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. B CT & FEr AR X 4 % R B AT S 0 P S 4 AR (% 4« AT LAZE AT RE
PR DLR, W E . A S A IR R A S AR RR AT B = g . TR, TEZ M
T /NsisR s, MT 2Tk, WRHEHESE RN BRI, A SCHEZE M CT HHEART
BOATSER, BE T ERBURFLAEER R M, @RS e oy, P sem bl
VEZITINEES

KEEIR: BICT; =M HE =4iktg; el X 4k

FE>2ES: R445.3 XERARAERD: A

1967 &, Hounsfield KW TSR FE—&1HENMES A (Computed Tomography,
CT) W#so CT [MFEAHELZE X e A&7 s — ANk, R BRI =08
(1) X SEBEAE i, FAWEER, G =45 T LA AR 1S O0 T W
SN EREEN, SRAFARN G B M 1970 SEAL,  [E 410 < Be F = 7 BHIF LAY I 4648
CT Wi B4k, EX—HARCE ZNHTEY . 5%, MESE. Tk, &k, T
N2 1 88 55N A

1980 AFLLK, T CT JCikish 2 BFEEFON 20 HER I w5 20 223K, AT IR R 2
i CT (Micro—computed tomography, Micro—CT, u-CT). Micro—CT ;&fkZ4fK CT ML, &K
XSG R BEEAT HE 5 0 e = Y R e e%, BRI AEANIEIAFE SIS DL N, X R,
Wi ARV RS BARFEA RS AR N ST i 6. OL P RCKBNERCKR D X 4%,
SREUEE i N PR R = 4E S5 (5 1o

1 FEESRKHEK
1.1 EX

)43 HEEIL R 1 pum~100 pm RIBE 22 CT F)Ch Micro—CT, 152 5% MR 2 IR 1L 21 IR 53
AT CT, AN ZEM CTo IR/ 13402 10 pm~50 pm, M4IIEESZ A 0. 2 um~1 pm. JI7
P, Micro-CT thali/e “feFH WAL AN EE I CT”. ZM CT CLigik 21 A IR H RO ST 3
AR AT AT B R AT LR AR S5 R . 1T Micro—CT BEA WAL MU It 454, A
FHEAS B e 27, it BB 28 TR I AR s B2 T

YFs HER: 2008-12-11.
EELWMB: PEBEGERESIE; | A% BRBEIES (8478922035-X000700).,
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SN A AR A BN BN S Micro-CT (RN, —Bekeiil, Ak 1 om’ (AR
TN U 0 )y 50 pm', i Micro-CT I3 HHIEUFAE %G o Micro-CT HAT 44
PR TR IRAL, TeH W EA G, W NI T AR

1.2 JRIE

JAE I Micro-CT RS N IHJLANEAE: FUEDRE X SRR, FEAL X 2B
BEFENUA CH T e bR AR B e ARG Pl 28 A0 R AR ws .

Micro—CT SEH I 25 [ 40 WA TR T TR BE X S is, a2 R 28 AU LT EOK,
BEAh,  BEmAS A4 B DN B A B AR e R LR e PEA CT EEM TR 1 k™ . 5 S T ie
CT (spiral CT) #HEL, Micro—CT R AW FHFiE: ORI X HLIE (1 pm~50 pm),
X AT R T 3R USR8 N K AR BERAE 5 R IR - S BB, Mol FH CT AR BEI 50 s
@ H i R 4T 1 X SRR M 2s (500 10 um~100 pm), 1fils FHIZ e CT Bk
KHZH (BRZE) BN, BN EAG T 2 BSOE I Ao JLAS 32 2208 5K 10 $5z e i
PR ERINES g, GE A 64 HEL PEITTT 64 HF (128 )2). KA 128 HE (256 J2). A2 320
e, BRIZHR T R/NEF A 0. 5mm; @K H FIAEHE AR, 305 DA e — R R 52
BRI, AN, B A CT SR B HE R 14, S 4 RO A — i 5 52 119 s SR
AR
1.3 %

BT Micro-CT RGBT R Y, BRI RS (FEATER) MIER 1A R
BARG ARG,

1.3.1 B{K Micro-CT &%t

BIAK Micro-CT REGEMIE 1 FT7R", — At as a5 PR R AT e 40 i
X SCR AR DE X S 2eit,  BLA R LT BOR (S 20 CRT BRI 25 (1 20 R KO o s
U BIOUIAAE T 7T UG e PR A I = 4 et . b S M A tdas iy, 0 HEE Ak 15 pm~
50 um, MLEFAE 15 mm~50 mm'"' o BIAK Micro—CT Al 45l 44122 40 T i) — Fh 2855 2D 78 (B
A FEAMISE BV N bE S AL 2200, s b, gL b7
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Fig.1 An in-vitro Micro—CT scanner



108 CT #ig 5 N 5T 18 %

1.3.2 71K Micro-CT &%t

ZH TN GRS FIR A B i) b [FAEE TR g, A &G4
W RS, BT RS G X STEUER 4k X SR ERIIES ). 70 FF3 AN 2 4k
G, — A 50 pn~100 pme B 5170 30 AR BSR4 5 KR X B 8edmitt, sz A
T o BT R ) R AR S UARTTBOR A5 BRI X SR e Tl B TRE R LA R A vy ) 3K P
FEFIE R A R FE I 1R (— R < 10minD o 5T RRIF RSN,  IXAF R0 AR I 1) 1] i B o] SR A v ot
BRSO IS BN A B
1.4 B

Micro-CT RGEZ KM =EMERTERFVE, &M =il Em gt ik, Epskh T
e B, SCIERAS Sy, M HARHEM LU NS L, BE S B A i i EE AR,
P UAAESE bR AT 2 N o 78 & RS T8I I B A AR L, FDK R L — B
LB N TP . FDK e —FIE T RFUER R T R B @ 5%, H Feldkamp 5%

(1984) "R, Z BT LA FDK Sk e — R s, 2 B JE 1 R I 1 2 B R dn for

S LR B S AI S H B2 B S . (FE, X IEREEEA CRHEA < 10°) SKid,
A B AR N Lk e, FDK SRS T ORI, i RATIORRAE FDK & JE ST
B () G-FDK'™ . LA K 5 R T4 o T e i T RS 3 (1 oAt FDK 72E 50, SCHR (101360 4%
il FDK S48 T PR N 255

F B Z o R DOk e ) 23 o m R Al P T Rk ) R UE UK

(backprojection filtration, BPF) FiffgdEasyk" ™", %yl 24k Katsevich &k

PLUG B9 — AN AR CT KE A B3 5. BPF Sk A e i B R B ke 08, %
SR U A S AR R, RN EA B T RYBERES SRR SiAh, R
SRIEEP TS EHE R CT $- 1Y, (H T BPF BAAG RE AL, AE B . EoMHL
P71 3 AR A HER A PUE ) CT RSt . N HERE A1) —FhRF BRI &L, BPF 5
AR N B A CPATOR CT RS EE d b . BPF SN I R S AE T8 36— IRER - L
YT R A T R B AR ) CT RS A ), Ret M H 3R i/ D I B B R
IREI .

2 HRE
2.1 &=

1973 4, Hounsfield 25" ¥ kdRss CT (MIGERN, JFAI T IR I 4 dr PE I As 1k o
=2 CT M RAA TR S —AX CT K258 TR s 7 s34 CT. P17 RH Z-sharp AL
Bl R om BORER] 0. 33mn™ o BEkE— B 1] i RN E] 0,27 s (K
FITHTE 2007 LI UR 24452 RSNA L) o F4# 7 20 e 9] PR e i 2 )2 0 b 3 R e
B2 ZU2HE CT $94, el 320 2 (ZRZHE 2007 4F RSNA 4E4x B, Hig b 34
O IEB S A R AT 58 A O A o

L CT B/ 26t mm FE2L, TOVEW A M FR B Bk . 20 20 80 AFARKII, W
T A Mireo—CT™ ", S S X SE2RIR. KA RS E I B, LA E S
(A RLRFE RIT 4 IR e ot i . o X S ZRIEHEAT CT it 3RAF THCK I 7 k.
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1984 4F, Feldkamp FITHAEEE X SFERUE, ZOEhERBAINLR . T —&60M CT ML,
TN B EE R 34T . AN Davis HAT Herman [ o M S30 K e A R EE i
FERE T HER SR, ARSI R KA D, A AR R o IS . (R e
WRIAFR 2R, FEA Al RS2 R . Kalendar RIFLM A" X RIET —H, RHIEEHE
W, AT ARG AN 52 il ) RS B

LMY BE I AR Micro—CT B ERLAAT 20 4l 90 4RI, FIGHLAE T b1 1k
B, W NIRRT 29T R, BRI, JERIRRSE 0, X R e
TOSAZ T V8, Res /MR T ARSI 25 B S5 AR 2% B PN SN [R) T RE F G I I IR) 23 JR) 40 A o 4
TR T, e NI AR B, ROy — B HEOGE  B A RAE AR, X3
VAR, T5 e U 1 B AA e VAN o, AR I B sl B 25 A
2.2 ARAME

Micro—CT HiAR 20 24 KRR KM et 33 B0 J& 5 ) nf W3 kv b) LU BE B e 20
B PRSI A 2 S R LA T
2.2.1 SXEEE CT BigHEA

X B CT HORLEHCAAE MA@, =m0, WHEa#F, sl iR IR oK
P, MERRTE GE BN LU RE DT T, AR R K. A T ECEERIMBT LU, KR T A
[ TARGE T W CT B eAR, BFEARGI AT E CT iR K &g CT R ZOGIisg
CT G FIHUR CT it o IR LG HARRHIE T RECEE SR, S s st m
RAE B AR

X FHERARR AT BE CT Jifg e A TAE G IIRBUSAR, AR A FE Rk T X &t 1 o8 i
Wk, TSI T R 2 R G ITR, RBUEAL AR . AR TCIE EARE B,
T B AL A DGR R PRI, P08 S T ST AR AT R . R AEIALZ, RE
W), YR RNX SR, OO L FEARAG, 1A AL A BE e AG 3R AT (% LG FE WT A 1000
AR BIH A Rk, HAR AR BN, A 4 POy TS %, TR
RS, RIS A, R R GETAEIRTD AR BAGR FE A SifG o 4 Fh7i2:
PRI PG A SAHM AR FICER, T AR BUGGRMECsaoh TIR G, AT o
AR G 5 1053 AR AT AR RN R G5 A AL — B T2, SRR Al A RV DN R G s ok AR —
B, SEIRAEE SR A AME, T RATH AL T RUP AR, B EAN R X
WL AT . SR A BE RGO T, WK T X X S 2UE kR, (R
SRR DE X SRTERUR, S AN AlARAT BUR IR 20 BB ST o Bl o AR A A 3 T aE 1) X
SHERERA, (HFRBHIVE LG, BBl T2 . Toth™ RMETEIEOCH X H4
P50 /N BRUEAT AR A7 B SR Micro—CT Bif%, 3R15 T B i CT &4,

K 050 CT 5. R Z I B R gk T — R oo Z IR Tt
ThemE, WU T2 FIFHX 45 i m] LS CT WILF 23— 0211 K o 7R
Z R EPIRERIERAG, ARJRIREE, XA DK R e G R XS HL R, RTS A
W TTERBESAFT IZ N, — 2R T el PR, AR X SRR, W]
BE K A /N TR 14 [ 25 A S U 1 T AT LA T 3% S - 2006 4F Baldazzi 2™ SR A fks 2.
EAGRBEE A X O, R K GIseg J720 /N4 0 e B A IS AT T, SRAS A8 e 1) S
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Wea5 R, MR RIS Wt T Rk S i i BT 2 B AR A SR R TR
(F K B0t 7 RERARMT, OB RAR K

PO CT . X WL TS5V AR, IR, Ha S8 X & k9Ot
TR XEERBOG T IR R ICR IR 2. BRI, ARIEIXLERF ARG L, W] LLANIE
JAFHIRNE, BEELALACE . REUESOE X FEOC TR R IGO0 TREE MRS, fEf%
B R P SRR O, A AR A S LB AR RO T X T

HIUH CT Bef8 e X S 55 W) 5 /e FEAN R HICH 75 T #8A 3% TIR R 7P Boc & FE A R,
WML I, A TH X SRR g™ AR T AR TR S T X
NS o UL TR W) Ay R 3% 0 i S =05 D e = = -V A s S 1y W T
UL SINE ZERRTHT I o T ) CT JA5 T ARAS A AR LU RE 2, (L 2[Rl I3RS 1)
W EARABAE I, I LR M A 00X e 5 R 8 S5t ) 37 2B 8 R T SR A i
2.2.2 #BE2¥E Micro-CT (Nano-CT)

LRI JERK T IR Z Tt = 4R AR T-B, X B CT, LS (Magnietic
Resonance Microscopy, MRM), @88 7=, Micro-PET (Micro-Positron Emission
Tomography), mi73#% SPECT (Single Photon Emission Computed Tomography) LA G2
CTo ZMHHEHE R T om 2 pm 544, Hrp X B2 B CT Ry fms ) #vkae, wI2LM3
K, EESZHOEHOR MK I =iy, 2RI S — DN H . AR & AR Z 0T
FEN BRI H bR

AT BRI X S ERIREAR, K3 HUBAR I R 48, 2004 £ Skyscan AR IF&H T
PR R I8 Nano—CT, SkyScan—2011, J&T RN B BE X SRR, 258 73 #E ] ik
150 nm~200 nm, # i [ 4 Micro-CT. Ghent K2%[# Dierick 257" (2007) JEF— i
e/ MEBEIE 900 nm [ TR B RE X S 2600 IR FI A A JHEA T o4 — 4k B A%

K X A R, Blni B AT R AR AT S AT LUR s RO X Sk
s EG,  MImAEZS (8] JHA R LK B . Xradia & FE TP F BN T 250 4 9%
i% 50 nm [¥] Nano—CT, w[H T -SMAEE T 2078 TAMse. Selbpl T &5
[Alo AHIXMRORE b, MO TG A A Al FE AR A I B ) BN AR AR A N E 2L 1. 534k X
SR Z A R TR M FEE R A M iy, BRI AR AN (B HCKD

2.2.3 R CT &

TEAE R, DU R RS R AR AR B, HT T 29001 . g s B2 R
FERLR RIS A TSR TG 3 ANEZER T : O a9, DU B A
TR DX MR 254 s OAIRAR SR & 1, DAk NS D RS 907 . /N R A AT E R I 1],
DU A2 KBS 2. A5 IR Micro—CT FAHilih, MWH RE. LI EF)LA Giga
R JLA Giga 75, XA SIS I =4k S5 11 BRI DR 3%

I Micro—CT I =4EpifBad B, MBI — DM EZERE . KBORBAT 3 Mikn]
SEPUINE A% : O/ RAE S AR & o SR L TS BR X 1, (Region Of Interest, ROI)
(SRR 77 %8, wT LA R G ], g N B B R4 U7 2258 R
HCN R AR . 540, SRR R o) DLy D B 4, s g A
T % el AE AT SN M i B B h @ BRI Tk . O M EE, A
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Mo BRI AT AR AN R, LA Brune ZEHE bR B IR N 1) 7 vE IR
P B, Turbell 23 M I7E R BSERL R PSR A i sk AN ™, LUK Shih 44
(R WURIE" . S S 2% S B TN A I RN . ORI 7. SR 5 il i
BRI (ASTC) BEATREPENE A, B RS RGP R . i FPGA B Ab P 2% ] LA
RIS R B, AR AR S e AR AR H T LR T 270 S A7 5
D7 R R AR R, KT E CPU RN AL T2 GPU (RIEALFES) 1)
EREINIE, S5 — 7 RT3 AF — PR AR I R PE AR E o MRt mT DAL IS R P, s i
T CPU-GPU R & HEAF T L R 4.

PR CT A5 5 T2 F I FH 7 T A TV G Y o SIS E 2 G2 Tl A7 v BT 3B 11
ARG A ()RS TR] R BR AR, A TBE 2% CT, DA OT & — ik 58 M8 SR AR A5 0 N 1)
oo JEFRLF I 7 2R AR S N A Ot S
2.2.4 BHESHE

BAATAT—Fp i — B 5 sRe i /E —Im G h S gt B s b . Thae oy vk R e
R hs b, MRS, b TS B oW S R/ sk Ih g, 5 R i R R
R0, BT AT — R AR R S N I BT ATVE L, AR, JE I 2 S R B 1S
SVEAR Bk X A R o 22 A G RO SR — N OCBEAE T 4 S5 A E 2 (R RN ]
RERRUC L . Micro—CT SEILZBLRAZ 7 XA R i JLFP.

1) S5k#E % (SPECT/PET) 44

HI SPECT 1 PET HEAT FIAZIEE 2 5 il TR 20 TR B s i R U . e S ™ A
LGB A 7 T ARG “ Exhmife” ™
5 1) R P A A5 B R ORI JE I % Al AR
TRATHER, ] T bR i o A R 5 4
J o 38R R I R v 52 R TG 1 23 T 40
(> Tmm) FIE—ANA BRI a) o) B Y 22 1 45 o
FEIE. K1, Micro—CT AE$Eftmy = Ia] 43 #) X
SRR R B A, IXBEH TEIE v SR 4LR
TR, DCE AL R G IR . IR, SR
RE TS A % ] BeAE R M AEFIA B Gl
Micro-CT Ki#fifiize), MARKITESANHERE 19 Sienens Tnveon Micro-CT/SPECT/

AT, 1% 2 I R m) B A AERf HL P4 PET Z 1401
2 AT F AR ITFRIH T /NI Fig.2 Siemens Inveon Micro-CT/SPECT/
Micro—CT/SPECT/PET %*ﬁjﬂﬁ'ﬁ* ) PET multi-modality scanner

2) HHLN AL G

HAPFHOR, ALY R B A S22 T3 IR 2 B, TG 4l g fn gL 23 eh 73
TG RS AR 2 A AR S (B 422 A AN L S L UE G ATD) 2 45 A A
X 85, AR IR HAR T R dh it — 25 20 Hr, DRIk, thxfE DLSR A% 1 R
YOS R . B 3 R T 4 Micro-CT A4 G B A 5 AL 230 1 o34 B
FRULHC™, ORI T AR 5
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K3 AEA7H 0s0, L BUE IER) Micro-CT B, AKIKNTE
FROLIE QAR 7 g, P B IRk

Fig.3 A micro—CT image of a gerbil kidney impregnated with osmium tetroxide (left

panel). This particular section was found within the 3-D micro—CT image
so as to match the (right panel) histological (Methylene blue-stained)

section that was performed after the micro—-CT scan was completed.

3) BB IS

Micro-CT 59t ifG 45 & v Al N SEBLAR ) S AN DI RE AR, BEAT SRS I A E
IrbTe AEIEEE TR T, SO IR T RARERE PO T IRE PRI E 2 T
AL, AR AR AR S mm 2, T YOCTIEN Rk, H AT EEA TSR . 9t

a1 W )2 k% B R (Fluorescence
Molecular Tomography, FMT) JZif+Fk
U 2 JAE R B — g ik, it
B FE Re g AL H AR R AR B H
FRHEAT SEAR AR e 11 AR ) R
BRAPE. 75 FMT pedgrh, CT FA%lin] T 5€
PG R A AR A K T FE . SCHR [49]
T — BTN B BRSO
/Micro-CT BB G RS, WKl 4 Fis,
TERGE P TSP I SE 5 . [ A TE R
P e oy TR B A AR ST —
A CT B AR RE ™, HEftagd
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FE 657 AR AR 24 T O X R 3 £ 4k

Laser
Source

I
Mouse ’ Nerny
fuhe
o i Rotational
/ 1 \
| Dﬂ Optical

J. Filter |
cen
cumars
e B

Waorkstation

Flat
Panel
Detector

K4 Micro-CT/% MM % R 5t

Fig.4 Structure diagram of the fluorescence/
computed tomography system
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¢ (Near—Infrared Fluorescence, NIRF) &&=z E 2 N EFEM, ©HEHR
KPR BT . SRR FIB 12 on MFURBUALLS, 6 cn (OIUALAL, 5en
M. A, Joshi HE37 T 45 CT/PET/NIR = BESR(R R4 AU Micro-CT Al PET 3
NS A BTERR BB, 45 4 AR SR TR S % #5000 T
SEHFRITCEER G, Wk 5 B

K 5 Micro—CT, PET Fl NIR %% it & F i &

Fig.5 Isosurfaces drawn through the CT, PET, and fluorescence reconstructed images

3 SHEERE

Micro-CT SN B MRS — Bl SR PR ot AT 0 = el 8 TR,
HUER— RATRER DG B, i T 23 (SEMD, X BFEATHX (XRD) 45—#f,
o A SR = R PR R I I A B . AR SR NI DT I, S AR AR NS )
HEAT 1] S AR AT, DAREXS LR . PR\ RURN 2y 7 ROR AT 9T o vei R 25 8] 2
PR AR BRI S5, O TR e IR e L, 5 2 K SRR i
il AR RN, X0 N AR AR I R AL B AN W52 (10 53 AMA TR 2 A A AR
SN AE BRI () SR N . BT ELH BRI RS T 2 Tk PSR . T
HE Micro-CT FLIEM TR ARSI, i B R G B ) il Lo n] U R A 914
FZHIEOGI S T IR . ATEREBOEER T m R B X S 2 AR BRI 2 LA
REHE R CT R SF BOR BRI MGR . IEAh, Micro-CT fEH ot M. kARt
R BT TN TSt BBt X St n hal, B AL SISO A
SNUPEREROBE G, DL ]I SRE R R 25 Rl G54« DIRE S 70 3~ B IS Eh , g (i Micro—-CT
) RO BURE, e 0 PRSI DL R 22 B2 A8 1) e o
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Technology Development of Micro-CT with
High Spatial Resolution

GUI Jian-bao™”, HU Zhan-1i*", ZHOU Ying*’, ZHENG Hai-rong™"

a. Shenzhen Institutes of Advanced Technology, Chinese Academy of
Sciences, Shenzhen 518067, China

b. Key Laboratory of Biomedical Informatics and Health Engineering,
Chinese Academy of Sciences, Shenzhen 518067, China

Abstract: Micro-computed tomography (Micro-CT) is a new three-dimension high-resolution imaging device
based on X-ray imaging principle. The system enables a non-invasive three-dimensional inspection to the
specimen, bones, teeth and biomaterial, and in latest year, it was more widely applied to screen small animal in
vivo for drug discovery, cancer pathology and gene expression research. This review describes the technical
aspects of Micro-CT, and indicates four main development directions, improved imaging contrast, ultra-high
spatial resolution, fast speed and multi-modality imaging.
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