Téng quan vé Bai toan Phan I6p Anh Pa Pic trung

Trin Son Hai

Khoa Cong Nghé Thong Tin, Dai hoc Su Pham, Tp Hb Chi Minh, Viét Nam,
haits@hcmup.edu.vn

Tém tit. Bai toan phan 16p anh da va dang duoc nhiéu nha nghién ctru quan
tAm va c6 nhidu phuong phap duoc dé xuét dé giai quyét bai todn nay v6i muc
tidu néng cao hiéu qua phan 16p. Mot trong nhimg cach tiép can phd bién hién
nay cho bai toan nay la phan 16p anh dua trén da dac trung anh. Trudc tién,
chiéu miu cin phan 16p vé nhidu khong gian biéu dién khac nhau. Trong giai
doan nay vAn dé dat ra can lya chon phép bién ddi anh thich hop dé trich chon
déc trung anh phu hop v6i muc ti€u mg dung. Sau d6, st dung céc ky thuat
tinh toan  thdng minh danh gia phan loai anh theo céc khong gian nay vé cac
16p tuong tmg. Cudi cing, hop nhét cac két qua danh L gid | dé dua ra két ludn.
Céch tiép can nay phan 4nh day du tinh da dang ciia mau can phan 16p. Tir do,
dam bao nang cao do chinh xac cia hé thdng phan 16p.

1 Giéi thigu

Cung véi sy phét trién cua phﬁn mém va phan cing khdi lugng anh phat trién khong
ngung va ngay cang 1on. Mot s6 luong 16n cac anh dang duoc su dung ¢ trong thu
vién anh s6 va trén web. Vi vay nhu cau gom nhom va phan 16p anh la mot nhu cau
tat yeu Phén 16p anh 1a linh vuc doi hoi sy nghién ctru tong hop: nghién clru xur ly
anh dé rut trich cac dic trung {trong anh, ap dyng cdc tinh todn toan hoc cao cp, cac
cong cu trong co so tri thirc dé phan loai anh vé 16p twong tng dua trén cac dic trung
da rut trich. Viéc phan 16p anh chinh xac c6 thé 4p dung vao nhiéu ing dung thyc té,
vi du: 4p dung vao hé théng phén 16p cac biéu 16 cam xuc (vui, budn, gian, ngac
nhién, hanh phuc ...) trén anh gwong mat dé ning cap cac hé théng twong tac giita
ngudi — may.

Dé c6 thé 4p dung bai toan phén 16p anh vao cac ing dung thyuc té trong linh virc
xu 1y anh, khong nhirng doi hoi phai phan 16p v6i do chinh xac ma chi phi tinh toan
phai thap. Chinh vi viy ma da co rat nhiéu két qua da dugc cong bd trong thoi gian
qua trén cac tap chi va hoi nghi chuyén nganh c6 uy tin. Cac nghién ciru nhim d& xay
dung, phat trién, hay cai tién cac k¥ thuat tinh toan toan hoc cao cap nhim nang cao
do chinh xac cua qua trinh phan 16p, cling nhu giam d¢ phire tap cua thuat toan trong
ca qua trinh hudn luyén 1in phan 16p dé co thé dap tmg yéu cau tée do ngay cang cao
cua nguoi su dung.

Bai toan phén 16p anh 1a linh vyc nghién ctru dugc sy quan tam cua cac nha khoa
hoc trong va ngoai nudc, vi thé c6 nhiéu hudng tiép can de giai quyét bai toan nay.
Céc hudng tiép can phd bién hién nay cho viéc giai quyét bai toan phan 16p 1a: sir



dung K-NN va K-Mean véi cac dd do khac nhau, Support Vector Machine (SVM) va
mang Noron nhan tao (ANN) ...

Phuong phép phan 16p bang K-NN va K-Mean rat ph6 cap hién nay thich hop voi
16p bai toan, trong d6 khong gian biéu dién miu nho. Tuy nhién, trong truong hop
khong gian biéu dién mau c6 kich thudc 16n thi chi phi tinh toan ciia hai phuong phép
nay cao.

Phuong phap Support Vector Machine (SVM) ap dung kha tt cho cac bai toan
phan 16p mau ngay ca khi khong gian biéu dién miu 1én. Véi cach tlep can cua
phuong phép nay, can thiét phai xac dinh cac siu phang dé phan 16p méu, va sd
luong siéu phing can xé4c dinh ting ty 18 véi s6 lwong 16p can phan loai. Dleu ndy dan
dén: thoi gian tao cac siéu phing phan 16p thudng cao trong trudng hop s6 luong 16p
16n (tn kém chi phi tinh toan). Mat khac, truong hgp mau can phan loai khong thude
L 16p cho trude, phwong phap SVM khong xac dinh duoc (cu thé, SVM s& phan loai
mau do vé mot trong L 16p cho trudc dua theo hé s6 tinh toan, diéu nay cho mot Kkét
qua phan 16p sai).

Mot cach tiép can khac kha phd bién hién nay 1a ding mang Noron nhan tao cho
bai toan phan lop mau. Vi cach tiép cdn nay mot mang Noron nhén tao s€ dugc huin
luyén véi tap mau dé tim ra bo trong s6 phuc vu cho qua trinh phan 16p. Cach tiép can
nay khic phuc dugc nhuoc dlem cia SVM nho str dung hé sO ngudng trong qua trinh
phan loai miu. Cu thé, néu miu cin phan loai khong thudc L 16p cho trudc, mang
Noron nhén tao xac dinh dugc va thong bao két qua doi twong d6 nim ngoai co sé dit
lidu cac 16p da co.

Véi bai toan phan 16p anh, kich thude cua anh 16n (khong gian biéu dién cua anh
16n), do d6 cac phuong phap truyén thong K-NN, K-Mean 1a khong thich hgp. Hon
nira, anh du vao cua hé thong phan 16p co thé thuoc hodc khong thude L 16p dbi
tuong cho trude. Trong truong hop anh dau vao nam ngoai L 16p cho trude, phuong
phap SVM s& cho két qua sai (tw dong phan loai anh vé 16p gan nhét). Trong truong
hop nay sir dung hé sb ngudng thich hop ctia mang Noron, mét anh khong nam trong
co s¢ dit liéu sé khong dugce phan loai vé mot 16p nao.

Trong pham vi nghién clru nay, qué trinh toan phan 16p anh sé chia ra lam 2 giai
doan: (1) biéu dién dic trung anh; (2) 4p dung cong cu co sd tri thirc phan 16p anh.

Giai doan (1): Biéu din dic trung anh. Mot anh ban dau s& dugc tach thanh m anh
con. Mdi anh con s& trich chon ra mot vector dic trung twong tng bang cach sir dung
cac phép bién ddi trén anh nhu: Fourier, Wavelet [1,2], Hough [3], Principal
Component Analysis (PCA) [4], Independent Component Analysis (ICA) [5], curvelet
and ridgelet [6]. Mdi anh con s& trich chon ra mét vector dic trung twong tng. Cac
vector nay dai dién cho anh ban dau. Nhu vay, anh ban dau s& duoc biéu dién trong
cac khong gian con tuong ng v6i m vector dac trung. Cac dic trung nay can dugc
thé hién trong mo hinh biéu dién da dic trung cua anh dé khong nhirng phan anh cac
dic diém riéng 1¢ clia anh ma con thé hién mdi twong quan giita cac dac diém nay.

Trong giai doan ndy, nghién ctru ndy s& 4p dung cac phép bién dbi trén anh da co
dé rut trich dic trung va tap trung phat trién mo hinh biéu dién da dic trung trén anh.
Mo hinh khéng chi thé hién tirng dic diém riéng 1é cua anh (biéu dién bang vector dic
trung twong Gng nhu cac cach biéu dién dic trung anh truyén théng, ma con thé hién
mdi quan hé giita cac ddc trung voi nhau trong anh.



Tién
xu ly

Biéu dién
dac trung cta

khir .
nhi(éu, chuin l:nCh chon
héa  kich dgc trung
thude, phéan
doan anh)

Ar}h
ban dau

anh

4L

Hinh 1. Giai doan biéu dién dic trung anh

Trich chon va
Anh biéu ﬂdlen dac
trung anh

Hinh 2. Biéu dién da dic trung anh

Giai doan (2): Ap dung cong cy co s¢ tri the phan 16p anh. Ap dung mot cong cu
co 8¢ tri thirc phén loai anh v€ mdt 16p tuwong Gng theo ting ti€u chi trong mo6 hinh
biéu dién didc trung cua anh. Sau do, hop nhét cac két qua phén 16p cia tung cong cu
co s0 tri thire riéng 1€ dé dua ra két luan. Viéc biéu dién anh theo nhiéu tiéu chi khac
nhau phan 4nh day du tinh da dang ctia anh can phan 16p. Tir d6, dam bao nang cao
d6 chinh xéac cua hé thdng phan 16p.

Trong giai doan phan 16p, ngoai cac md hinh chi sr dung mot cong cu co o tri
thirc duy nhit dé phan 16p nhu Support Vector Machine (SVM), mang Noron,
Adaboost, K-NN, Kmean v6i cac d6 do khac nhau hay giai thuat di truyen , mot sb
nghién ciru trong va ngodi nude gin diy da d& xuat mot sé mo hinh két hcyp cac k¥
thuat tinh toan thong minh nhim két hop wu diém cta nhidu k¥ thuat dé mang lai két
qué phan 16p chinh x4c hon. Mot s6 mo hinh lai két hop giita mang Noron véi cac ki



thudt khic khac nhu thudt gidi di truyén hay SVM hay két hgp bd phan 16p yéu
AdaBoost voi cac ky thuat khac nhu SVM hay mang Noron.Vi du mé hinh két hop
thuét giai di truyén va mang Noron [7].

2 Cac Nghién ciru Lién quan

Bai toan phan 16p mau noi chung ciing nhu bai toan phan 16p anh noi riéng da va
dang duoc nhiéu nha nghién ctru quan tdm. Ttr xua dén nay, nhiéu phuong phap duoc
dé xuat dé giai quyét bai toan niy véi muyc tiéu nng cao hiéu qua phén 16p. Mot trong
nhiing cach tlep can phd bién nhu sau: trude tién, chiéu mau can phan 16p vé nhiéu
khong gian biéu dién khac nhau. Sau d6, danh gia phén loai mau theo cac khong gian
ndy vé cac 1p tuong ung. Cubi cung, hop nhit cac két qua danh gia dé dua ra két
luan. Céch tiép can nay phan anh ddy du tinh da dang ciia miu can phan 16p. Tir do,
dam bao nang cao do chinh xdc ctia h¢ thdng phén 16p. Trén co s¢ cach tiép can nay,
bai bao d& xudt mé hinh két hop nhiéu mang Noron nham giai quyét giai doan hop
nhét cac két qua danh gid. M6 hinh dé xuit danh gia mirc d tin cdy cua ting khong
gian biéu dién mau va hop nhit cac két qua dua ra két luan dya theo do tin cay da
danh gia. Pay 1a md hinh lién két nhiéu mang Noron, tam goi 1a mo hinh da lién két
mang Noron.Viéc so sanh két qua thyc nghiém cua md hinh dé xuét voi cac mé hinh
da co duoc thyuc hién trén bai toan phan 16p anh phong canh cho thay tinh kha thi ctia
md hinh d& xuét [8].
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Vao nam 2011, Mohammadmehdi Bozorgi, Mohd Aizaini Maarof, and Lee Zhi
Sam dé€ xuat bd phan 16p da tang trén cac dic trung cap thap va tht nghiém véi Adult
Image Classification dat d6 chinh xac 91.9% [9].



3 Phan 16p Anh Dya trén Pa Pic trung

Céc mo hinh két hop da dugc phat trién cho thay viéc két hop nhiéu ky thuét tinh toan
thong minh 1a kha thi va can thiét dé nang cao hiéu qua cho hé thng phan 16p. Bai
toan phén 16p anh dwa trén cac khong gian con biéu dién anh 1a mot dang cua bai toan
phéan 16p mau m vector. phdn vao L Iop Q = {Qi |1 < i<L}:
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Hinh 4. Phéan 16p anh v6i m vector dac trung
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Trén co s& cach tiép can da ddc trung va phan 16p dua vao co so tri thirc
(Knowlegde based classification), dé tai nghién ciru dé xudt mot md hinh biéu dién
chc dic trung cua anh. Mdi anh c6 nhidu dic trung duogc trich chon va bleu dién, tuy
nhién thay vi anh duoc dac trung boi m vector doc lép theo cach tiép can truyén
thong, dé tai s& nghién ctru xay dung mot mé hinh biéu dién nhiéu dic trung cua anh
va moi twong quan gitra cdc déc trung nay. Dong thoi dé tai s& nghién ciru dé xuit mo
hinh két hop nhiéu cong cu co s tri thirc nham giai quyét giai doan hop nhét cac két
qua danh gid. M6 hinh d& xuét danh gia muc do tin cdy ctia timg khong gian biéu
din anh va hop nhat cac két qua dua ra két luan dua theo do tin ciy da danh gia.
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Hinh 5. Hé théng phén 16p anh d& xuét

Tom lai, nghién ctru nay s& tap trung phat trién dé xuat mot hinh biéu dién da dic
trung anh (mot dang md hinh biéu dien tri thirc don gian cua anh) va mot md hinh két



hop cac ky thuét tinh toan thong minh ap dung giai quyet bai toan phan 16p anh. Mo
hinh phan 16p két hop dé xut can tan dung cac uu diém cia nhleu k¥ thuat phan lop
va thich hop véi mé hinh biéu dién da dic trung anh dé xuat. Sau do xay dung hé
thong phan 16p anh theo phuong phap dé xuat ap dung vao mot s6 ung dung phan 16p
anh cu thé nhu phén 16p biéu 16 cam xtc trén dnh guong mat.

Nghién ctru ndy s& ap dung nhiéu phuong phap nghién ctru khoa hoc khac nhau,
tuy nhién, cht yéu 1 cac phuong phap sau: Phan tich tong hop; Thir va sai; Quan sat
thtr nghiém; Mo hinh hoa.

Bang 1. N¢i dung va phuong phép nghién ctru st dung

Noi dung nghién ctru Phuong phap nghién ciru

Tim hiéu cic nghién ctru lién quan Tim tai liéu, tong hop, so sanh
dén bai toan phan 16p anh téng quat:

mo hinh thyc hién qua cac budc, cac

k¥ thuat da nghién ctru va ap dung.

Giai doan trich chon va biéu dién dic Tim tai liéu, phan tich tong hop va mé hinh hoa. Dng
trung anh: Khéo sat cac md hinh tinh thoi thir nghiém két qua dé danh gi4 mo hinh

toan lién quan, tim mo hinh tinh toan

thich hop cho giai doan nay.

Giai doan phan 16p anh: Tim hiéu cac Tim tai liéu, phén tich tdng hop va mé hinh hoa, va thu
nghién ctru lién quan dén giai doan nghiém két qua

nay, tir d6 chon lwa va phat trién cac

mo hinh sao cho dat hiéu suét cao

nhét.

Xay duyng mé hinh tinh toan téng hop Tim tai liéu, phén tich tdng hop, md hinh hoa
cho bai toén phén 16p anh.

Xay dung chuong trinh rng dur}g thé M5 hinh hoa, tbng hop
hién cac mo6 hinh tinh toan dé giai
quyét bai toan phan 16p anh

So sanh dbi chiéu cac md hinh, tng Phan tich téng hop
dung d3 co théng qua thie nghiém dé

chiing minh tinh wu viét cia mo6 hinh

dé xuét.

Céc phép bién ddi, phuwong phap rut trich dic trung trén anh dé thu thap, phén tich
¥y nghia cac déc diém cuia anh s& duoc sir dung trong nghién ctru nay. Cling tir cac dac
diém do s& khao sat cac phuong phap biéu dién dic diém anh thich hop. Dya trén do
xdy dyng md hinh biéu dién dic trung ciia anh. Nhu vdy md hinh biéu dién da dic
trung anh 1a mot dang mo hinh biéu dién céc tri thirc lién quan dén anh trong timg
dang anh. Tiép theo, nghién ctru két hop cac ky thuat tinh toan théng minh (mang
Noron, SVM, K-Mean, K-NN, Adaboost...) va dé xuat mé hinh phan 16p két hop cac
k¥ thuat tinh toan thong minh nay thich hop v6i cach biéu dién dic trung trén.



Nham muc tiéu xay dung phat trién mot phuwong phap méi giai quyét bai toan phan
16p anh di dé ra, cic van dé sau can dugc tap trung nghién ctru: Nghién clu cac
phuong phép trich chon va biéu dién ddc trung anh. Tir d6 xdy dyng mé hinh biéu
dién da ddc trung cla anh; Nghién ciru k§ cdc dang md hinh két hop k¥ thuat tinh
toan thong minh ap dung cho bai toan phan 16p anh; Xay dung hé théng phan 16p anh
theo cac mo hinh dé xudt va thuc nghiém trén mot s6 co 5o dir lidu anh dé ching
minh tinh kha thi ctia phuong phéap dé xuat; Xay dung Umg dung cu thé phan 16p biéu
16 cam xuc gwong mit ap dung phuong phéap phan 16p d& xuét.

4 Két qua Nghién ciru Pa Cong bd

Pau tién, ching t6i dé xuit mo hinh da mang Neural nhan tao (Multi Artificail Neural
Network (MANN) véi 3 tham sé m, n, L) ap ‘dung cho bai toan phan 16p 6 biéu 16
cam xtc cua anh guong mat. Trong do, L 1a s0 16p can phan loai, m 1a s6 vector ddc
trung ctia anh, n 1a s6 chidu ciia mot vector dac trung. Theo huéng tiép can nay, mdi
anh s& dugc dac trung boi nhiéu vector. Mdi dic trung sé€ la d4u vao cho mot mang
Neural thanh phan cia mdé hinh MANN. Sau dé, str dung mang Neural toan cuc dé
hop nhit cic két qua phan 1p cia tit ca cac mang Neural thanh phan. Két qua thuc
nghiém trén tap anh JAFEE gdm hinh 213 anh guong mit ctia 10 c6 gai Nhat phan
16p trén 6 cam xtic co ban (vui, budn, gian di, hanh phuc, ngac nhién, s¢ hai) dat do
chinh xac 83% cho thdy tinh kha thi ciia mé hinh d& xuét [10].

Sau d6, cai tién s6 luong tham s6 cia md hinh MANN va tién hanh song song héa
giai thuat huén luyén ciia cac mang Neural thanh phan 4p dung vao bai toan phén 16p
anh phong canh cua 3 ving Ha Noi, Ha Long va Nha Trang. Két qua ndy cho thiy
kha ndng ung dung rong rai cia m6 hinh MANN [11].

Nhim ndng cao d6 chinh xac phan 16p ciia mang Neural cho bai toan phan 16p
biéu 160 cam xtc cua anh guong mat can phai trich chon cac dac trung cuc bd trén
guong mit: dic trung clia mat trai, dac trung clia mat phai, ddc trung cua miii va dic
trung cua chan may. Vi su bién ddi cac dic trung cuc bd gitip xac dinh chinh xac cam
xUc trén guong mat nhu vui, budn, gian dir, hanh phuc, ngac nhién hay s¢ hdi. Vi vay,
chung t6i dé xuét ding thuat toan tach bién Canny dé trich ra cic ving cuc bd trong
anh guong mit, sau d6 sir dung Principal Component Analysis (PCA) dé rat trich cac
dac trung cuc bd lam déu vao cho mang Neural nhdn tao phén 16p. Tién hanh thuc
nghiém trén cung tap anh JAFEE, d6 chinh xac cua phuong phap nay nang cao hon so
phuong phap ding MANN véi cac ddc trung don gian mau sic. Nhu véy, viéc trich
chon dic trung ciing dong vai trd nhit dinh trong d6 chinh xac ciia hé théng phéan 16p
anh [12]. Két qua nghién ctru nay khong chi dugc ding trong hoi nghi ky yéu hoi nghi
International Conference on Machine Learning and Computing (ICMLC) ma con
duogc chon déng tai tap chi International Journal of Machine Learning and Computing
(IIMLC) cua hoi nghi nay [13].

Cai tién phuong phap trén, thay vi ding PCA truyén thong, ching toi sir dung 2D-
PCA, mot phuong phap trich chon dic trung rat hiéu qua trén anh 2 chiéu, dé trich
chon dic trung dnh guwong mit lam dau vao cho mé hinh phan 16p da mang Neural
(MANN) cho két qua hét stc kha quan 93% trong bai toan phan 16p biéu 16 6 cam xuc
co ban trén guong mat [14].



Gan day nhét, ching t6i xay dung hé thong nhan dang chir s6 La Ma (I — X) két
hop gitra Support Vector Machine (SVM) va Mang Neural nhan tao (ANN) ty I¢ nhan
dang chinh xac 86% cho thiy tinh kha thi cia mé hinh két hop nay. Tuy nhién, d¢
phure tap cua gidi thuét nay kha cao so vdi phuong chi dung mang Neural [15].

5 Két luan va Nghién ciru Tiép theo

Nhom nghién ciru da khao sat va thir nghiém bai toan phan 16p anh trén mot sb loai
anh nhu: anh mat nguoi, anh phong canh va anh chir sO. Pong thoi da thu nghiém mot
sO phuong phap trich chon déc trung anh, cling nhu thir nghiém mot so md hinh phan
16p két hop. Bai toan phan 16p anh nhém dang nghién ctru yéu cau sé luong 16p can
phén loai phai xac dinh trude, vi du phan 16p anh 3 ving phong canh, 6 loai cam xtic
co ban ciia gwong mat hay 10 16p chir sé La Ma (I-X). Céc két qua thuc nghiém cho
thdy dé dat do chinh x4c cao can phai rit trich céc dic trung chinh xac va Iya chon
dic trung phu hop v6i bai toan thyc té. Ngoai ra, can két hop nhiéu k¥ thuat tinh toan
thong minh dé nang cao hiéu qua phan 16p.

Trong giai doan trich chon dic trung, can phét trién mot phuong phép trich chon va
biéu dién da dic trung nham phan anh tinh da dang ctia anh. Dong thoi phat trién mo
hinh biéu dién ddc trung ¢ thé hién mdi twong quan giira cac dic trung, boi vi moi
quan hé tuong quan giita cac ddc trung trong anh dong vai trd quan trong trong két
qua phan 16p. Pay 1a diém chua duoc khai thac triét dé trong cac giai phap cho bai
toan phan 16p gan ddy.

Trong giai doan phan 16p, viéc sit dung mot ky thuét tinh todn théng minh riéng 1&
nhu: k-NN, K-Mean, mang Bayesian, mang Neural, Adaboost, hay Support Vector
Machine (SVM) déu c6 nhirng wu va khuyét diém nhit dinh. Vi vy, két hop nhiéu k§
thuat nay s& gitp tan dung wu diém ciia nhidu k¥ thudt mot lac va bd khuyét cac
khuyét diém cho nhau. Tuy nhién, viéc st dung cac md hinh két hop nhiéu ky thuat s&
dan dén do6 phirc tap cuia thuat toan thuong ting cao. Do do6, can két hop cac k¥ thuat
v6i nhau mot cach thich hop dé vira nang d6 chinh xac phan 16p ma do phic tap cua
thu4t toan van chép nhan duoc.
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