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TOM TAT

Trong nhiéu thip ki qua, nhiéu céng trinh nghién ciru khoa hoc déng gop khéng nging trong
linh viee thi giac may tinh noi chung ciing nhw nghién ciru phan dogn anh noi riéng. Trong do, phdn
doan anh la qua trinh tién xit li quan trong trong hau hét cac img dung xir Ii anh. Chiing téi tém tdt
va danh gid cdc ki thudt phdan doan anh va phan chia cdc ki thudt nay thanh cdc nhém gom: ki thudt
dvea trén phat hién canh/bién, ki thudt phan nguwong, phwong trinh vi phdn, phwong phap gom nhom,
ki thudt dwa trén phdn hoach dé thi. Tiép theo, chiing t6i trinh bay wu diém va khuyét diém ciia thudt
todn Neuts, la thudt todn kinh dién khd phé bién trong phan dogn anh dua trén do thi. Thudt toan
Neuts (Shi, & Malik, 2000) dwoc dua ra nam 2000 nhung da dwoc dp dung thanh céng va cho két
qua toi wu cho nhiéu iing dung xir li dnh ciing nhw cdc vmg dung khoa hoc ki thudt.

Tir khéa: eigenvalue; graph-cut; Ncuts

1.  Bai toan phin doan dnh

Anh s6 ngay cang tré nén phd bién va phong pha hon, dic biét 1a ¢6 lién quan dén
nhiéu tmg dung khoa hoc ki thuat. Anh s6 dugc xem 13 mot trong nhitng phuong tién quan
trong nhét trong viéc truyén tai thong tin trong linh vuc thi giac méy tinh. Viéc hiéu cac
thong tin tir anh gitp thuc hién dugc nhiéu nhiém vu trong cac ung dung khoa hoc ki thuat
nhu xac dinh cac té bao ung thu trong y khoa, xac dinh vi tri san bay tir dit liéu diéu khién
cam bién. Va muc tiéu can thiét phai xac dinh cac phan ving hay cac ddi tugng trong anh dé
xtr 1 hay rut trich théng tin & mirc cao 13 rit quan trong trong cac qua trinh xir li anh va thi
giac may tinh (Wang, Jensen, & Im, 2010; Wang, Kong, Lu, Qi, & Zhang, 2008; Guo, Ng,
Goubran, Petersen, Piechnik, Neubauer, & Wright, 2020).

Phén doan anh 14 qua trinh phan chia anh thanh cac ving khong giao nhau hay cac dbi
tuong nhu tap cac diém anh, hodc ving gdm cac diém anh c6 tinh chit trong dong nhau theo
mot tiéu chuin déng nhét nao do, vi du nhu mau sic, cuong do, két cAu, muc xam... dé tir
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d6 xac dinh vi tri dbi tugng va bién trong anh (Dass, Priyanka, & Devi, 2012). Pay la mdt
trong nhirg nhiém vu quan trong nhét trong phan tich anh s6 tu dong vi cac két qua cua
phan doan anh s& c6 anh huong ¢t yéu dén tit ca cac qua trinh tiép theo trong nhiéu tng
dung cua xur li anh va thi gidc may tinh, nhu biéu dién va mo ta dbi twong trong anh, xir li
nhan dang ddi tugng, phan loai anh, nén anh dya trén dbi tuong hay truy véAn anh dua trén
ndi dung...

Trong linh vuc thi gidc mdy tinh va xur 1i anh, phan doan anh la mot trong nhiing cong
doan quan trong va dugc quan tAm nghién ciru rat nhiéu do tinh can thiét trong nhiéu tng
dung. Qua trinh phan doan anh sb con c6 nhiéu déng gop quan trong trong nhiéu linh vuc
(Hoang, & Nguyen, 2018; Almotiri, Elleithy, & Elleithy, 2018; Jain, Prabhakar, Member, &
Hong, 1999; Chandra, & Bajpai, 2019; Wang, Jensen, & Im, 2010; Wang, Kong, Lu, Qi, &
Zhang, 2008; Dimauro, & Simone, 2020; Guo, Ng, Goubran, Petersen, Piechnik, Neubauer,
& Wright, 2020) nhu y té, vién tham, dy bao thoi tiét, cic bai toan nhan dang, cic bai toan
giao thong...

2. Cac huéng tiép cin

Viéc nghién ctru phan doan anh d3 c6 nhiéu thanh tyu va nhiéu ki thuat phan doan anh
dugc dua ra. Tuy nhién, khong c6 mot phuong phap nao 14 tot nhat cho cac loai anh khac
nhau, cling nhu khong phai tit ca cac phuong phép 1a tot nhat cho mot loai anh dic trung
nao. Vi vy, viéc lya chon ki thuat phan doan anh nao dé con dua trén tinh chit cta anh va
van dé can giai quyét. Co nhiéu cach dé phan loai cac ki thuét nay, theo (Dass, Priyanka, &
Devi, 2012; Misal, & Singh, 2013; Cheng, Jiang, Sun, & Wang, 2001) céc ki thuat co thé
phan loai.

a. Huéng tiép cin phdt hién canh/bién

Ki thuat ndy dya trén viéc phat hién cac canh hay cac diém anh giita cac ving khac
nhau vé& mic d6 bién doi cudng dd nham thanh cac bién giita cac vung hay ddi tuong
(Zaitoun, & Agel, 2015). Hai phuong phép phan doan dya trén canh co ban 1a: lugc dd xam
ctia anh va ki thuét dua trén bién d6i gradient. D& phat hién cac canh, mot trong nhitng ki
thuat phat hién canh co ban (Senthilkumaran, & Rajesh, 2009; Kirti, & Bhatnagar, 2017,
Dhankhar, & Sahu, 2013; Ganesan, & Sajiv, 2017) nhu todn tur sobel, toan tir prewitt, toan
tir Robert, toan tur Canny, Wavelets...

Theo bai bao (Hoang, & Nguyen, 2018) da xay dung mot phuong phép tiép can tu
dong dé khao sat dinh ki két cau tuong bé tong. Cach tiép can moi nham xac dinh nhanh
chong va chinh xac cac vét nirt trén bé mit tudong bé tong bang cach phan tich hinh anh thu
duoc bfmg may anh ki thuat $6. Nghién ctru so sdnh vé hiéu suét cua céc thuat toan Roberts,
Prewitt, Canny va Sobel cho phép phat hién canh dugc t8i wu hda mo hinh dé nhan biét vét
nat tuong bé tong. Tac gia (Ganesan, & Sajiv, 2017) trinh bay danh gia hiéu suét cta cac
phuong phéap phat hién canh khac nhau duoc thuc hién trén cac hinh anh khac nhau bang
Matlab. Két qua danh gia diém tich cuc va diém yéu cia cac phuong phap phat hién canh
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duoc 1ap trong bang. Trong sb cic phuong phap phat hién canh tiéu chuén, toan tir canny
cho két qua rat t6t, ddc biét 1a trong diéu kién nhiéu. V& d¢ chinh xac, phuong phap dua trén
Wavelets chinh xac hon va tét hon so vdi cac phuong phap khéc.

Huéng tiép can phuong phap phat hién canh/bién 14 phwong phap hoat dong dua trén
tich chdp mit na nhim tim ra bién ddi twong trong phan doan anh. Uu diém cua phuong
phép trén don gian, cho hi¢u suat tbt khi phat hién canh doc va ngang. Nhugc diém cua
hudng tiép can phu thudc mirc d6 nhiéu ciia 4nh nén d6 chinh xac khong cao.

b. Hwéng tiép cin phin nguing

Ki thuat nay (Sezgin, & Sankur, 2004) tach biét giita nén anh va ddi twong bang viéc
dat mot gia tri ngudng. Nhimg diém anh thudc vé phan tién canh c6 cudng do cao hon hoic
bang gia tri ngudng cho trude, va ngugc lai 1a nhitng diém anh thudc vé nén anh, vi du cac
ki thuat k-mean, ki thuat P-Tile, Histogram-shaped-based... Tuy nhién, néu hinh anh phic
tap va chira nhiéu ddi twong thi ngudng hai cAp khong hiéu qua (Khairuzzaman, &
Chaudhury, 2017). Vi vy, ngudng nhiéu cap duoc st dung dé phan doan mot hinh anh va
viéc lwa chon cac gid tri thich hop ciia cac ngudng 1a rat quan trong dé c6 dugc mot phan
doan tot. Cac ki thuat lua chon ngudng toi uu tim kiém cac ngudng bang cach tbi vu hoa
mot ham muc ti€u. Phuong phép Kapur (Manic, Priya, & Rajinikanth, 2016) va phuong phap
Otsu (Yang, Shen, Long, & Chen, 2012) dua trén phuong sai tao ngudng t6i wu duogc sir
dung rOng rai.

Ung dung (Almotiri, Elleithy, & Elleithy, 2018) ki thuat phan doan ngudng dugc s
dung rong rai trong nghién ctru lién quan dén phan doan hinh anh y té, noi cac mé va co
quan khac nhau trong co thé con ngudi duge thé hién & cac mirc xam khac nhau. Hodc tmg
dung (Jain, Prabhakar, Member, & Hong, 1999) trong nhan dang van tay str dung phuong phap
xéc thuc va xac thyc sinh tric hoc ph bién nhat vi kha ning chip nhan cao, tinh bat bién va
tinh duy nhat. Giai doan quan trong nhét trong hé thong nhan dang van tay ty dong d6 1a phan
loai van tay. Phan loai cho phép mot dau van tay ddu vao chi dugc so khdp véi mot tap hop
con ctia co s& dit liéu. Nham giam b6t su phtic tap trong tim kiém va khong gian, viéc phan
chia mét cach ¢ hé thdng co s dir liéu thanh cac 16p khac nhau 14 rat can thiét.

Hudng tiép can phan ngudng dua trén cac dinh trong biéu d6 histogram dé tim ra gia
tri phan ngudng cho phan doan ddi twong trong anh. Vi vay, vu diém hudng tiép cin nay
khong can biét thong tin vé anh can phan doan trudc khi phan doan anh. Nhugc diém cua
huéng tiép can phu thudc vao cac dinh trong biéu dd histogram va dic diém khéng gian
khong duogc can nhac.

c. Huéng tiép cin phwong trinh vi phin

Phuong trinh vi phan (Partial Differential Equation — PDE) la phuong phép (Ruthotto,
& Haber, 2020) khong thé thiéu dé mo hinh hoa nhiéu hién tuong vat li va giai quyét phan
doan anh trong xir li anh bang phuong phap chul yéu dya trén nhing thay ddi vé cuong do
hodic mau sic cua anh dya trén mo hinh PDE va giai phuong trinh PDE. Céc vi du chimg
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minh réng viéc tién xt li béng cac ki thuat PDE cai thi¢n dang ké viée phan doan ban dau va
phuong phép phan doan thu dugc cho két qua tot hon so voi mot sb ki thuat truyén thong
(Weickert, 2001).

Ung dung phan doan anh véi nhiéu d6i tuong c6 dang 15i trong thé gidi thyc (Luo, Tai,
Huo, Wang, & Glowinski, 2019). Bai bao dé xuit mot phuong phap két hop hinh dang 16i
true dé phan doan nhidu ddi twong duoc phan tich vé mit 1i thuyét. Cac diéu kién bién dic
b@tcﬁngdugcdétnidécéduqcthu@ioénlﬂéuquéchophuongtﬂnhdaohanlﬂénnggoéi
ra, phwong phéap chi cdn mot ham thiét 14p murc khong phu thude vao sé lugng ddi twong. Vi
vay, su gia ting s6 lugng d6i twong khong dan dén su gia ting ctia mo hinh va d6 phuc tap
cua thuat todn. Ngoai ra, mot rng dung khéc (Chandra, & Bajpai, 2019) cho phép phan doan
cac khdi u ndo lanh tinh, cho phép phan biét véi khéi u ac tinh 1a mot trong nhitng cin bénh
nguy hiém dén tinh mang. Céc té bao khdi u lanh tinh cé cac dic diém rat giong véi cac té
bao khoe manh xung quanh ctia nd. Do chinh xac cao dat dugc bang cach sir dung phuong
trinh dao ham riéng trong viéc boc tach vung u nao lanh tinh.

Huéng tiép can phuong trinh vi phan dua trén mé hinh hoat dong ctia phuong trinh vi phan.
Vi vdy, uu diém hudng tiép can nay 1a phuong phap tot cho cac tng dung can it thoi gian xu 1i
phan doan anh va phuong phap trén khong phu thudc vao sb lugng dbi twong can phan doan.

d. Huwéng tiép cin gom nhoém

Céac diém anh c6 tinh trong dong s& duoc gom nhom thanh cac cum theo mdt tiéu
chuan tuong ddng nao d6 dya trén dic trung cua anh nhu cuong do, két ciu, mau sic... va
xét thém quan hé giita cic diém anh khi phan nhom va cdp nhat gia tri dai dién cho mdi
nhoém. Cac ki thuat gom nhém thuong dung nhu k-Means, FCM (Kamil, & Salih, 2019;
Bezdek, 2013)...

Trong ung dung vién tham khi st dung dir liéu c6 do phan giai khong gian cao. Mot
trong nhitng budc dau tién cua phan tich anh dua trén dbi twong 1 tao ra cac ving dong nhét
tr anh. Bai bao sur dung thudt toan phan cum k-means cho phép phan doan anh dua trén viung
tu dong, duoc thiét ké dic biét cho cac ung dung vién tham (Wang, Jensen, & Im, 2010).
Mot tng dung (Wang, Kong, Lu, Qi, & Zhang, 2008) phan doan anh trong giai doan dau cua
qua trinh phan tich 1am sang hinh anh nio MRI. B¢ giam hiéu tng nhidu trong qua trinh
phan doan, phuong phap dugc dé xuét két hop ca bdi canh khong gian cuc bo va thong tin
khong cuc bd vao thuat toan phan cum FCM. Hiéu qua cua thuat toan dé xuét duoc ching
minh bang cac thuc nghiém so sanh véi cac thudt toan hién dai khac. Ngoai ra, c6 giai phap
cai tién ki thuat gom cum FCM dé phan doan hinh d&nh ndo MRI (Chen, Zhang, Zheng, Jeon,
& Wu, 2016; Ding, & Fu, 2016; Huang, Meng, Zhou, Jiang, & Manogaran, 2019; Bai,
Zhang, Liu, & Chen, 2019; Kouhi, Seyedarabi, & Aghagolzadeh, 2020).

Huodng tiép can gom cum dya trén sy phan chia thanh cac cum déng nhét. Vi vay,
huéng tiép can nay cho thy két qua vuot troi so v6i cac phuong phap hién c6 khac nhung
nhay vé&i nhiéu nén chua cai thién do chinh xac.
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e. Huwong tiép cén phin hoach dé thi

Céc hudng tiép can trén giai quyét tot bai toan phan doan néu cac ddi tuong bén trong
anh phan biét rd, nguoc lai cac ddi tugng c6 do twong phan gan nhau (nghia 14 bién gitra 2
d6i tuong c6 d6 twrong phan gidng nhau), cic phuong phap trén rt kho phan biét trong qué
trinh phan doan anh. Tuy nhién, hudng tiép can phan hoach db thi s& giai quyét tt bai toan
nay. Cu thé, xay dung dd thi ma mdi node 12 mot diém anh, canh ndi giita hai diém anh nay
chinh 1a d§ chénh 1éch. Bai toan phan doan anh gid trd thanh bai toan tim cac dd thi con, véi
mdi dbi tuong dugc phan doan 1a 1 cum dd thi con.

Viéc nghién ctru phan doan anh dya vao li thuyét do thi di c6 nhiéu ki thuat tién bo.
Cu thé, nhiéu thuat toan méi ra doi da chimg minh rang phuong phap nay 1a mot hudng
nghién ctru day htra hen trong cong dong nghién ctru phan doan anh. Cac phuong phap dua
trén 1i thuyét d6 thi da c6 nhiéu tng dung quan trong trong linh vuc thi giic may tinh, dic
biét 1a cac trng dung trong phan doan anh (Zhu, Zhang, Xu, & Deng, 2021; Hawas, Guo, Du,
Polat, & Ashour, 2020; Bejar, Guimaraes, & Miranda, 2020; Wang, Oda, Hayashi, Yoshino,
Yamamoto, Frangi, & Mori, 2020). Dya trén cac nguyén li cdu tric hinh thic vé mutc do
trong dong hodc 1an can trong viéc gom nhom thi giac, d6 thi dugc chia thanh cac ving
tuong tng véi mot ving hay d6i tugng nao dé trong anh. Két qua phan doan cua céc phuong
phap nay chi str dung ngudng ¢ dinh va tinh toan cuc b, chua thé hién duoc tinh chét toan
cuc, nén cac phan ving thuong chia nhé va khéng nhu mong mudn. Nhing nim gan day,
phuong phap phan doan anh bang db thi sir dung ham tinh toan cuc dugc dé xuat véi két qua
phan doan cudi cung t6t hon va dap tng dugc yéu cau ciia nhiéu img dung thi giac (Zhang,
Zhang, & Peng, 2013; Huttenlocher, & Felzenszwalb, 2004):

- Phuong phap tim cay bao trum tdi tiéu cia do6 thi (Minimal Spanning Tree — MST):
c4c thuat toan MST cho phan doan anh dinh nghia anh bang do thi c6 trong sé theo khdng
gian dic trung nao d6, xem viéc gom nhém cac diém anh duoc thuc hién nhu viéc tim cay
bao trim ti tiéu cta dd thi twong wng véi anh dau vao. PO thi duge chia thanh cac d6 thi
con bang cach xoa di cac canh sao cho thoa téng trong s6 nho nhat.

- Phuong phap graph-cut vai cac ham gia tri: twong ty véi MST ciling dinh nghia dya
trén d6 thi c6 trong sé va phan ving db thi mang tinh toan cuc. Phuwong phép graph-cut co
thé xem 1a mau chung cho cac tng dung phan doan anh bang ki thuat phan ving d6 thi. Pay
la mot thuan loi cho céc tng dung khac nhau vi c¢6 thé dinh nghia cac tiéu chuan ‘cut’ khac
nhau, hay téi wu hoa cac ham tinh toan gia tri todn cuc cho viéc phan vung d6 thi cho ung
dung riéng biét nao do, vi du tiéu biéu 1a thuat toan max-flow/min-cut, md hinh Markov
random field. Cac phuong phép tiéu biéu cho phuong phap graph-cut nhu minimal cut, Ncuts,
mean cut, ratio cut (Wang, & Siskind, 2001; Wang, & Siskind, 2003).

- Phuong phap dua trén tim dudng di ngan nhat cua d6 thi: bién cua ddi twong hay viing
cta anh duoc dinh nghia nhu tap canh 1a duong di ngan nhét gitta hai dinh cua do thi bang
cac thuat toan tiéu biéu trong Ii thuyét d6 thi nhu Dijsktra. Viéc tim bién cua déi twong hay
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phan viing trong anh dugc chuyén thanh viée tim duong di ngan nhét giita cap dinh trong db
thi. Va trong nhiéu tng dung doi hoi ¢ su tuong tac cua ngudi dung nhu chon diém khai
tao cua bién.

R rang cac phwong phap phan doan anh st dyung 1i thuyét db thi dd mang lai hiéu qua
dang ké trong xur i anh s6, hau hét cac két qua déu thé hién dugc cac phan ving theo thi giac
con ngudi (Zhang, Zhang, & Peng, 2013). D6 thi dugc ding nhu mé hinh toan hoc mé ta
nhitng dic tinh roi rac ciia anh trong thé gisi thuc. Hon nita, trong 1i thuyét d6 thi di c6 sin
nhiéu dinh i va cac phuong phap gom nhém ciing 13 van dé quan trong trong phan doan anh
bang d6 thi. Viéc dung d6 thi dé biéu dién anh sb cho ta mot huéng nghién ctru hiru hiéu
trong phan doan anh. Tuy nhién, da s6 cac thuat toan phan doan anh dua trén 1i thuyét d6 thi
chiém bd nhé va thoi gian 16n dbi véi dir liéu anh dau vao 16n, dién hinh 14 anh y khoa, anh
thién van doi hoi phai cho két qua nhanh va tot nhat 1a két qua tuong d6i voi thoi gian thyec.
3.  Ung dung Ncuts cho bai toan phan doan anh

a. Tong quan

Thuat toan Ncuts ma nhom tac gia Shi (Shi, & Malik, 2000) dua ra la thuat toan phan
doan anh dya vao i thuyét d6 thi kha pho bién trong cong dong xir 1i anh. Nhom tac gia Shi
d3 dua ra mot tiéu chuan mai cho viéc tim phan ving tdi wu — tiéu chuan Ncuts, khong chi
tap trung trén dac tinh cuc bd trén anh ma con tap trung vao viéc phan vung va gom nhom
dua trén ddc trung toan cuc anh. Thuat toan Ncuts 1a thuat toan sir dung phuong phap phan
vung dya trén 1i thuyét d6 thi. Tap dir liéu dugc thé hién mot mdi quan hé twong tng bang
viéc chuyén tap diém dir liéu ban dau thanh mot d6 thi trong s6 v6 hudng G = (E,V). Mdi
dinh ctia d6 thi G thé hién mot diém trong khong gian dic trung. Mdi canh dugc hinh thanh
giita hai dinh véi trong s6 w(i,j) 1a ham tinh khoang cach giira hai dinh i va j theo nhiéu cach
dua trén dac trung ctia anh va img dung.

Nhom tac gia Shi dé xuat tiéu chuan méi — tiéu chuan Ncuts dé khic phuc trudng hop
chi quan tAm dén gia tri tong trong luong cac canh gitta hai viing, tiéu chuan Ncuts tinh gid tri
‘cut’ theo ti s trén tong trong lwong két nbi dén tat ca cac dinh trong d thi, cong thirc (1).

cut(A,B) cut(A,B) (1)
assoc(A,V) assoc(B,V)
Véi assoc(X,V) = Yyex vey w(u, v) 12 tong trong lwong cua cac két ndi tir dinh trong

Ncut(A,B) =

A dén tat ca cac dinh trong d0 thi.
bat x 1a vector c6 |V| chiéu, dai dién cho cac phan vung cua dd thi trong hai tap A
va B. Ta ¢6 x; = 1 néu dinh i thudc A va x; = —1 néu dinh i thudc B. Ncut(x) dugc dinh
nghia nhu Ncut (A4, B).
bit d(i)) = ¥;(i,j) 1a tong cac lien két tir dinh i t6i tat ca cac dinh con lai.

x>0d;

Néu D = diag(d;) vab = .
2x;<0di

cong thirc (2) (Shi, & Malik, 2000),
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D-w 2
min Ncut(x) = miny(T—)y @)
x y y'Dy
Vé6iy; € {1,—b} vay"D1 = 0. Goi y 1a bién duoc tinh theo cong thirc (3).
14+x 1—x 3)
y=— b=

Tir cong thie (3), c¢6 thé thiy rang y; = 1 néu dinh i thudc A va y; = —b néu dinh i
thudc B. Cong thirc (2) c6 thé duogc tdi thiéu hoa bang cach giai bai toan tim tri riéng bang

phuong trinh (4).
(D —W)y = ADy C))
Phuong trinh (4) ¢6 thé dugc viét lai thanh (5).
1 1 1
D 2(D —W)D 2z = Az, v&i z = Dz2y. ®)

Mot s tinh chat:

1 1 L - 7 -7 . A~ ~
- D 2(D —W)D z la ma tran cac truc duong chéo doi xing vaéi cac gia tri khong am,

nghia 1a ma tran nay c6 dang ban xac dinh duong, vi vay, ma tran chi co cac tri riéng duong.
1
- Dz1 mot vector riéng ctia phuong trinh (5) vai tri riéng 12 0.

1 1 L ~ 7 -A Ve - -
- Vimatran D" z(D — W)D ™z doi xing, nén cac vector riéng caa nd truc giao vai nhau.
2 - A N SN
Cu thé vector riéng cta phuong trinh (5) & tri riéng nho tha hai phai tryc giao véi D21 va
N . 1

thoa diéu kien yI’' D1 = 0 véi z; = Dzy;.
Theo dinh li vé Rayleigh quotient (Golub, & Loan, 2013), néu A 13 mot ma tran d6i
xtng thuc, véi diéu kién x truc giao véi j — 1 vector riéng nho nhat x4, ..., x,_;. Thuong sd

xT Ax
xTx

dugc tdi thiéu hoa bang vector X;j twong ing vdi tri riéng nho nhat Aj.

Két qua thu dugc cong thuc (6) va (7).

rp-d 1 ©)
~z'D2(D—-W)D 2z
a= arg'zTn;(l,go zTz

Do d6 y'(o-wy . :D%1 (7)

va z
Tpi=0 yTDy 0

V1= arg.ymin

Tap cac phén tir c6 thé duogc chia thanh hai tap con, mot tdp chura cac phén tir mang
gia tri duong trong vector riéng va tap con lai chtra cac phan tir ¢6 gia tri am trong vector
riéng. Cach chia nay dugc lip lai cho dén khi dit dugce s6 nhoém can phan doan. Nhom tac
gia J. Shi (Shi, & Malik, 2000). cho rang, vector riéng cta tri riéng nho nhét thi hai y trong
phuong trinh (5) xdp xi mot 101 giai toi uu cua bai toan t6i thiéu hoa Neuts, duge mo ta thong
qua cong thtc (8).

LS00 -~ y() wy ®
yTD1=0 2 y(D2d ()
Cubi cling, dé phan ving do thi, ta c6 thé dat mot ngudng trén vector riéng nay dé chia
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d6i dd thi va dé qui theo kiéu two-way-cut (Shi, & Malik, 2000) dé dat két qua.
b. Thuc nghiém
Chung t6i thuc nghiém trén may tinh st dung hé diéu hanh Windows 10 Pro ban 64bit,
RAM 8 GB, Chip Intel Core (TM) 5i-3210M CPU @ 2.5GHz. Ngon ngit 1ap trinh Matlab
phién ban R2016a.
Két qua thuc nghiém cac phuong phap Prewitt, Roberts, Sobel, Laplacian of Gaussian,
Necuts nhdm phat hién canh/bién ddi trong qua dit liéu Hinh 1, 2, 3, 4 duoc sir dung ngudn
tai (Zaitoun, & Agel, 2015; Ganesan, & Sajiv, 2017).

: (d)

Hinh 1. Két qua phin doan canh dnh véng mac: (a) anh goc,
(b) Prewitt, (c) Roberts, (d) LoG, (e) Sobel, (f) NCuts

(d) (f)

Hinh 2. Két qua phdn doan canh dnh cameraman: (a) anh goc,
(b) Prewitt, (c) Roberts, (d) LoG, (e) Sobel, (f) NCuts
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()

Hinh 3. Két qua phan doan canh dnh cii qud: (a) anh goc, (b) Prewitt,
(c) Roberts, (d) LoG, (e) Sobel, (f) Ncuts

|

o © M

Hinh 4. Két qua phdn doan canh dnh cong dai hoc Bharathiar: (a) anh goc,
(b) Prewitt, (c) Roberts, (d) LoG, (e) Sobel, (f) NCuts
Nhéan xét: nhom Hinh 1, 2 dau hiéu sai khac cac doi tugng nhi€u trong anh phuong
phap Prewitt, Roberts, Sobel, Laplacian of Gaussian, Ncuts cho két qua do chinh xéc tot.
Nhom Hinh 3, 4 d6 twong phan gitra cac doi twong sai khac khong nhiéu trong anh thi phuong
phap Necuts cho két qua tét nhat.

c. Ung dung
Phuong phdp Ncuts (Dimauro, & Simone, 2020; Guo, Ng, Goubran, Petersen,
Piechnik, Neubauer, & Wright, 2020) dugc sir dung dé tu dong phan doan két mac mi mét
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cho phép chin doan bénh thiéu mau. Hay trong viéc chim soc bénh nhan 14m san lién quan
dén tim mach bang anh MRI tim. Dé ting cudng phan doan da 16p MRI tim bang cach két
hop cac diém manh cia CNN va phuong phap Necuts phan doan céu trac tim. Ung dung
(Wang, Lin, & Chen, 2019) phuong phap Ncuts dé ty dong phan doan hinh anh séi. Véi do
chinh xac cta phan doan canh so véi phuong phép do thi cong va phuong phap xur li 4nh
khac. Ung dung ndy c6 vai trd quan trong trong nghién ctru dinh lwong vé su phin bé ¢4 hat,
¢6 ¥ nghia 16n d6i v6i dia chit, thiy vin va sinh thai hoc.

4. Kétluan

Véi anh c6 d6 twong phan gitra cac d6i tuong sai khac khong nhiéu, thuat toan Ncuts
cho két qua tot hon so véi cac phuong phap gdm Prewitt, Roberts, LoG va Sobel. Tuy nhién,
thuat toan Ncuts ciing ton tai nhimg khuyét diém:

- Tap anh 16n thuat toan thuc thi véi toe ¢6 cham, mét nhiéu thoi gian va chiém nhiéu
bo nha trong tinh toan.

- Van dé tim s6 phan viing can phan ving c6 thé chi yéu con dua vao cam tinh truc
quan, chua c6 co so I thuyét dé ap dung chung.

Chung t6i nhan thay qué trinh phan doan anh bang thuat toan Ncuts c6 hiéu suat thoi gian
con thap; Vi vdy, viéc song song hoa thudt toan Ncuts trong qua trinh tinh toan ma trin s& cho
phép tang hiéu suit bai toan. Ngoai ra, ching ta c6 thé sir dung 1 s6 phuong phép gom cum tim
s6 phan ving can phéan ving, thuat toan Ncuts ¢ co s dé phan ving anh tét hon.

< Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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ABSTRACT

In the past decades, many studies have been conducted in computer vision and image
segmentation. Image segmentation is the process of image preprocessing in most image processing
applications. We summarize and evaluate image segmentation techniques and categorize them,
including edge detection, thresholding, partial differential equation, clustering, and graph-based.
Next, we present the pros and cons of the Ncuts algorithm, which is typical of graph-based image
segmentation. The Ncuts algorithm was introduced in 2000 and showed optimal results for image
processing and other applications.

Keywords: eigenvalue; graph-cut; Ncuts
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