE 2 fcilifb 92 2N TE L0, 2TCOHICHLTAH— T+ —7h
AxATH Z LI Lo THWE T AWICHEEZ AbETlo N T~z v 7 ZAFER O FF
BRLAETHD. L, I IR E2E 25 L, AL L Ichhk$E
ROBEGREENEL, RO/ Ty 7 ARREG & g U TR H R &
5 EDOMELRAET D,

FTo, N T~y 7 AR OBEMEM T T, EHOME LA ~DEES,
7 Z 7 7 MEEASOKEE DR IFHTEIC 00 L3 @IS EM T LA
2, BIHEE B O EAH T TIX, N T~ v 7 ARIREEE OMEMT B — A
BREEBEBIZLENOMBEEESDELTD, EMATNEEL < I ZANE X0,

UEDFREREY, /N T~y 7 AARE OWIEHLE O O 72T IRITZE 2 v
FE, KFEOA— b7 — T AHEE 2RI U TR o850 72 W g i 2 R L,
WrEHLE 2R ORI% TR OREMIET 570, 4 — N7 3 —0 AO@EY 2 FH ik
NSO FRETH 5.

WIZ, ) T~T ) ARREEEOT VX IALIC L D, GG IR DN T
BRI L, BUEHMREINTWDH N F~vx v 7 AIREEEO® 2T 2 Hi%E
B A X1E 100 pmx100 pm A—xHR KRE S THDH. ZOHEFET A AOREIITL -
T, ZEMOMREEDIRANRE D, WFEYVA X2/ NS UG EOR E2iTs 5 &1
HE, KOS REEYA XDV 28ETHIVNERDD. ZOGE, Hiha A
FOER, HOHWIT1EEDH Y OHEMBEIENT D720 v 7 ABEORDIZED
JRIEIR T 72 ER 2 REEORAENREZ DND 227, LR, BEFEHShTW
LD o HEo— R T2l BRI EOm IZRED R W2 Lk b, £ TH
[EORFFETIE 1 BEOEEE Y 7 MICHEIT 5, Wb 2 G 20252 &)k
452 Ll k0 MO MREEDN E2EBRIICHRIEL7-. o 22, EED DR EE
L7- DEMOT {EEEH L, FEEOEE~DISHEZHEIC, AR EIT > I/ SRID
WTERETS.

1) PEkD/N ) T~z 7 AFEBOFRER T VY X LD

WH DT VAT 7 AR AT LTI, MHGEEEEA L LT CCD o
L2, CMOS o ¥, IP 28 EZMWED. ZRICKY, SR Ok 2 RS B AN
Bl THiHEN2 =y 7 A7 4 VAL H2D, CCD B ¥H D0 E CMOS &
YO DORE SN EL T DM RN LIRIZRES NS, DFED,
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CCD & #X CMOS & ¥ B SN -mEgERIE, 1 DOBEFEO@EBZ YA X
DFHANTT = PR IN D20, BN Ry 7 A 2R->Z L2k
5.

FIOH NP OEHREY A XX, ) Ty s ARIEERICHNDGA, Bl
FORRF 235 100 umx100 um FRED K E X L5 2 LN — xR TH 5.

ZD7=, HZE 100 pm DY TV o T EBITO FPD DA, T — X2 IUEIT Y
YTV TEREY, A XA NEMKEITL S cycles/mm &7 5.

2) MBI 57 L—2AL—

AEY OGZEBIZONTIE, AR L7 EBRERLY 4 SERED XV 5EEK
DdHIVE MTF EQOIR T bz b, G hom ER( G EBZ2 615
(Fig 14). #Y) 7 L — A L — MRIEOFEBRTIL, RRFHEOERFERE R L/
MEBIEEITONA, =V TV 7o —bRNICEET L EEZOND D,
presampled MTF @ FEIZE T 5 G K ESF OVERE I THOTICAnEE Co kT —
2 ZAERL LIE L7 (Fig 14).

EEROIRFEEICFET DL, X T~ v 7 AEE ETEFEOKE I,
WIR TOHIENIC EORERTEMICEET 202 BGMI L, R T2 Ea—
DYV —=RALDIFREWVWEEEL, AT DEEERETIHILENDD. AR
PEOELZI A, JLRFHIZ LY BARREGZ R RT L7201, 4 2FlE2 K& <HE
ACAEVZIRL TN ZENRRWVWEEZ NS, LL, 2 RIGEBO AT
Y ER A BT AT, BT TR BEF IS b RIS ET 2 LER H
5. 43EITHIUL 1665, 10 2EITHIUX 100507 7 ANV A XED. Lic
Mo TC, JBEERE T 1 2 byte, 1,500 pixelx3,000 pixel DX/ T <@g~ 7 A L
DE (T 7 A NY A XL LTHK 8.6 Mbyte), AE VU 4% TK 137 Mbyte, 10 4y
EIT 858 Mbyte L7205, A7V —=U TRl LTELSFHINE ) T~ v
AZRRIRFE DFHENDEZ D L, RERFEBETCOBMBBEEZRIL, a2 Ea—F0
RAE VAL IA L 720 RAFIERE O RBIBAIZ X 2 B /EE OB, BiF= A b
DERIZEDT AV FBRRENVLDEEZZ LA,

T, N Ty AREEEEKT D LT, 7T —A0REREHE (B RM)
L2, BMHREEAO 7 L —2 L — NI Lo T, BHEHEEARD 1 BFEHZ2HPEER
DBET LI/ LN EG OB 2T 2 RICEETOLENH H. B
FRILRIC 77 L— L L — FRR2WE, T — LAOEERHRE 2% & L TR
WzE< Lt 4 2EILL YT — 2825007, TOHEIZITEED
WIRRMBEEZHRESEDL 2L D, TUXNNR) T~y 7 ARRENG 2 BRI
BT 2581280 ThH, Rl EHEHRE CIIEERRes70D, ko7 L
— AL — R RT7 L ABEBRINEOBEENER LG50/ L 2EE LT, #
FRAG T3 2 DUEE CTRNLT 2 M DWW TRETT 2 R E R S 5.
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3) Mg BT D UyLE k=R

2=y M OESTIRICH SN b=y 7 AT K0, BRI RC kA
NERENTRESND Z & bz, EATRIMU BRARRY I M/ 72 SRR
ThivL, BRI ERN = v 7 ARG < Bl 3 213 EREA4AITIE
RKIND. ZIUZ X0 BRHFLEREEAR O WMV A XN RS L0 /)
S WA DD, ZOREHBBIIRKERMBGBIELFIELZ LN TE, BEGH
kA DENIL, KON Iy 7 AREBOMBE LN ESELHZ LN
TExhZLLn.

LvL, FEBREDON ) I~vxy 7 AFAEEITHER I N D = v 7 AHE OE R,
LI L o THRE DA Z R o TmmfE IR & 7o TV A T2, M FLER BRI FL sk
SNHREBIX, BERE R Y Ve, ZOESERICEIIEKEDaARY
2= a sl TELNEMERD. ZOESBIRICE 2R 7B, WEE
R, BB L MR AR & OB ORI L o T, B LI AR 2
—varINLEBOREINEL, ERBREEITHIIEEICRTIIRER LD
ER0, BBEREMEE DRI NELD. oF, BEBT ALY XL,
JERIRE, BLIOYEARTFZENENOERDETRIIN, EEON ) F~vzy
J ARRIRECIEE DG EE DR E SN D.

—EHNZHWONTWAE R Ivxy 7 A EEICHVLN TS 0.5
mmx0.5 mm S A XDy 7 AREERHWTEGE, MGEE R KIREHETX 5
JERFSRMN 110 THY, TNEBZ D EMBENMITL T ZERHLNE
pot-.

BETIRSN TSN T~ Ty 7 AR IEE TIE, JEREDN 12~1.3 B
DTFA NPT THD Z D, KREBROKERNOHE X5 LB R
FALTCORKBOIEBRBHETCE2VHEDEEZLND., YIalb—va VE
BROFERTIEL, 0.10 mmx0.10 mm DRV A X THIUL, JERFE 1.20 IZBWT,
9 12 cycles/mm, JEKZ 1.30 DRFIZH 13 cycles/mm FEDZNFE A 7R LTV D D%
L, AT A X 050 mm OGEITITILRFE 1.20 OFFIZK 10 cycles/mm, $LKZE
1.30 BEITHY 9 cycles/mm &, JERIRFEIZEI VTe LAMBEME T AR L7220,
A 2 Fy RERFEHE C X DR & 72 o TV RN b D EEB X B,

22T, WRHBEEGBT Y 7 ABEEROIE I KA =D —D I &2 v 7E ik
BTHE, NI/t 7 HTAMESRY A X 02 mmx02 mm O b OB/
ELTHRYEDON TS, EBRFEEENSHIE, 020 mmx0.20 mm LL FOE S A X T
HIUE, IERFEEZRELS 150 ELTRELELATH, MMBENMITTHZ L2
<EWBEZ2HT HDEBEZEBRT L2 ENTEILOEEZLND. LL,
Ty ABEDEZ =7y b (BR) I ZHlE = > 7 2O SRRSO TEIRIZ 72
D, EENNILSRDIFIEZTOEREICEIVZL ORI =0 EH L, ¥—4
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v MMEOBRZBA LS Z LI, =y 7 AREOHIRRK L 2VE5. O
ZO/NSWEROT y 7 ZETIE, mbAhoEEE, BER, BLOREHO
Ty 7 AMBRHRELT L LERETHY, Doy 7 A ETOHRKEIZ L
DROARPED AL, K= b T A MFREDIR T EZ S RICHET 2 LEN D
L. PIAMRBEZR ESELLLE LTS, MERREOEREIIV ZOREZHRT
IR DR WIER & 72 5.

4) v 7 A o OEB TN 2 DR

EEEHFNOx v 7 2t Vi, WSROy 7 AE G EZ O F £l
BT —2 L L THETLZ ENTELN, MELRTNox vy 7 2t 3T,
—E T U= HIC LD BE OB TR T+ N A A — R Tl b
728, BELYEIC X DGR 3 TS I ME T 5 Z E b TS 303D,
AHFZE D RERFE R TIX, Z OBELDEIC K 5 WG R 7 BN G o%h B E 4
25 Z 8137, EEEHR G, MEEE A nTFhoxy 7 2t 3 Th
DEMOT {EDFIHIZ Lo TEEBONRE/HTONDL Z ERH LN E o T,

5) BfEBREAMO Y LE HABHERT 7 AN Ty 7 AREIER

Fig 22 (2R LB O LG CTlX, 1EkD/X ) T~ v 7 ZFREE TR O S
NHIMD, HBEOERLARHKE TH L2, BEAREREGR TIE, HRCHEMAEER: &
DR L0 HARICHIH ST s, REFFETIE, 7EkO B BIHEFEERE 7 L
TIEAe <, FEMAMRA) T~vxy 7 ARG AEEIZ B W T O BRI 23 /e T
DML MNE o,

WRDIN ) T ~xy 7 AMIEBE OGN, A7V —2 =T 4 )V AREIEDN S
cyclessmm (10%MTF) 3%, CCD v HEHW=T VXN ) T~ v 7 AfpEEE
508 3 cycles/mm (10%MTF) 32, FPD &t V& AWz by vy R ITL D8
T2 Ty 7 ARIREIEDS S cyclesrmm  (10%MTE) To 503 39, AL DB G
T CHRER LT X T~y 7 ZARRRIEIT 7.6 cycles/mm (10%MTF) THh Y,
g N RE< M ELTWD.

ONIET VX VT 7 AAEE ORI, CCD &t Z2 WA T 7~11
cyclessmm (10%MTEF) 339 1P # H\\ 72354 T 7~11 cycles/mm (10%MTF) i
BhzEzFTHEINTED ), ONET Y 7 ZFER T 7~8 cycles/mm O JF
WEAREN W EVE L SN TWD B RIFFEOBIRGE ) 7~ v 7 ARRE R
%, 1 RTTEBABEONFIZ IV AKEFB TIEOWNET VX VT y 7 ARRERIZIT
WG 2 H L TEY, kD) T~ v 7 AR A TEVZIBEE
ALTWDEEBZOLND. BRIKRHZREIRIZOWTOREDN, S%OUIEHRETH
5.
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6) T 4 AT LA DFMBIEIZ-DOWNT

R T~y AR, B X OO EEE IR ORE N e v 7 AR
EEDIZODOWEETHD E VI M S 1S, FERHIILT 4 A7 LA ([C2HE
RTDHEENRZNEBZOND. RKRERO/ ) T~y 7 ARERIT, W TEHE
FRIRF D W B X > THEIRIZZ LT 2 b DD, AU 4558 THEHFEL 13,724%6,040
pixel TH Y, BEJAS A Ba—F AT 4 AT LA L LTHHBLTWD 7oA
B a2 (1,920x1,080 pixel) DG TIIMMEGEN AR L TEY, WERKIZE
RLTEE LTHR 014 [FICEFBENEM S D, AFREOERREER L 7 L
AEYarT 4 AT A TRERRT DG, JRFE 14, =y 7 A0
BEF A X100um KV, T4 AT LA ETO1IEZEDHTZVH 128 um DX T~
T J ABEBDERRIND Z L2720, MEBEERIEHK 3.9 cyclessmm & 72 5.

L7z oT, EERTLHT A AT LA BEBEL, LVMBEORWT 4 2T
LA R L7256 ORZRHEOfRTC, 2B 2051 312 A L— X7 JLRFR DI AT
Bep Y T NI 2T AV A —T 2 —ADERR, SHOBELEZ LND.

EDOMNESITEY 7 b2 7TAHIC L > THEBITHBI L, FiREE21THOTICE
R gk Co N T~y 7 AREE NG HILD A — N7 4 — T ARE, 77,

T VAN Y ER ORI YA XIEKE T 5 WA ORI A8 2 72 @2 ke
DX TwTy 7 APIEBEBEZFEBTEXHZ LIRBI T,

AHFFETIE, WEROEW O MG 1 Z2m ESEDHZ L2 HE LTHDH,
R 1325 39 TR 4O B ORFZEIC A B D K 91T, RRIRME LR AR HEE ) IC
ERIFTHENTHD. BRGEIRODEE IS E G ST 572012, Bk
PEDOWEDIHINSHOMEEZ X LS.
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1. R I~y 7 APIREDA— N7+ — T A

CMOS B HHIZLVEZ< DT —2%HL, A4— b 74— AT /LT Y XA
BRI X0, iR 2T T IChEREE ToN ) I~z v 7 AREHE Z KT
HTEINTET-.

2. DEMOT EZ W2/ T~ v 7 AREHR TOE LY A XL ILRRO P
DEMOT 12 X 28 2 EH T 5701213, HimEEkT 5720 4 58I Eo 2
TV ETHIENRBETHDLZENRHALNE R ST,

Fo, Ty 7 AREOE R A XX, —ARIEKRE 1.20~1.30 BED/N ) T
Ty 7 AREEETHIUE, 020 mm LA T OO & W22 T U Y) 7 ARG O 2h A3
"o WnWZ ERHA LN ERoT.

3. AMRIZKL BN T~z 7 ARREEE ORISR
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BREEEIZIT, BV BRI L SR EE A ERICE 5 X H 1T/~ 7z,
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Fig O #tH

Fig 1 Urethane-enclosed skull phantom
Fig 2 Tungsten plate for MTF analysis
Fig 3 Reconstruction Algorithm for CMOS Sensors
Fig 4 Overview of the variable tomography algorithm
Fig 5 Create orthopantomography with multiple depths
Fig 6 Autofocus algorithm
Fig 7 Virtual edge data
Fig 8 Experiment at different frame rate
Fig 9 Difference in division number
Fig 10 Add a focal square wave to the simulation.
Fig 11 Results of running the variable tomography algorithm
Fig 12 Result of applying the autofocus algorithm
Fig 13 Comparison between division and without division. Focal spot size: 0.10mm
Fig 14 MTF: Comparison of memory division number. Focal spot size: 0.10mm
Fig 15 MTF of DEMOT method. Focal spot size: 0.10mm
a: Overall
b: High frequency part
Fig 16 MTF of DEMOT method. Focal spot size: 0.15mm
Fig 17 MTF of DEMOT method. Focal spot size: 0.20mm
Fig 18 MTF of DEMOT method. Focal spot size: 0.30mm
Fig 19 MTF of DEMOT method. Focal spot size: 0.50mm
Fig 20 Horizontal MTF : Comparison of normal method and DEMOT method; direct sensor
Fig 21 Horizontal MTF : Comparison of normal method and DEMOT method; indirect sensor
Fig 22 Panoramic Image: Comparison of normal method and DEMOT method
A: Panoramic image by normal method
B: Panoramic image by DEMOT method
C: Enlarged root apex image by normal method
D: Enlarged root apex image by DEMOT method
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Fig 1 Urethane-enclosed skull phantom
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Fig 2 Tungsten plate for MTF analysis
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TDI-CCD image sensor

F .o
g
>
Digital output

Panoramic radiograph images are created on hardware.

Panoramic image was reconstructed on the computer.

CMOS
image sensor Projection images

Fig 3 Reconstruction Algorithm for CMOS Sensors
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Projection Images

Orthopantomogram

Tomographic movement can be changed
to various shapes.

Fig 4 Overview of the variable tomography algorithm
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Select the area of
interest you want to
autofocus on.

Select the
area of
interest you
want to
autofocus on.

Projection images

Fig 5 Create orthopantomography with multiple depths
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Fig 6 Autofocus algorithm
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Fig 8 Experiment at different frame rate
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Examples with many divisions

Examples with few divisions

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

NS e, ———————

—
Memory

Memory

_—

<— Ton9] £B[H

<—[0A9] ABH

Length—>

Length —>

Fig 9 Difference in division number
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Fig 10 Add a focal square wave to the simulation
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Tomographic movement

The front teeth are not in focus.

......... Before applying the variable tomography
algorithm

After applying the variable tomography
algorithm

Fig 11 Results of running the variable tomography algorithm
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Autofocus
algorithm

Fig 12 Result of applying the autofocus algorithm
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Fig 13 Comparison between division and without division. Focal spot size: 0.10mm
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Fig 14 MTF: Comparison of memory division number. Focal spot size: 0.10mm



1
0.9
0.8
0.7
0.6

o
s 0.5
0.4
0.3
0.2
0.1

0

=

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Cycles/mm

magnificatrion

—1.00
—1.05
—1.10
—1.15
—1.20
—1.25
—1.30
—1.35

1.40
—1.45
—1.50

Cycles/mm

b
I ARANNY
\\\\ I\
0.16
\ \\\ \\ \\\ magnificatrion
o AN By
—=-1.05
AN By
ey N ——1.15
E 01 \\\ —-1.20
0.08 - —o-1.25
’ ——1.30
0.06 \\ —135
1.40
0.04 - o145
~m-1.50
0.02 -
0 - = ? = = T ~
8 9 10 11 12 13 14 15

Fig 15 MTF of DEMOT method. Focal spot size: 0.10mm

a: Overall

b: High frequency part
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Fig 16 MTF of DEMOT method. Focal spot size: 0.15mm
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Fig 17 MTF of DEMOT method. Focal spot size: 0.20mm
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Fig 18 MTF of DEMOT method. Focal spot size: 0.30mm
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Fig 19 MTF of DEMOT method. Focal spot size: 0.50mm
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Fig 20 Horizontal MTF : Comparison of normal method and DEMOT method; direct sensor
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Fig 21 Horizontal MTF : Comparison of normal method and DEMOT method; indirect sensor
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Fig 22 Panoramic Image: Comparison of normal method and DEMOT method

A: Panoramic image by normal method

B: Panoramic image by DEMOT method

C: Enlarged root apex image by normal method
D: Enlarged root apex image by DEMOT method
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