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indicate that the partitions of the image are all according to human vision.
KEYWORDS However, with a large image set, the algorithm will compute at a low speed,;

it takes time and high memory usage for the computation. The parallel model

Parallel model; is a model that scientists are interested in and use to improve performance in
Parallel computing; image segmentation with large-size images. The article summarizes the
GPU: overview of parallel models in image segmentation and the comments and

evaluations for a few parallel models on the Ncut algorithm. Experimental
CPU; results reveal that the time required to compute eigenvalues in the Ncut
Ncut. algorithm when executed in parallel on a GPU is significantly lower

compared to execution on a CPU. Furthermore, as image sizes increase, the
execution time on the GPU only marginally increases in comparison to CPU
execution, while still yielding similar image segmentation results.
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C6 nhiéu phuong phap d€ phan doan dnh va mdt luong 16n cac phuong phéap
dé danh gia két qua phan doan dugc dé xuét. Trong s§ do, thuat toan Ncut
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o ax xt 1y anh so, hau hét cac két qua déu thé hién dugc cac phan vung theo thi
Nedy dang: 28/04/2024 glacycon nguoi. Tuy nhién khi E[1ap anh 16n thuét toan thuc trl)n voi tocgdo cham,
TU KHOA mét nhiéu thoi gian va chiém nhiéu b nhd trong tinh todn. M6 hinh song

Ngay hoan thién: 26/04/2023

song 1a md hinh dugc cac nha khoa hoc quan tdm va sir dung nhim nang cao
hiéu suét trong phan doan hinh anh véi kich thudc 16n. Bai bao tom tit tong
Tinh toan song song; quan mo hinh song song trong phan doan anh va nhitng nhan xét, ¢anh gia vé
GPU: mot s6 md hinh song song trén thuat toan Ncut. Két qua thuc nghiém thoi

gian tim tri riéng trong thuat toan Ncut khi song song trén GPU it hon dang
CPU; ké so v6i thoi gian thuc hién trén CPU. Ngoai ra, khi kich ¢& anh tang dan thi
Ncut. thoi gian chay trén GPU tang khong nhiéu so véi thyc hién trén CPU véi két
qua phan doan anh gan giéng nhau.

M&é hinh song song;
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1. M6 hinh tinh toan song song

Tinh toan song song trén dit liéu anh dong mot vai tro khong thé thiéu trong linh viyc xir 1y hinh anh
va khoa hoc may tinh. Day 1a viéc sir dung dong thoi nhiéu tai nguyén tinh toan dé gia ting hiéu suét
trong viéc xir Iy dit liéu anh. Thong thuong, diéu nay duoc thuc hién bang cach tan dung nhiéu 15i xtr ly
hodc don vi tinh toan dong thoi GPU. Mot trong nhimg ng dung quan trong cua tinh toan song song
trong xir 1y hinh anh 14 phan doan anh thanh cac phan nho, nhung van gilr dugc thong tin chu trac va y
nghia cua hinh anh. Tinh toan song song khong chi gifip cai thién hidu suat xir Iy, ma con mé ra nhiéu
co hoi trong vi€c phat trién ung dung va dich vu dya trén hinh anh.

1.1. Cdc hwéng tiép cdn song song trong phéin doan dnh

Trong qua trinh phan doan anh vai dir liéu anh c6 do phan giai cao, viéc tinh todn song song trén dit
liéu anh duge chia thanh ba hudng tiép can. Hudng tiép can xur Iy hé théng cum nhiéu may lam viéc
cung nhau trong mot mang cuc bd téc dd cao dua trén nén tang céng nghé Hadoop, MapReduce va
Spark [1]-[6] va dugc dung dé 1ap trinh song song trong viéc phan doan dnh nhu hinh 2. Theo Zhenhua
Lv va cong su [1] da st dung thuat toan Kmeans tudn tu va song song trén Hadoop va MapReduce dé
phan tich anh vién tham. Trong qua trinh tién xir 1y anh, bai béo thuc hién chuyén doi timg pixel tir gia
tri h¢ mau RGB sang hé¢ mau LAB phu hgp hon dé phan biét mau sdc. Phan cum duoc danh gia dya trén
téng phuong sai ti thiéu cho mdi cum va céc bao cdo vé hiéu suit dua trén céc thu nghiém duoc dua
ra. Tac gia [2] d& xuét phan doan anh ndng nghiép bang thuat toan phan doan FCM song song dua trén
nén tang tinh toan bo nhd phan tan Apache Spark cho dit liéu 16n hinh anh néng nghiép. Pau tién, hinh
anh dau vao duoc chuyén doi tir khong gian mau RGB sang khong gian mau LAB. Sau d6, dit liéu anh
dugc phan ving va luu trir trong cac nit khac nhau, qua trinh tinh toan cac diém pixel dén cac trung tim
cum khac nhau duge tinh cho dén khi diéu kién dung dugc thdéa man. Cudi cung, dit liéu anh dugc khoi
phuc sau khi phan nhom dé tai tao lai hinh anh da phan doan. Trén nén tang Spark, hiéu suit cua thuat
toan FCM song song dugc danh gia va dat toc d6 trung binh 1a 12,54 trén mudi nit may tinh. Két qua
thir nghiém cho thay thuat toan FCMs song song dua trén Spark c6 thé ting toc do dang ké va bo thir
nghiém hinh anh néng nghiép mang lai hiéu suat cai thién t6t hon 128% so vdi phuong phap dua trén
Hadoop.

Hudng tlep cén song song dya trén mé hinh lai CPU-GPU vo6i hai m6 hinh 1ap trinh song song pho
bién. Cu thé, mo hinh Open Multi-Processing (OpenMP) 1ap trinh song song dya trén dong bo ludng,
cho phép chia sé bd nhd va thuc hién tinh toan trén cac ludng xir Iy khac nhau; va mé hinh Compute
Unified Device Architecture (CUDA) 14p trinh song song dugc sir dung trong tinh toan dd hoa, cho phép
cac 16 xtr 1y trong GPU thyec hién tinh toan va xir Iy da ludng [7]-[12]. Tac gia Baydoun va cong su [9]
da trién khai thuat toan song song béng K-mean véi dir liéu hinh énh RGB trén CPU va GPU. Trong
CPU, ho su dung Cilk Plus (mét thu vién dung dé song song hoa do Intel phat trlen) va OpenMP. Cac
thudc tinh cta dir liéu dau vao nhu s6 lugng cum, s6 luong mau va s0 lugng cac doi tugng dia 1y c6 anh
hudng dén hiéu suat clia thuat toan song song K-mean. Cudi ciing, nhom tac gia nhan thiy rang OpenMP
phu hop hon Cilk Plus cho tac vu song song hoa. Sirotkovi va cong su [7] dé trinh bay phan doan hinh
anh bang thuét toan K-mean st dung CUDA trén GPU. Dit liéu hinh anh c6 d6 phén giai 512x512 pixel
dugc sir dung lam dau vao cho phan doan. Két qua cho thay sur cai thién vé thoi gian thyuc thi cia GPU
s0 voi phién ban tudn tu cua thudt toan duoc trién khai trén CPU. Baker va Balhaf [8] da thyc hién phan
doan hinh anh bach cau bang cach tich hop CPU va GPU. Qua trinh chuyén d6i khong gian mau tir RGB
sang HIS va trién khai K-means dugc thuc hién tinh toan song song trén GPU va viéc trich xuat mau
dugc thyc hién trén CPU. Két qua phuong phap két hop dugc dé xuat c6 hiéu suét hiéu qua hon trén
CPU va GPU riéng.

Hudng tiép can hién thuc song song dya trén tinh toan lugng tir. Phan doan anh bang phuong phap
phan cym dugc xem 1a bai toan t01 vu héa td hop va tén nhidu chi phi. Cu thé, cac thuat toan di truyén
to hop thuong tiéu t6n thoi gian, tdc do hoi tu chdm va gia tri tim dugc thuong 1a gia tri t1 uu cuc bo.
Tinh toan luong tir dugc biét dén vai cac nguyén tic ctia co hoc lwong tir nhu sy khong chic chén, chong
chét, vudng viu va song song hoa ngam dinh [13]-[17]. Nhirng déc tinh nay 1am cho luong tir ¢ tinh da
dang t6t hon va c4n bang giita viéc kham phé va khai thac tot hon s0 v01 cac thudt toan t6i wu hoa to
hop thong thuong. Theo nhom tac gid Yangyang Li [14] mot cach tiép can phan cum da myc tiéu méi
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duoc dé xuit tan dung loi thé cua co ché tdi uu hoa da muc tiéu va su chéng chét cua cac trang thai
lugng tu. Do do6 thuét toan QMEC c6 kha nang tim kiém, da dang phﬁn tr du tuyén va dat duoc hiéu
suét cao vé ty 1¢ phan cum chinh xac va hiéu ting hinh anh. Theo nhém tac gia Sunanda Das [16], thuat
toan QIANA-based FRCM duoc trinh bay dya trén sy két hop cua thuat toan di truyén va luong tur daé
phan doan hinh anh tir thang do d6 xam nhiéu cép. Cac chi s6 danh gia chat luong cho thay thoi gian
tinh todn giam va chat luong dau ra dugc phén doan t6t hon. Cai tién cta thuat toan nay nam & viéc cai
thién khoi tao quan thé va phan lai chéo quan thé.

1.2. M6 hinh tinh todn song song trong phdn dogn anh

‘Trong qua trinh phén doan anh, tinh toan song song la m¢ét phuong phap quan trong dé gia tang hiéu
suat xur ly dir liéu hinh anh. Dudi day 1a cac mo hinh tinh toan song song trong phan doan anh.

1.2.1. Phén doan anh trén thiét bi dé hoa

Mot trong nhitng cach phd bién nhét dé tan dung tinh toan song song trong phan doan anh 14 str dung
GPU. GPU c¢6 nhiéu 16i tinh toan va kha nang xu ly song song manh mé, dac biét 1a trong viéc thuc hién
cac pheép tinh trén ma tr4n. M6 hinh lap trinh song song trén thiét bi 6 hoa ra doi vao cudi nhitng nim
1990 nhu mot bd xir Iy chuyén dung nhim ting toc xir Iy dd hoa, hd tro 1ap trinh song song ¢ murc cao,
va xir 1y dir liéu 16n. GPU tich hop hang trdm 15i xir 1y tinh toan, do d6 hiéu suat ciia nd cao hon rat
nhiéu so v6i CPU trong cac thuat toan phirc tap doi hoi hi€u nang cao. Kién trac bd nhé cua GPU duge
chia thanh nhiéu loai ving nhd véi cac chirc ning truy cdp va luu trir khac nhau, dugc minh hoa trong
hinh 1a. Kién trac nay bao gém cac loai bo nhd sau:

e B nho thanh ghi (Registers): Danh cho truy cap doc va ghi ctia cac tiéu trinh va chi riéng noi bo

trén mot tiéu trinh.

e B6 nhé cuc bo (Local memory): Cho phép truy cap trén ndi b ciia moi tiéu trinh.

e B0 nh¢ chia sé (Shared memory): Cho phép truy cap ctia mot nhom tiéu trinh (goi 1a khbi tiéu

trinh) trong ciing mot khoi.

e B nhé toan cuc (Global memory): Cho phép truy cip doc va ghi tir tit ca cac tiéu trinh trén GPU.

e B nhd hing (Constant memory): Cho phép truy cap dit liéu chi doc tir cac tiéu trinh trong cing

grid.

e Ving nh¢ Texture: La viing nhé chi doc véi tée do truy cap nhanh hon so v6i bo nhé chia sé.

Tuy theo cach truy xuat ctia cac tiéu trinh va khéi tiéu trinh (block, grid), cac loai ving nhé nay co
quyén truy cap khac nhau. Lap trinh song song trén GPU doi héi ky ning chuyén mon cao va thuong sir
dung cac thu vién dic biét nhu CUDA (danh cho GPU ctia NVIDIA) hoic OpenCL (hd tro nhiéu loai
GPU) dé viét ma tuy chinh va thyc hién phan doan anh trén GPU. Viéc nay c6 thé 1am ting d6 phuc tap
clia ma ngudn va doi khi kho trong viéc kiém tra va bao tri.

(Device) Grid

Block (0, 0) Bilock (1, 0)

o o] o]

Thread (0, 0) | Thread(1,0)  Thread(0,0) Thread (1, 0)

NEVEVEVEVEVEVEVEY]

(a) (b)
Hinh 1. (@) Kién triic bé nhé GPU [18] va (b) Hé thong lai CPU+GPU [19]
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1.2.2. Phan doan anh trén CPU da loi

Str dung nhiéu 16i CPU ddng thoi xir Iy nhiéu phan cta anh la mt phuong phap thuong duoc ap
dung. Trong linh vyc khoa hoc va c6ng ngh¢, nhu cau vé tinh toan dang tang cao chua tung thay, nhung
viéc st dung phuong phap xur ly tuan ty trén mot bo xir Iy don da trd thanh mot thach thic 1on. Dé giai
quyét van dé nay, can st dung tinh toan song song trén cac hé thong may tinh dong thoi va siéu may
tinh. Mic du hiéu suat xu 1y cta cac bd xir Iy da duoc cai thién dang Kké, tuy nhién do cac han ché vé
mat vat 1y, toc do xtr 1y van bi giéi han & mot mirc do nao d6. Cac nha san xuat dang quan tam dén viéc
phat trién bo xir 1y tich hop nhiéu don vi xir 1y trén mot chip dé thuc day su tién bd co ban trong cong
nghé phan cing. Sur dung céc bo xur ly da 161 co thé bién may tinh thanh mot hé thong song song nho.
Trong thuc té, cac hé théng vai bo xir Iy don 18i khong dap ing duoc yéu cau vé thoi gian, do d6 can sir
dung cac hé thong da bo xtr 1y. Tinh toan song song giup cac bd xir 1y hop tac dé cung tinh toan va giai
quyét van dé. Sir dung CPU da 15i va nhiéu nhan c6 thé tan dung cho mé hinh céng viéc song song cho
nhiéu nhiém vu, trong d6 cac nhiém vu nay c6 cac chi 1€nh khac nhau trén tap dir liéu khac nhau. Céc
thu vién va framework nhu OpenMP cho phép ban dé dang tan dung tinh niang da 16i cia CPU dé thuc
hién phan doan anh trén cac ludng da 13i khac nhau.

1.2.3. Phan dogn anh phan tan

Trong cac hé thdng c6 nhiéu may tinh két ndi v6i nhau qua mang, cé thé ap dung tinh toan phan tan
dé thuc hién phan doan anh. Cac may tinh nay chia sé cong viéc phan doan va két hop két qua dé hoan
thanh nhiém vyu. M6 hinh 14p trinh song song trén hé thong cum nhiéu may tinh hoat déng cing nhau
trong mt mang cuc bg tdc o cao. Mot loi ich khi sir dung hé thong song song nay 1a cac hé diéu hanh
déu hd trg da nhiém, cho phép ap dung phuong phap lap trinh song song trén chung Tuy nhién, thach
thirc dat ra Ia lam thé nao dé cac bo xir Iy doc 1ap co thé hop tac va cung tham gia gidi quyét mot vin
dé. Mic du vay, hé théng cum nhidu may van c6 nhugc diém co ban tir goc d6 hiéu qua khai thac va sir
dung, bao gdm gia thanh, ty 1& hiéu ning st dung, va chi phi van hanh (bao gdm ning lugng, quan tri,
va bao tri hé thong) rat cao. Hon nita, néu khong phan phdi cong viée mot cach hop 1y, cac nat xir ly
trong cum c6 thé gip tinh trang tic nghén va dan dén giam hiéu suét cta toan bd hé théng. Cudi cing,
viéc déng bo hoa dir li¢u gitra cac nut xtr 1y trong mot cum co thé 1a mot thach thirc 16m, dic biét 1a khi
cac nut xtr 1y can truy cip vao cac tai nguyén chung nhu co sé dit liéu hodc bd nhé chia sé. Cac
framework nhu Apache Hadoop hoic Apache Spark cung cép kha ning tinh toan phan tan dé thyc hién
phan doan anh trén nhiéu méay chu.

1.2.4. Phan doan anh voi mo hinh lai trén CPU — GPU

M5 hinh lap trinh song song v6i md hinh lai trén CPU — GPU [19] 1a mot hé thong két hop xir 1y
manh mé& vi CPU va GPU c¢6 nhing thudc tinh két hop sir dung ca hai loai bo xir Iy bd sung nhau cho
phép thuc thi nhidu tmg dung 16n dat hidu nang t6i wu. Chip CPU da nhan dam trach viéc xir 1y tuan ty,
trong khi d6 chip xtr Iy GPU véi hang ngan nhéan xt 1y duoc thiét ké cho phan tinh toan va xu 1y song
song. Hé théng lai s& 1a kién trac tinh toan ddy htra hen trong twong lai gitp ting toc nhiéu tmg dung
lon trong tinh toan hiéu nang cao. Theo hinh 1b kién trac mo hinh lai CPU+GPU thyc thi mét 50 ludng
chay dong thoi trong hé thong & cap do CPU. Ngoai ra, d6i vi mdi GPU trong hé thong, mot ludng cu
thé duoc tao, ludng nay s& chiu trach nhiém xur 1y dit liéu trén GPU. Khi mét ludng hoan thanh cong
viée, chung dugc chi dinh mdt phién méi boi ky thuét can bang tai dong. Tuy nhién, kho khan trong
viéc dong bo hoa gitra CPU va GPU doi hoi phai quan 1y tot thoi g1an va tai nguyén dé dam bao rang
cac nhiém vu dugc thuc hién mdt cach dong bd va hiéu qua. Vi vay, viéc dong bo hda nay kho khan do
CPU va GPU c¢6 tdc do va cach thuc xtr 1y khac nhau.

Vi du v& phan doan anh bang viéc lap trinh song song gitta CPU va GPU. Pau tién, chon mot mod
hinh mang no-ron tich chép phu hgp cho nhi€ém vu phan doan anh. Sau do, st dung TensorFlow hoéc
mot thu vién tuong tu dé tao va dao tao mang CNN trén GPU. Tiép theo, phan chia cong viéc gitta CPU
va GPU c6 thé tién xur Iy anh va chia n6 thanh cac phan nho trén CPU, sau d6 giri chiung cho GPU dé
phan doan bang mang CNN. Trong khi GPU dang xir Iy mot phin cua anh, chung c6 thé tiép tuc xur ly
cac phan con lai trén CPU. Cubi cuing, sau khi phan doan anh bang mang CNN trén GPU, chung ta két
hop két qua nay vé6i phan duge xir 1y trén CPU dé tao ra két qua phan doan hoan chinh.
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1.2.5. Phan dogn anh dwa trén luong tir

Ly thuyét lugng tir 1a mot nhanh cta vét 1y va toan hoc tap trung vao nghién ctru cac hién tuong xay
ra & mirc d6 nguyén tir va phan tir. Trong viéc ap dung 1y thuyét luong tir vao phan doan anh, ching ta
st dung dai luong qubit lugng tir dé biéu dién thong tin trong hinh anh. Mdi qubit c6 kha ning mang
thong tin vé mot pixel hodc mot ving trong hinh anh. Str dung phép tinh luong tir cho phép chung ta
thyc hién céc phép tinh dong thoi trén nhiéu trang thai cua hinh anh, tir d6 gilp tang cuong toc do cua
qué trinh phén doan. Céac phép tinh lugng tir co ban bao gom bién doi Fourier lugng tur, thudt toan Grover
va thuat toan luong tir lién quan dén ma tran.

Ung dung lugng tir trong phan doan anh c¢6 kha nang cai thién dang ké chinh xéc va tdc do cua qua
trinh phan doan hinh anh. Diéu nay thé hién qua viéc cai thién trong cac nhiém vy nhu nhén dang aoi
tuong, phat hién bién, phan loai hinh anh va nhiéu tmg dung khac. Tuy nhién, phan doan anh dya trén
luong tir cling db6i dién véi mot sd thach thic, chang han nhu do phirc tap ciia cac phép tinh luong tir va
kha nang trién khai chiing mét cach hiéu qua trén may tinh lugng tu. Tuy véy, v6i su phat trién ctia may
tinh lwong tir, chung ta c6 co hdi giai quyét nhimg thach thirc nay va mo ra nhiéu tiém ning hira hen cho
viéc phan doan anh dya trén lugng tir.

\

image dataset

grouped

Original
images

{Combination:
I same initial centers

Distribution:
different membership

Map
operation

Reduce
operation

{ Combination:
I same obiective function

K Segmented results J

Hinh 2. M6 hinh xit Iy phdn doan anh trén MapReduce[1]

2. Thuat toan Ncut

Thuét toan Neut [20] st dyng ly thuyét d6 thi dé tim nhom céac diém anh trong khong gian dic trung
cua anh s0. Tap hop nhitng diém anh trong khong gian déc trung bat ki duoc biéu dién bang do thi trong
s6 vo huéng G = (V, E). Trong do, tap dmh V ctia d6 thi 1a nhung diém anh hodc vung trong khong gian
Euchde Moi canh (vl, vj) € E c6 trong sd Wi thé hién mbi quan hé hoac tinh chét giita hai diém duoc
ndi, ciing dugc xay dung bang ham tinh do twong dong gitra hai diém anh i va j. Thuat toan Ncut dung
dé phan doan mot anh thanh nhing ving khac nhau c¢é thudc tinh twong tu. Cac phéan ving duoc tim
dwa vao d6 tuong dong cao giita cac dinh trong ciing mot tap do thi va do tuong dong thap giita cac dinh
nam trong céc tap do thi khac nhau.

Theo tac gia Shi va Malik da dé xuat tiéu chuan Neut, thay vi chi quan tam dén gid trj tong trong
luong cdc canh gitra hai vung, tiéu chuén Ncut tinh gia tri ‘cut’ theo ti s trén tong trong lugng két nbi
dén tat ca cac dinh trong d6 thi theo cong thire (1).
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cut(4,B) N cut(4,B)
assoc(A,V) assoc(B,V) 1)

Ncut(4,B) =

Trong d6, assoc(X,V) = Yuexvey w(u, v) 12 tong trong luong cia cic két ndi tir dinh trong A dén
tat ca cac dinh trong do thi.

Vi hon hai ving thi tiéu chuan Ncut dugc mé rong theo cong thirc (2).

N _
. Cut(Ai! Al)
Ncut(4;/i=1..n) = Z
i

— assoc(4;,V) @)

Gia st tap dinh V 1a mot viing cua do thi, can tach thanh hai tap con A, B. Pat x 1a vector ¢c6 N=|V|
chiéu, véi xi=1 néu dinh i € A va nguoc lai xi=-1. Pat d(i) = ¥;w(i, ) 1a tong két ndi tir dinh i dén tt
ca cac dinh khac.

Dt W=(w;) 14 ma tran ddi xtmg c¢& NxN va D= diag(ds, da, ..., dn) 1a ma tran duong chéo kich thudc
NxN. Qua nhiéu budc bién dbi toan hoc, tiéu chuan Neut tré thanh van dé trong giai bai toan dai sé theo
cong thirc (3).

y'(D-W)y

y'Dy
Trong do,y = (1 +x) —b(1-x)vab=k/ (1 -K), voi k = ¥, ~0d;/¥; d;
Ta c6 thé cyc tiéu Neut (A,B) theo cong thirc (4).

Ncut(4,B) = ,v; €{1,b},y"D1 =0 (3)

T(D W)y

mln Ncut(A,B) =
yTDy 4

Phuong trinh nay c6 thé duoc giai quyét bang viéc giai bai toan tri riéng tong quat theo cong thirc
(5).
(D — W)y = ADy ®)
Thuéat toan Ncut Gidi thuit gom nhém trong phin doan anh:
Cho 1 anh I. Xay dung do thi trong s6 G = (V, E) véi mdi node ctia d6 thi 1a mot diém anh ciia anh.
Pat N 1a s0 node ctia do thi N = |V|.
Buére 1: Xay dung ma tran tuong dong d6i xtimg W kich thude N x N vai W(i,j) = wij theo cong thirc

(6).

—IX® -XxMIF
—IIF(l)—F I3 Su llX(@) — XDl <
Wy = ex - DIz Jexp p: néu X)) — XDl < ©)
! 0 néu IX@ -XPIz = r
Trong do, X(i) 1a toa d¢ khong gian ciia anh gbc I, va F(i) 1a vector dic trung dugc dinh nghia nhu
sau:

F(i) =1 d6i véi tap diém phan doan.
F(i) = I(i) gia tri cuong d6 cho nhiing anh xam.
F(i) = [v,u,sin(h),v,s,cos(h)](i) véi h,s,v 1a gi4 tri HSV ddi v6i phan doan anh mau.
batd; = Xjw(i,j) la téng cac két ndi tir dinh i dén tat ca cc dinh con lai. X4y dung ma tran duong
chéo D vdi di 1a gia tri duong chéo.
Budic 2: Giai hé tri riéng tong quat (D-W)x = ADx va tim vector riéng c6 tri riéng nho thir hai.
Bugre 3: Dung vector riéng nay chia d6i d6 thi. Trong truong hop 1y tudng, vector riéng nay chi nhan
hai gia trj roi rac, va dua vao ddu dé xac dinh phan vung (vi du A = {Vilyi=0}vaB={Vi|yi<0}).

Tuy nhién y nhén nhimg gié tri thyc lién tuc, vi thé can chon diém chia phu hop bang phuong phap
heuristic dé tim kiém diém chia sao cho gia tri Ncut cuc tiéu.

Budic 4: Lip lai dé qui chia d6i mdi phan viing cho dén khi gia tri Ncut 16n hon ngudng cho trude.
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3. Thuat todn Ncut véi mé hinh song song cho phan doan anh

Qué trinh song song v&i mé hinh clustering s& mat nhiéu thoi gian chuyén dif lidu giita cac node nén
mo hinh nay khong hiru ich cho phan doan anh, vi phai tinh ma trdn nhiéu lan. M6 hinh song song trén
CPU s& khong du bd nhd dé tinh toan nén phai doi chd cac task & cac CPU khac. V6i mo hinh song
song trén GPU cho thdy n6 hiéu qua hon CPU rat nhiéu trong nhiéu thuat toan phirc tap doi hoi hiéu
nang cao. Ngoai ra, song song voi cong nghé phan ctng chuyén biét GPU, cac ngdn ngir hd trg 1ap trinh
song song héa ciing duoc phat trién va hd trg manh mé trén thiét bi GPU nhu CUDA, Matlab hd tro 1ap
trinh song song trén GPU.

Hién thuc phan doan anh bang Ncut trén GPU bai kién trac CUDA [21]-[25]. Cu thé, theo nhom tac
gia Senthilnath va cong sy [22] thuc hién song song trén CUDA trong qua trinh tinh ma tran trong dong
W. Ngoai ra, nhom tac gia Huang [21] str dung thu vién CUBLAS trong NVIDIA d ting toc tinh vector
riéng va tri riéng tir ma tran trong cong thirc (7) dé phan doan anh. Két qua thuat toan dang gia hiéu suét
song song cho két qua phan doan nhanh khoang 2.3 lan. Tuy nhién, khi kich thuéc hinh dnh 16n qua
trinh tinh vector riéng va tri riéng giam do6 chinh xac. Do d6 phwong phap trén can bo sung ki thuat tinh
chinh trong qua trinh tinh vector riéng.

1 1

2(D — Zx =
D 2(D—-W)D 2x : Ax 1 @

HodacMx = Ax voiM =D 2(D —W)D 2

Nhom tac gia [26]-[29] phat trién mot cach tiép can mdi dé cung cp hidu qua va phan doan manh
mé cac hinh anh mau. Bang cach két hop phan doan Mean shift (MS) [26], watersheds [27] véi phuong
phap phan viing Ncut giam do phirc tap tinh toan va kha thi dé xtr Iy phan doan anh theo thoi gian thuc.
N6 xt Iy trudc mot hinh anh béng cach st dung thuat todn MS dé tao thanh cac vung dugc phan doan
nham bao toan cac dic tinh hinh anh. Sau dé, cac vung duogc phan doan duoc biéu dién bﬁng cach st
dung ciu tric dd thi va phuong phap Neut duoc 4p dung dé thuc hién phan nhom duoc t6i vu hoa toan
cuc. Ngoai ra, viéc phan cum hinh anh bang cach str dung cac ving dugc phan doan, thay vi cac pixel
hinh anh, ciing lam giam d6 nhay voi nhiéu va dan dén hiéu suét phan doan hinh anh dugc nang cao.

Ngoai ra, nhom tac gia [30] sir dung phuong phap song song Multiscale Ncut dé xay dung ma tran
tuong ddng bang cach tao ma tran phan ving X v6i ma trin twong dong W cua thuat toan Neut. Két qua
so sanh v&i cac thuat toan khac ciing da dugc nhiéu bai bao so sanh thuc nghiém tai [30]-[32].

4. Thuc nghiém va danh gia két qua

Méi trudng cai dat: Ching ti thuc nghiém trén may tinh sir dung hé diéu hanh Windows 10 Home
ban 64 bit, RAM 16 GB, GPU (NVIDIA GeForce GTX 1660Ti) 6GB, Chip Intel Core (TM) i7-9750H
CPU @ 2.6GHz. Ngbn ngir 1ap trinh python phién ban 3.6.2.

Bang 1. Thoi gian tim tri riéng trong thudt toan Ncut trén CPU va song song trén GPU

Thei gian

Tinh tri riéng véi k-mean

Kich thwéc anh 1 ¢ pia A
Tinh trj riéng trong thuat trong thuat toan Ncut trén

toan Ncut trén CPU

Tinh tri riéng trong thuat
toan Ncut trén GPU

CPU
128x128 1,6 0,5 0,6
140x140 2,3 0,8 0,8
200x200 6,2 2,3 0,9
256x256 17,3 3,5 0,9
512x512 NA 17,8 1,2
1024x1024 NA 70,4 2,8

Chung t6i thuc nghiém trén tap dir liéu anh [33] cho qua trinh thyc thi phan tinh vector riéng bang
thuat toan Ncut trén CPU [20] va song song trén GPU. Chung t6i cai dat thuc thi vdi anh ¢6 kich ¢d tang
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dan nhu bang 1 va c¢b dinh véi s6 phan ving 1a 4 phan ving, twong tmg véi viéc tim 4 tri riéng va vector
riéng ctia ma tran W. Bang 1 cho thay thoi gian tim tri riéng song song GPU it hon dang ké so véi thoi
gian thyc hién trén CPU. Va khi kich ¢ anh ting dan thi thoi gian tinh toan song song trén GPU ting
khong nhiéu so vai thuc hién trén CPU. Ngoai ra, trong hinh 3, 4 va 5 cho thdy két qua giéng nhau khi
thyuc thi phan doan anh véi 4 phan doan trén CPU va GPU.

Trong thuét todn Ncut can giai quyét van dé tim tri riéng clia ma trgn trong s6 W. Dudi goc nhin ctia
phuong phép phan viing quang pho, bai toan dua ve giai quyet van dé tim k vector riéng nho nhit coa
ma trdn Laplace ciia ma tran trong s& W. Vi ma tran trong s6 W 1a ma tran thua d6i xtmg c6 kich ¢
tuong d6i 16n nén thoi gian tinh vector riéng chiém kha nhiéu thoi gian trong toan bo qua trinh phén
doan anh Ncut. Bédc biét véi kich thudce anh cang 16n thi kich c& ma tran cling tang dang ké, vi vay can
tang hiéu suit bang phuong phap song song hoa Lanczos cho phép tim vector riéng clia ma tran W trén
GPU va sau d6 hiéu chinh gié tri x4p xi trong qua trinh tim vector riéng.

Original image Image labeled 1

100 150 200 250 0 50 100 150 200 250

£

50 100 150 200 250 100 150 200 250

2 3 4

Hinh 3. Két qua phdn doan anh véi Neut trén CPU

Gom nhom 1 budc sau cling dé trich ra cac phan viing tir ma trin vector riéng voi gi tri thyc trong
qué trinh phan doan cuia thudt toan Ncut. Viéc song song hda thudt toan gom nhom ciing rat can thiét
cho viéc tang hiéu suat phan doan.

5. Két luan

Khi chuyén tir viéc tinh toan trén CPU sang tinh toan song song trén GPU, chiing ta quan sat thay
rang thoi gian tim tri riéng trén GPU it hon dang ké so véi thoi gian thyuc hién trén CPU. Diéu nay cho
thiy strc manh tinh toan cia GPU trong viéc xir Iy cac phép tinh ma trén 16n can thiét trong thuét toan
Ncut. Khi lam viéc vai anh kich thuéce 16n, sy chénh 1éch nay tré nén dic biét quan trong dé cai thién
hiéu suét va ting téc qua trinh phan doan anh.

Ching ta quan sat thiy rang két qua ctia qua trinh phan doan anh trén CPU va GPU giéng nhau. Diéu
nay chimg to rang viéc tinh toan song song trén GPU khong anh hudng dén chét luong cua qua trinh
phan doan anh, cho phép ching ta chuyén doi sang viéc tinh toan song song trén GPU ma khong lo ngai
vé su thay doi vé két qua.

Khi 1am viéc v6i anh kich thudc 16m, viée t6i vu hoa hiéu suat thong qua tinh toan song song la can
thiét. Trong bai toan Ncut, viéc tinh toan vector riéng ctia ma tran trong s6 W 1a mot phan quan trong
clia qua trinh phan doan anh, va stt dung GPU dé tang tdc qua trinh nay c6 thé gitp t6i vu hoa tong thoi
gian thuc hién va lam cho ung dung Ncut tré nén hi¢u qua hon.
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Original image Image labeled 1

Hinh 4. Két qua phdn doan anh véi Neut trén GPU

Original image Image labeled 1

150

2 3 4
Hinh 5. Két qua phéan doan dnh véi Neut si dung gom cum k-mean trén CPU

L1 cam on
Xung dot lgi ich
Céc tac gia tuyén bd khong cé xung dot 1oi ich trong bai bao nay.
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