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MO DAU

Theo thong tin cua to chirc y té thé gi¢i (WHO) thi ung thu 13 nguyén
nhan tir vong 16n thir hai trén thé gidi. Theo bao cao cia WHO nam 2014,
Viét nam c6 thém 16.815 ca ung thu gan & nam gi6i (chiém sb luong cao
nhit trong céc loai ung thu) va 5.182 ca ung thu gan & nit gidi (ding thir ba
sau ung thu vi va ung thu phdi). Tir d6 cho thdy viéc diéu tri ung thu noi
chung va ung thu gan noi riéng trd nén cap thiét

Tat ca céc phac do diéu tri déu cho thiy viéc trich xuat gan va u gan
(tirc 1a xé4c dinh thé tich va vi tri cta gan va u gan) 1a can thiét. Cong viéc
nay duoc cac bac sy thuc hién mot cach thu cong trén timg lat cat (slice)
ctia anh anh chup cit 16p vi tinh (CT, Computed Tomography) hodc anh
cong hudng tir (MR, Magnetic Resonance). Cong viéc nay mét nhiéu thoi
gian va do chinh xac phu thudc vao kinh nghiém, kién thirc cia ngudi thuce
hién.

Vi viéc ngay cang gidm giad thanh, khong chiu tac hai cua tia X nhu
anh CT va uu thé chan doan cta anh MR trong nhiéu truong hop thi anh
MR 132 mdt lwa chon ngay cang phd bién trong chan doan va diéu tri bén
canh anh CT. Tuy nhién vé6i sy phan b mic xam phtrc tap cia anh MR thi
viéc phat trién cac phuong phép trich xut gan va u gan tir anh ndy con
nhiéu han ché, 4p dung cac phuong phap trich xuit gan va u gan tir anh CT
vao anh MR phan 16n khdng thanh cong. Hién nay chua nhiéu cdng trinh
¢6 ¥ nghia vé trich xudt gan va u gan tir anh MR 6 bung dugc cong bd.

Tuwr nhitng trinh bay trén hinh thanh bai toan nghién ciru cua ludn an 1a
dé xudt thudt todn trich xudt gan va u gan tir anh MR 6 bung ba chiéu.

Hiéu qua cta thudt toan trich xuit gan va u gan duoc danh gia qua thoi
gian thyc thi, mirc do hd tro ciia may tinh (tw dong hay ban ty dong) va do

chinh x4c cua két qua trich xuat.



Dé danh gia d6 chinh xac ctia két qua trich xuat gan va u gan, ta phai so
sanh voi mo hinh that ctia gan va u gan. Tuy nhién thyc té ta khong co
duge mo hinh that nay. Vi thé dé phuc vu nghién ciru thi moé hinh thét cua
gan va u gan thuong dugc xac dinh trén anh thong qua chuyén gia kinh
nghiém.

V&i mbi 1at ct ciia anh MR 6 bung ba chiéu, chuyén gia s& v& thu cong
bién gan va bién u gan. Tr d6 xac dinh mo hinh cua gan va u gan, mé hinh
nay dugc xem nhu 12 tiéu chudn vang thay thé mé hinh that.

Két qua trich XUét sir dung thuat toan s€ dugc so sanh véi tiéu chuin
vang dé danh gia hiéu qua cua thuét toan. Cac d6 do thé hién sy phu hop
ctia két qua trich xuét gan bang thuat toan so véi tiéu chuin vang I cac do
do thé tich nhu d6 chinh xac (Accuracy), hé s6 Dice va ty 1é thé tich trich
xuit 16i. Dbi voi két qua trich xudt u gan con sir dung thém cac do do
khoang cach giita bé mit u gan trich xuit bang thuat toan va tiéu chuan
vang nhu ASSD (average symmetric surface distance), d do RMSSD (root
mean square symmetric surface distance) va MSSD (mean symmetric
surface distance)

Céc do do nay duoc str dung phd bién tir cac hoi nghi MICCAI 2007%,
MICCAI 2008? va dugc dung rong rii trong cic nghién ctru vé phan doan
anh y khoa. Cac do do duoc trinh bay va thao luan chi tiét trong phu luc .

Dt li¢u thuc nghiém dugc thu thap tu trung tdm y khoa MEDIC (Viét
nam), trung tdm y khoa dai hoc Chicago (Hoa ky), TCIA (The Cancer
Imaging Archive)®. Bién gan va u gan dugc cic chuyén gia ciia cic trung

tam nay xac dinh.

L http://sliver07.org/miccai.php
2 https://web.archive.org/web/20131216120403/http://1ts08.bigr.nl/
¥ http://www.cancerimagingarchive.net/



CHUONG 1 - TONG QUAN

Nguyén ly co ban cua tao anh MR dya vao hién tugng cong hudng tir
hat nhan. Trong cac may chup anh MR hién nay dung hat nhan nguyén tu
hydro trong nudc. Vi thé phan bé mirc xam trong anh MR 6 bung phu
thudc vao phan bo cac phan nuéc. Khi xudt hién u gan, phan bd nudc trong
gan néi riéng va ving bung néi chung sé thay doi dan dén phan bd mirc
xam cta anh MR ciing thay d6i. Vi thé cic phwong phap trich xuat gan tir
anh MR 4 bung trong trudng hop khong bi ung thu gan s& khé 4p dung truc
tiép ddi voi truong hop bi ung thu gan.

Nhiéu cong bd trich xuat gan tir anh CT 6 bung dya vao cac gia dinh:
nhu mé gan gan nhu dong nhét, viéc nang cao do twong phan 1am cho gan
sang hon cac ndi tang xung quanh. Hai gia dinh nay khong ding trong anh
MR, vi thé cac phuong phap trich xuét gan tir anh CT khé ap dung tryc tiép
d6i véi anh MR.

U gan trong anh MR 6 bung ba chiéu c¢6 mirc xam bién thién phtc tap
va triing véi nhidu viing ngoai u (bao gom trong gan va ngoai gan). U gan
khong c6 cau trac hinh hoc nhat dinh va bién cua ciing khong 13 rang, Vi
thé cac thuat toan xu ly anh co ban va dya trén thong tin hinh hoc it dugc
su dung.

Céc cong bd gan ddy vé trich xuit khdi u gan 4c tinh chu yéu van tap
trung vao dir liéu anh CT va cai tién cac phuong phap & MICCAI 2008.

Hién van chua tim thay cong bd ¢ ¥ nghia nao sir dung dit liéu anh MR.



CHUONG 2 - MO HINH TOAN HQC CHO BAI TOAN TRICH
XUAT GAN TU ANH MR O BUNG BA CHIEU

2.1. M4 hinh toan hoc cho bai toan trich xuit gan

Truée hét anh dugc biéu dién thong qua ham s6 duoc dinh nghia nhu
cong thuc (2.1)
I:Qc R SR, 2.1)

trong d6 | 1a ham c6 dao ham moi cip va I(x, y, z) 14 gia tri mirc xam tai
diém anh toa do (X, ¥, z). Luan an st dung anh | tuong duwong voi ham I.

Do | 12 ham s6 lién tuc va c6 dao ham moi cap nén co thé dinh nghia
cac toan tur gradient, div, laplace.

Tiép dén bién cua gan dugc biéu dién nhu mot mat dong mirc. Khdng
mét tinh tong quat ta dung ham dong muc cho gia trj khdng (0), ldc nay
bién dugc viét nhu phuong trinh (2.2)

I={(xy,2)|#(x,y,2) =0}, (2.2)

trong d6 ¢ 1a ham dong mitc cho gia tri khong. Trong toan bo luan 4n sir
dung ham ddng mirc 12 ham khoang cach c6 dau.

Vi viée bidu dién bién gan dung tip dong mirc, cac thong tin hinh hoc
(phap vector, do cong) cuia bién gan c6 thé xac dinh thong qua ham dong
muc @ nhu cong thirc (2.3)

n- Ve K=div(v—¢j. (2.3)
IVl IVl

K¥ thuat bién phan dua bai todn tim bién gan vé bai toan téi uu nhu
(2.4).
¢ = arg;nln E(¢). (2.4)



Néu xay dung phiém ham ning lugng E (¢) phii hop, theo phuong phap
giam gradient ta co thé xac dinh dugc bién gan tir bién khai tao ¢0 ban dau
théng qua phuong trinh (2.5).

P(x,y,2,t=0)=4¢y,

o¢ __dE(8) (2.5)
ot d¢

Bai toan trich xuat gan tuong duong voi bai toan xac dinh bién gan, thé
tich gan s& duoc xac dinh thong qua sé diém anh trong gan nhan véi kich
thudc tuong tmg ctia mdi diém anh. Tir d6 ta c6 thuat toan tong quat trich
xuit gan nhu thuit toan 2.1

Thuit toan 2. 1- thuit toan tong quat trich xuat gan

Pau vao: Anh MR 6 bung 3 chiéu

Pau ra: Bién gan va thé tich gan

1. Tién xir Iy: giam nhiu va Xac dinh anh canh tiém ning
2. Xac dinh bién dong mirc x4p xi &,

3. Xac dinh bién gan dung cong thire (2.7)

4. Xac dinh thé tich gan

2.2. Thuit toan trich xuit gan

Trén co sé thuét toan 2.1, ludn 4n trién khai mot thut toan trich xuét
gan ban tu dong st dung thuat toan Fast Marching dé xac dinh bién gan xép
xi nhu thuat toan 2.3, sau d6 tinh chinh bién gan xp xi nay sir dung thuét
toan GAC di dugc cai tién.

Trude hét bude khir nhiu duge thyc hién nhu thuat toén 2.2

Thugt toan 2. 2- Thugt toan tién xa Iy



Pau vao: Anh MR 6 bung 3 chiéu
Tham sé: nguéng A, s6 lan Idp, bude thoi gian, phwong sai ©.

Bau ra: Anh da giam nhieu | 5 va anh dg I6n gradient 1,

1. Xéc dinh 4nh da giam nhiéu | o dung cong thirc

VI .

ﬂ:div
ot

vI?

o

2. Xac dinh anh d¢ 16n gradient |,, dung cong thirc

T

2,2, 2

1
l.=1.* e 2
G~ 'D
N2ro

Thuat toan Fast Marching xac dinh bién gan xap xi tir mot sé diém ban

dau trong gan, loang ra theo phwong trinh Eikonal

FIIVT =1 2.6)

Ta viét lai phuong trinh Eikonal nhu (2.7)

1/2

max(Dy,T,~DjT,0)?
+max(D,/T,-D;/T,0° | =e'. 2.7)
+max(DyT,-D;T,0)?



trong do

T, T, T T Tt
Di}kXT - u; Di}kyT _ ik ij-1k : Di}kZT _ ik ijk—1
X — X4 Yi = Yia Z, -7,
T ., =T T. .. —T. T. .—T.
Di;kXT = M1 Di}rkyT _ _li+lk ijk : Di}-kz _ ke Tijk : (2 8)
Xia =% Yi = Vi 4~ .
1
Ty =T (6 Y20 s T
e (24

Thuat toan 2. 3 Xac dinh bién gan xip xi dung Fast Marching

Pau vao: Anh dé om gradient (\y) ciia dnh MR 6 bung ba chiéu,tdp cdc
diém khéi tao trong gan
Ddu ra: Bién gan xdp xi ¢

Tham sé: Ngudng thoi gian Tsiopy @& VA f3

1. Tao anh canh tiém ning
1.1. Xac dinh anh canh tiém niang dung cong thuc (2.13)
2. Khoi tao

2.1. Cac diém khoi tao trong gan s& c6 | fm (X, ¥,2) =0 va dua

vao tap Accepted.

2.2.Cac diém lang giéng cta cic diém trong tap Accepted ma

khong thudc tap Accepted duoc dua vao tap NB. Cac diém nay

dugc cap nhat thoi gian dén theo cong thirc (2.14). Trong cong

thie nay |, thay choT .




2.3.Céc diém con lai dua vao tap Far va thiét 1ap thoi gian dén
I, (X, Y,2) =+00.

Lan tmyén

3.1.Tim diém p trong NB ¢6 | ;. () nho nhit.

3.2. Accepted = Accepted w{p}-

3.3. NB=NB/{p}.

3.4.Vg e N(p),q ¢ Accepted . Cap nhat thoi gian dén diém q
theo cong thuc (2.14).

35. Vg e N(p),q¢e Accepted UNB: NB=NB U{q}.

Cho dén T(q) =T, -

Xac dinh bién gan x4p xi

vgel

fm?

Neu I, (0) =Ty, 1 4() =0
Néu 1 () < Ty 1 (a) =1
Neu 1y () > Ty, 1 4(0) =1

O day tap N(x,Y;,z,) cac diém lang giéng cua diem (X;, Y;»Z) dugc

dinh nghia nhu cong thuc (2.9).

(Xis Yis Z), (X1 Yi z,),
N(Xi 1Y Zk) = (Xi 1 Yijoa Zk)i(xi 1Y Zk)’ : (2.9)
(X, Yir z,.4), (X, Yis Z1)



Tap Accepted chira cac diém ludi da duge xac dinh thoi gian dén, tip NB
chtra cac diém lang giéng ciia cac diém trong Accepted ma khong thudc
Accepted. Tap Far chira cac diém con lai cua ludi.
Sau khi x4c dinh bién gan xép xi, bién nay s€ dugc tinh chinh st dung
thuét toan GAC cdi tién.
(X, y,2;t=0) = ¢,

—%Lt_ﬂ = adiv(g(1) | V4 1l) + Adiv(| Al [[] V4.

(2.10)

Thuit toan 2. 4 Thuit toan trich xuit gan

Pau vao: Anh MR 6 bung ba chiéu (1), tdp cdc diém gieo ban dau

Dau ra: bién gan

1. Tiénxuly
1.1. Tao anh khir nhiu va anh do6 16n gradient dung thuat toan 2.2
2. Tao bién gan xap xi
2.1.Tao bién gan xap xi dung thuat toan 2.3
3. Tinh chinh bién gan
3.1. Xac dinh anh laplace
3.2. Tinh chinh bién gan sir dung phuong trinh (2.10)
4. Xac dinh thé tich gan

2.3.  Két qua thuc nghiém

Thuat toan 2.4 duoc thuc nghi€ém trén tap dir liéu gém 12 anh MR &
bung ba chiéu dwoc thu thap tai trung tim y khoa Medic.

Thoi gian trich xut trung binh 14 1.04 + 0.4 phit (CPU: intel G630, 1.7
GHz) trong khi trich xuat thi cong 14 24.7 + 2.3 phut (p<0.001).



So véi tidu chuan vang két qua trich xuét ctia thuat toan 2.5 c6 do chinh
xéc trung binh 99.6% = 0.14%, hé s6 Dice trung binh 94.3% + 1.5%. Phan
thé tich trich xuét 15i E trung binh 13 3.6% + 2.5%.

(©) (d)

Hinh 2.1 Céc két qua trung gian caa thuit toan 2.5

Thuét toan 2.4 dugc cong b trong cong trinh [CT1]. Han ché cua thuat
toan 2.4 1a két qua phu thudc vao viéc chon cac diém ban dau trong gan. Dé
khic phuc han ché nay, trong chuong tiép theo sir dung thong tin thong ké
va thong tin giai phiu cia gan dé wdc luong ving gan xap xi mot cach tu

ddng. Tir &6 phat trién thuat toan trich xuit gan tu dong.

10



CHUONG 3 - THUAT TOAN TRiCH XUAT GAN TU PONG
DUNG PAC TRUNG THONG KE CUA GAN

3.1. Trich xuit ving gan x4p xi

Gia sir ta da xac dinh dwoc gia tri mirc xAm nho nhat va gia tri 16n nhat
cua gan twong Umg 1a | va u. Do mirc xam cua gan trong anh MR khong
ddng nhat, va co nhiéu viing ngoai gan (bao gém ndi tang khac) c6 mirc
xam twong dong voi mot phan trong gan. Vi thé anh nhi phan dugc xac
dinh tir cap ngudng | va u s& chtra ving gan ¢ lién két voi cac phan khac
ngoai gan. Trich xuat phan gan tir anh nhi phan nay nhu thuét toan 3.1

Thuit toan 3.1 Trich xuit viing gan x4p xi

Dau vao: anh gan tiém nang

Dau ra: anh nhi phdn chira vung gan xap xi

1. Loai bo céc lién két yéu str dung phép toan hinh thai mé anh
2. Trich xuét thanh phan lién théng c6 kich thudc 16n nhat
3. Lép cac 15 hong va 1am min bién gan x4p xi sir dung phép toan

hinh thai dong anh

Anh tiém nang dau vao cho thuat toan 3.1 duge xéac dinh sit dung thuit

toan 3.2.
Thuit toin 3.2 Uéc lwong mién mirc xdm gan va tao anh gan tiém

nang

DBau vao: anh dg I6n gradient va anh da giam nhieu 1, , |

11



Tham sé: m, nguong th va dg sdu level, ngudong 6

Dau ra: anh gan tiem nang

1. Phan doan anh |, ding bién doi watershed véi ngudng th va do

sau level

2. Sip xép theo thir tw giam dan vé the tich G ={G,,G,,...,G,, }

3. Khoi tao max_ratio = 0 va liver = 0

4. Mi G,,i=1.5

Do X1(P)
Do ')

- Tinh I; dung cong thirc . Vol(G)

- Tinh C;" dung cong thirc ¢x _

i 3
64] .4
Néu r>max_ratio va C* < X, /2,

max_ratio=r. va liver =i

5. Tinh gia tri trung binh Ipk va phuong sai o cia G

liver
6. Udc luong cap gia tri (1, u) theo cong thirc

I =lpk —mo,

u=Ipk + mo,

7. Xac dinh anh gan tiém ning theo c4c cong thirc

1.(P)=1,(p)u(ly (P)-0).

Vi

1néu x>0, 1néupeG
U(X)_{ g(p)_{O néu ngudgc lai,

0 né€u ngudc lai.

12



IU(p):u(Ith(p))"‘g(p),

3.2. Thuit toan trich xuit gan ty dong

Nhu vay ta c6 thé sir dung thuat toan 3.2 va thuat toan 3.1 dé trich xuét
tu dong viung gan xap xi. Tir d6 ¢ thé hiéu chinh thuat toan 2.5 trong

chuong hai thanh thuét toan 3.3 dé trich xuat ty dong ving gan.
Thuit toan 3.3 Thuit to4n trich xuit gan ty dong

Pau vao: Anh MR 6 bung ba chiéu (1)

Dau ra: bién gan, thé tich gan

1. Tiénxuly

1.1. Tao anh khtr nhiéu va anh d6 16n gradient dung thuat toan 2.2
2. Tao bién gan xap xi

2.1.Tao anh gan tiém ning dung thuat toan 3.2

2.2. Xac dinh ving gan xap xi str dung thuat toan 3.1
3. Tinh chinh bién gan

3.1. Tinh chinh bién gan st dung phuong trinh

#(X,y,2;t=0)=¢,
8 (a+ )|V 479(1)- Vg

4. Xéc dinh thé tich gan

3.3. Két qua thuc nghiém

Thuat toan 3.3 duoc thyc nghiém trén tap dir li€u gém 27 anh MR 6

bung ba chiéu, trong d6 16 anh duoc trung tdm y khoa ciia dai hoc Chicago

13



(Hoa ky) thu thép tir 16 bénh nhén va 11 anh cua 11 bénh nhén dugc thu
thap boi trung tm y khoa MEDIC (Viét nam).

Thoi gian trich xuat trung binh mot anh cua thuat toan 3.3 st dung may
tinh PC (Intel, Xeon, 2.66GHz) la 8.4 phut. Néu phai xac dinh bién gan thii
cong chuyén gia s& mat trung binh 24.7 phut cho mét anh. Sy khac biét nay
¢6 ¥ nghia thong ké (p<0.001).

So v&i tiéu chuan vang két qua trich xudt cua thuat toan 3.3 c6 do chinh
xac trung binh 99.0% % 2.5%, hé s6 Dice trung binh 91.1% =+ 1.9%. Phan
thé tich trich xuét 18i trung binh 1a E=8.3%.

Céc két qua trich xuat trung gan cta thuat toan 3.3 dugc minh hoa &
hinh v& 3.6, & dy bién mau den 13 tidu chudn vang va bién mau tring duoc

xac dinh boi thuat toan 3.3.

Hinh 3.1 Két qua cac bwéc trung gian cia thuit toan 3.3.

Thuét toan nay dugc thyc nghiém trén tap dir liéu thu thap tir hai nguén
khac nhau (trung tdm y khoa MEDIC va trung tdm y khoa dai hoc Chicago)
dé danh gia hiéu qua thuat toan. Thuat toan 3.3 ciing dugc cong bd trong
bai bao khoa hoc [CT2].

14



CHUONG 4 - CAC THUAT TOAN TRiCH XUAT GAN VA U GAN
SU DUNG MAY HQC CUC TRI

4.1. May hgc cwe tri va irng dung

May hoc cyc tri la mot thuét toan huén luyén khong 1ap cho mang
neural truyén thang mot 16p an. Thudt toan nay co thoi gian huin luyén
nhanh va hiéu qué trong nhiéu trudng hop. )

Thuat toan 4.1 Thuit toan huan luyén khong lip

Pau vao:
- da liéu hudn luyén D ={(X1, X5, Xja st Eigreenn te) | ] =1. M3
- 86 nut an N, ham kich hoat @
Pdu ra:
- Tdp trong s6 dau vao Wy, W; ..., Wy; , i=1..N
- Tdp trong s6 ddau ra a,,8,,...,a,i=1.N
- D¢ léch b;, i=1..N

1. Khoi tao ngau nhién bd trong so6 dau vao va do 1éch.

2. Tinh ma trdn H :[hii]m . » 0 day h; dugc tinh theo cong thirc

d
h; = (/)(ijkwki +hb j
k=1

3. Tinh by trong s6 dau ra theo cong thirc A=H'T.

Pudng tron xap xi histogram duoc xac dinh théng qua dung mang neural

truyén thing mot 16p 4n dugc minh hoa nhu hinh v& 4.1

f(x):ZN:akgo(wkx+bk). (4.1)

15
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Hinh 4.1 Két qua dwong histogram héi quy

Ta uéc lugng mién mirc xam cta gan xung quang dinh ké cudi va tao
anh gan tiém ning nhu thuat toan 4.2
Thuit toan 4.2 tao anh gan tiém ning

Pauvao : anh dj lon gradient |,
Tham so: o©,,0,,A

Dau ra: anh gan tiém nang

1. Xac dinh dudng tron xap xi histogram dung thuat toan 4.1
2. Xac dinh dinh th hai tir phai sang Ipk
3. Xac dinh mién mirc xam sir dung cong thirc
I=lpk-0cy, _ «
. Tr d6 xac dinh anh nguong |,
u=Ipk +o,.

4. Xac dinh anh gan tiém ning s dung cong  thic
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I (p) =1, (P)udly, (p)-A),

4.2. Thuit toan trich xuit gan ty dong
4.2.1. Két qua thuc nghiém

Thuat toan 4.3 Thuit toan trich xuit gan tw dong

Pau vao:  Anh MR 6 bung ba chiéu (I)

Pau ra: bién gan, thé tich gan

1. Tiénxuly
1.1. Tao anh khtr nhiéu va anh do 16m gradient dung thuat toan 2.2
2. Tao bién gan xap xi
2.1.Tao anh gan tiém ning dung thuat toan 4.2
2.2. Xac dinh ving gan xap xi str dung thuat toan 3.1
3. Tinh chinh bién gan
3.1. Tinh chinh bién gan st dung GAC
4. Xéc dinh thé tich gan

4.2.2. Két qua thwe nghiém

Tap dir liéu thuc nghiém gém 10 anh MR 6 bung ba chiéu dugc thu
thap tai trung tdm y khoa Medic. Cac bién gan dugc céac bac sy va chuyén
gia chan doan hinh anh MEDIC v& bang tay mot cach rit can than trén mdi
lat cdt anh dé xay dung tiéu chuén vang.

Thoi gian trich xuat trung binh 12 1.02 + 0.8 phdt (CPU: Intel ,core i7,
2.8 GHz ) trong khi trich xuat thi cong 14 24.7 + 3.7 phut (p<0.001).
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So v6i tiéu chuan vang, két qua trich xuat bang thuat toan 4.3 co do
chinh xac trung binh 99.0% + 0.4%, h¢ s6 Dice trung binh 91.0% + 2.8%.
Phén thé tich trich xuét 15i E trung binh 12 8.7%.

Hinh v& 4.6 minh hoa cac két qua trich xudt trung gian cta thuat toan
4.3. & day bién mau tring xac dinh ving gan trich xuat tu dong boi thuat
toan 4.3 va bién mau den x4c dinh ving gan tiéu chuan vang. Thuit toan
4.3 va két qua thyc nghiém dugc cong bd trong bai bao [CT4] (SCIE).

(€) M (9) (h)

Hinh 4.2 Két qua trich xuét cia thuat toan 4.3

4.3. Thuit toan trich xuit u gan

4.3.1. Thuit toan trich xuit u gan

Trude hét mot ving ROI chira u gan dugc xac dinh dé giam nhidu
thong tin va giam chi phi tinh toan, anh chi chira ving ROI nay la |.
Thuat toan 2.3 duoc hiéu chinh dé phan vung anh |, ving trong u duoc
gan nhin bang 1, ving ngoai u duoc gan nhan bang 2, ving con lai dugc
g4n nhan bang 0
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Mbi diém anh (x,y,z) trong I, dugc biéu dién bang mot vector dic
trung dugc xac dinh theo cong thire (4.2)
2(1(x=i,y—j,z=k)—1,,
pxyz Z{—l-i- ( R( =) ) )

Imax_lmin

i )ke '-w} 4.2)

trong d6 1,1 1a gia tri mitc xam nho nhét va 16n nhét trong anh 1.
Ctra s6 L, chita diém anh (x,y,2).

Tap dir liéu hudn luyén duge xdy dung tir cac diém dugce gan nhin gia
tri 1 hodc 2 nhu (4.3)

S

{(pi,ti),izl,z,...,n} (4.3)

& day n 1a sé diém da duoc gan nhan gi tri 1 hodc 2, img véi mdi diém nay
P; dugc xac dinh theo cong thire (4.2) va t, dugc xac dinh theo cong thirc
(4.4)

by = ’ (4.4)

Céac diém anh duoc gan nhdn 0 s& duoc gan nhin lai gia tri 1 hodc 2.
Tap cac diém anh dugc gan nhan bang 1 lién thong v6i viing gan nhan bang
1 ban dau tao thanh ving u gan tiém ning. Phan u gan dugc trich xuit va
tinh chinh dung thuét toan 3.1.

Thuat toan 4.5 Thuét toan trich u xuat gan

Pau vao: Anh MR 6 bung ba chiéu (1)

Pau ra: bién gan, thé tich gan

1. Tiénxirly
1.1.Tao anh ROLI: 1
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1.2. Tao anh khtr nhiéu va anh d6 16n gradient dung thuat toan 2.2
2. Tao ving u gan x4p xi
2.1.Phan vung anh I . Cac diém anh trong u dugc gan nhin bang 1,
cac diém anh ngoai u duoc gan nhin bang 2, cac diém anh chua
xéc dinh gan nhan bang 0.
2.2. Xay dyng tap hudn luyén dung cong thirc (4.2) — (4.4)
2.3.Gan nhan céc diém anh chua xac dinh
2.4.X4c dinh ving gan xép xi bang cach két hop cac diém anh duoc
gan nhan bang 1
3. Tinh chinh bién u gan
3.1.Xac dinh viing gan x4p xi sir dung thuat toan 3.1
4. Xac dinh thé tich u gan

43.2. Két qua thye nghiém

Tap dir liéu thuc nghiém gdm cac anh MR dugc thu thap tir trung tam y
khoa MEDIC (Viét nam) va ldy tir TCIA (The Cancer Imaging Archive)®.
Tir trung tdm y khoa MEDIC ta ¢6 10 anh MR 6 bung ciia 10 bénh nhan
ung thu duoc thu thip bing may chup anh MR 1.5T (Avanto, Siemens),
trong d6 c6 15 u gan. Tir TCIA ta ¢6 6 anh MR 6 bung ctia 6 bénh nhan,
trong d6 c6 10 u gan. Céc bién cua u gan duoc chuyén gia v& can than trén
ting l1at cat anh dé xac dinh tiéu chuan vang.

So voi tiéu chuan vang, thé tich trich xuét 15i trung binh ciia thuat toan
4.5 tinh trén toan tap du li€u thyc nghiém 1a E = 15.74% va VO =27.43%.

Khoang cach trung binh giita mat bién u gan duoc trich xut boi thuat toan

* http://www.cancerimagingarchive.net/
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so vOi mit bién tiéu chuan vang 1a ASD = 0.58 mm va MSSD = 1.20 mm.
Khoéng cach xa nhat gitra hai mit bién la 6.29 + 5.73 mm.

Hinh 4.3 Minh hea cac két qua trung gian ciia thuat toan 4.5

Céc két qua trung gian ciia thuat toan 4.4 dugc minh hoa & hinh vé 4.8.
Két qua sau budc tinh chinh nhu hinh 4.8(g), voi bién mau den xac dinh u
gan. Bién mau tréng xé4c dinh tiéu chuan vang, duoc sir dung dé so sanh va
danh gié két qua trich xuét cua thuit toan. 7

Doi voi toan tap dir li€u thuc nghiém, thé tich u trung binh dugc trich
xuét béi thut toan la 13.88 =+ 33.21 va cua tiéu chudn vang la 15.36 =
36.77.

Thuét toan 4.5 va két qua thuc nghiém dugc cong bd trong bai bao

khoa hoc [CT3].
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CHUONG 5 - KET LUAN VA KIEN NGHI

5.1. Kétluin

Luan an dat dugc mot s6 y nghia c6 khoa hoc nhu sau

Mo hinh toan hoc trich xuit ndi tang sir dung k¥ thuat bién phan va tap
ddng mirc.

Thuét toan trich xudt gan ban tu dong [CT1, CT6].

Thuét toan trich xuat gan tu dong tir anh MR 6 bung ba chiéu thong qua
xac dinh ty dong mién mic xam cua sir dung bién ddi watershed va dic
trung thong ké cua gan. [CT2]

Thuét toan trich xuit gan tu dong tir anh MR 6 bung ba chiéu théng qua
tich hop hoc nhanh vao thuat toan st may hoc cyec tri [CT4, CT5].

Thuét toan trich xudt u gan ban ty dong tir anh MR 6 bung ba chiéu
thong qua tich hop hoc nhanh vao thuat toan st may hoc cuc tri [CT3].

5.2. Huwéng phit trién ciia ludn an

Bai toan trich xut gan va u gan tir anh MR 6 bung ba chiéu con nhiéu
thach thirc. Trong cac nghién ctru tiép theo, tac gia tip trung va cac noi
dung sau

Phdi hop véi cac trung tim y khoa c6 uy tin thu thap dir lidu va xéac
dinh tiéu chuan vang dé 1am phong pha thém tap dir liéu thuc nghiém phuc
vu cho nghién ciru cua tac gia ciing nhu cong dong

Phéi hop véi cac chuyén gia nham tich hop tri thirc chuyén nganh vao

mo hinh trich xuat gan va u gan ma luan an da d€ xuat
Hoan thién san pham ung dung phuc vu cho cong dong
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PHU LUC - CAC PO PO

Goi A 1a tap hop cac diém anh cua phan gan (hodc u gan) trich xuét
bang thuat toan va B 1a tap hop cac diém anh cua tiéu chuan vang. Su phu

hop gitra hai tdp hop A va B dugc minh hoa nhu hinh vé .

a,,=|ANB]|

a, =|IA-{AnB}| a,,=|B-{AnB}|

A B

Céc d6 do do trich xuat ding

Acc = B T 8 : (A1)
ail + a12 + a'21 + a22
Dice = ¢ (A.2)
2a11 + a12 + aZl
Céc d6 do ty Ié trich xuat I3i (A3)
E— |a12 - a21| .
all + aZl
Vo= d2tdy (A.4)
a8, +8y
Sensitivity = . T (A.5)
a;+ay
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Specificity = %2 (A.6)
a, tay

Céc d6 do khoang cach trung binh giita 2 bé mat

D d(x,SA)+ > d(x,SB) (£
ASSD — xeSB XeSA
| SA|+|SB]| ’
> d*(x,SA)+ D d?*(x,SB) (£
RMSSD — xeSB XeSA
| SA|+|SB|

trong d6 d(x,S) la khoang cach tir diém X dén mat S (SA hoic SB) dugc
dinh nghia nhu cong thirc (A.13)

d(x.S)=min| x-y]. A

Do do khoang cach xa nhét giita hai bé mat

MSSD = max {d,, (SA,SB),d,, (SB,SA)}, ¢

& day
dy, (SA,SB) =maxd (x,SB), (A.
d,; (SB,SA) =maxd (x, SA). (A.
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