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Tom tit: Ky thuat chup anh cit I6p sir dung cham tia hinh nén c6 tng dung rat quan trong
trong viéc chan doan hinh anh trong y té va kiém tra khéng pha huy vat liéu, dic biét ddi voi
cac trudng hop yéu cau thoi gian tra két qua nhanh va mirc d6 chinh xac cao. Bé dap tng
dugc yéu cau do, giai thuat tai tao hinh anh déng vai tro rat quan trong. Trong bao cao nay,
ching tdi nghién ciru va dua ra danh gia wu nhugc diém caa mot sé thuat toan tai tao anh sir
dung trong k¥ thuat chup anh cét 16p sir dung chum tia hinh nén. Phuong phap mé phong hé
chup anh cét 16p hinh nén ciing dugc s dung dé tao ra dir liéu hinh chiéu phong phu hon,
gilip nghién ctu danh gia dugc nhiéu khia canh cua cac thuat toén.
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1. MO PAU

K§ thuat chup anh cit 16p vi tinh (CT) d4 trai qua Sy phét trién nhanh chéng trong vong 50
nim qua. Hién nay, né khéng chi cung cp cac hinh anh mit cit ngang ma con thém nhiéu théng
tin hon nhu hinh anh vat thé ba chiéu (3D) st dung cho chan doan trong y té va kiém tra khong
pha hiy mau trong cong nghiep Nhitng vu diém chinh trong viéc sir dung céc chim tia hinh nén
trong ky thuat chup anh cat Iop la: giam thoi gian thu thap dix liéu, nang cao do phan giai, giam
tan xa va giam thoi gian chiéu xa. Véi phuong phap nay, toan bo thong tin ba chiéu bén trong cua
d6i twong thu dugc va cd thé dugc st dung dé lay bat ky hinh anh hozc hinh anh cit ngang nao tir
mot bo phan nho nao d6 cua vat. Gan day, do su phat trién cua cong nghé dau do ban phing
(FPD), CT str dung chum tia hinh nén (CBCT) da dugc nghién ctu va sir dung mot cach rong réi
trong rat nhiéu ung dung [1-3].

Ngoai ky thuat phan ctng, cac nghién ciru vé phuong phap tai tao hinh anh cia CBCT ciing
duoc cha y va phét trién. Cac phuong phap c6 thé dugc danh gia tir rat nhiéu cac khia canh khac
nhau nhu d6 chinh xac, hiéu suat cua viéc tinh toan, hinh hoc quét va ving duoc tai tao... Ké thira
tir cac thé hé chup anh cat 16p trude, tai tao anh trong CBCT ciing st dung hai phuong phap
chinh 1a giai tich va dai s6. Céc thuat toan dai s6 c6 do chinh xac cao, phd bién nhat 1a thuat toan
lip (SIR), tuy nhién y&u cau ciu hinh may tinh cao va tn thoi gian thuc hién. Cac thuat toan giai
tich tuy co d6 chinh x4c kém hon nhung d6 linh hoat va thoi gian xt Iy nhanh hon. Mét trong s6
cac thuat toan giai tich phd bién nhat dwoc sir dung dé tai tao hinh anh cit 16p 3 chiéu la
Feldkamp (FDK) - thuat toan chiéu nguoc c6 loc véi trong sb. Do thuat toan nay yéu cau quy dao
tron nén chi c6 thé thu duoc hinh anh tai tao gan ding. Tuy nhién, ddy 1a mét trong nhirng thuat
toan quan trong nhat déi véi CBCT, thudng duoc st dung trong céc tng dung thuc té do tinh don
gian va kha ning tinh toan song song, vé chat lwong hinh anh thoa mén trong truong hop goc
chiéu hinh nén [1, 3-6].

Trong bao céo nay, chdng tdi nghién ciru va dua ra danh gia wu nhuoc diém caa thuat toan
tai tao anh chiéu nguoc cd loc phién ban Feldkamp-Davis-Kress (FDK) va thuat toan thong ké
SIRT (Statistical image reconstruction) sir dung trong CBCT, danh gia anh hudng cta cac ham
loc t6i chat luong anh trong thuat toan FDK. Qua dé, cho thiy viéc lya chon thuat toan FDK la
phl hop nhét trong céc ung dung CBCT trong cdng nghiép tai Viét Nam hién nay.
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2. NOI DUNG
2.1. P6i twgng va Phwong phap

Trong khi ki thuat chup cit 16p CT thong thuong sir dung chum tia X hinh ré quat va mang
dau do ghi nhan buc xa hep, chim tia X trong kg thuat chup CBCT dugc phat ra duéi dang hinh
n6n va dugc ghi nhan boi tim phiang ma tran dau do. Nhiéu hinh anh (thudng 13 hang trim) tir
cac goc khac nhau duoc chup qua mot vong quay cua bo phat tia X va tim phang ma tran dau do
xung quanh vat thé chup. Thuat todn va phan mém duoc sir dung dé tinh toan di liéu thé tich
(voxel) dua trén nhiéu goc chup xung quanh diém trung tdm cé dinh. K¥ thuat chup cat lép
CBCT duoc thiét ké dé tap trung vao mot truong khdng gian nho hon, chi tiét hon. Hién nay, viéc
nghién ctru vé ky thuat CBCT tai Viét Nam con rat mai mé, cac hé thiét bi ndy méi duoc sir dung
trong cdng nghiép tai mot s6 nha may 1on caa Samsung hay LG.. ching ta khéng thé tiép can dé
c6 cac dir liéu hinh chiéu tir hé thiét bi thuc té. Do do, chung t0i da s dung phuong phap mo
phong Monte Carlo de mo6 phong mot he CBCT véi cau hinh chiéu trong d6 dau do va may phat
tia X dng yén, vat mau s& dugc quay tron xung quanh truc vudng géc voi duong noi tim méy
phéat va hé dau do nhu moé ta trong hinh 1. Trong bao céo nay ching t6i khong dé cap chi tiét tgi
viéc md phong hé CBCT bang MCNP6, ma chi coi day 1a cong cu dé tao dix liéu hinh chiéu cho
muc dich nghién ctru c4c thuat toan tai tao hinh anh. H¢ CBCT md phong ¢ dic diém sau: Dau
do ban phing c6 kich thuéc 43x43.9 cm, kich thude diém anh 143umx=143 um, vat liéu 1a Csl véi
bé day cuia ving tinh thé nhay ¢ 0.3 mm; May phat tia X theo dang hinh nén véi goc phat la
30°, ¢6 kich thude tiéu diém 0.004x0.004 mm?, cao 4p phat ra I6n nhat 240 kV; Hai vat mau
(phantom) c6 dang hinh hop chitr nhat va khdi try, c6 kich thudc lan luot 1a 2.5x2.5x6.0 cm va
10x8 cm, duoc l1am bang nhya va nhém. Chang tdi st dung Tally F4 két hop véi card Fmesh dé
lay ra két qua (thong lwong buc xa trung binh trong mét 6), diéu nay dap ng véi yéu cau danh
gia lugng buc xa can thiét dé c6 thé dat duoc chat lwong anh du tot véi sai s6 <3%. Thong qua
viéc mo phong chling t6i thu nhan dugc mot ma tran thong luong, twong duong véi cac mic xam
cua cac diém anh. Viéc hién thi anh dugc thuc hién théng quan ngdn ngix Python.

Tai tao hinh anh

L4t cat dwoc tai tao

Déu dé tia X dang
ban phang

Vit thé trén ban quay

Ngudn tia X
Hinh 1. M6 hinh hé chup cat 16p si dung chim tia hinh nén

B6 dir liéu hinh chiéu thu nhan dugc tir viéc md phong s& duoc sir dung dé tai tao lai anh
cuia vat thé thdng qua hai thuat toan chiéu nguoc c6 loc FDK va thuat toan thong ké SIRT. Ching
t6i sir dung ASTRA Tool Box — mét ¢ong cu ma nguon mé, cé thé tich hop véi Matlab hoic
Python dé gilip cac nha nghién ctu, phat trién cac hé théng chup cat 16p [7-9] va hd tro viéc tai
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tao anh. Uu nhugc diém cua hai thuat toan trén s& duoc phan tich cu thé trong cac két qua dudi
day.
2.2. Két qua

Truéc tién, chung toi thuc hién khao sat chat lwong cua anh tai tao bang hai thuét toan
FDK va SIRT khi thay d6i s6 hinh chiéu. Hinh 2 biéu didn anh mat cat tai tam (kich thudc
200x200 pixel) cua vat thé sau khi dugc tai tao vai cac bo hinh chiéu khac nhau. Thuc hién viéc
tai tao duoc tién hanh trén may Work station vai cau hinh: Intel(R) Xeon(R) CPU E5-2630 v4 @
2.20GHz. Béi véi thuat toan SIRT ching t6i thuc hién véi cing sb phép l3p 12 150 1an. Thoi gian
thuc hién viéc tai tao anh bai hai thuat toan néi trén dbi véi cing mot bo dit liéu duoc ghi lai va
dugc biéu dién trong hinh 3.

Thuat toan FDK

Thuat toan SIRT

90 hinh chiéu 270 hinh chiéu 720 hinh chiéu 1080 hinh chiéu
Hinh 2. Anh ti tgo siz dung hai thudt todn FDK va SIRT thay doi theo sé hinh chiéu
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Hinh 3. Sir thay déi thoi gian tai tao anh theo sé lwong hinh chiéu ddi véi hai thugt toan FDK va SIRT
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50 lan lap 150 lan I3p
300 lan lap 600 lan lap

Hinh 4. Anh tai tqo bai thudr todn SIRT khi ting sé phép lap
SIRT

FDK

Hinh 5a. Anh tai tgo tir 180 hinh chiéu bi thugt toan FDK va SIRT (véi sé phép lap 1a 400 lan)




|
I
0

[
233y 255
Gount: 1390 Min=1 Count: 1290 Min: 0
Mean: 41.305 Max: 159 Mean: 42.512 Max: 158
StdDev: 58.018 Mode: 0 (352 StdDev: 60.034 Mode: 0 (573)

Hinh 5b. Biéu do Histogram ciza mét goc anh sau khi tai teo bang hai thugdt toan FDK (bén tréi)
va SIRT (bén phai)

Chung t6i sir dung phantom 16n hon véi kich thuge anh 2 chiéu 1a 500x500 pixel. Ching
t6i khao sat chat lwong anh tai tao boi thuat toan SIRT khi tang s6 phép Iap (xem hinh 4). Hinh 5a
hién thi anh tai tao tir 180 hinh chiéu boi thuat toan FDK va SIRT (vé6i sé phép lap 1a 400 lan).
Dé so sanh vé dinh lugng, ching t6i phan tich bang biéu d6 histogram cua mot goc cat cua anh
tai tao dugc tu hai thuat toan trén (hinh 5b). Lac nay, thoi gian thuc hién tai tao boi thuat toan
FDK 1a 43.18 gidy, con ddi voi thuat toan SIRT (Iap 400 lan) 1a 1439.111 gidy (23.9 phat).

Hinh 6. Anh tai tgo ba chiéu thuc hién bdi thudt todn FDK khi ting curong dé chum tia
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Véi cac phép chup yéu cau sé luong diém anh Ién hon thi thoi gian tai tao anh cua thuat
toan SIRT Ia rit 16n. Nhu vay, thuat toan nay chua phu hop véi cac tng dung yéu cau toc do xir
1y nhanh (du6i 10 phat). Do d6 chung t6i dé xuat lya chon thuat toan FDK cho viéc téi tao anh
trong cac thiét bi st dung chum tia hinh nén. Ching tdi thuc hién tai tao hinh anh 3 chiéu bang
thuat toan FDK khi tang liéu chiéu Ién phantom. Két qua duoc hién thi trén hinh 6. O day, bo dit
licu gom 720 hinh chiéu, véi cudng d6 chiéu twong d6i ting dan tir tri sang phai, tir trén xuéng
dudi theo ty 1€ 1:4:8:10.

Cudi cung ching t6i tién hanh viéc loc anh tai tao caa mot bo di liéu véi cac ham loc
khéac nhau: Ram-Lak, Shepp-Logan, Cosine, Hamming, Hann. Hinh anh truéc va sau khi st dung
ham loc cua anh téi tao duoc hién thi trong hinh 7.

Anh chua loc Ram-Lak Shepp-Logan

Cosine Hamming Hann
Hinh 7. Hinh dnh truéc va sau khi sir dung ham loc cua anh tai tao
2.3. Ban luan

Tir céc két qua thu duoc, 6 thé thy, ddi véi ca hai thuat toan, chat luong caa anh tai tao
tang 1én, nhiu it di khi tang s6 lugng hinh chiéu. Tuy nhién, cung véi mot sé lwong hinh chiéu,
thuat toan SIRT cho anh tét hon, v&i sé lwong hinh chiéu it van c6 thé tai tao anh dat duoc chat
lwong can thiét. Khi ting sé lwong hinh chiéu, thoi gian tai tao cia ca 2 thuat toan déu ting gan
nhu tuyén tinh theo sb hinh chiéu nhung thoi gian thuc hién cua thuat toan SIRT ting manh hon
thuat toan FDK.

Khi ting sb lan lap cua thuat toan SIRT cd thé thiy anh cua vat thé rd nét hon, tuy nhién
khi s6 lan Iap 16n, nhidu & phia ngoai rd rang hon. Anh téi tao cua thuat toan SIRT véi 3-400
budéc 13p gan twong dwong vai anh cua thuat toan FDK, tuy nhién nhiéu bén ngoai cua thuat toan
FDK cao hon. Tuy vy, thoi gian tai tao Ién téi 23.9 phat ddi vai bo dit liéu gdm 180 hinh chiéu,
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kich thudc anh 500x500 pixel 1a rat 16n trong khi thuat todn FDK chi mat cé 43.18 gidy). Nhu
vy, nhugc diém 16n nhét caa thuat toan SIRT chinh 14 thoi gian thuc hién 16n, yéu cau cau hinh
may tinh cao da duoc khang dinh trong cac tai lieu [1, 3-6]. V&i viéc ung dung CBCT trong cong
nghiép can su linh hoat cao va chat luong hinh anh tai tao khéng can qué tt nhu trong cac (ng
dung trong y té thi sir dung thuat toan FDK pha hop hon.

Hinh 6 cho thay, khi ting cuong d6 chiéu dén maot gia tri thich hop thi anh 3 chiéu tai tao
bang thuat toan FDK 13 nét hon. Nhu vdy, chit lwong anh tai tao khdng chi phu thudc vao dir liu
hinh chiéu ma con phu thudc vao rat nhiéu yéu té trong qué trinh chup (cao &p, hinh hoc chiéu,
cuong do chiéu). Hinh 7 cho thay su khéc nhau cua cac ham loc trong viéc loc anh. Do mdi ham
loc c¢6 cac dap wng trong mién tan sé khac nhau nén anh huong téi cac ving caa anh khac nhau.
Déi voi anh nay, ham loc Ram-Lak cai thién anh tét nhat. Ty vao timg anh, chung ta c6 thé chon
ham loc phut hop dé anh tai tao 1a tt nhat.

3. KET LUAN

Chung t6i da khao sat mot s6 tinh chat cua thuat toan tai tao anh FDK va SIRT dung cho hé
chup anh cat 16p str dung chim tia hinh nén. Cac két qua cho thy chat luong anh tai tao cua
thuat toan SIRT tot hon so véi thuat toan FDK. Tuy nhién, khi sé luong diém anh ting 1én, dé dat
duoc chat luong anh twong duong nhau thi thuat toan SIRT thuc hién 1au hon rat nhiéu so véi
thuat toan FDK. Do d6, chiing t6i dé xuat sir dung thuat toan FDK dé tai tao anh trong cac hé
CBCT st dung trong cong nghiép vai yéu cau thoi gian chup nhanh. Bén canh d6, chiing toi ciing
khao sét chat luong anh tai tao 3 chiéu cua thuat toan FDK khi tang liéu chiéu va khi str dung
thém céc ham loc anh. Cac két qua phi hop véi cac nghién ciu Khac trén thé gioi.

LOI CAM ON: Bio céo nay duoc hd trg nghién ciu tir dé tai KC0.5/16-20 cua Bo Khoa hoc va Céng nghé; su hd
tro tir Tap doan Mitsubishi — Nhat Ban.
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EVALUATE IMAGE RECONSTRUCTION ALGORITHMS IN
CONE-BEAM COMPUTED TOMOGRAPHY TECHNIQUE

Abstract Cone-beam computed tomography (CBCT) technique is largely used in the medical
diagnostic imaging and nondestructive materials testing, especially in cases which require
fast response times and high accuracy level. To meet this requirement, image reconstruction
methods play a very important role. In this report, we research and evaluate the pros and cons
of some image reconstruction algorithms used in CBCT technigue. The method of simulating
CBCT systems is also used to provide richer projection data, which helps the research to
evaluate many aspects of algorithms.

Keyword: CT, cone beam, reconstruction algorithm, FDK, SIRT



