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TOM TAT

Nhén dang d6i twgng la mot trong nhitng van dé co ban trong thi gidc may tinh.
Bai bdo nay gidi thiéu mo hinh hoc sau duoc goi la mang niém tin sau song tuyén
tinh (BDBN) cho bai toan nhan dang d6i tuwong anh. D¢ thich nghi nhan dang d6i
tuwong trong thé gidi thuc, bai bao nghién ctru phat trién BDBN trén phuong phap
hoc ban giam sat gitp cho mo hinh hoc sau duoc t6t hon khi mau huin luyén dwoc
gan nhan khong du. Thuc nghiém va lugng hoa két qua so sanh véi cac phuong
phép khéc trén cac bo dit liéu danh cho cong dong nghién cttu cho két qua kha tot

¢6 phan vuot troi.

T khoa: Hoc sdu, nhan dang d6i twong, phép chiéu song tuyén tinh.

1. MO PAU

Nhén dang d6i twong la mot phan quan trong cua thi giac may tinh vi n6 lién
quan chat ché dén sy thanh cong cua nhiéu iing dung thi giac may tinh va cong nghé
hién nay. Mot s6 md hinh, thuéat toan va hé thong nhan dang doi twong da duoc dé
xuat trong mot thoi gian dai d€ giai quyét van dé nay. Tuy nhién trong timmg ting dung
thuc té thi két qua con khiém ton. D€ cai thién dd chinh xac cua nhan dang d6i twong
thi hoc sau la mot huwéng dugc nhiéu nha nghién cttu quan tam hién nay. C6 hai cach
ti€p can do la hoc sau cd giam sat va hoc sau khong c6 giam sat. Hoc sau c6 giam sat
phuc vu muc dich phan 16p mau, thong thuong bang cach dic trung héa phan phdi
sau ctia cac 16p dua trén dit liéu quan sat dugc [1]. D liéu dich ludn cé sdn & dang
true ti€ép hay gian tiép cho cac dang hoc c¢6 giam sat. Loai nay con c6 tén goi la mang
hoc sau du bdo. Trong sd cac loai mang hoc sau khong giam sat, phd bién nhat la loai
mo hinh hoc sdu dua trén muic nang lwong [6]. Mot dé xudt mot khoi chuyén doi song
tuyén tinh sau (DBT) mdi, khoi nay cé thé duoc tich hgp vao cac mang than kinh tich
chap sau. DBT tan dung loi thé cua thong tin nglt nghia va c6 thé thu duoc cac tinh
ndng song tuyén tinh mot cach hiéu qua bang cach tinh toan tuong tac theo cap trong
mot nhém ngtr nghia [11]. S& dung cac phép chiéu song tuyén tinh dé€ thay thé cac
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phép chiéu day du phi cdu tric truyén thdng dé tdi uu hdéa mang no ron hoc sau [12].
Hiéu nang ctia hoc sau dwoc cht y, dac biét la sau sy ra doi ctia m6 hinh mang tin sau
(DBN) [10]. Pay 1a md hinh hoc khong giam sat duwgc tao béi nhidu 16p bién ngau
nhién va 16p bién an. Hai 16p trén cung c6 nhing lién két gian ti€p, d6i xting gita
ching. Cac 16p thap hon nhan két ndi tryee tiép tie nhitng 16p trén. Cac thu tuc hoc cta
DBN c6 thé duoc chia thanh hai giai doan: tritu twgng hda thong tin theo ting tang va
tinh chinh toan bd mang sau véi muc tiéu huan luyén cudi cfmg [10].
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Hinh 1. Kién truc mang tin sau (DBN)

Mot DBN véi mot dau vao 16p H' ba 16p an H2, H3, H* trong khi x 1a véc to dién
tién cta dir liéu dau vao, va y la cac muc tiéu can hoc. Trong giai doan dau tién, DBN
bat cip mdi 16p tién vé phia triedc véi mot 16p phan hoi d€ tai tao lai cac 16p dix liéu
dau vao tir cac 16p dau ra. Trong Hinh 1, xay dung lai 16p khon ngoan sé€ xay ra gitra
H'va H?, H®va H> H*va H* dwoc thuc hién boi mot (RBMs). Sau khi ting cap cua cac
16p dwoc hoc khong gidm sat tham lam, cac déc trung & 16p thap hon sé két hop thanh
dai dién cdp cao gon hon. Kién trtc sau la giong véi nhiéu 16p cdu truc vat ly ctia vo
nao giong chirc nang thi gidc cua con nguoi [9]. VO nao la noi lién két véi nhiéu kha
nang nhan thirc, c6 mot hé thong phan cap 16p da phic tap. Cac 16p ciu trac vo nao
duoc xép thanh phién hinh minh hoa trong Hinh 2.
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Vo nao cd thé dugc tam chia thanh sdu 16p chiic nang khéc biét vdi 16p phan ti
I dén da dang 16p VI [9]. Do d6, hang chuc 16p trén vo nao lién két véi nhau tao ra cac
t€ bao nhan thiic don gian nhat. Cach thic dit liéu duoc phan phdi trong mot kién truc
sau la mo phong t6t cac thong tin lan truyén nguoc trong vo ndo. Co nhiéu ly do dé tin
rang cac hé thdng nhan thikc c6 nhigu 16p md hinh sinh san,trong d6 cac lién két ti trén
xudng co thé dugc sit dung d€ tao ra cac tinh nang cdp thap cua hinh anh tir cac dai
dién cap cao, va cac lién két ttr dudi 1én cd thé dugc str dung d€ suy ra dai dién cdp cao
tao ra mot b quan sat cac tinh nang cap thap. Viéc luu gitt cac 6 nhé va cac két ndi qua
lai gitta cac khu vuce trong vo nao da dwa ra moét hé thdng cac tinh néng dan dan phtc
tap hon, trong d6 mdi 16p cé thé anh huéng dén cac 16p & dudi nd. Mot s§ md hinh
kién trac ndi bat la may Boltzmann han ché (RBM) [5] [7], mang tin sau (DBN), mang
no ron sau (DNN) [2], Mang no ron hoi quy (RNNs) [3], Mang no ron hoi quy (RNNs)
6 thé dugc xét nhu la mét phan 16p khac cua mang hoc sdu khong giam sat, loai ma
chiéu sau c6 thé ting ciing véi chiéu dai caa chudi dit liéu dau vao [8].

No6i dung nghién ctu tap trung vao viéc trinh bay mét mo hinh kién tric sau
thich hop va twong tng véi thuat toan hoc cho cac nhiém vu nhan dang déi twong anh.
Céc két qua nghién ciru mdi nhat va két qua tir khoa hoc than kinh da chi ra rang mo
hinh sdu phut hgp véi ciu truc vat ly, qua trinh tién hda cua tri thdng minh, va phuong
phép lan truyén nguoc thong tin trong vo ndo giéng qud trinh nhéan thiec ctia con
nguoi. Do d6, noé cho thdy tiém nang rat 16n dé€ cung cap hé thong c6 thé nhan thixc
giong nhw con nguoi khi phan tich cac ndi dung da phuwong tién trong hé thong thi
gidc may tinh.

Trong bai bao nay trinh bay m6 hinh hoc sau song tuyén tinh. Cudi cung la
trinh bay thuc nghiém, danh gia két qua phuong phap xay dung, ti d6 thao luan mot
s0 hudng nghién ctru tiép theo trong nhan dang déi tuong.

2. MO HINH HOC SAU SONG TUYEN TiNH

Ttr nhéan xét trong cac linh vuc khoa hoc than kinh, md hinh sdu dwgc chon
trinh bay trong bai bdo nay nay cho viéc nhan dang ddi twong. D€ thich Gng tdt hon
véi cac di liéu hinh anh va cac ang dung phan loai hinh anh, mé hinh ly thuyét hoc
sau duoc goi 1a mang song sau (BDBN) [9] véi mot kién trac sdu méi va mot thuat toan
hoc sdu méi. Kién trac sau ctia BDBN duoc thiét ké bang cach tham khao hé thong
nhan thitc con nguoi nhan thire. Trong vo ndo ban dau, cach thie tiép nhan thong tin
qua cac co quan cam giac dén vi tri day than kinh 1a mot tin hiéu truc tiép tir mot goc
trong mat, gidng nhu mot ma tran. Vi vay, cac 16p dau vao va tat ca cac 16p an trong
BDBN duoc xay dung boi mot tap hop mit phang bac 2, ma ciing phit hop véi co cau
cdng ti nhién ctia hinh anh. Tat cd mat phang dwoc két ndi day du véi nhitng mat
phang ké& can cho dén 16p ra, d6 1a mot véc to dugc gan nhan ctia nhitng hinh anh.
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Dua trén kién tric sau moéi, mot thuét toan hoc sau véi ba giai doan: khoi tao
song tuyén phan biét, xay dung lai 16p tham lam théng minh, va tinh chinh toan cuc.
Ly giai cho viéc hoc tap ba giai doan xudt phat tir hién twong hai dinh kich hoat trong
cac khu vyec trén vo ndo. Doi voi viéc nhan dang cac doi tuong, dinh trude do 1a lién
quan dén sy kich hoat ctia mot "dy doan ban dau" dya trén nhitng kién thic phan biét
da duoc k€ thtra lai, trong khi d6 dinh sau phan 4nh nhiing khai niém lién quan dén
cac doi twong da duoc nhan dang [9]. Trong hau hét cac mo hinh hoc sdu hién tai,
chuyén kich hoat dwoc md hinh héa bai cac giai doan tinh chinh, nhung qua trinh "dw
doan ban dau" bi bo quén. Trong md hinh mdi nay, hai dinh sé dwoc kich hoat va lan
truyén thong tin trong vé ndo dwoc nhan thire mot cach trung thue.

Mb hinh kich hoat dinh trén cling cta "dw doan ban dau" bang cach giit cac
thong tin phan biét ctia dit liéu duoc gan nhan mikc 16n nhat. Hau hét cac mo hinh sau
hién tai khai tao cac khong gian tham s& ngau nhién va tién dan vé cuc trj dia phuong,.
That khong may, néu khong gian khoi tao tham s ban dau khong t6t c6 thé dan dén
cyc tri dia phuong khong tot va sé anh huwong nghiém trong viéc hoc sau nay. D€ giai
quyét van dé nay, st dung mot chién lwge song tuyén phan biét d€ xay dung 16p thw
hai theo thit tu tit 16p thap hon [9]. Céc lién két trong s6 ddi xtng gitra hai 16p lién ké
duoc stt dung nhu la khong gian tham s& ban dau cho viéc hoc tap sau nay. Hon nita,
"dy doan ban dau" phan biét mang lai mét 1¢i thé bd sung cho kién trtc nay. Hién nay,
s0 luong cac t€ bao than kinh trong mdi 16p 1a 6 dinh va duoc xac dinh trude béng
true giac. Trong mo hinh nay, kich thudc cua cac kién trac sau duoc xac dinh dua vao
kich thwdc t6i wu cho viéc gitt lai cac thong tin phan biét.

2.1. Mang niém tin su song tuyén tinh

Goi X [a mot tap hop cac dix liéu mau X =[X1,X2,..Xk ... XK], véi Xx 1a mot div
kién mau trong khong gian anh R'*), K 1a s8 lwong dit liéu mau.

Goi Y la tap cac nhan tuong tng véi X, Y =[y;,y,, ... Vi ], va y la vector nhan
cua X trong khong gian R, trong d6 C 1a so 16p.

¢ _ ¢lnéuXy thudclopc
Yk = {0 néu Xy khong thudc l6p ¢

Dua trén tap hudn luyén da cho, muc tiéu trong phan 16p d6i twong 1a hoc bang
mot ham 4nh xa ttr cdc hinh anh tap X dén nhan tap Y va sau d6 phéan loai cac dix liéu
mdi theo cdc ham phéan biét da dwgc huan luyén.

Dé giai quyét van dé phan loai hinh anh, mdt mang tin sau két néi véi nhau bao
gom cdc 16p dau vao H" an 16p H2 ..., H* va mot 16p nhan La ¢ 16p trén cung. Lop dau
vao H'c6 I x J don vi va kich thwdc nay twong dwong véi kich thude cua cac dac trung
dau vao [9]. Trong mo hinh nay, st dung céc gia tri diém ctia tap mau Xx la cac déc
trung dau vao ban dau. Trén cung, 16p nhan c6 C don vi twong tng voi s6 luong cta
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cac 16p. Viéc tim ki€m ham 4nh xa tit X vao Y chuyén thanh tim kiém cac khong gian

tham s0 toi wu 0 cho kién triic sau.

Quy trinh hoc cia m6 hinh BDBN

1.

Chién lwgc BDBN duoc st dung dé xay dung anh xa dit liéu gdc vao khong
gian con song tuyén phan biét.

Cac lién két d6i xting ban dau dwoc xay dung gitta cac 16p lién ké dua trén cac
thong tin phan biét. Kich thudc cta cac kién trac sau sé duoc tinh tw dong dua
trén kich thudce t6i wu d€ gitr lai cac thong tin phan biét.

Sau khi kién trtc ctia 16p ti€p theo dugc xac dinh, khong gian tham s duoc

tinh chinh bang cach tai cau trtc cac 16p khon ngoan tham lam stt dung RBMs
nhu cac khoi.

Lap lai budc thit 3 cho dén khi khong gian tham s6 6 trong tat ca cac 16p duoc
tai cau tric.
Trong qua trinh kich hoat sau, toan b cac mo hinh sau déu duoc tinh chinh dé

giam thiéu cac 16i phan loai dya trén phwong phap lan truyén nguoc.

Nhan dau vao YV Ve

La
oN tl
f{.\'

Pl

H Nl

Hinh anh dau vao Xk

Hinh 3. Kién triic mang song sau BDBN
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2.2. Khoi tao song tuyén phén biét

Phép chiéu song tuyén st dung trich xudt cac thong tin phan biét tir cac tap div
liéu hinh anh ban dau, véi cac tap dir liéu hudn luyén dwgc gan nhan Xi, Xz, X5, .. Xn €
R™ khong gian mo, di liéu dau vao la kiéu véc to, Phép chiéu song tuyén tim thay 2
ma tran chiéu U e R’ va V e R v6i TXi=U™Xi1V (s =1, ...., L) gidng nhu Hinh 4 . Cac
TX1, TXz, ..., TXt € R¥ (I va J la kich thuéc ma tran ban dau, P va Q 1a kich thwéc ma
tran luc sau).

Ta c6 cong thire (u, v la véc to rieng va A la gia tri riéng cta tirng véc to):
Dvu=Au, v6i Dv = YstEst(Xs — Xt) TVVT(Xs — X)T
Duv=Av, vdi Du = ) stEsy(Xs — Xo)TUUT(Xs — Xt)

Chuang ta c6 thé t6i wu hoa luan phién U (véi mot V ¢d dinh) va V (v6i U c6
dinh). Cac budc trén tang don diéu J(U,V) va khi d6 ham dugc bao boc phia trén sé hoi
tu vé mot diém quan trong voi ma tran bién doi U, V.

(TX,),, = Y (U"),(X,),(V),~—(V)

\”\\Q

(rx )y (U),

Hinh 4. Phép chiéu song tuyén.

Cac kich thuwdce caa P va Q duoc xac dinh boi s6 lwong cac gia tri ddc trung tich
cue trong Dv va Dy, twong ting, khi bd sung cac véc to riéng twong ting voi gia tri riéng
khong duong sé khong tang J(U, V). Két qua 1a kich thwdc ban dau Ix] sé ty dong giam
vao PxQ.

2.3. Tai cdu trac 16p théng minh tham lam

Cac tap mau di liéu X duoc nhap cho cac kién tric sau nhu cac 16p dau vao H!
dé xay dung mot RBM véi 16p an dau tién H2.

TAat ca cdc md hinh hoc sau hién tai déu xac dinh ciu tric dua vao kich thwdc
cta cac 16p an hoac truc giac. Trong md hinh nay sé cung cdp mot kién trac y nghia hon
bang cach tich hop cac théng tin mang tinh quyét dinh tit dit liéu ghi trén nhan. D€ tich
hop cac thong tin thu duoc tir phép chiéu song tuyén phan biét (DBP) dé€ phan loai,
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chiing ta c6 hai thu tuc: xac dinh kich thudc ctia 16p an va tinh toan cac lién két trong s
ddi xting phan biét.

Hinh 5. So d0 tai cau truc tir 16p H! t6i 16p H2

Nang lwgng cta trang théi (h!, h?) trong RBM d4u tién la:
E(h!, h 01) = -(h!Ath?+ bih! + cth?) (1)
Véi
e 0'=(ALblc) la cdc mo hinh tham s6 gitta cac 16p dau vao H! va 16p dn dau
tién H2.
o A} pla tuong tac dSi xting gitta dau vao (i, j) trong H' va dau ra &n (p, q) trong
H2 . b}; 1a (i, j)*™ 46 dSc ctia 16p H' va cpq 1a (p,q)* d6 dSc cua 1p H2.
e IxJlasd don vi trong H! trong khi P2 x Q?la s6 don vi trong H?.

T e—E(h1nZe1)

Zhl th e_E(hl'hZ'al)

P(h!) = % Y e-E(hlrhzﬂl) =

)

Va ham kha nang (log-likelihood) ctia P(h?) la:
Log P(h!) = logY.,» e EH"R01 10g¥1 37,2 e ERIALOD - (3)

Ap dung thuat toan wdc lwong xap xi d€ cap nhat khong gian tham s cho bude thir
nhat.

dlogP(h'(0)) _
aat -

< (O)h2(0)>aata - <H (D1 )>recon (4)
Véi

e <>dqaa biéu thi ky vong v6i viéc phan phdi di liéu

®  <>recon bi€u thi tai cau trac phan phdi dit liéu sau budce thit nhat.

Phép chiéu song tuyén c6 thé tu dong giam kich thudc ban dau tir IxJ thanh
PxQ thong qua viéc chuyén doi ma tran U' va V. Két qua la s6 luwong t&€ bao than kinh
trong 16p H? duoc xac dinh boi cac hang va cft kich thwdc cia ma tran bién doi U! va
Vi
P2 =row(U"), Q%= column(V?)
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Trong cac md hinh hoc sau hién tai, trong sd cta cac lién két d6i xing A khoi
tao gia tri ngéu nhién nho nhat duoc chon tir s6 zero-mean Gaussian vdi do 1éch chuan
trong khoang 0,01. Véi mo hinh nay, viéc khoi tao cac trong s6 cho lién khac d6i xting
ban dau thong qua phuong trinh.

Aljpq (0)=(UR) Vi, ©)

V6i Aj; 4 12 tuong tac d6i xting gitta dau vao (ij) trong H' va dau ra an (p,q).

Lop triru twong khon ngoan tham lam cho 16p dau tién H' voéi 16p k€ can H? va qui
trinh nay sé duoc ldp lai ¢ cac 16p cao hon ti€p theo.

Tinh chinh toan bo

Viéc st dung thuét toan tham lam theo 16p d€ hoc trong mo6 hinh hoc sdu véi sw
hd trg ctia cac thong tin thu dwoc ti phép chiéu song tuyén phan biét. Bai bdo dung lan
truyén nguoc cho toan bd mo6 hinh sau d€ tinh chinh cac tham s6 6=[A,b,c] dé tai cau
tric t6i wu [9]. Trong giai doan thdong tin triru twgng theo 16p tham lam, viéc tim kiém
toan cuc da dwoc thuc hién tot va hop ly trong khong gian tham s6. Trudce khi tién hanh

0 =arg min[—Zy, log );,] (6)

tinh chinh, bai bdo xay dung mo hinh di liéu t6t chinh xac, sau d6 lan truyén nguoc
dwgc sit dung dé tinh chinh toan by mang hoc sau bﬁmg cach tim cach thong sd t6i uu
0 =[A"b’,c'] d€ phan loai dit liéu mot cach hiéu qua. Thuat toan duoc st dung dé giam
thiéu t6i da cac phan loai 16i [-Y,; y; log¥;] v6i yiva $ila cdc nhan chinh xac va cidc nhan
dau ra thudc dix kién Xithudc khong gian X" .

2.4. Thuit toan hoc sdu song tuyén tinh

Pau vao:
Téap huan luyén X, tap mau da duoc gan nhan X" trong X;
Twong ting véi tap nhan Y;
N la s6 16p, E la s6 vong ldp;
L s d@ liéu da duoc gan nhan, tham sd o;
Trong s6 gitta 2 16p Bst, trong so trong 16p Wi
Tham s6 dd déc ban dau b va ¢;
Dong lwong S va mitc hoc ea, b, &
Trong s6 can b.%mg a € [0,1].

Pau ra:
Khong gian tham s6 t6i vu 6" = [A", b, ]
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Giai thuat:
1 Lapn=1dén N
2 Lape =1dénE
3 Néun=1
4 Tn =Xt
5 Nguoc lai
6 Lapl=1dénL do
7 =o(TP 1A 1 4 1)
8 Két thic lap
9 Két thuc néu
10 Lap khong la ma tran duong chéo (thuat toan QR tim tri riéng)
11 Dv la ma tran ddc trung theo cot;
12 Dula ma tran déc trung theo dong;
13 C8 dinh V, tinh U bang Dvu = Au (u 1a véc to riéng caa Dy
voi gia tri riéng A);
14 C8 dinh U, tinh V bang Duv = Av (v la véc to riéng ctia Du
voi gia tri riéng A);

15 Két thuc l3p
16 Xac dinh kich thwdc cua 16p tiép theo

Pr1 = row(Ur) , Q™! = column(V™)
17 Tinh trong s6 khoi tao cua lién két

Alipe(0) = UR)T Vi

18 Cap nhat trong s6 va do doc

AT g = VAT g + ea(<hi(0) Apd1(0)>aata - <hf(1) hja (1)>recon)

b}; = 9bJ; + e (h};(0) - h;(1)) (1a 46 ddc cta 16p H')

Cpq = Objg + &c (h34(0) - h34(1)) (1a d6 ddc cua 16p H?)
19 Két thac lap
20 Két thac lap
21 Tinh khong gian tham s& t8i wu bang phuong phap lan truyén ngugc
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0 = argming|- 3,y 10g3]
Két thuc thuat toan.

3. THUC NGHIEM VA PANH GIA KET QUA

Trong phan nay trinh bay vé mo6 phéng thuat toan va tién hanh cac thuc
nghiém luong hda két qua. Gidi thiéu viéc tao 1dp mot bo dir liéu dau vao cho qua
trinh hudn luyén va mét b di liéu cho phuwong phép hoc sau. Thiét ké chuwong trinh
huan luyén di liéu va hoc bang MATLAB 2014R va chuong trinh md phong bang ngon
ngtt lap trinh C# st dung cong cu Visual Studio 2013. Minh hoa cho m6 hinh mang
song sau.

3.1. Cac bo dit liéu thuc nghiém

1) B¢ dir lieu CMU va PIE tai https://www.ri.cmu.edu/publications/the-cmu-
pose-illumination-and-expression-pie-database/. BO dix liéu nay chira 68 d6i twong véi
tong s6 41.368 hinh anh khuon madt, cac hinh anh khuén mét duwoc chup dong b boi 13
may anh vdi 21 den flash véi cac tu thé khac nhau (C05, C07, C09, C27, C29) nhu Hinh
6. V6i cach chon nay, da chon dugc 170 hinh ¢ ¢ phan giai 32x32 cho mdi nguoi.

Hinh 6. Cac mau hinh duoc chon d€ huan luyén.

2) B¢ dir lieu MNIST tai http://yann.lecun.com/exdb/mnist/ bao goém 60.000
mau huan luyén va 10.000 mau khac d& nhan dang véi cc hinh anh chit s6 viét tay tir 0
t61 9, moi mau 1a mot anh kich thudc 28x28.

3) Bé dit liéu Caltech101 bao gom cac d6i twong hinh anh thudc 101 cha dé, moi
chu dé c6 khoang 40 t6i 800 hinh. Mbi hinh ¢é kich thude 300x200. Dat tai dia chi
https://data.caltech.edu/records/mzrjq-6wc02. Trong thuc nghiém nay, chon 2935 hinh
v6i 5 cha dé bao gom: 435 hinh khudn mat, 435 hinh chan dung, 798 hinh xe may, 467
hinh nén tr google va 800 hinh may bay.
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Hinh chan dung

Khudén mat

Hinh nén

Hinh 7. C4c mAu hinh tir Caltech101.

4) BO dit liéu Urban & Natural Scene tai http://cvcl.mit.edu/database.htm véi
2688 hinh anh mau véi 8 chu dé: bién va bo bién, duong cao tdc, khong gian mo, nha
cao tang, ring, duong, mién nui, trung tam thanh phd. Mdi chu dé sé 14y ngau nhién
50 hinh.

Cao bc¢

Rurng

Buwong pho

Mién nui

Thanh phé

Hinh 8. Cac mAau tir Urban & Natural Scene.
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3.2. Phan tich, thiét ké cai dat chuwong trinh
3.2.1. Phan tich

Thong s6 duoc cai ddt trong chuong trinh rat thong dung trong cac moé hinh
hoc sau véi trong s§ can bang a 1a 0.5, s6 vong 1ap epoch dwoc cd dinh 1a 30, cip dd
hoc n 1a 0.1, gia tri khoi tao ban dau 1a 0.5. Sau vong 1ap th 5, gia tri khoi tao duwoc
thiét dat la 0.9. Bén giai doan tinh chinh, phwong phap d6 doc lién hop duoc dung cho
moi vong 1dp cho dén khi hoi tu. BO dir liéu sau khi chon loc nhu tiéu chi trong phan
3.1 dwgc chia lam 3 tap: tdp huan luyén, tap kiém tra, tap gidm sat sau d6 dwoc huan
luyén va kiém tra di liéu.

S legng no ron ctia tang H' bang véi kich thudc ctia hinh dwa vao trong phan
3.1 la 32x32. S6 no ron tuong tng véi tang H2, H? va H* lan luot la 24x24, 21x21 va
19x19. Cac kién truc sau truede dé s6 lwgng no ron twong tng voéi tang H2, H3, H* 1a 500,
500 va 2000.

3.2.2. Cai dat mo phong chuong trinh

Chuwong trinh stt dung MATLAB 2014R (v6i cong cu DeepLearnToolbox ma
nguon mo https://github.com/rasmusbergpalm/DeepLearnToolbox) trén giao dién
console d€ huan luyén va kiém tra di liéu véi bd ma ngudn duoc tham khao tir Sheng-
hua Zhong, Ruslan Salakhutdinov va Geoff Hinton chay trén may tinh hé diéu hanh
WINS.1 véi cau hinh nhu sau: CPU Core 2 Duo T6600 2.2GHz, RAM 4G, VGA 512MB.

Chuong trinh mo6 phong qud trinh tai cdu trtc hinh anh duoc viét bang ngon
ngtt lap trinh dwoc st dung la C# trong bo Visual Studio 2013 ctia Microsoft. Pay la bo
cong cu 1ap trinh cho phép xay dung cac ting dung c6 giao dién Winform twong ddi dé
dang va tién dung. Ngoai ra Visual Studio 2013 cho phép tich hgp cac .NET
FrameWork. Trong nghién cttu nay st dung cac .NET Framework nhu sau:

NET Framework 4.5 do Microsoft cung cap cac tinh nang thuyec thi trén cac moi
treong hé diéu hanh.

Aforge.NET la mot nén tang cho tinh toan trong khoa hoc va lap trinh .NET.
Nén tang nay dwoc xay dung dua trén ngoén ngi 1lap trinh C#. N6 1a goi cong cu danh
cho cac nha nghién cttu va lap trinh vién thudc linh vic thi gidc mdy tinh va tri tué
nhan tao AI dung d& xt ly hinh anh, cung cdp cac cong cu va thw vién hd tro nhidu
tng dung tinh toan khoa hoc nhu xtt ly dit liéu théng ké, hoc may, nhan dang mau.
Ngoai ra gdi cong cu nay con cung cap mot s6 luong 16n cac ham dé tinh toan phan bd
xac suat, kiém tra gia thuyét va hd tro gan nhw hau hét cac ky thuat do lwong hiéu suat
pho bién.
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L5 Mo phong Mang Tin Sau Song Tuyen - ~IEN

Mang tin s3u song tuyén BDBN Tdi c3u trdc khi hoc bang BDBN

Ldpén3
Lép 8n 2
Lép 8n 1
“es * see ¢ Laa --' Ddu véo
Inpu?lmlgr
Chiic nang Thing tin
Phén I9p chinh x5c - 86 01%
Téi cBu tnie Ddng Hidu néng

Thés gran thyc : 4827 gy

Hinh 9. Hinh anh minh hoa hoan tt qua trinh tai ciu tric bang BDBN.

Trong giao dién chinh gom hai khung hinh, khung trai mo ta cau trac chinh ctua
mang tin song sau, khung phai mé ta qua trinh tai cu truc theo ting 16p ctia BDBN,
tinh d¢ chinh xac va thoi gian thic hién.

3.2.3. Thuc nghiém, lwong hda va danh gia két qua

1) V6i bé dit ligu CMU PIE: Trong s6 120 anh cia mdi nguoi, s6 hinh anh khac nhau
duoc chon ngau nhién va duoc gan nhan trong khi nhitng nguedi con lai khong duoc
gén nhan. S8 lugng di liéu dwoc gan nhan theo mdbi nguoi 1a 5, 10, 20 va 40. S6 [an thu
la 10. S6 Ian lap 1a 50. DY chinh xac khi phan loai tang 1én vdi s luong di liéu dugc
gan nhan. Két qua thuc nghiém trén b di liéu mau huan luyén va phan 16p dugc md
ta trong Bang 1 sau:

Bang 1. Két qua thuc nghiém nhéan dang d6i tuwong anh véi CMU PIE.

5 10 20 40
DBN 37.10% 52.56% 63.41% 75.30%
BDBN 48.20% 68.10% 82.63% 86.40%
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100
80 -
60 -
40 - m DBN
20 - m BDBN

Do phan Iép chinh xac

0 -
5 10 20 40
S6 dir liéu dworc gan nhan

Hinh 10. Biéu d6 két qua thuc nghiém CMU PIE.

Két qua sau khi thyc nghiém trén bo dir liéu CMU PIE tir Bang 1. Véi cung s6
dit liéu dugc gan nhan va do tring Gaussian trong khoang [0...0,005] ta thay sw chinh
xac trong phan 16p dung trung binh luén cao hon khi stt dung mé hinh hoc sau. Vi qua
trinh tinh chinh tai cdu trac tir tang H! téi tang H5, d6 nhiéu da duoc loai bo, khi dén
tang H> anh gan gidng so véi anh goc ban dau gitp qua trinh phan loai chinh xac hon.
2) V6i bé dik ligu Caltech101: do s6 luong anh trong mdi chu d& khéc nhau vi vay trong
nghién cttu nay 14y 50 anh ngau nhién trong mdi chu dé dé lam tap kiém tra va tap
huéan luyén. S8 hinh anh dwoc gan nhan trong dit liéu lan luot 1a 5, 25, 50, 75 trén moi
cht dé. D6 nhiéu Gaussian [an luot duoc gan la 0.003, 0.005, 0.007, 0.01 va 0.02 . S6 lan
1ap la 50 néu chon s6 qua 16n sé thuc nghiém véi thoi gian nhiéu hon. Két qua thuc
nghiém trén b dit liéu mau hudn luyén va phan 16p dugc mo ta trong Bang 2 sau:

Bang 2. Két qua thuc nghiém nhéan dang déi twong anh véi Caltech101.

5 25 50 75
DBN 58.30% 71.40% 72% 74.20%
CNN 58.20% 70.80% 73.40% 75.20%
BDBN 61.80% 71.60% 75.60% 78.80%
100 -
g
Z 80 -
R
£ 60 -
g_ H DBN
2 40
£ w CNN
20 -
E = BDBN
@ 0 -
5 25 50 75
S6 dif liéu dwoc gan nhidn

Hinh 11. Biéu d6 két qua thue nghiém trén bd dix liéu Caltech101.
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Két qua sau khi thuc nghiém v6i bo dix liéu Caltech101, méac du tat ca déu la mo
hinh hoc sdu nhung BDBN dung 106 Ian lap so véi 290 Ian caa DBN va CNN su cai
thién nay xuat phat tir phép chiéu song tuyén giup dy doan ban dau t6t hon khi xay
dung cac lién két trong sd gitta cac 16p Hinh 12 cho thay két qua tang H! bang truc
quan.

Chan dung Khudn mat  Xe may May bay  Hinh nén

Hinh 12. Két qua triec quan ¢ tang H1 véi Caltech101.

3) Vi bg dir ligu MNIST: Trong nghién cttu nay chon tap dé huan luyén 50000 mau va
10000 mau dé kiém tra véi cac mau da dwoc cd dinh kich thudc. Trong so can bf!mg ala
1. S6 Tan lap 1a 10. Két qua thue nghiém sau 10 lan 1dp cho thdy hinh anh di liéu hinh
anh dau vao da duoc cai thién khi dén tang H! sau qud trinh tinh chinh tai ciu trac,
Hinh 13 va Hinh 14 cho thay két qua sau tung tang. Két qua sé cai thién dang ké néu
tang s6 lan 14p 1én 100 véi tang H! va 200 voi tang H2.

5x5

Nhan

| 28
v

Hinh dau vao

G
= 24 Tang 1

28

5x5
kernel

Hinh 13. Qua trinh tai cau trdc sau ting tang.
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Hinh 14. Két qua sau 10 lan ldp véi MNIST.

4) Vi bé dir liéu Urban & Natural Scene: Cac hinh anh sé duoc diéu chinh kich thudc
32x32 twong tng véi sd lwong no ron ¢ tang H! Tan luwot cac tang tiép theo H2, H? , H*
la 24x24 , 21x21, 19x19 . S8 luwong hinh anh duoc gan nhan trong dw liéu lan luot la 5,
25, 50 va 75 cho mdi chu dé. S& Tan 1ap 1a 10. Két qua thyc nghiém trén bd di liéu mau
hudn luyén va nhan dang dwgc mo ta trong Bang 3 sau:

Bang 3. Két qua thwe nghiém nhan dang anh véi Urban & Natural Scene.

5 25 50 75
DBN 32.00% 38.25% 42.50% 51.00%
BDBN 35.25% 42.50% 50.75% 55.25%
60
8 50 -
<
% 40 -
\Q. 30 -
] m DBN
& 20 -
.g_ BDBN
8. 10 -
O ,
5 25 50 75
S6 dir liéu dwoc gan nhan

Hinh 15. Biéu d6 két qua thwe nghiém véi Urban & Natural Scene.
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Két qua sau khi thuc nghiém véi bo dix liéu Urban & Natural Scene, méc du do
chinh xac c6 cao hon so v6i binh thuong, nhung c6 cac truong hop nhan dang khong

chinh xac do cing mét ngtt canh.

—

(b)

Hinh 16. (a) thudc chu dé Cao toc, (b) thudc chu dé buong.

4. KET LUAN

Bai bdo nay gidi thiéu mot md hinh hoc sdu mdi, hoc sau song tuyén cho bai
toan nhan dang doi twong anh. M6 hinh hoc sau song tuyén c6 mot vai dac tinh hap
dan, dau tién 1a kién tric méi la mo6 phong cau trac vat ly nhiéu 16p cta vé thi giac va
cho phép duy tri ciu tric vo hudng ty nhién cua hinh anh dau vao trong qua trinh
truyén thong tin. Tha hai, qua trinh hoc ba giai doan cia m6 hinh dwoc thuc hién hoa
mot cach trung thuc quy trinh nhan dang doi twgng cua con nguoi. Thit ba, kha nang
hoc ban giam sat caia moé hinh lam cho céc ky thuat sdu dwgc hoat dong t6t véi sd
luong dit liéu dugce gan nhan khong du. Cac thuc nghiém duoc cai ddt mo phong huan
luyén, kiém tra va phan 16p dit liéu c6 st dung mo hinh hoc sau song tuyén tinh trén 4
bo dit liéu MNIST, Caltech101, Urban va Natural Scene va CMU PIE, stt dung b cong
cu MATLAB 2014R va Visual Studio 2013 voi Aforge.net FrameWork. Day la nhiing
cong cu hd tro rat hiéu qua cho chwong trinh, né lam cho mtc d¢ chinh xac cta
chuwong trinh duoc nang cao. Thoi gian tdi, hwéng nghién ctru va phat trién theo hai
khia canh. Thit nhat 1a cung cdp dic tinh ngit nghia ctia hinh anh, bang cach goi y theo
ngtt canh trong mo hinh hoc sau. Thit hai, s dung m6 hinh hoc sau song tuyén cho
phan tich néi dung da phuong tién véi tap dix liéu 1on.
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BILINEAR DEEP LEARNING MODEL FOR OBJECT RECOGNITION

Nguyen Dang Binh
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Email: ndbinh@husc.edu.vn
ABSTRACT

Object recognition is one of the fundamental problems in computer vision. This
paper introduces a deep learning model called bilinear deep learning belief
network (BDBN) for image object recognition. In order to adapt the real-world
object recognition, the paper develops BDBN on semi-supervised learning method
to help bilinear deep learning model to be better when labeled training samples is
not enough. Experimental and quantified results compared with other methods on
benchmark data sets for the research community giving quite good results,

somewhat superior.

Keywords: Bilinear discriminant projection, deep learning, object recognition..
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