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MO DAU

Dang, Nha Nude ta xac dinh “Gido duc va dio tao 13 qudc sach hang dau” va
dé thuc hién tét muc tiéu, nhiém vu chién lugc nay, viéc uu tién tng dung cong
nghé thong tin trong quan 1y va trong viéc hd trg cac hoat dong day - hoc 13 mot van
dé rat cép bach, d3 duoc thé hién qua rat nhiéu van ban chi dao cua bang, Nha
Nudc va cua Bo gido duc va dao tao.

Viéc quan 1y hoc sinh trong cic nha trudng phd thong hién nay hoan toan
dua theo hinh thure thi cong, hién tugng hoc sinh bd ca budi hoc, bo tiét, ngéi hoc
khong dtng 16p minh hoc, hoc sinh khong phai ctia nha truong ... gay ra cho cong
tac kiém dién va quan 1y hoc sinh gip nhiéu khé khian. Hon nita, phu huynh ciing
mudn gidm sat xem con minh ¢6 mat & truong, ¢ 16p hay khong? hién dang 1a mot
nhu cau rat 16n.

Hoc sau da va dang rat phat trién, duoc mg dung rong rai trong cac bai toan
nhén dang nhu: nhan dang hinh anh, nhin dang giong noéi, xur Iy ngdn ngtr tw nhién
... va thu dugc nhiing thanh tyu to 16n vé1 dd chinh xac ngay cang cao. Trong do
nhan dang khuén mat dé xac dinh danh tinh, giao dich, kiém soat an ninh ... ngay
cang tré nén phd bién.

Xuat phat tir thuc té trén, dé tai “nghién ciru Hoc sdu trong nhdn dang
khudn mdt itng dung cho bai todn diém danh tw déng hoc sinh” véi hy vong c6 thé
tng dung thanh cdng md hinh Hoc sau hién dai trong viéc xay dung hé thong
diém danh ty dong dwa vao nhan dang khudn mit, dic biét 1a ung dung cu thé vao
diém danh tu dong hoc sinh trong mdi 16p hoc cua truong THPT Thanh Oai B,
huyén Thanh Oai, Ha Ngi.

Muc tiéu cua luan van la nghién cttu hoc sau trong nhan dang khudn mat
ng dung cho bai toan diém danh ty dong d6i véi qué trinh quan 1y hoc sinh trong
cac nha truong phd thdng hién nay nham nang cao chat luong quan ly hoc sinh
trong cOng tac gido duc dao tao ctia nha truong.

Péi tuong nghién ctru cua luan van: M6 hinh mang noron tich chap va bai

toan diém danh ty dong.



Pham vi nghién cru cua luan vian: Xay dung hé thong diém danh tu dong dbi
véi hoc sinh trong 16p hoc tai trwuong THPT Thanh Oai B, huyén Thanh Oai, Ha
Noi.

Noi dung cua luan van dugc trinh bay trong ba chuong vai ndi dung chinh
nhu sau:

Chuong 1: Tong quan vé bai toan diém danh ty dong

Noi dung chinh cta chwong 1 1a tim hiéu khai quét vé xir Iy anh va bai
todn nhan dang khuén mat.

Chuwong 2: Tim hiéu vé hoc sdu va mé hinh mang noron tich chip

Noi dung chinh ciia chuong 2 1a tim hiéu tong quan vé hoc may, Hoc sau,
m6 hinh mang noron tich chap (CNN) ciing nhu cach hoat dong, cau tric
va viéc huan luyén cia mé hinh mang noron tich chép.

Chuwong 3: Nhan dang khudn mit &ng dung cho bai toan diém danh ty
dong

Noi dung chinh cta chuong 3 1a trinh bay chi tiét cac buéc xay dung

hé théng diém danh tu dong dua trén nhan dang khudn mat.



Chuong 1. TONG QUAN VE BAI TOAN PIEM DANH
TU PONG

Chuong nay tap trung vao nhiing khai niém vé xir 1y hinh anh, giéi thiéu vé
bai toan nhan dang khuén mit bao gdm céc tng dung, tAm quan trong va nhirng kho
khan tré ngai hién nay khi 4p dung bai toan vé nhan dang khubn mit, va cudi cing
nhiing phuong phap nhan dang khuoén mat hién nay. Chuong nay ciing chi ra vai tro
va tam quan trong cua bai toan diém danh tu dong hoc sinh tai truong THPT Thanh
Oai B, Huyén Thanh Oai, Ha Ni.

1.1. Tong quan vé xir Iy dnh
1.1.1. Mjt sé khzi niém.
Xt 1y anh 13 tir mot anh dau vao qua qua trinh xir 1y (thong qua céac thuat

toan) ta thu dugc mot anh da duoc xtr Iy hodc mot két luan.

Anh duoc xir ly

4

Anh

X 1y anh

Két luan

Hinh 1.1. Quy trinh xir ly 4nh [1]
Thoéng thudng cac anh tu nhi€n, anh chup ¢6 céc tin hi¢u anh dac trung boi 2

dai lugng 1a bién dd va dai tan s6. N6 chinh la cac doi tugng cua xur 1y anh.

Hé¢ quyét
dinh
-2 . R 4 R: g ,
Thu | Tién Trich chon | Héu _| Doi sach rat
nhén dnh xu ly dac trung | oxuly "] raket luan
A 4
Luu trr

Hinh 1.2. Cic buéc co ban trong mét h¢ thong xir Iy anh [1]
1.1.2. Cic vin dé ciia xii Iy inh

a) biéu chinh mirc x4m cua anh



C6 2 hudng chinh 13 ting s6 mirc xam hodc giam sé mirc xam véi muc dich
chinh 13 tang cuong d6 min cho anh hodc in anh mau ra may in den trang.
b, Trich chon dic diém
Tuy theo myc dich nhan dang trong qué trinh xtr 1y anh ma cac ddi tugng
duoc trich tron. Mot s6 dic diém cua anh nhu dic diém bién do6i (dya vao loc vung),
dic diém khong gian (diém udn, phin bd xac suét, bién d6, mic xam ...) hay dic
diém bién va duong bién.
¢, Nhan dang:
Hé théng nhan dang tu dong bao g6m ba khau tuong trng vdi ba giai doan
chu yéu sau day:
1. Thu nhén di liéu va tién xir 1y.
2. Bi€u dién dit liéu.
3. Nhan dang, ra quyét dinh.
Bdn cach tiép can khac nhau trong 1y thuyét nhan dang la:
1. Béi sanh mau dua trén cac dic trung dugc trich chon.
2. Phan loai thong ké.
3. Pbi sanh cau tric.
4. Phan loai dua trén mang noron nhéan tao.
d, Nén anh
Pé giam thiéu khong gian luu trit ta can nén anh. C6 bdn k¥ thuat nén sau
day:
> Nén anh théng ké: Vi du *.TIF 1a ma nén theo k¥ thuat nay.
» Nén anh khong gian: Vi dy *.PCX la m& nén theo k¥ thuat nay.
> Nén anh st dung phép bién do6i: *.JPG 1a mi nén theo k¥ thuat nay.
> Nén anh Fractal: K thuat nén s& tinh toan dé chi can luu trit phan gc
anh va quy ludt sinh ra anh theo nguyén ly Fractal
1.1.3. Ung dung ciia xii Iy inh trong thuc té.
% Xt Iy va phuc hoi hinh anh: Ung dung nay tuwong tu nhu photoshop: tir

mot hinh anh dugc chup tir may anh, ta co thé chinh sira, xtr ly dé 1am anh dep hon



hozc phu hop nhu ciu nguodi dung nhu: lam md, 14y bién, chinh do nét, chinh do
phan giai, phuc hdi va nhan dang anh. ...

% Linh vuc y té: Cac tmg dung phd bién cua DIP trong linh vuc y té la:
Gamma ray imaging, PET scan, X Ray Imaging, Medical CT, UV imaging

< UV imaging: Linh vuc nay lién quan nhiéu dén tham hiém, do tham. Céach
hoat dong nhu sau: dé phan tich thi¢t hai cua moét tran dong d4t ma con nguoi khong
thé t6i duoc. Mit dat noi d6 sé& dugc quét boi vé tinh hodc mdt may bay sau do
truyén dit lidu, hinh anh vé may chu dé phan tich. S& rat nhanh chéng so véi viéc
cho doi con nguoi to1 do. Mot tran dong dét co thé dién tich rat rong ma con nguoi
khong thé ndo phén tich hét duoc.

% Truyén va mi hoa: Ngdy nay con nguoi st dung internet dé truyén nhan
cac anh, video mot cach nhanh chéng. Hinh anh khi ta chup s€ dugc ma hoda va
truyén theo internet. R4t nhanh sau vai gidy 1a ngudi ban c6 thé nhan dugc mot buc
anh.

< Thi gidc mdy tinh va robot: Hién tai cong nghé robot dang phat trién
nhanh chdng, va cang ngdy cang gidng con nguoi hon. Thi gidc ctia may tinh ciing
la mot phﬁn quan trong. Lam thé nao dé robot c6 thé nhin moi tht, tranh vat can,
nhan dang cac vat..? D6 chinh 13 nhd mot hé thdng qua trinh xir Iy anh phire tap.

+¢ Phat hién vat can: Phat hién vat can ciing 1a mdt linh vuc mdi va duogc
thuc hién boi xtr Iy anh: tinh todn khoang cach tir robot téi vat can bang cach xac
dinh dugc cac dbi tuong khac nhau trong hinh anh sau d6 xu Iy va tinh toan chung.

% Cong nghé nhan dang: Xir Iy anh ding dé xac dinh, nhan dang cac dbi
tuong, cac mbi nguy hiém, nhan dang van tay, khuén mat, hodc cac loai bénh trong
linh vuc y té.

1.2. Bai toan nhan dang khuon mat
1.2.1. Khai niém.

Nhan dang khuén mat 1a mot loai phén mém sinh tric hoc 4nh xa céac dic

diém khudn mit cia mot ca nhan vé mat toan hoc va luu trit dit liéu duéi dang dau

khuon mit (faceprint). Cong nghé AI nhin dang khuén mit 13 phin mém st dung



céc thuat toan Hoc sdu dé so sanh anh chup truc tiép hodc hinh anh k¥ thuat s6 voi
anh dugc luu trit trong co s¢ dit ligu dé x4c minh danh tinh ciia mét c4 nhan.
1.2.2. Mt s6 tré ngai ciia céng nghé nhin dang khuén mat

% GOC chup khuon mit: Chyp thang, chup nghiéng, chup hét 1én ... Lam cho
cac thanh phan trén khudn mit nhu mét, mili, miéng cé thé bi khuit mot phan hoic
tham chi khuit hét, déu 1a nhitng kh6 khan rat 16n trong bai todn nhan dang mit
nguoi.

% MOt s6 thanh phﬁn xuét hién thém hoic khong xuat hién trén khuon mat
nhu: deo kinh, deo khau trang, trang diém, moc rau ... 1am cho viéc nhéan dang
khudn mat thiéu chinh xac.

% Khi con nguoi thé hién sy biéu cam nhu: cudi, khoc, nhan mit ... cling
anh huong dén két qua nhan dang.

< Ngoai ra mot sd tac nhan khac ciing gay anh hudong dén két qua nhu: Anh
qua sang, qua md, chat lugng anh ...

% Nén anh phtic tap: Nén ctia anh phuc tap 1a mot trong nhitng khé khan nhat
trong bai toan nhan dang khubén mit nguoi trong anh, khudn mit nguoi sé dé bi
nham 1an véi nhiéu khung canh phirc tap xung quanh va anh huéng rat nhiéu dén
qua trinh phan tich va rat trich cac dic trung cua khudn mit trong anh, c6 thé dan
dén khong nhan ra khudén mat hodc 1a nhan nham céc khung canh xung quanh thanh

khudn mat nguoi.

Hinh 1.3. Nén anh phic tap

% Mau sdc ciia da mar: Mau sic ciia da mit ciing dong vai trd quan trong
trong nhan dang khuén mat. Néu mau sic cua da ngudi qua toi hodc gan véi mau
sdc cua khung canh moi trudng thi thuat toan s& gap kho khan trong viéc nhan dang

cac dic trung va c6 thé khdng tim ra duoc khubn mit nguoi.



1.2.3. Tim quan trong ciia bai toin nhin dang khuén mit

Sinh tric hoc dugce st dung dé kiém tra - x4c thuc danh tinh con nguoi thong
qua mot tap hop cac dir li¢u dé nhan biét va kiém chirng cac dac diém c4 biét cla
nguoi d6 thong qua 2 bude “nhan dang — Ban 1a ai?” va “xac thyc — Ban thyc sy 1a
nguoi ban noéi ban 1a?”.

Hién nay c6 cac cong nghé sinh tric hoc khac nhu: dau van tay, nhan dang
giong ndi, nhan dang mong mit, s6 hoa tong thé long ban tay va do ludng hanh vi.
Pay 1a cac cong nghé sinh tric tién tién duoc st dung dé dam bao tinh bao mat ca
nhan. Tuy nhién cic cong nghé trén ciing c6 nhitng bét cap vi du cdng nghé nhan
dang giong noi c6 nhugc diém la tiéng 6n; cong nghé nhan dang chit ky ciing gay
nhiéu phién phtc cho ngudi sir dung vi kho duy tri dugc chir ky gidng nhau ngay
trong ciing mot thoi diém, cong nghé nhan dang mong mat lai bi tic dong bdi nhidu
yéu t6 khac nhu do rong cua mét, 16ng mi, kinh deo va kho trién khai phé bién trén
dién rong do do phuirc tap cua cac thiét bi.

Cong nghé nhan dang khuén mit tir khi dugce phat minh vao nim 1970 dén
nay da c6 nhiing budc tién vuot bac. Va ngay nay, nhan dang khuén mat dugc xem
1a cong nghé do sinh tric hoc ciia con ngudi ty nhién nhat. Cong nghé nhan dang
khudn mat s& d& trién khai va khong giéi han tmg dung ciing nhu pham vi trién khai
ctia nd. Khong co sy twong tac vat Iy nao duoc yéu cau boi ngudi dung cudi. Hon
nita, viéc phat hi¢n khuéon mit va cac quy trinh ddi sanh khuoén mat dé xac
minh/nhan dang rat nhanh. bay cing la vu diém ndi trdi cua nhan dang mat nguoi
ma cé4c cdng nghé nhan dang khac kho cé thé c6 duoc.

1.2.4. Cidc wrng dung ddc trung ciia bai toin nhan dang khuon mat

> Ung dung trong giam st an ninh: cAcC giai phap kiém soat an ninh (kiém
soat ra vao), nhan dang khach la, khach VIP va ddi tuong trong danh sach den, tinh
nghi xut hién trong khu vyc giam sat. ..

> Ung dung trong cac nganh ban 1€, dich vu: theo doi lugng khach vao ra,

nhan dang khach hang than thiét, khach VIP va ddi tuong x4u. ..


https://beetinnovators.com/solution/bisecurity/
https://beetinnovators.com/solution/reva/

> Ung dung trong doanh nghiép, cong s&: chdm cong khudn mit, bao mat
may tinh, quan 1y ra/vao, phat hién hanh vi (cdm dao, deo mit na, deo khau trang,
deo kinh den, dé riu ¢ nhitng noi quan trong.

> Ung dung trong chinh phu: giam sét giao théng thong minh, phat hién cac
hanh vi vi pham giao thong.

> Ung dung trong truong hoc: diém danh khuén mit, ding ky, kiém soat an
ninh cac khu vuc cin theo dai... 13 cac giai phap nhan dang khuon mit cho trudong
hoc.

> Ung dung trong linh vuc Y té - sitc khoe: Theo ddi viéc s dung thube cia
bénh nhan chinh xac hon, Phat hién cac bénh di truyén nhu hdi ching DiGeorge voi
ty 1 thanh cong cao, hd trg cac thu tuc quan 1y bénh an.

> Ung dung trong cac thiét bi IOT: thiét bi kiém soat ra vao bang khuén
mat, thiét bi doc gidy to tuy than. ..

> Phan tich cam xuc: Nhan biét cam xUc trén khudn mat nguoi.
1.2.5, Xay dung hé thong nhin dang khuén mat.

Mot hé théng nhan dang khudn mat c6 thé khai quéat chung gdm c6 3 budc

co ban sau:

Anh tinh Phat hién Trich rat Nhan dang
khuon mat dac trung khuo6n mat

Hinh 1.4. H¢ thng nhan dang khudén mit

- Phat hién khu6n mit: Hé théng nhan vao mot anh tinh (tir birc hinh hay
mot doan video), sau d6 cd thé xu ly anh cho chit lwong tt hon, nhu chinh lai d6
sang, giam do nhiéu ...

- Trich rat dac trung: Chinh la viéc phan tich va rat ra dac diém cua khuon
mit trong anh vi mdi khudén mit c6 dic diém khac nhau (trtr cac truong hop sinh doi
cung trimg).

- So sénh: Hé thong s& so sanh cac dic diém duoc trich rut voi co s dix

liu khudén mit va s& quyét dinh két qua so sanh co phu hop hay khong.


https://beetinnovators.com/product/biface/
https://beetinnovators.com/solution/bitraffic/
https://beetinnovators.com/solution/bischool/
https://beetinnovators.com/solution/bischool/
https://beetinnovators.com/product/bitable/

1.2.6. Mt s6 phuwong phip nhin dang khuén mait

Duya vao cac tiéu chi ma nguoi ta chia ra thanh nhiéu phuong phép nhan dang
khuén mit nhung phd bién hién nay 1a cac loai sau:

+ Phuong phap tiép can toan cuc.

+ Phuong phap tiép can dya trén cac dic diém cuc bo.

+ Phuong phap lai.

Khi lam viéc trong diéu kién khong co kiém soat thi phuong phap tiép can
dua trén cac dic diém cuc bo (trich chon dic trung) to ra thich hop hon hai phuong
phép kia. D6 chinh 14 cac hé théng phat hién khudn miat nguoi dua trén tinh ning
(feature based).

Nguoi ta ciing co thé chia thanh hai huéng nhan dang nhu 1am voi dit liéu
video (tir camera) hoac lam vai dir li¢u anh.

1.3. Vai tro va tAm quan trong ciia bai toan diém danh tw dong hoc sinh
tai treong THPT Thanh Oai B, Huyén Thanh Oai, Ha Noi.

Diém danh 1a cdng viéc duoc tién hanh hang ngay va thudng xuyén trong cac
budi hoc tai cac nha trudng pho théng hién nay trong d6 co truong THPT Thanh
Oai B, huyén Thanh Oai, Ha Noi.
+¢ Thuc trang:

+ Hoc sinh thudng dén 16p mudn, nghi hoc hoic bo hoc ca budi hoic bo
tiét hoc.

+ Hinh thirc diém danh thi cong: Gido vién dau tiét hoc dém si s6 16p
ghi tén nhiing hoc sinh vang tiét hoc d6 vao S6 dau bai.

+ Cudi tuan, cudi thang, cudi hoc Ky, cudi nam hoc gi&o vién cha nhiém
phai tong hop ngay nghi caa hoc sinh dé xép thi dua va xét 1én 16p cho hoc sinh.
Cong viéc nay rat mat thoi gian, thiéu khach quan, thiéu chinh xac.
+¢ Giai phap:

Can c6 mot hé thdng diém danh ty dong, mdi phong lap mot thiét bi diém

danh tai mdi ctra phong hoc. Gi4o vy, Ban giam hiéu c6 thé theo ddi két qua diém
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danh hoc sinh vao bt ké thai gian ndo trong budi hoc. Cudi thang, cudi ky tong hop
va gui danh sach cho giao vién chua nhiém.
1.4. Két luén chwong

Trong chuwong 1, ludn vin di trinh bay khai quat vé xu 1y anh va dic biét da
trinh bay twong dbi chi tiét vé nhan dang khudn mit ing dung cho bai toan cua luan
van “Piém danh tir déng hoc sinh”. Trong chuong tiép theo, luan vin s& trinh

bay so luge v& Hoc may va hudng nguoi doc dén phan quan trong la Hoc sau.
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Chuong 2. TIM HIEU VE HQC SAU VA MO HINH MANG
NORON TiCH CHAP

K§$ thuat Hoc sdu la mot pham tru nho cua linh vuc Hoc may, Hoc
sau tap trung giai quyét cac van dé lién quan dén mang than kinh nhan tao
(Artificial Neural Network - ANN) nham nang cip cac cdng nghé nhu
nhan dang giong noi, thi giac may tinh va xa ly ngén ngir tu nhién. Boi
vay trong chwong nay, luan vin sé& trinh bay khai quat vé Hoc may, di sau
vao k¥ thuat Hoc sau cing mot sé thuat toan va ang dung cua no trong
thuc té, dong thoi ciing trinh bay chi tiét vé mé hinh mang noron tich chap
(CNN) ciing nhu céch hoat dong, cau trdc va viéc huan luyén mé hinh
CNN.

2.1. Tong quan vé Hoc may (Machine learning)

Hoc may 1a mot cong nghé phat trién tir linh vuc tri tué nhan tao. Cac thuat
toan Hoc may la cac chwong trinh may tinh c6 kha ning hoc hoi vé cach hoan thanh
cic nhiém vu va cach cai thién hiéu suét theo thoi gian.

Hoc mdy ra doi lam giam bét nhitng han ché von c6 cua Al khi né mang lai
cho may tinh kha ning c6 thé tim ra moi thir ma khong dugc 1ap trinh rd rang. Hoc
may van doi hoi sy danh gia cua con nguoi trong viéc tim hiéu dit liéu co so va lua
chon céc ki thuat phu hop dé phan tich dir liéu. Pong thoi, trude khi sir dung, dit
liéu phai sach, khong c6 sai 1éch va khong c6 dir liéu gia.

Cac md hinh Hoc may yéu cau luong dit liéu du 16n dé "huén luyén" va danh
gia md hinh. Trudc ddy, cac thuit toan Hoc may thiéu quyén truy cdp vao mét
luong 16n dir licu can thiét dé¢ mo hinh hoa cac mdi quan hé gitra cac dir li¢u. Sy
tang truong trong dir liéu 16n (big data) da cung cip cac thuat toan Hoc may voi du

dir 1iéu dé cai thién do chinh xac cia mo hinh va du doan.


https://vietnambiz.vn/tri-tue-nhan-tao-artificial-intelligence-ai-la-gi-20190924104039225.htm
https://vietnambiz.vn/du-lieu-lon-big-data-la-gi-nhung-kho-khan-khi-su-dung-du-lieu-lon-20190923114156622.htm
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2.2. Cac thuat toan Hoc may
2.2.1. Hoc co gidm sdt (supervised learning)

Trong hoc ¢6 giam sat, mdy tinh hoc cdch mé hinh hoa cic mdi quan hé dya
trén dit liéu dugc gan nhén (labeled data). Sau khi tim hiéu cach tot nhat dé mé hinh
héa cac mdi quan hé cho dir liéu duoc gén nhan, cdc thuat toan dugc huin luyén
dugc sir dung cho cac bd dit liu méi. Vi du xac dinh tin hiéu hay bién sé t6t nhat
dé dy bao lgi nhuin trong tuong lai cua ) phiéu hodc du doan xu hudng thi truong
chtirng khoan.

2.2.2. Hoc khong giim s4t (unsupervised learning)

Trong hoc khong giam sat, may tinh khong duoc cung cap dit liéu dugc dan
nhan ma thay vao dé chi dugc cung cép dir li€u ma thuat toan tim cach mo ta dir
liéu va cau tric cua ching. Vi du phan loai cic cong ty thanh cdc nhom cong ty
tuong dong dya trén dic diém cua chung thay vi st dung tiéu chuan cta cac nhom
nganh hoic cac qubc gia.

2.2.3. Hoc b4n giim sat (Semi-Supervised Learning)

Trong hoc ban giam sat, may tinh duoc cung cip dir liéu nhung dit liéu méi
dugce dan nhin mot phan. Do d6 phai sir dung hoc khong c6 giam sat (dé kham phé
va tim hiéu cdu tric dir liéu dau vao) va hoc c6 giam sat (dé du doan cho dir lidu
khong duoc gan nhan) dé giai quyét.

2.2.4. Hoc ciing cé (Reinforcement learning)

Hoc cung ¢ con goi 13 hoc ting cuong, thudng tmg dung vao Ly thuyét tro
choi thong qua mot qua trinh thtr 16i, hé théng tw dong xac dinh hanh vi dya trén
hoan canh dé dat duoc diém sb cao nhét. vi du nhu AlphaGo choi cO vay cua
Google [3]

2.3. Tim hiéu vé Hoc sau (Deep learning)
2.3.1. Hoc sdu la gi?

Néu xét vé thoi gian xuat hién thi Al chinh 13 y twdng xuat hién sém nhat

tiép theo d6 1a sy ra doi cia hoc mdy va cudi cung gan day nhét chinh 13 Hoc sAu.

Mic du xuit hién mudn nhét nhung Hoc sau lai chinh 1a thir dang thac déy su bung
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phat ciia Al hién nay. N6i mot cach don gian nhat Hoc sau 1a mot tdp hop con cua
Hoc may (Hinh 2.1) va d& cap dén cac mang than kinh c6 kha ning hoc dit liéu dau
vao véi cac biéu dién triru tuong. Hoc sau vuot trgi hon so voi hoc may truyén
thdng trong cac van dé phirc tap nhu nhan dang giong néi, xir Iy ngdén ngit tw nhién,

phan loai hinh anh ...

ARTIFICIAL INTELLIGENCE

Programs with the ability to
learn and reason like humans

MACHINE LEARNING
Algorithms with the ability to learn
without being explicitly programmed

DEEP LEARNING
Subset of machine learning
in which artificial neural

networks adapt and learn
from vast amounts of data

Hinh 2.1. Méi quan hé giira DL, ML va Al [11]

Hoc sau khac vo1 Hoc may 1a thuat todan hoc sau can duoc dao tao trong mat
thot gian dai vi c6 mot sb luong 16n cac tham sb trong khi cac thuat toan Hoc may
truyén théng co thé duoc dio tao chi trong vong vai gio.

Hoc sdu déng vai trd ngay cang 16n trong cong nghé hién dai. V& mat 1y
thuyét, nd c6 thé vuot qua kha ning cta bd ndo con nguoi, vi ching c¢6 cac thuat
toan nén tang rong 16n, duoc goi 1a mang ludi than kinh. Ngay nay, cac k¥ thuat hoc
sau c6 thé duogc tim théy & mot mat do kha cao, tr xe tu 14i dén céc nghién ctru hoc
thuat.

2.3.2. Lich str Hoc siu

Hoc sau da xudt hién tir rat 1au, nhung chi dén nhitng nim gan ddy méi thu

huat va duoc nghién ciru tng dung trong nhiéu linh vuc.

Quaé trinh phét trién cua Hoc sdu dugc thé hién qua hinh sau:
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Hinh 2.2. Cac giai doan phat trién Hoc siu [3]
2.3.3. Téong quan vé mang noron nhin tao
a) Tim hiéu vé mang noron nhan tao.

Mang neural nhan tao (Artificial Neural Network: ANN), goi tit neural
network 1a moé hinh xur 1y thong tin mé phdng hoat dong cua cac hé neuron sinh hoc
ma cu thé hon & ddy 1a bo ndo con ngudi. Trong hinh 2.3 dau tién 1a tinh chat truyén
di cua thong tin trén neuron, khi neuron nhan tin hi¢u dau vao tir cac dendrite, khi
tin hiéu vuot qua mot ngudng (threshold) thi tin hiéu s& duogc truyén di sang neuron
khéac (Neurons Fire) theo soi truc (axon).

Neural ctia model todn hoc ¢ day cling dugc mod phdng twong tu nhu vay.
Trong d6, thanh phﬁn co ban ctia ANN la neural nhan tao c¢6 cach thirc hoat dong va
xu 1y twong ty neuron sinh hoc. ANN dugc hinh thanh tir $6 lugng 16n céc neural
duogc lién két véi nhau theo ciu tric ting tang (layer), cac neural két ndi véi nhau
giita cac tang thong qua trong s lién két (weight).

Nucleus Axon terminals

—)  Model todn hoc

X1 1 .
Dendrites Myelin X2
Sheaths . >
\ ¢ W
X3
) w
) )
XN

o
Axon

Hinh 2.3. M6 hinh mang noron [12]
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b) Kién tric ANN
Kién trac chung ctia ANN duoc md ta trong hinh 2.4 gom 3 16p: Lép dau
vao (Input Layer), 16p an (Hidden Layer) va 1ép dau ra (Ouput Layer).

output layer
input layer
hidden layer
Hinh 2.4. Kién tric 3 phén cia ANN

Lép dau vao 1a mot chudi cac noron ki thuat sd co thé nhin thiy thong tin
ma mdy tinh dugc cung cap. Vi du, mot té bao than kinh c6 thé phat sang khi mau
xanh lyc hién dang trong mot hinh anh, trong khi mot té bao khac co thé phat sang
khi ¢ hinh dang cu thé, mot dic tinh cu thé trong di liéu.

L6p dau ra cho may tinh biét phai lam gi dé dap tng véi dir liéu dau vao.
Trong mot chiéc xe tir 13i, day s& 13 nhimg té bao than kinh k¥ thuat sé cudi cung
bao may tinh quyét dinh ting toc, phanh hodc quay dau.

L6p an chinh 13 “Phép thuat” ciia mang ANN. Lép nay lay cac noron than
kinh tir 16p ddu vao va chuyén huéng dé cac noron 16p dau ra 1dy duoc. Lop an bao
gém hang ngan hodc hang triéu noron riéng 16, mdi hang duoc két ndi véi nhau
trong mang ludi.

Hoat dong ctia ANN dugc mo ta nhu hinh 2.5.
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Hinh 2.5. Té bao noron nhan tao
» Cac gia tri dau vao xi, X2, ... Xn. Trong qua trinh thuc nghiém dir li€u nay

thuong dugc dua vao dudi dang mot véc to N chiéu.

> Tap céc lién két: Co chic ning truyén thong tin trong d6 Gmg voi mot lién
két c6 mot trong sb (hay trong s6 lién két 1a s6 thuc biéu thi mic do quan trong cua
lién két voi dau ra - weight) W1, Wz, ... Wn. Thong thuong, cac trong sd nay dugc
khéi1 tao mot cach ngﬁu nhién & thoi diém khoi tao mang va dugc cip nhat lién tuc
trong qua trinh hoc mang.

> Ham két hop g (combination function): Thuong dung dé tinh tong cua tich
cac gia tri diu vao vdi trong s lién két tuong tng ctia né (vi thé mot so tai lidu 1a
ham tong — summing function).

> Ham truyén f (transfer function) hay ham kich hoat (active function)}:
Ham nay duoc ding dé gidi han pham vi dau ra ciia mdi neural. C6 dau vao 1a két
qua ctia ham két hop va ngudng da cho. Thong thudng, pham vi dau ra cia mdi
noron dugc gidi han trong doan [0,1] hoac [-1, 1]. Cac ham truyén rit da dang, co
thé 1a cadc ham tuyén tinh hodc phi tuyén. Viéc lua chon ham truyén nao la tuy thude
vao ting bai toan va kinh nghiém cua nguoi thiét ké mang. Bang 2.6 dudi day la

cac ham truyén pho bién:



17

Ham Truyén Cong thirc Do thi

r‘lﬁ.
Linear fx)=x /l
-1 0

3 )
5 1
Sigmoid f&) = 1+ e—= ‘,/‘[//

6 4 2 0 22 & @
Tan-Sigmoid 1— e T
em @ =10 ;5w e
+ e 6 M 2 4 6
ReLu f(x) = max (0, x)

Hinh 2.6. Mot s6 ham truyén pho bién

c) Huan luyén ANN

Chtrc nang cua mot mang ANN duoc quyét dinh boi cac nhan té nhu sau:
hinh trang hay ciu tric ctia mang (s6 ting, sd neural trong mdi ting va cach cac
tang lién két v6i nhau) va cac trong sd ciia cac lién két bén trong mang. Kién trac
mang thuong 13 ¢d dinh twong tng voi mdi bai toan va cac trong sb lién két dugc
quyét dinh boi mot thuat toan huan luyén (training algorithm). Qua trinh diéu chinh
cac trong sb dé mang co thé nhan biét duoc mdi quan h¢ gitra dau vao va dich mong
mudn duge goi 14 hoc hay huin luyén (learning - training). Co nhiéu thuat toan
dung dé huin luyén mang ANN trong d6 thudt toan lan truyén nguoc (back-
propagation) duoc st dung pho bién.

- Lan truyén nguoc (back-propagation) 1a phuwong phép huan luyén mang
ANN v6i myc tiéu xac dinh trong sb t6i wu cho mang thong qua viéc lap di lap lai 2
qua trinh: lan truyén tién (tinh gia trj diu ra cia mang tir d6 tinh sai so giita gi tri
nay véi gia tri mong mudn). Tiép theo 1a qué trinh lan truyén nguoc sai sb (dya vao

sai s6 s& cap nhat lai cac trong s6). Mang ANN c¢6 kién trac duoc t6 chirc theo ting
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tang bao gém tang nhap, ting xuit va mot sd ting 4n. Trong mdi ting cd nhiéu
neural. C4c neural tang nay lién két véi neural ting kia thong qua cung lién két chira
trong s6 lién két. Qua trinh huén luyén mang bat dau béng viéc khéi tao gia tri trong

s0 cua mang mQgt cach ngau nhién.

Vi

Xi

—> | ANN |—| Trongsé Wi

Dit liéu huin luyén

Diéu chinh

Hinh 2.7. Huén luyén mang ANN sir dung lan truyén nguoc
+) Lan truyén tién: Dit liéu tir tdp huan luyén théng qua ting nhap s& duoc
chuyén vao téng tiép theo. Tai mdi neural ciia mdi téng s& tién hanh thuc hién viéc
tinh toan thong qua cac ham két hop, gid tri nay sau khi truyén qua ham kich hoat 13
dau ra mdi neural. Viéc tinh toan sé& thyuc hién trén tit ca cac neural cla mang va tu
tang nhap cho ra t6i gia tri cua ting xuét. Sai s6 duoc tinh bang cach so sanh gia tri
thue xudt ra cia mang v6i gia tri mong mudn, trong d6 sai sd cua qua trinh huin
luyén thuong duoc 1iy bang tong binh phuong tat ca sai s6 thanh phan.
+) Lan truyén nguoc sai sd: Dya trén sai sé duoc tinh tir qua trinh lan truyén
tién, mang s& cap nhat lai cac trong s6 theo nguyén tic lan truyén nguoc sai s0.
Trong d6 k¥ thudt co ban duoc ap dung trong qua trinh cip nhat trong sé do 1a
gradient descent.
Nhu vay, dé huan luyén hay dé mot mang hoc tir dit li¢u thi mang thyc hi¢n
2 budce lan truyén tién va lan truyén nguoc sai s6. Qua trinh nay thuc hién cho t6i
khi sai s6 dat dugc mot ngudng nao doé hoac thyc hién qua sb budc 1ap dugc nguoi

huin luyén mang dat ra.
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Py
X4 —':’VT Jj ',’ .
= CEENT- A | =W,jx,~
x; (Wi ¥ Transfer function

Hinh 2.8. Qua trinh hoc ctia noron
d) Thuat toan lan truyén nguoc (Back — Propagation)
Thuat toan nay [5] duoc st dung dé diéu chinh cac trong s két ndi sao cho
tong sai s6 e nho nhat.
E = z (t(x,, w) = y(x))* (2-1)
1
Trong cong thirc trén thi gia tri tip mau la t(Xi, W) va gia tri két xudt cia mang 1a
y(Xi). Mdi noron déu c6 gia tri vao va ra va déu mot trong sd, tir trong sb nay dé xac
dinh muc d6 anh hudng cta gid trinh d6. Van dé dit ra 1a 1am thé nao dé ej=tj— y;la
nho nhat
Ki hiéu:
+) Wij: 1a vector trong so.

+) uj: 1a vector gid trj két xuét.

tj

fi()) » €i

Neuron j

Hinh 2.9. M6 hinh tinh toan ciia m¢t noron
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Khi d6 ta 1an lugt co cong thire tinh gia tri sai sb, tong binh phuong sai s,

tong trong so, gia tri két xuat cua noron j theo cac cong thirc sau:

ej(n) = t;(n) — y;(n) (2-2)
JORE SN (2-3)
() = Y wx, () (2-4)
yi(n) = fi(ui(n)) (2-5)

Tinh toan gia tri ¢dao ham sai s cho mdi noron Wij:

OE(n)  0E(n)de;(n)dy,(n)ou;(n)

= (2-6)
8Wij(n) aej(n)ayj(n)auj(n)awj(n)
Trong do:
Iyt em
OE(n) o4& ju’i
= =oe (n); 2-7
oe,(n) oe;(n) & @D
oe. _
e;(n) _ o(t,(n) -y, (n)) .Y (2-8)
ay;(n) ay;(n)
oy(n) ,
= f (u.(n); 2-9
2 ) (U (n)) (2-9)
_ oYy " W.x
ou;(n) _ (> Wyx(n)) . (n) (2-10)
ow ,(n) ow ;(n)
= B eyt (), (n) (2-11)
ow;(n)
Gia tri diéu chinh trong s6 duoc tinh theo cong thuec:
aw, =720 e ) )X () (2-12)
ow ;(n)

_ 6E(n) _ aE(n)aej(n)ayj(n) _
b oW, (n) - oe;(n)ay,;(n)ou,(n) -

e, (n).f (u,(n) (2-13)

Suy ra:
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AW, = =78, (n).x,(n); (2-14)
ta diéu chinh trong s6 theo cong thirc sau:
w,(n+1) =w,(n)+Aw,(n) (2-15)

Qua cong thuc diéu chinh trong s6 ta théiy viéc xac dinh vi tri cua noron
thudc 16p ndo 1a rat quan trong (16p 4n, 16p xuat).
e) Giam 156i cho mang

< Underfitting: La truong hop ma md hinh huan luyén cua ta qua don
gian, khong thé giam dugc loss function (ham mat mat) nén khong thé md hinh hoa
duoc dir liéu dao tao cling nhu dit liéu mai. Doi véi truong hop ndy, ta can phai
phtic tap hda md hinh ciia minh bang cach thém céac 6p an hoic thém noron trong
mdi 16p. Tuy nhién viéc 1am phuc tap mé hinh huan luyén ciing can phai cin nhic
bai néu mé hinh tré nén qué phirc tap thi ta lai gap phai mot tinh hudng khéc, dé 1a
Overfitting.

< Overfitting (qua khép): La truong hop ma mé hinh huan luyén caa ching
ta “qua tot” v4i bo dit lieu huan luyén (training). Tac 13, voi mo hinh dé, loss
function gan nhu xap xi bang 0. Pang I& ra, khi loss function cang nhé thi mé hinh
phai cang t6t. Nhung ding 1a cai gi qua ciing khdng tot, khi truong hop nay xay ra,
mo hinh trd nén quéa c6 ging khop véi dit lidu training va dan téi khi thuc nghiém
Vvé6i dir liéu kiém tra (testing) thi lai cho két qua khéng cao.

Céach don gian dé han ché van dé Overfitting 12 lai lam giam do phuc tap cua
md hinh di nhung véi mac d6 vira di. Dé 1am duoc diéu nay, ngudi thiét ké mé
hinh phai c6 kinh nghiém ciing nhu phai thir nghiém nhiéu mé hinh dé c6 thé danh
gid va dua ra duoc mo hinh cudi cung. Ngoai ra, viéc dirng hoc sém ciing 12 giai
phap dé khac phuc tinh trang nay.
2.3.4. Ung dung ciia Hoc siu

Hoc sdu I thuat todn doi hoi mot dir liéu 16n dé hoc tap, hudn luyén. Trude
day, khi internet con chua duoc sir dung rong rai, Hoc sau qua thuc gap rat nhiéu kho
khin trong viéc thu thap dir liéu dé cd thé phéat huy hét kha niang cua né. Nhung

hién nay, nho c6 sy bung nd cua internet, cac mang x& hoi, mdi ngay ching ta tao
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ra khoang 2.6 nghin ti byte dit liéu, d6 1 lwvong dit liéu rat quy bau cho viéc phat trién
Hoc sau. Chinh vi thé, Hoc sau hién da, dang va s& phat trién hon nira trong tuong
lai. Sau ddy 1a mot s6 nhitng tng dung, loi ich ma Hoc sau mang lai.

a) Nhan dang giong noi

Hién nay céc trg 1y 4o nhu Siri (Apple), Assistant (google), Alaxa (Amazon),
Cortana (Microsoft) va gan ddy 1a Bixby (Samsung) déu ap dung Hoc sdu trg
giup nguol st dung tuong tdc véi may tinh qua giong noi. Nhitng trg 1i nay hién
dugc trang bi cho nhitng dong loa thong minh lip dit trong nhiing ngdi nha dugc
két ni.

b) Dich thuat

Dich thuat béng tri thong minh nhan tao dua trén nén tang hoc sau su dung
mang noron than kinh va qua trinh xir Iy ngon ngi tu nhién mang lai két qua chinh
xac hon so véi cong nghé dich dua vao cum tur trudc day cia Google Translate.
Theo Google, tri thong minh nhén tao sé dich toan bd cau van cung mdt lac, thay vi
dich timg doan nhu trudc day, cAu vin cé cdu tric ngir phap chinh xac hon so voi
phuong phap cii, ddng thdi tw hoan thién tot hon theo thoi gian.

c) O t6 ty van hanh hay may bay khoéng ngudi lai.

Trong tuong lai, néu “tri tué nhan tao” duoc nghién ctu phat trién hon va
mg dung vao nganh hang khéng hay cong nghiép 6 t6 thi c6 1& nhitng chiéc xe
khong don thuan 13 nhitng phuong tién di chuyén hang ngay nita ma sé& 1 nhiing
sinh vat séng c6 tu duy, suy luan va cam tinh nhu con ngudi. Va lac d6 ching sé tré
thanh ban dong hanh cliing sdng, cuing phat trién & mot thé gisi méi.

d) T6 mau, phuc ché hinh anh

Trudce kia, qua trinh phuc ché mau anh thuong dugc thuc hién tha cong trén
phan mém Photoshop. Cach nay rat phirc tap vi né doi hoi ngudi phuc ché phai am
hiéu vé mau sic va cac thang d6 mau xam twong ung, ciing nhu biét sir dung thanh
thao phan mém Photoshop. Hién nay cé rat nhiéu phan mém chuyén d6i hinh anh
den tring thanh anh mau, cac phdn mém nay dura vao cac thuat toan Hoc sau, ngudi

phuc ché anh chi can mdt vai thao tdc don gian dé t6 mau ching va nhan dugc mot


https://vietnamnet.vn/photoshop-tag46378.html
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blrc anh mau an tuong va chinh xac, ngay ca khi khong biét gi vé€ mau sac va

photoshop.

Hinh 2.10. Té mau anh den tring dwa trén Hoc siu

e) Nhan dang khuén mat

Facebook da phat trién mot hé théng nhan dang khuén mat Deep Learning co
tén 1a "DeepFace" dé gin thé moi ngudi ding bai. Facebook sir dung mang than
kinh chin 16p c6 trong lugng két ndi 120 triéu va duoc dao tao trén 4 triéu hinh anh
két ndi dugc tai 1én boi ngudi dung Facebook. Hé thong duoc cho 13 chinh xac
97%.

Tuong tu, FaceNet ciia Google dugc tuyén bd 1a mot phuong phap rat chinh
xac dé nhan dang khudén mat dat do chinh xac gﬁn 86%. N6 c6 mot bd dir liéu hinh
anh v6i gan 260 triéu hinh anh tir khip noi trén thé gidi va né co thé dat tén cho mot
khuon mit va trinh bay hinh anh phu hop véi tim kiém khuon mat.

f) Y hoc va dugc pham

Phan tich cc cudc kiém tra, quét CT, nhép dir liéu va cac nhi¢m vu khéc cod
thé duoc thyc hién nhanh hon va chinh xac hon boi robot. Nhing tmg dung theo ddi
thudc ctia bénh nhan dua trén Hoc sdu duogc phat trién nhanh choéng, tu dong xac
nhan rang bénh nhan dang dung thudc theo toa va gitip ho quan 1y tinh trang ciia ho.
Di truyén va hé gen tim kiém cac dot bién va lién két v6i bénh tir thong tin trong
DNA. Véi sy gitip d& ciia Hoc sau quét co thé c6 thé phat hién bénh ung thu va cac

bénh v€ mau sém, du dodn cac van dé strc khoe ma chiing ta phai do6i mat dya trén
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di truyén cua chinh minh. Ngoai ra céac thiét bj theo ddi strc khoe duge deo dé theo
ddi nhip tim va muc d6 hoat dong ctia con ngudi ngdy cang trd nén phod bién.
g) Dich vu giai tri va mua sdm

Hién nay cac website xem film hay ban hang truc tuyén di umg dung Hoc
sdu trong viéc dua ra cac goi y cho khach hang ma cac dé xuit rat phu hop véi nhu
cau xem hodc mua cua khach hang. Vi du nhu Amazon hay Netflix ... ching han.
2.4. Tim hiéu vé CNN [2]

Mang noron tich chap (CNNs) (LeCun et al, 1989) la mét md hinh hoc sau
c6 thé xay dung dugc cac hé théng phan loai véi do chinh xac cao. Y tudng cua
CNNs duoc 1y cam hang tir kha nang nhan biét thi giac cia bo ndo nguoi. Pé co
thé nhan biét duoc cac hinh anh trong vé ndo ngudi ¢ hai loai té bao 1a té bao don
gian va té bao phic tap (Hubel & Wiesel, 1968). Cac té bao don gian phan ung véi
cac mau hinh dang co ban ¢ céc viung kich thich thi giac va cac té bao phtc tap
tong hop thong tin tir cac té bao don gian dé xac dinh cac mau hinh dang phic tap
hon. Kha nang nhan biét cac hinh anh ctia ndo nguoi 13 mot hé théng xir ly hinh anh
tu nhién manh m& va ty nhién nén CNNs dugc phét trién dua trén ba y tuong chinh:
tinh két ndi cuc bo (Local connectivity hay compositionality), tinh bat bién
(Location invariance) va tinh bat bién ddi v&i qua trinh chuyén doi cuc bo
(Invariance to local transition) (LeCun et al., 2015). CNNs la mot dang mang noron
chuyén dung dé xu ly cac dir liéu dang lu6i 1 chiéu nhu dit liéu am thanh, dir liéu
MGE hoic nhiéu chiéu nhu di liéu hinh anh, video.

ANN duoc &p dung nhiéu trong céc bai toan nhan dang. Tuy nhién, ANN
khong thé hién tot lam ddi voi cac dir liéu hinh anh. Chinh sy lién két qua day du
tao nén nhitng han ché cho mé hinh. CNN c¢6 kién triic hop ly hon so véi mang
ANN, dic biét khdng gibng mot mang than kinh truyén théng, cac 16p cta mot
CNN sap xép theo 3 chiéu: chiéu rong, chiéu cao va chiéu sau.

Cau trdc co ban caa CNNs gom céac Iop tich chap (Convolution layer), 16p
phi tuyén (Nonlinear layer) va 16p loc (Pooling layer) nhu hinh 1. Céc 16p tich chap
két hop véi cac 16p phi tuyén st dung cadc ham phi tuyén nhu RelLU
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(ReLU(x)=max(x,0)) [6] hay TanH d&é tao ra thdng tin triru twong hon
(Abstract/higher-level) cho céc 16p tiép theo.

Inpuc fayer (S1) 4 feature maps

Eﬁ (CI) 4 feature maps (S2) 6 feature maps  (C2) 6 feature maps

l convolution layer l sub-sampling layer | convolution layer | sub-sampling layer [fullyconnecwd MLPI

Hinh 2.11. Céu triic co bin ciia mang Noron Tich chap (Lecun, 1989)

Céc 16p lién két trong CNNs dugc v6i nhau thdng qua co ché tich chap. Lép
tiép theo la két qua tich chap tir 16p truée d6 vi vay CNNs c6 duge cac két ndi cuc
bo vi mdi noron & 16p tiép theo sinh ra tir mot bo loc duge &p dat 18n mot ving cuc
bo cua 10p trudc d6. Nguyén tic nay dugc goi la két ndi cuc bo (Local
connectivity). Mdi 16p nhu vay dugc ap dat cac bo loc khac nhau. Mot s6 16p khac
nhu 16p pooling/subsampling ding dé loc lai cac théng tin hitu ich hon bang cach
loai bo cac thdng tin nhidu. Trong subt qua trinh huan luyén, CNNs s& tu dong hoc
cac tham sb cho cac 16p. Lop cudi cung duge goi 1a 16p két ndi day da (Fully
connect layer) dung dé phan 16p.

2.5. Cau triac ciia CNN

CNN 1a mot kiéu mang ANN truyén thang, trong d6 kién tric chinh gom
nhiéu thanh phan dwoc ghép ndi véi nhau theo cdu tric nhiéu 1ép d6 Ia:
Convolution, Pooling, ReLU va Fully connected.

2.5.1. Lop tich chiap (Convolution)

Lép Convolution (Conv) 1a 16p quan trong nhat trong cau tric cia CNN.
Tich chap duoc sir dung dau tién trong xu Iy tin hiéu s6. Nho vao nguyén ly bién doi
thong tin co thé &p dung ki thuat nay vao xu ly anh va video sb. Trong 16p tich chap
str dung mot bo céc bo loc ¢ kich thude nho hon véi ma tran dau vao va ap 1én mot
viing ctiia ma tran dau vao va tién hanh tinh tich chap gitra bo filter va gia tri cia ma

tran trong ving cuc bo do. Cac filter s& dich chuyén mot bude truot (Stride) chay
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doc theo ma tran déu vao va quét toan bo ma tran. Trong sé cua filter ban dau s&
dwoc khoi tao ngau nhién va s& duge hoc dan trong qua trinh huan luyén md hinh.
Hinh 2.12 mé ta ly thuyét va céch thirc Conv hoat dong trén mét dir liéu dau
vao duoc biéu dién bang mot ma tran hai chiéu. Ta cd thé hinh dung phép tinh nay
duoc thuc hién bang cach dich chuyén mét cira s6 ma ta goi la kernel trén ma tran
dau vao, trong d6 két qua mdi lan dich chuyén duogc tinh bang tong tich chap (tich
cua CAc gid tri gitra 2 ma tran tai vi tri tuong ung). Khi dugc 4p dung phép tinh Conv
vao xir Ii anh nguoi ta thiy rang Conv sé& gilip bién ddi cac thdng tin dau vao thanh
cac yéu t6 dic trung (n6 twong tng nhu bd phat hién — detector cac dic trung vé
canh, huéng, ddm mau ...). Hinh 2.12 1a minh hoa viéc ap dung phép tinh Conv trén
anh trong do (a) 1a két qua bién d6i hinh anh khi thuc hién phép Conv khéc nhau
cho ra két qua khac nhau, (b) Ia truc quan hoa cac kernel diing dé detector cac dic

trung vé canh, huéng, ddm mau

Piu vao
Kernel
a b ¢ d
w X
[ | ¢ f g h
Y z
i i k |
l Piura
ax+by bx+cy cx +dy
— +ez+fw +z+gw +gz+hw
ex+fy fx+gy gx+hy
+HZ+HW +jz+kw +kz+Iw

Hinh 2.12. Phép tinh Convolution [4]
Nhu vy str dung Conv ¢6 nhitng uu diém sau:
- Giam s6 luong tham s6: O ANN truyén thong, cac noron & 16p trudc sé két

ndi t&i tit ca cac noron & 16p sau (full connected) gay nén tinh trang qué nhiéu tham
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s6 can hoc. Day 1a nguyén nhan chinh gay nén tinh trang overfiting ciing nhu lam
tang thoi gian huan luyén. Véi viée sir dung Conv trong d6 cho phép chia sé trong s6
lien két (shared weights), ciing nhu thay vi st dung full connected s& st dung local
receptive fields giup giam tham sb.

- Cac tham sb trong qué trinh sir dung Conv hay gia tri cua cac filter —
kernel s& dugc hoc trong qua trinh huan luyén. Nhu gi6i thiéu ¢ phan trén cac
thong tin nay biéu thi thdng tin gidp rut trich ra dwgc cac dic trung nhu goc, canh,
dom mau trong anh ... nhu vay viéc st dung Conv sé giup xay dung md hinh ty
hoc ra dac trung.

2.5.2. Lép phi tuyén Relu

V& co ban, covolution 1a mot phép bién ddi tuyén tinh. Néu tit ca cac neural
dugc tong hop boi cac phép bién doi tuyén tinh thi mot mang neural déu c6 thé dua
vé dudi dang mot ham tuyén tinh. Khi d6 mang ANN s& dua cac bai toan vé logistic
regression. Do d6 tai mdi neural can c6 mot ham truyén dudi dang phi tuyén. Co
nhiéu dang ham phi tuyén dugc sir dung trong qua trinh nay nhu di gidi thiéu trong

phan neural cin ban. Tuy nhién, cac nghién ctru gan ddy chimg minh dugc viée sir

dung ham ReLu (Rectified Linear Unit) cho két qua tot hon & cac khia canh:

+ Tinh toan don gian

+ Tao ra tinh thua (sparsity) ¢ cac neural an. Vi du nhu sau budc khoi tao
ngﬁu nhién céc trong s, khoang 50% céc neural 4n duoc kich hoat (c6 gid tri 1on
hon 0).

+ Qué trinh huan luyén nhanh hon ngay ca khi khong phai trai qua budc tién
huén luyén.

Nhu vay tang ReLu co ban chi don gian 1 4p dung ham truyén ReLu.
2.5.3. Lop Pooling

Xét vé mit todn hoc pooling thuc chét 1a qua trinh tinh toan trén ma tran
trong d6 muc tiéu sau khi tinh toan 1a giam kich thudc ma tran nhung van 1am ndi bat

lén duoc dic trung ¢ trong ma tran dau vao.


https://tiendv.wordpress.com/2016/11/19/neural-networks/
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C6 nhiéu toan tir pooling nhu Sum-Pooling, Max-Pooling, L2-Pooling
nhung Max-Pooling thudng duoc sit dung. Vé mit y nghia thi Max-Pooling x4c dinh
vi tri cho tin hiéu manh nhat khi &p dung mét loai filter. Piéu nay ciing twong tu
nhu 12 mot bo loc phat hién vi tri d6i tuong bang filter trong bai toan phét hién dbi
tuong trong anh.

Vé mat ly thuyét voi ma tran dau vao c6 kich thuéec W1*H1*D1 va thuc hién
toan tir pooling trén ma tran con cua ma tran dau vao c6 kich thudc F*F véi bude
nhay S pixcel thi ta dwgc ma tran dau ra W2*H2*D2 d6:

- W2 = (W1 - F)/S+1
- H2 =(H1-F)/S+1
- D2=D1

1
6
2

4
8 6
0

4

— lw v =
W = [~

2

Hinh 2.13: M6 ta ham MaxPooling véi cira s6 2x2 ma buéc trrgt bang 2

Cong dung cua 16p Pooling dung dé giam kich thudc dit liéu, cac ting trong
CNNs chéng 1én nhau c6 16p Pooling & cudi mdi tang gitp cho kich thuéc dit lidu
duoc co lai nhung van giita dugc cac dic trung dé ldy mau. Ngoai ra giam kich
thuge dir liéu s& giam sb lugng tham sé cua mang lam tang tinh hiéu qua va kiém
soat hién tugng hoc vet (Overfiting).
2.5.4. Lop Fully-connected (FC)

Lép két ndi day du 1a mot 16p gidng nhw mang noron truyén thiang cac gia tri
duoc tinh toan tir cac 16p trude s& duoc lién két day du vao trong noron cua 16p tiép
theo. Tai 16p két ndi day du sé tién hanh phan 16p dix liéu bing cach kich hoat ham

softmax dé tinh xac suat & 16p dau ra.
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2.6. Huén luyén md hinh CNN

Ta chon ngau nhién trong s6 va gia tri bd loc ngay tir ban dau, tiép theo ta
gan nhin cho moi hinh anh di qua mo6 hinh CNN, Tép cac anh phai du l1én va da
dugc gan nhin cho biét cy thé anh d6 1a gi. CNN ciing sir dung thuét toan lan truyén
nguoc twong ty nhu ANN dé huan luyén mé hinh.

M6 ta huan luyén mot mang CNN nhu sau:

Qua trinh lan truyén thang: Truyén mot hinh anh can dao tao co kich thude
32x32x3 qua toan bd mang. C4c trong s6 vVa bo loc trong trudng hop nay da dugc
khoi tao ngau nhién, dau ra trong treong hop nay teong tu nhu: [1.1.1.1.1.1.1 .1
.1 .1] c6 thé noi véi dau ra ké trén khong uu tién cho mot dbi tuong cu thé nao do
d6 s& khdng c6 két luan hop ly & day, do vay dan dén ham mat mét dugc lan
truyén nguoc.

Ham mat mat (loss function): Loss function cé thé duoc dinh nghia theo
nhiéu cach khac nhau nhung luan van s& trinh bay ham mat mat cho Softmax

Regression:

N C N C (
J(W;X,Y):-Z Zyjilog(aji)z—z Zyji |ogt .

Gia sir bién L tuong duong véi dai luong trén, ching ta dé dang nhan thay gia
tri caa ham Loss function s& 1a rat cao véi mot sd hinh anh dao tao dau tién. Muc
tiéu caa md hinh 1 nhan du doan gidng nhin dao tao, dé 1am duoc diéu nay ta can
phai giam thiéu gid tri loss function ma mé hinh dang gap phai. Bé giai quyét van
dé nay ta can tim ra trong s6 nao (weight) lam anh huéng dén loss function caa md
hinh, tiép theo ta can thyc hién backward pass di qua mé hinh dé xir Ii vin dé trén.

Lan truyén nguoc (backward pass): Xac dinh trong sé anh huong nhét cho
loss function va tim cach dé lam tbi thiéu loss function, mot khi ching ta thuc
hién dugc cong viéc nay ching ta s& di dén bude cudi cung I cap nhat trong s6. Dé

lam t6i thiéu loss function ta phai toi vu ham mat mat.
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Téi wu ham mat mat: Mot lan nita, ching ta lai st dung Stochastic
Gradient Descent (SGD) ¢ day.
Véi chi mot cap dit lieu (xi,yi), ta co:
. c ( exp(wx, ) )
J(W) = 3(W;xy,)=-3 v, logl |
i=1

LZEzlexp(WIxi)J

:—é(yjiWTin—yﬁ |Og[éeXp(W1Xi)jj (2-17)
= _ZC: yjiWTin +log {ZC: EXp(WIXi)}

C
Trong bién d6i & dong cudi cling, ching ta di sir dung quan sat: > i = Lvine

la tong C4C XAC SUAt.

Cong thic tiép theo ta sir dung 1a:

23, (W) |FaJi(W) 23, (W) aJi(W)T|
oW _L ow, ’ ow, owe |

(2-18)

Trong dé, gradient theo ting cot 6 thé tinh duoc dua theo cong thuc (2-17):

03; (W) —_— eXp(WJXI)
= Y% T
ow J Zleexp(wkxi)
=YXt ag% = @G Y g) (2-19)
=ejixi(whereeji=aji—yji)

Trong do: €ji=aji—Yii la sai sé du doan.
Tur (2-18), (2-19):

83, (W)

o = x;lej €801 = X6, (2-20)
Ta dé dang suy ra:
N

P _ 3 xel = xeT (2-21)

oW i=1
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v6i E=A-Y. Cong thuc tinh gradient don gian thé nay gidp cho ca Batch Gradient

Descent, Stochastic Gradient Descent (SGD), va Mini-batch Gradient Descent déu

c6 thé d& dang duogc ap dung.

Gia str rang chang ta st dung SGD, c6ng thirc cap nhat cho ma tran trong sé W sé la:
W=W+77xi(yi—ai)T (2-22)

Trong do:

* W 4 trong sb lac sau cap nhat.

* W la trong s6 Ilc dau.

* ntilé hoc.

Ti 1¢ hoc (learning rate) 1a mot tham sb dugc khoi tao boi ngudi 1ap trinh.
Néu ti 1& hoc qué cao thi dan dén bude nhdy 16n va nhu thé thi kho cac dinh dugc
cac diém tdi ru can tim.

Quaé trinh trén duoc l3p lai lién tuc trong mot thoi gian nhat dinh cho mai tap
hinh anh dao tao.

2.7. Tim hiéu vé Multi-task Cascaded Convolutional Networks
2.7.1. Multi-task Cascaded Convolutional Networks la gi?

Multi-task Cascaded Convolutional Networks duoc viét tat 124 MTCNN. N6
bao gom 3 mang CNN xép chong va dong thoi hoat dong khi detect khudn miit.
MObi mang ¢6 cdu tric khac nhau va dam nhiém vai trd khac nhau trong task. Pau ra
ctia MTCNN 14 vi tri khudn mit va céc diém trén mat nhu: mat, mii, miéng. ..
2.7.2. MTCNN Workftlow

MTCNN hoat dong theo ba budc [5], mdi bude dung mot mang noron riéng
lan luot 13: mang dé xuit P-Net (Proposal Network) nham dy doan cac ving trong
anh vi du 1a vung chtra khuén mat; mang tinh ché R-Net (Refine Network) st dung
dau ra cua P-Net dé loai bo cac ving khong phai khuon mit; va mang diu ra
(Output Network): str dung dau ra R-Net dé dua ra két qua cudi cung véi 5 diém

danh ddu khuon mit: 2 diém mét, 1 diém mdi va 2 diém khoe miéng (Hinh 2.14)


https://machinelearningcoban.com/2017/01/16/gradientdescent2/#-bien-the-cua-gradient-descent
https://machinelearningcoban.com/2017/01/16/gradientdescent2/#-bien-the-cua-gradient-descent
https://machinelearningcoban.com/2017/01/16/gradientdescent2/#-bien-the-cua-gradient-descent
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Hinh 2.14: C4u tric MTCNN
Déi voi mdi hinh anh truyén vao, mang tao ra mot kim tir thap hinh anh nghia
la nd s& tao ra nhiéu ban sao cua hinh anh d6 & cac kich thude khac nhau. Muc

dich cua viéc nay la dé phat hién cac khudn mit ¢ tat ca cac kich thugc khéac nhau.

Resize

Test image Image pyramid
Hinh 2.15: Kim ty thap hinh anh
a. Mang P-Net
Tai P-Net, d6i v6i mdi hinh anh dugc chia ti I¢, hat nhan (kernel) 12x12 chay
qua hinh anh d6 dé tim kiém khuén mat. Trong hinh anh bén duéi, hinh vuéng mau

d6 dai dién cho hat nhan tir tir di chuyén qua lai hinh anh tim kiém khuén mat.
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Hinh 2.16: Kernel tim kiém khuén mit

Trong mdi hat nhan 12x12 nay, c¢6 3 céu tric duoc chay qua véi hat nhan
3x3. Sau mdi 16p convolution, mot 16p prelu dugc trién khai. Ngoai ra, mot 16p
max pool dugc dwa vao sau lép prelu dau tién (maxpool lay ra moi pixel khéc, chi
dé lai 16p 16n nhat trong ving lan can).

Sau 16p convolution thtr ba, mang chia thanh 2 16p. Cac kich hoat tir 16p thir
ba dugc chuyén dén hai I6p convolution riéng biét va mot 16p softmax sau mot
trong céac 16p convolution d6. Trong truong hop nay, N6 tao ra 2 X4c suat: Xac sut

ma & d6 1a mot khudn mit trong khu vuc va xac suat ma & do6 khdng phai 1a mot

| |

PReLu Layer 1

guong mat

Maxpool layer

[ ]

PReLu Layer 2

PRelLu Layer 3

| ) | |
=S

Hinh 2.17: P-Net
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Convolution 4-1 dwa ra xac suat cua mot khudn mit nam trong mdi bounding
boxes, va Convolution 4-2 cung cap toa do cua cac bounding boxes.
CAu triic P-Net trong MTCNN:

class PNet (Network) :
def config(self):

layer factory = LayerFactory(self)

layer factory.new feed(name='data', layer shape=(None, None, None, 3))

layer factory.new conv(name='convl', kernel size=(3, 3),
channels output=10, stride size=(1, 1),

padding='VALID', relu=False)

layer factory.new prelu(name='prelul')

layer factory.new max pool (name='pooll', kernel size=(2, 2),

stride size=(2, 2))

layer factory.new conv(name='conv2', kernel size=(3, 3),
channels output=16, stride size=(1, 1),

padding='VALID', relu=False)

layer factory.new prelu(name='prelu2')

layer factory.new conv(name='conv3', kernel size=(3, 3),

channels output=32, stride size=(1, 1),

padding='VALID', relu=False)

layer factory.new prelu(name='prelu3')

layer factory.new conv(name='conv4-1', kernel size=(1, 1),

channels output=2, stride size=(1, 1), relu=False)

layer factory.new softmax(name='probl', axis=3)

layer factory.new conv(name='conv4-2', kernel size=(1, 1),
channels output=4, stride size=(1, 1),

input layer name='prelu3',6 relu=False)

b. Mang R-Net
R-Net ¢6 ciu trdc twong tw, nhung ¢6 nhiéu 16p hon. N6 1ay dau ra cua P-

Net 1am dau vao va dua ra toa do hop gii han chinh xac hon.
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PRelu Layer 1

Maxpool layer

PRelLu Layer 2

Maxpool layer

PRelLu Layer 3

Fully Connected 1

PRelLu Layer 4

Fully connected 1 Fully connected 2

Hinh 2.18: R-Net
Céu tric R-Net trong MTCNN:

class RNet (Network) :
def config(self):

layer factory = LayerFactory(self)

layer factory.new feed(name='data',6 layer shape=(None, 24, 24, 3))

layer factory.new conv(name='convl', kernel size=(3, 3),
channels output=28,

stride size=(1, 1),

padding='VALID', relu=False)

layer factory.new prelu(name='prelul')

layer factory.new max pool (name='pooll', kernel size=(3, 3),
stride size=(2,2))

layer factory.new_conv(name='conv2', kernel size=(3, 3),
channels output=48, stride size=(1, 1),

padding='VALID', relu=False)

layer factory.new prelu(name='prelu2')

layer factory.new max pool (name='pool2', kernel size=(3, 3),
stride size=(2,2,),padding='VALID")

layer factory.new_conv(name='conv3', kernel size=(2, 2),
channels output=64, stride size=(1, 1),

padding='VALID', relu=False)

layer factory.new prelu(name='prelu3')

layer factory.new fully connected(name='£fcl', output count=128,
relu=False)

layer factory.new prelu(name='prelud')

layer factory.new fully connected(name='£fc2-1', output count=2,
relu=False)

layer factory.new_ softmax (name='probl', axis=l)

layer factory.new fully connected(name='£c2-2', output count=4,
relu=False,

input layer name='prelu4d')

c. Mang O-Net
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Cubi cing, O-Net ldy cac dau ra ciia R-Net lam dau vao va dua ra 3 bo dir
liéu: x4c suét ciia mot mit ndm trong hop, toa d cuia hop gidi han va toa do cua cac
mdc mit (vi tri cua mét, mii va miéng).

PRelu Layer 1

Maxpool layer

[ Vot taver ]
PRelu Layer 2
Maxpool layer

( on Layer 3 J

PRelLu Layer 3

Maxpool layer

[ convolutiontayera |

Fully Connected Layer

PRelLu Layer 5

Fully connected 1 Fully connected 2

Fully connected 3

Hinh 2.19: O-Net
Céu trdc O-Net trong MTCNN:

class ONet (Network) :
def config(self):
layer factory = LayerFactory(self)
layer factory.new feed(name='data', layer shape=(None, 48, 48,

layer factory.new conv(name='convl', kernel size=(3, 3),

channels output=32, stride size=(1, 1),

padding='VALID', relu=False)

layer factory.new prelu(name='prelul')

layer factory.new max pool (name='pooll', kernel size=(3, 3),

stride size=(2, 2))

layer factory.new conv(name='conv2', kernel size=(3, 3),
channels output=64, stride size=(1, 1),

padding='VALID', relu=False)

layer factory.new prelu(name='prelu2')

layer factory.new max pool (name='pool2', kernel size=(3, 3),
stride size=(2, 2), padding='VALID')

layer factory.new conv(name='conv3', kernel size=(3, 3),
channels output=64, stride size=(1, 1),

padding='VALID', relu=False)

layer factory.new prelu(name='prelu3')

layer factory.new max pool (name='pool3', kernel size=(2, 2),

stride size=(2, 2))

layer factory.new_conv(name='conv4', kernel size=(2, 2),
channels output=128, stride size=(1, 1),
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padding='VALID', relu=False)

layer factory.new prelu(name='prelud')

layer factory.new fully connected(name='£fcl', output count=256,
relu=False)

layer factory.new prelu(name='prelu5')

layer factory.new fully connected(name='£fc2-1', output count=2,
relu=False)

layer factory.new_softmax (name='probl', axis=1)

layer factory.new fully connected(name='£fc2-2', output count=4,

relu=False,

input layer name='prelu5')

layer factory.new fully connected(name='£c2-3', output count=10,
relu=False, input layer name='prelu5')

Tom lai:

> P-Net: Proposal Network, du doan cac ving trong birc anh c6 thé 12 khudn
mit (trong d6 van con nhiéu viing khéng phai khudn mat).

> R-Net: Refine Network, st dung dau ra cia P-Net dé loai bé cac ving
khong phai la khudn mat.

> O-Net: Output Network, sir dung dau ra caa R-Net dé dua ra két qua cudi

cuing 1a vi tri khubén mat va cac diém mat, mili, miéng (facial landmark)

Hinh 2.20: Vi du MTCNN
2.7.3. Ly do Ira chon MTCNN dé detect khuén mit
MTCNN phat hién dugc khuén mat khad nhanh, chi dang sau Haar Cascade
va Histograms of Oriented Gradients (HOG). Tuy nhién, néu Haar Cascade chi hoat
dong tot véi frontial face va dé bi anh huong boi anh séng mdi truong, HOG thi
khong thé hoat dong tét khi bi che Iap thi MTCNN hoat dong tét ngay ca truong
hop mat bj thiéu va che 14p nhiéu va MTCNN rét it bi anh huéng bai anh sang moi

trueong bén ngoai.
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2.8. Tim hiéu vé mé hinh ResNet
2.8.1. Gidi thi¢u vé mé hinh ResNet

ResNet (viét tit cia Residual Network), 1a mang Hoc sdu nhin dwgc quan
tAm tir nhitng nam 2015 sau cudc thi LSVRC2015 va tré nén phd bién trong linh
vuc thi gidc may. ResNet da duoc train véi 18, 34, 50, 101, 152 I6p.

Nho kha ning biéu dién manh mé cua ResNet, hiéu suat cia nhiéu Gng dung thi
giac may, khong chi cac ang dung phan loai hinh anh dugc tang cudong. Mot s6 vi du
c6 thé ké dén 1 cac ung dung phét hién d6 vat va nhan dang khudn mat.

Theo dinh Iy gan dung phd quat, vé mat kién trdc, mot mang no ron truyén
thang c6 kha ning xap xi moi ham véi dit liéu huan luyén dugc cung cap, mién la
khdng vuot qua sic chira cia n6. Tuy nhién, xap xi tot dir liéu khéng phai 1a muc
tiéu duy nhat, chung ta can mot mo hinh c6 kha ning tong quat hoa dir liéu. D6 la
ly do cac kién triic sau trd thanh xu hudng ciia cong dong nghién ciu.

2.8.2. Piém noi bit ciia mé hinh ResNet

Resnet giai quyét dugc van dé cia Hoc sau truyén thdng, né cé thé d& dang
training model v4i hang tram layer. Bé hiéu ResNet ching ta can hiéu van dé khi
stack nhiéu layer khi training, van dé dau tién khi ting model deeper hon gradient
s& bi vanishing/explodes. VAn d& nay c6 thé giai quyét bang cach thém Batch
Normalization né gidip normalize output gitip cac hé so trod nén can bang hon khong
qua nho hoic qua 16m nén sé gitip model dé hoi ty hon.

Vén dé thtr hai la degradation. Khi model deeper accuracy bat dau b&o hoa
(saturated) tham chi 12 giam. Nhu hinh v& bén dudi khi stack nhiéu layer hon thi
training error lai cao hon it layer nhu vay van dé khdng phai 1a do overfitting. Van
dé nay 1a do model khéng dé training kh6 hoc hon, thir twong tuong mot training mot
shallow model, sau d6 ching ta stack thém nhiéu layer, céc layer sau khi thém vao
sé khong hoc thém duogc gi ca (identity mapping) nén accuracy sé tuong tu nhu
shallow model ma khong ting. Resnet duoc ra doi dé giai quyét van dé degradation

nay.
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Hinh 2.21: So sanh d§ chinh xac
2.8.3. Kién triic ResNet
ResNet c6 kién triic géom nhiéu residual block, y tuong chinh 1a skip layer
bang cach thém két ndi vai layer trude. Y tuong cua residual block 1a feed forward
x(input) qua mot so layer conv-max-conv, ta thu duge F(x) sau d6 thém x vao H(x)

= F(x) + x. Model s& dé& hoc hon khi chling ta thém feature tir layer truée vao.

X
weight layer
X relu
F(x) | .
weight layer identity

F(x)+x

Hinh 2.22: Mot khdi xay dung ciia ResNet
2.8.4. Mo hinh ResNet
Luin vin st dung ResNet-100 dé phan 16p dir liéu. ResNet-100 chinh 1a

mo6 hinh ResNet-101 sau khi bo di 16p cudi ciing dé thu duge dau ra 1a vector voi
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512 chiéu. Hinh 2.23 dudi déy la kién tric chi tiét cia mé hinh ResNet trong d6 c6
ResNet-101.

layer name | output size 18-layer I 34-layer | 50-layer [ 101-layer [ 152-layer
convl 112x112 Tx7, 64, stride 2
3% 3 max pool, stride 2
[ 1x1,64 ] [ 1x1,64 ] [ 1x1,64 ]
nnad e [i:iﬁ]xz [2:;2% 3x3,64 |x3 | | 3x3.64 [x3 3x3,64 | x3
i = | 1x1,256 | | 1x1,256 | | 1x1,256 |
y 3 F " [ 1x1,128 ] [ 1x1,128 ] [ 1x1,128 ]
com3x | 28x28 2"233 X2 ﬁgg x4 | | 3x3,128 | x4 | | 3x3,128 [x4 | | 3x3,128 | x8
LPSIEL LETREL a2 || ] ix,512 | 1x1,512 |
i ; i ; [ 1%1,256 ] 1x1,256 | 1x1,256 ]
convd.x | 14x14 2:2322 X2 :::igg x6 | | 3x3.,256 [x6 || 3x3.256 |x23 || 3x3.256 |x36
St amint T | Sein ot | 1x1,1024 | 1x1,1024 | 1x1,1024 |
- ; T ; [ 1x1,512 ] 1x1,512 1x1,512
comSx | 77 i::i:; X2 :::2:; x3 || 3x3,512 [x3] | 3x3.512 [x3 | | 3x3,512 |x3
s N M aat | 1x1,2048 | 1x1,2048 1x1,2048
1x1 average pool, 1000-d fc, softmax
FLOPs 18x10° | 3.6x10° 3.8x10° 7.6x10° 113x10°

Hinh 2.23: Kién truc chi tiét ciia ResNet
M® hinh chi tiét ResNet-101.

stage 1 stage 2 stage 3 stage 4 stage 5

Input
. . . . - . ——

Hinh 2.24: M6 hinh ResNet-101

output

Dau tién, dém dau vao véi mot miéng dém 3x3

*Giai doan mot:

Hai 16p ResNet dau tién gibng nhu hai I6p cua GooglLeNet: layer
Convolution 7x7 véi 64 dau ra va budc nhay stride = 2, theo sau d6 1a layer max
pooling 3x3 budc nhay stride = 2. Diém khac biét 12 16p chuan hda hang loat duoc

thém vao sau mdi I6p chap trong ResNet.
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net = nn.Sequential()
net.add(nn.Conv2D(64, kernel size=7, strides=2, padding=3),
nn.BatchNorm(), nn.Activation('relu'),

nn.MaxPool2D(pool size=3, strides=2, padding=1))

Hinh 2.25: Code ResNet Model
GoogLeNet sir dung bén khdi duoc tao thanh tir cac khdi Inception. Tuy
nhién, ResNet str dung bén mé-dun duoc tao thanh tir cac residual blocks, mdi khéi
sit dung mot s6 khéi con lai ¢o cung sé kénh dau ra. S6 lugng kénh trong mo-dun
dau tién gidng voi s6 lugng kénh dau vao. Vi mot layer max pooling véi budc
nhay 1a 2 d3 duogc st dung, nén khong can thiét phai giam kich c¢& (width, height).
Trong residual blocks dau tién cho mdi mé-dun tiép theo, sb luong kénh dugc nhan
d6i s0 v6i mo-dun trude d6 va chiéu cao va chiéu rong duoc giam mot nira. Luu y
rang xu Iy dic biét da duoc thuc hién trén mo-dun dau tién.
def resnet_block(num_channels, num_residuals, first_block=False):
blk = nn.Sequential()
for i in range(num_residuals):
if i == 0 and not first_block:
blk.add(Residual(num_channels, use_ixlconv=True, strides=2))
else:

blk.add(Residual(num_channels))
return blk

Hinh 2.26: Code ResNet Model
Kich thudc dau ra cua giai doan nay 1a 56x56.

*Giai doan hai:

Giai doan hai gom c6 3 khéi trong d6 c6 1 khdi Convolution va 2 khéi nhan
dang.

Khéi Convolution sir dung 3 bd loc ¢6 kich thudc 64x64x256 véi f=3 va
budc nhay stride s = 2.

Tuong tu, 2 khdi nhan dang ciing st dung 3 b loc ¢6 kich thudc 64x64x256
voi =3,

Kich thuéc dau ra cua giai doan nay 1a 56x56.
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*Giai doan ba:

Giai doan ba gdm c6 4 khdi trong d6 c6 1 khdi Convolution va 3 khéi nhan

dang.

Khéi Convolution sir dung 3 bo loc ¢6 kich thude 128x128x512 véi f = 3 va
budc
nhay stride s = 2.

Tuong tu, 3 khéi nhin dang ciing st dung 3 bo loc ¢ kich thudc
128x128x512 voi f = 3.

Kich thudc dau ra cua giai doan nay 1a 28x28.

*Giai doan bon:

Giai doan bén gom c6 23 khéi trong d6 c6 1 khéi Convolution va 22 khéi
nhan dang.

Khéi Convolution st dung 3 bo loc cd kich thuéc 256x256x1024 véi f = 3
va budc nhay stride s = 2.

Tuong tw, 22 khdi nhan dang ciing st dung 3 bd loc c6 kich thudc
256x256x1024 voi f = 3.

Kich thudc dau ra cua giai doan nay 1a 14x14.

*Giai doan nam:

Giai doan nam gom c6 3 khéi trong d6 c¢6 1 khdi Convolution va 2 khoi
nhéan dang.

Khéi Convolution st dung 3 bo loc ¢6 kich thudce 512x512x2048 véi f = 3
va budc nhay stride s = 2.

Tuong ty, 2 khéi nhan dang ciing st dung 3 bo loc cd kich thudc
512x512x2048 voi f = 3.

Kich thudc dau ra cua giai doan nay 1a 7x7.

Cubi cing, gibng nhu GooglLeNet, ResNet da thém mot layer pooling trung
binh toan cau, theo sau la dau ra layer full connected.

Mic du kién trdc chinh cua ResNet twong ty nhu ciia GoogLeNet nhung cau
tric cia ResNet don gian va dé stra d6i hon. Tat ca cac yéu t6 ndy da dan dén viéc

str dung ResNet nhanh chdng va rong réi.
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Trude khi dao tao ResNet, hdy quan sat cach hinh dang dau vao thay doi giira
c4c md-dun khac nhau trong ResNet. Nhu trong tat ca céac kién trdc trude day, do
phan giai giam trong khi s6 luong kénh ting lén cho dén khi mot layer pooling
trung binh toan cau tong hop tat ca céc features.

2.9. Két luan chwong
Trong chuong 2, luan van da trinh bay 2 néi dung chinh sau:

+ Khéi quét vé& hoc may, dic biét 1a Hoc sau. Qua d6 ludn vin ciing da trinh
bay so luoc vé mot s6 md hinh mang Hoc sau ciing nhu tng dung caa ching.

+ Trinh bay tuong dbi chi tiét vé md hinh, hoat dong ctia mang noron tich
chap CNN ciing nhu cach xay dung nd. Bén canh do, luan van ciing da trinh bay vé
hai m6 hinh CNN chinh sé& sir dung dé xay dyng hé théng nhan dang khuon mit 1
MTCNN va ResNet.

Trong chuong tiép theo, ludn vin s& trinh bay chi tiét qua trinh xay dung hé

théng nhan dang khuén mit
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Chuong 3. NHAN DANG KHUON MAT UNG DUNG CHO
BAI TOAN PIEM DANH TU PONG

No6i dung chuong nay tap trung vao xay dung mé hinh nhan dang khuon mat,
phuong phap huin luyén va danh gia mo hinh. Bén canh d6 chuong ciing s& gidi
thiéu vé& cac cong nghé duoc st dung, phuong phap xay dung bod dit liéu huin
luyén. Cudi cung 14 trinh bay vé nghién ciru va thiét ké phan ctimg cho thiét bi diém
danh va cach tbi vu ludng xtr 1y.

3.1. Xay dwng hé thong nhan dang khudn mit
3.1.1. CONg nghé sir dung

Dé xiy dyng hé thong nhan dang khuén mat, trong pham vi luan vin nay toi
sir dung ngon ngir lap trinh python va hé quan tri co so dir liéu SQLite dé luu trir dit
liéu khudén mat va thong tin gan véi timg khudn mat.
o MXNet

Pé implement cac md hinh CNN trong viéc phan tach khuon mat (face
detection) va tién hanh viéc nhan dang (face recognition) t6i st dung framework
MXNet dya trén ngén ngit python. MXNet 1a mot framework ma ngudn mo dugc
su dung dé huan luyén, trién khai cdc mé hinh mang no-ron hoc sau. Ngoai ra no co
kha ning mé rong, cho phép huan luyén mé hinh nhanh chong va linh hoat, hd tro
huan luyén sir dung GPU va c6 thé st dung nhiéu ngdn ngit (bao gdm C++, Python,
Java, Julia, Matlab, JavaScript, Go, R, Scala, Perl, va Wolfram). Vi vay viéc su
dung MXNet gitp viéc trién khai mo hinh d& dang hon trén cac nén tang khac nhau.
Dan chtng cho viéc nay do6 1a nén tang Amazon Webservice lira chon MXNet 1am
framework dé trién khai mo hinh.
e SQLite

Pé luu trit dir liéu khudn mat cta hoc sinh va thong tin ctia hoc sinh toi su
dung hé quan tri co s¢ dir li€u SQLite. Pay 1a hé quan tri co s¢ dit 1liéu nhd gon,
khong can may chu riéng biét phic tap, co thé chay nhu mot tién trinh doc lap va

truy cap truc tiép dwr liéu dua trén cac file Iuu trit. SQLite 1a mot tap hop céc thanh
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phan khép kin, dugc dong goi va khong phu thudc vao cac thanh phan bén ngoai,
diéu nay gitp cho hé quan tri co s¢ dit lidu nay dé& dang trién khai trong cac ng
dung can luu trit dit liéu va truy xuat thong tin nhung khéng yéu cau céac tinh ning
qua sau va thtra cia mot hé quan tri co s¢ dit liéu phuc tap. Vi vay voi viée hd tro
cac chirc ning co ban c6 thé dap tng dugc diy du cac yéu ciu dit ra khi xay dung
hé théng diém danh.

Trudce khi sir dung hé quan tri co s& dir liéu SQLite to61 da thir nghiém luu tri
dir li¢u trén tép va thuc hién thao tac voi dir liéu bﬁng cac tac vu doc/ghi file nhung
tbc do cac truy van dir liéu qua cham din dén thoi gian diém danh lau va trai
nghiém ngudi dung khong t6t. Ngoai ra khi sir dung file dé luu trit dir liéu rat kho
dé to chirc duoc ciu trac dir liéu hop 1y cho tng dung. SQLite luu trit cac dit lidu c6
cAu trac, hd trg viée truy van dya trén chi muc nén tdc do truy van nhanh khi co sé
dr liéu lom.

e Thuat toan k-NN (K-Nearest Neighbors)

Dau ra ctia md hinh nhan dang khuén mat st dung mang Resnet sau khi bo
tﬁng Sofmax activation 1a mét vector 128 chiéu, nghia la mdi khuon mat s& duoc
trich xuét cac dic diém va tong hop trong vector nay. Pdi véi co sé dir liéu khudn
mit ctia hoc sinh, mdi hoc sinh s& c6 3-4 anh chup khudén mit ciia minh trong hé
théng. Van dé dat ra 1a st dung thuét toan nao dé so khép khi dua mét anh chup
khudén mat bat ky vao phén mém va xac dinh duoc d6 1a khudn mit cua ai. Dé giai
quyét vin dé nay, t6i nhan thay thuat toan k-NN kh4 hiéu qua va dam bao duoc yéu
cau dé ra.

K-NN thuc chat 1a thuat toan dé phan 16p doi tuong dua vao khoang céach gén
nhat giita cac ddi tugng can xép 16p. Tap dir liéu huan luyén 1a cac diém dir liéu da
dugc gan nhan, khi dua vao mot diém dit liéu can phan 16p, thuat toan s€ tinh do
giéng gifra diém dit liéu nay voi cac diém dit liéu trong bd dir li¢u huin luyén, sau
d6 1ay trung binh do giéng véi 16p dir lidu twong ung. Gia tri trung binh nay 16n
nghia 1a diém dit liéu nay gan véi cac diém dir liéu trong 16p d0, kha ning thudc vao

16p d6 s& cao. Va gia tri trung binh 16n nhat nghia la diém dir liéu d6 c6 kha ning
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thudc vao 16p d6 nhit. Tuy nhién ta ciing can phai xac dinh mot ngudng téi thiéu
(threshold) dé dam bao mot diém dir liéu co thé khong thudce vao 16p nao néu nam
dué6i ngudng toi thiéu do.

Ap dung k-NN vao trong bai toan ndy, mdi hoc sinh trong co sé dir liéu s& co
4 anh va mdi hoc sinh s& dugc coi 1a mot 16p dit liéu, mdi anh trong 16p dir liéu sé
dugc coi 1a mot diém dit liéu. Nhu vay mdi 16p dit liéu gom tdi da 4 diém dir lidu.
Lap qua tung hoc sinh, ta s€ tinh do giéng vector dic diém cua anh hoc sinh duoc
dua vao véi vector dic diém cua tirng khuén mat cua hoc sinh trong co s¢ dir li€u,
sau d6 13y gia tri trung binh [7]. Két thuc lip ta s& co6 gia tri cac do gidng trung binh
cua anh dua vao vdi khuon mat tirng hoc sinh. Dya vao gia tri ndy ta s€ xac dinh

duoc khuon mat dé 1a ctua hoc sinh nao.

d, :lzn: similar(q, y,) (3-1)

n o
Trong do:
dk: La trung binh d6 gidng ciia vector q véi cac khudn mit trong 1p k
(truong hop nayn=4)
q: vector dac diém cta khudén mat dua vao hé théng
Yi: Vector khudén mat thir i cua 16p k.

Dé do d6 gidng (similar) gitra 2 vector & day toi sir dung khoang cach Euclid:

similar(q,y) = /Z(qj—yj)z (3-2)

Viét gon lai:

.1L > (a;-v,) J (3-3)

Pé xac dinh duoc khudén mat dua vao 1a cta hoc sinh nao, ta tién hanh léy gia tri dk
16n nhét theo cong thirc sau:

c =max;(d;) |i=(1,C),d; < threshold (3-4)
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Dé tranh truong hop mot nguoi khong cé trong co sd dit liéu nhung st dung
hé théng diém danh, ta khong thé 1y gia tri trung binh d6 giong 16n nhat dé két luan
d6 1a ai vi s& din dén viéc nhan nham ma con phai so sanh véi gia tri ngudng
(threshold) dé dam béo gié tri vé d6 gidng ludn phai nhé hon ngudng do.

e Thiét ké giao dién thiét bi bang QtDesigner :

Qt 1a mot Application framework da nén tang viét trén ngén ngit C++ , duogc
dung dé phat trién cac ung dung trén desktop, hé théng nhiing va mobile. Hb trg cho
cac platform bao gém : Linux, OS X, Windows, VxWorks, QNX, Android, iOS,
BlackBerry, Sailfish OS va mot s6 platform khac. PyQt 1a Python interface cua Qt,
két hop ctia ngdn ngir 1ap trinh Python va thu vién Qt, 1a mot thu vién bao gdm cac
thanh phan giao dién diéu khién (widgets , graphical control elements). PyQt API
bao gébm cac module bao gdm sb luong 16n véi cac classes va functions hd trg cho
viéc thiét ké ra cac giao dién giao tiép v6i nguoi ding cua cac phan mém chirc
nang. Ho trg voi Python 2.x va 3.x. PyQt dugc phét trién boi Riverbank Computing
Limited, version mé&i nhat cua PyQt c6 thé download tai duong link : PyQt
Riverbank Computing LimitednCéc class cua PyQt5 dugc chia thanh cac module,
bao gom :

e QtCore: la module bao gém phan 16i khong thudc chirc ning GUI, vi du
dung dé 1am viéc véi thoi gian, file va thu muc, cac loai dir lidu, streams, URLS,
mime type, threads hoac processes.

e QtGui: bao gom cac class dung cho viéc lap trinh giao dién (windowing
system integration), event handling, 2D graphics, basic imaging, fonts va text.

e QtWidgets: bao gom cac class cho widget, vi du : button, hop thoai, ... duogc
sir dung dé tao nén giao dién ngudi diung co ban nhét.

e QtMultimedia: thu vién cho viéc sir dung am thanh, hinh anh, camera,...

e QtBluetooth: bao gom cac class gilp tim kiém va két ndi véi cac thiét bi co
giao tiép vai phan mém.

e QtNetwork: bao gom céc class ding cho viéc lap trinh mang, hd tro lap

trinh TCP/IP va UDP client , server hd tro viéc 1ap trinh mang.
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QtPositioning: bao gdm céc class gilp viéc hd tro xac dinh vi.

Enginio: module gitp céac client truy cap cac Cloud Services cua Qt.

QtWebSockets: cung cap céc cdng cu cho WebSocket protocol.

QtWebKit: cung cip céc class dung cho 1am viéc véi cac trinh duyét Web,
dua trén thu vién WebKit2.
e QtWebKitWidgets cac widget cho WebKit.

e QtXml: céc class dung cho lam viéc vai XML file.

e QtSvg: dung cho hién thi cac thanh phan cua SVG file.

e QtSql: cung cap céac class dung cho viéc 1am viéc véi dix liéu.

e QtTest: cung cap cac cong cu cho phép test cac don vi cua tng dung voéi
PyQt5.
3.1.2. Xay dung hé thong nhian dang khudn mit

Luan vin st dung md hinh ResNet (da tim hiéu & chuong 2) dé trich xuat dic

trung khudén mit. Sau day toi sé trinh bay vé cach ap dung mé hinh Resnet- 101 dé

thuc hi€n viéc nhan dang khuén mat:

Feature Extraction

Classification

Input image
224x224

ResNet-101 model

| !
Classifier

Classified image with
Class label

Output

'
i
! -
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% & :

= - 2 :

e

=
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Hinh 3.1: Cac buéc thwe hién nhian dang khuon mit sir dung Resnet-101
Camera s€ chup anh hoc sinh sau dé anh s€ dugc dua qua mang MTCNN dé
mang nay phat hién vi tri va trich xuat khuén mat. Mot anh dau vao c6 thé c6 nhiéu
khudén mit. Anh khuon mat s& duoc chinh vé kich thuéce chuén la 224 x 224px dé
giam s6 chiéu vector. Anh ltc nay trg thanh 1 ma tran 224 x 224 x 3 [].
Sau do tiép tuc dua ma tran ndy vao mang Resnet dé trich xuét dic diém khudn mat.

Sau khi qua mo hinh ta s& nhan duoc mot features vector 128 chiéu. Véi vector 128
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chiéu nay ta s& sir dung dé lam cin ctr dé xac dinh do twong dong giira 2 khuén mit
va dua vao thuat toan phan 16p KNN dé gan nhan cho khuén mit [9].
Dé xay dung hé thong nay, t6i di xay dung cac thanh phan cua hé thong sau:

e Lya chon phan cimg dé xay dung bo thiét bi diém danh tai chd va tién hanh lap
trinh nhang cho thiét bi.

e Xay dung web service dé luu trit co so dit liéu hé théng va thong tin vé viéc
diém danh

e Xay dung phan mém dé ghi nhan, quan 1y, luu trit va xuat két qua diém danh
3.1.3. Xay dung dir liéu huin luyén
Dit liéu huin luyén duoc chia ra lam 2 loai: Dit li€u thu thap tur internet va dir li¢u
tu xay dung.
Trong pham vi ludn van nay to1 st dung cac bg dir liéu sau day:
ORL: Co s¢ dir liéu dugc str dung trong cac thir nghiém nhan dang. N6 chia 10
hinh anh cua 40 ca nhan, thém vao téng s6 400 hinh anh c6 cac gbdc mat, nét mat va
cac chi tiét trén khuén mit khac nhau. Bo dit liéu dugce thu thap tai Phong thi
nghi¢m Nghién ctru Olivetti tai Pai hoc Cambridge cho mdt s6 c4 nhan.
* Co s6¢ dir licu khuon mat GTAV: Co sé dir liéu chtra hinh anh ctia 44 cé nhan,
duoc chup & cac ché d6 xem tu thé khac nhau (0°, + 30°, + 45°, + 60° va 90°) cho ba
lan chiéu sang (mdi truong hodc 4nh sang tu nhién, ngudn sang manh tir mot goc
45° va ngudn sang gan nhu tryc dién trung binh manh véi méi trudng hodc 4nh sang
ty nhién). Trong nghién ctru ciia chung t6i, 34 hinh anh cho mdi ngudi trong tap dir
liéu da duogc chon.
* Co s& dir liéu khuon mat Georgia Tech: Co s¢ dit li¢u nay chira cac bg hinh anh
cho 50 ca nhan va c¢6 15 hinh anh mau cho mdi nguoi. Hau hét cac bic anh duoc
chup trong hai phién khac nhau dé xem xét sy khac nhau vé diéu kién anh sang,
ngoai hinh va nét mat. Ngoai ra, cdc hinh anh trong bd dir li¢u duoc chup ¢ cac
hudng va ty 1€ khac nhau.
Face FEI: Co s¢ dit liéu c6 14 bd anh cho mdi ¢4 nhan trong sé 200 ngudi, tong

cong 1én dén 2800 anh. Trong nghién ctru cua ching t6i, chung toi da chon hinh dnh
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truc dién cho mdi cd nhan. Téng s6 hinh anh duoc chon trong nghién cuu la 400
hinh 4nh. Trong thtr nghiém cua minh, ching t61 chon hinh anh cho 50 c4a nhan
trong tong s6 700 hinh anh.

« Cac khuén mit dwge gin nhin trong tw nhién (LFW): Bo dir liéu nay dugc
thiét ké dé nghién ctru van dé nhan dang khuén mat khong bi gidgi han. Bo dir li¢u
chira hon 13.000 hinh anh vé khuon mat duge thu thap tir web. Mdi khuoén mat da
dugc dan nhin véi tén cia ngudi trong hinh. Tong s6 1680 ngudi trong sd nhimng
nguoi duoc chup c6 hai hodc nhiéu btrc anh khéac biét trong tap dir lidu.

« Cac khuén mit dwoe din nhin dwgc chuin héa chinh dién trong tw nhién
(F_LFW): Tap dit liéu nay chira phién ban duoc chuan héa cia cac hinh anh duoc
thu thap trong tap dir liéu LEW. B0 dit liéu duoc thiét ké dé nghién ctru tinh ning
nhan dang khuén mat khong bi gidi han. N6 da duoc tao ra trong nghién cuu.

Bén canh bo dit liéu sin co, toi cling xay dung bo dit liéu thém khudén mit
hoc sinh dé tdng do chinh x4c mo hinh va phu hop v61 muyc tiéu bai toan. B dir licu
nay duoc xay dung béng cach thu thap anh chup hoc sinh tir dién thoai véi nhiéu
g6c chup.

* Dir liéu tw xay dung (hinh 3.2): Dit liéu ty xay dung gom 300 birc anh chup hoc
sinh khéi 11 truong THPT Thanh Oai B véi cac goc chup khic nhau nhu thang,
nghiéng (x 30°, + 45°, + 60°)
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Hinh 3.2: B dir liéu xay dung

3.1.4. Huin luyén mé hinh nhan dang khuén mat
a) Ham mdt mat

Dé phén tich su giéng nhau giita hai hinh anh, chung ta can bién dbi hinh
anh diu vao ctia minh thanh mot hinh biéu dién nho hon, chrflng han nhu mot vecto
duy nhat. Biéu dién nay thuong duoc goi la embedding. Ching ta cin xay dung cac
embedding vector dé chiing co cac thudc tinh sau:

Hai hinh anh gidng nhau tao ra hai embeeding vector va khoang céch toan
hoc gitra ching 1a nho.

Hai hinh anh rat khac nhau tao ra hai embeeding vector va khoang cach toan
hoc gifra chung 16n.

Pé lam duoc diéu do, ching ta can huin luyén mot mang no-ron dé tao ra
cac embedding vector t6t chira cac thudc tinh nay. Dé so sanh khudén mat, 'hai hinh
anh giéng nhau' ma t6i tham chiéu & trén c6 thé 1a cing mot khudén mit trong hai
anh khac nhau (tao ra cic embedding vector ¢6 khoang cach ngin) va 'hai hinh anh
rat khac nhau' c6 thé 1a hai khudn mat khac nhau, tao ra cac embedding vector
khoang céch 16n.

Nhu vy sb chiéu cua vector nhiing 14 bao nhiéu thi da? Y tuéng chinh cua
viéc encode hinh anh khudén mit 13 vector du ra phai c6 kha ning biéu dién cac
thudc tinh du dé phan biét khuon mit nay véi khuon mat khac. Bé giai quyét van dé
nay, chiéu dai ctia vector duoc coi 1a mot tham sb can tim. Vi mang Resnet-101,
t6i lya chon 128 s6 dé biéu dién cac thudc tinh cta khudén mat twong ng véi vector
dau ra la 128 chiéu.

C6 hai cach chinh dé tim ra cac tham s cho mang CNN:
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Thir nhat, chiing ta ¢ thé don gian coi phan bén phai ciia hé thong nhu mot
bd phén loai nhi phan véi Y = 1 néu cac anh dau vao thudc cting mot 16p va Y = 0

néu anh dau vao khong thudc cung mot 16p.

X Y

1 1
1 0
‘ |
E 1

Hinh 3.3: M6 ta phwong phap tinh d¢ 16i
Céach thtr 2, vi ching ta muén so sinh 2 hinh anh va c6 khoang cach giira 2
embedding vector 12 nhé néu 2 birc anh gidng nhau va khoang cach 1a 16n néu 2 bic
anh khac nhau [10]. Nhu vay:

o Mot btrc anh dau tién, duoc goi 1a Anchor (neo)
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o Mot hinh anh tr cung lop vai Anchor, duoc goi la Positive
o M@t hinh anh tir mot 16p khac vai Anchor, duoc goi la Negative

Anchor Positive Negative

Hinh 3.4: M6 ta phwong phap tinh d 15i dua trén diém neo
Véi b ba cua ba hinh anh nay, (goi cac vector embeeding cuia cac anh nay la
A, P va N), nhu vy mé hinh can phai dua ra:
Khodng cach(A, P) <khoang céach (A, N)
Hay viét lai theo cach khac:
Khoang céach (A, P) - khoang cach (A, N) <0
Dé tranh truong hop khoang cach = 0 ta thém tham s6 margin vao nhu sau:
distance(A,P) — distance(A,N) + margin <0
Nhu vay ham mét mat s& c6 dang [5]:
L = max(d(A,P)—d(A,N)+margin,0)
b) Phén chia tip dir ligu hudn luyén
Pé huan luyén mo6 hinh nhan dang khuon mat, t61 chia tap dir li¢u huén luyén
thanh 2 phan: 70% tap dit liéu dung dé huan luyén va 30% tap dit liéu dé kiém thu
mo hinh.
c) Két qua hudn luyén
M5 hinh duogc huin luyén bé‘mg dich vu Google Colab c6 su dung TPU. Két
qua huin luyén duoc mé ta bang biéu db. T6i st dung phuong phap danh gia bang
d6 chinh xac theo phan tram [8].
Do m6 hinh sir dung pretrained tir mé hinh resnet nén bét ddu qua trinh huin

luyén, d§ chinh x4c cia mo6 hinh bat dau & 77% ddi véi tap validate (pretrained
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dugce huan luyén trén tap dit liéu gém 1.3 triéu khudn mat), sau d6 ting dan trong
qua trinh huan luyén va dat 85% & gan 18 epocs. Vi tap dit liéu da thu thap, mo
hinh duoc cai thién dang ké v&i do chinh xéc tang dan.

Loss d6i v6i tap huan luyén giam dan tir 0.85 vé 0.2. . P6i voi tap validate,

loss giam & 0.75 vé 0.6 trong sudt qua trinh hudn luyén

Training Loss and Accuracy

0.9 -

0.8 -

=]
=]
i

Loss/Accuracy
=
h

0.5 -
—— frain_loss
—— val_loss
0.4 - train_acc
—— val_acc
0.0 2.5 5.0 1.5 10.0 12.5 15.0 17.5

Epoch #
Hinh 3.5: Biéu dd md ti két qua huan luyén

3.2. Lap trinh nhing cho thiét bi diém danh

Dé trién khai viéc diém danh béng nhan dang khuon mat can phai tao ra thiét bi dat
& mdi 16p hoc dé thuc hién viéc diém danh. Thiét bi ndy c6 gin camera dé thuc hién
nhan dang hoc sinh va két ndi internet dé giri thong tin nguoi diém danh vé hé thong
theo ddi dé théng ké va bao cao. Vi vay yéu cau thiét bi phai c6 tbc do xir Iy nhanh,
chinh xac.

Trong qua trinh nghién ctru t6i dd dua ra mot s giai phap cing voi cac vu/nhuoc

diém cua céc giadi phap nhu sau:
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e  Sir dung may tinh PC kém webcam: Giai phap nay cong kénh va
chi phi cao (ca chi phi ban dau va chi phi van hanh), trung binh mdi 16p hoc sé& can
mot bo thiét bi didm danh s& khién giai phap khong kha thi.

) St dung may tinh nhing va camera tich hgp dang module: May
tinh nhang 1 thiét bi nho gon, tiét kiém ning luong khi sir dung va c6 kha ning xr
1y tinh todn nhu may tinh PC. Ngoai ra may tinh nhing con c6 thé tich hop thém
man hinh théng qua két ndi dang cép CSI.

Nhu vay voi wu diém vuot troi cia may tinh nhiing, t6i Iya chon giai phap

nay dé thuc hién trién khai mé hinh diém danh hoc sinh.

Hinﬁ 3.6: May tinh nhung Raspbery bi l‘mg man hinh
3.2.1. May tinh nhang raspberry Pi 4:
Raspberry Pi 13 mot mdy tinh rit nhé gon, kich thuéc hai canh nhu bang khoang
mot cai thé ATM va chay hé diéu hanh Linux. Raspberry Pi dugc phat trién boi
Raspberry Pi Foundation - mét t6 chirc phi loi nhuén.
Chuing ta c6 thé sir dung Raspberry Pi nhu mot may vi tinh boi nha san xuat da tich
hop moi thir can thiét trong d6. B xir li SoC Broadcom BCM2835 ctia nd bao gdm
CPU, GPU, RAM, khe cam thé microSD, Wi-Fi, Bluetooth va 4 céng USB 2.0.
Vi Raspberry Pi, chi can cai hé diéu hanh, gén chudt, ban phim va man hinh 1a c6

thé str dung nhu mot may vi tinh. Raspberry Pi khong hoan toan c6 thé thay thé
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dugc may tinh dé ban hodc laptop nhung né 1a mot thiét bi da ning co thé dugc sir
dung cho nhitng hé théng dién ttr, thiét 1ap hé thong tinh toan, nhitng du an DIY ...
voi chi phi ré.

1. Ngudn cho Raspbery 5V-2A
2. Day HDMI cabos 1.5m

3. Vo6 hop Pi2/B+

4. Raspberry Pi Camera Board

5. Két ndi wifi cho Pi : Wireless
USB EP-N8508GS

6. Man hinh cdm tng 7 inch

7. Thé nhé

Hinh 3.7: Cac thanh phin co ban cén thiét cho thiét bi

May tinh nhiing Raspberry Pi 4 hd trg nhiéu hé diéu hanh, trong Gmg dung
nay t6i sir dung hé diéu hanh linux gitp trién khai cac mo hinh dugc dé dang:
3.2.2. Cai dit hé diéu hanh
Pé cai dat hé diéu hanh, can tai vé file IMG chira hé diéu hanh can cai dat. File nay
dugc cung cap san
Cac budc cai dat hé diéu hanh cho Raspberry Pi:
Budc 1: Chén thé MicroSD cua ban vao dau doc thé & may tinh va kiém tra tén 6
dugc gan cho thé nhé (vi du 6 H:), tranh nham 6 dan dén mat dit liéu vi phan mém
sé format thé nho.
Budc 2: M& phan mém Win32DiskImager, phan mém nay chi can download vé roi
chay ma khéng can cai dit.
Budc 3: Lya chon file hé diéu hanh vira tai vé. (Luu y, hé diéu hanh can phai ¢ dinh

dang .img. Thong thuong, hé diéu hanh cia RPI duoc nén dudi dang .zip hoic
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tar.gz,... Khi tai vé& can giai nén né ra dé cd file hé diéu hanh dang .img). Sau d6
lya chon 6 thé nhé can ghi.
Sau khi cai dit xong hé diéu hanh cho Raspberry Pi, can cai dit mot sé méi truong
dé cau hinh cho mé hinh:
Cai dat mé truong: Raspberry s& can cai dit méi trudng va mot sb thu vién sau:

e Python 3

e OpenCV

e Tensorflow
3.2.3. Xay dung giao dién cho thiét bi
Nhu da dé cap trong phan gidi thidu cong nghé str dung, dé xay dung giao dién cho
thiét bi diém danh toi da sir dung PyQt dé 1ap trinh d6 hoa dua trén ngon ngir 1ap
trinh python.
Sau ddy 14 hinh anh ctia may diém danh ma t6i da xay dyng:

Code chuong trinh:

class Ui Form(QMainWindow) :
def setupUi(self, Form):

Form.setObjectName ("Form")
Form.resize (793, 455)
Form.setMaximumSize (QtCore.QSize (800, 480))
self.graphicsView = ImageWidget (Form)
self.graphicsView.setGeometry (QtCore.QRect (10, 50,

561, 331))
self.graphicsView.setObjectName ("graphicsView")
self.graphicsView.setAutoFillBackground (True)
self.datekEdit = QtWidgets.QDateEdit (Form)
self.dateEdit.setGeometry (QtCore.QRect (640, 20,

141, 24))

self.datekEdit.setObjectName ("dateEdit")

self.label = QtWidgets.QLabel (Form)

self.label.setGeometry (QtCore.QRect (540, 20, 111,
20))

self.label.setObjectName ("label")

self.pushButton = QtWidgets.QPushButton (Form)

self.pushButton.setGeometry (QtCore.QRect (408, 390,
161, 51))

icon = QtGui.QIcon/()
icon.addPixmap (QtGui.QPixmap ("camera-
1724286 960 720.png"), QtGui.QIcon.Normal, QtGui.QIcon.Off)
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self.
self.
self.
self.

211, 111))

self.
self.
self.

181, 51))

iconl

pushButton.setIcon (icon)
pushButton.setObjectName ("pushButton") j
textBrowser QtWidgets.QTextBrowser (Form)
textBrowser.setGeometry (QtCore.QRect (580,

280,

textBrowser.setObjectName ("textBrowser")
pushButton 2 QtWidgets.QPushButton (Form)
pushButton 2.setGeometry (QtCore.QRect (10,

390,

QtGui.QIcon ()

iconl.addPixmap (QtGui.QPixmap ("Download-Icon-

2.png"),

self

self.
self.

118, 20))

self.
self.
self.
self.

211, 221))

self.
self.
self.

31))
font

font.
self.

self

self

QtGui.QIcon.Normal,
self.

QtGui.QIcon.Off)
pushButton 2.setIcon(iconl)
.pushButton 2.setObjectName ("pushButton 2")
progressBar = QtWidgets.QProgressBar (Form)
progressBar.setGeometry (QtCore.QRect (670, 420,
progressBar.setProperty ("value", 24)
progressBar.setObjectName ("progressBar")
listView QtWidgets.QListView (Form)
listView.setGeometry (QtCore.QRect (580,

50,

listView.setObjectName ("listView")
label 2 QtWidgets.QLabel (Form)
label 2.setGeometry (QtCore.QRect (10,

9, 521,
= QtGui.QFont ()

setPointSize (18)

label 2.setFont (font)

.label 2.setObjectName ("label 2")

.retranslateUi (Form)

QtCore.QMetaObject.connectSlotsByName (Form)

def

retranslateUi (self,
translate

Form) :
QtCore.QCorelApplication.translate

Eorm.setWindowTitle(_translate("Form", "May diém

danh"))

self
tai"))

self
ANH") )

self
NHAT CSDL"))

.label.setText ( _translate ("Form", "Ngay hién

.pushButton.setText (_translate ("Form", "CHUP

.pushButton 2.setText ( translate ("Form", "CAP




60

3.2.4. Xuwr ly niang cao
Trong qua trinh thyc hién san phém, ban dau toi st dung thuat toan tuan tu

nhu sau dé thuc hién viéc xir 1y hinh anh:

Van dé dat ra trong qua xu 1y hinh anh d6 1a thoi gian

xtr Iy cua mo hinh trén thiét bi cham dan dén toc do

khung hinh cua camera thé hién trén man hinh khong

Khri a0 camera muot va giat, doi ltic dan dén treo thiét bi. Ly do cu

thé nhu sau:

v - Pdi v6i mo hinh phat hién khubn mat, thoi gian

Kt tao m i dé quét khudbn mat tir anh chup cuoa thiét bj mat

PR i knuon met khoang 200-300ms
¥

- Khi phat hién dugc khudn mat, hinh anh khuén

Khoi tao md hinh Y \ A 1.3 A ‘n ~
nhén dién mat tiep tuc dugc dua vao mo hinh nhan dién khudn

mat dé xir ly. Thoi gian dé nhan dang 1 khudn mat sé

“; méat khoang 300-400ms
Shup i Nhu vay téng thoi gian dé xur 1y viéc diém danh 1
hoc sinh s¢ mat khoang 500-700ms. Vi vay néu thé
v hién hinh anh chuyp tir camera 1€én man hinh sé mat
Phét hién Knuon mat tuong Ung thoi gian dé hién thi. Nghia 13 luc nay
camera mat ti thiéu 200ms dé hién thi duoc 1 khung
hinh & trang thai cho, va ti da 1a 700ms & trang thai
False c6 ngudi vao diém danh. Ta tinh duoc téc do khung
hinh nhu sau véi f1 13 tdc d6 khung hinh & trang thai
True cho, f2 13 téc d6 khung hinh & trang thai dang diém
Nhan dién khuon mét danh:
¢ FL=220 =5 fps
200
. 1000
niémrﬁniunahmn 12 =750 = 1421ps

Hinh anh duogc cho 1a mugt ma d61 vé1 mat nguoi
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1a 24fps. Nhu vay voi 5fps va 1.42fps s& khién hinh
anh hién thi tr may diém danh bi git lag

Hinh 3.8: Thuit toan xir Iy anh truéc khi cai tién.
Ngoai ra c6 mdt van dé nira néu sir dung thuét toan nay, d6 1a viéc khi mé hinh phat
hién khu6én mat tim ra nhiéu hon 1 hinh anh khu6n mit (c6 thé do nhiéu nguoi diém
danh cung luc) thi may chdm cong s& dan dén bi treo, xdy ra hién tuong thét ¢ chai
vé mit xtr Iy do mo hinh nhan dang khudn mit khéng xir 1y kip.
Pé khic phuc dicu nay, toi da sir dung hang doi dé xu ly. Hang doi s& dugc xay

dung dua trén thuat toan sau:

Khai tao camera

Y

Khéi tao mé hinh
phat hién khuén mat

v
Kh@i tao mé hinh Thread 2
nhan dién l ¢
Thread 1 [$ o ‘
v L&y anh tir hang doi
Chup anh
v
C6 anh can xur ly
Phat hién khudn mat
Hién thj hinh anh
False

C6 khudn mat

v

Nhan dién khudn mat

Bua vao hang doi xur

| v

Xuét két qua ra man hinh
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Hinh 3.9: Thuit toan xir Iy anh sau Khi cai tién.

Dé thyc hién xtr Iy hang doi, can tao ra thém 1 ludng xir 1y song song voi xir

1y chinh dé gitp viéc xir Iy dugc nhanh hon. Ngoai ra t6i ciing thay doi thoi gian

nhan dang tir lién tuc thanh chup anh sao mdi 500ms, diéu nay anh hudng it dén tbc

d6 ma gitip tang trai nghiém ctia ngudi dung khi sir dung may diém danh.

Nhu vay viéc sir dung hang doi co két qua tot hon rd rét. Sau day la doan code toi

da thuc hién dé day anh vao hang doi xt 1y:

IMG SIZE = 1280,720 # 640,480 or 1280,720 or
1920,1080

IMG FORMAT = QImage.Format RGB888

DISP _SCALE = 3 # Scaling factor for display
image

DISP MSEC = 50 # Delay between display cycles
CAP_ API = CV2.CAP_ANY # API: CAP ANY or CAP DSHOW
etc...

EXPOSURE =0 # Zero for automatic exposure
TEXT FONT = QFont ("Courier", 10)

camera num = 1 # Default camera (first in 1ist)
image queue = Queue.Queue () # Queue to hold images
capturing = True # Flag to indicate capturing

# Grab images from the camera (separate thread)
def grab images (cam num, queue):
cap = cvZ.VideoCapture (cam num-1 + CAP API)
cap.set (cv2.CAP_PROP_FRAME WIDTH, IMG SIZE[O0])
[

]
11)

cap.set (cv2.CAP PROP FRAME HEIGHT, IMG SIZE
if EXPOSURE:
cap.set (cv2.CAP_PROP AUTO EXPOSURE, 0)
cap.set(cv2.CAP_PROP_EXPOSURE, EXPOSURE)
else:
cap.set (cv2.CAP _PROP AUTO EXPOSURE, 1)
while capturing:
if cap.grab():
retval, image = cap.retrieve (0)
if image is not None and gqueue.gsize() < 2:
queue.put (image)
else:

time.sleep (DISP MSEC / 1000.0)
else:
print ("Error: can't grab camera image")
break
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cap.release()

Thiét 1ap tham sb queue.qgsize() < 2 dé giéi han sb luong can xir 1y trong
hang doi, néu hang doi dang c6 dit liéu can xir 1y thi ta s& khong ddy thém vao ma
cho cho hang doi xur ly xong.

% Cach thuc trién khai mé hinh I&n Raspberry Pi nhu sau:

Buée 1: Pau tién t6i load model di duge train san. Toi xuét trong s6 cua md
hinh ra 2 file Ia mtcnn_model_trained.model va resnet_face identity.model, sau do
cai dat mo hinh va load 2 file model nay vao bang python.

Budc 2: Tién hanh doc dit liu tir video file hodc webcam cua nguoi dung
sau do6 capture anh, dua qua model dé detect cac khuon mat trong do.

Budc 3: Xt 1y dit liéu dau ra va tién hanh hién thi 1én man hinh cua Pi cac
thong tin detect dugc
Do Pi la mot may co cAu hinh kha yéu nén t6i da thuc hién:

- Resize anh doc tir camera cta Pi vé size nho hon trude khi xtr Iy dé tang tdc
do xu ly

- Thay vi viéc doc all cac frame va nhan dién thi t6i thém 1 bién dém va chi
xtr Iy mbi 10 frame. Nghia 12 cr mdi 10 frame méi detect object mot 1an.

3.3. Xay dung co’ so dir liéu

bé xay dung co s¢ dit liéu tng dung diém danh, toi su dung co s¢ dir liéu
dang quan hé duoc thiét ké nhu sau:

- Bang “lop” luu thong tin 16p hoc, mdi 16p hoc s& duoc tham chiéu dén nam
hoc

- Bang “nam_hoc” luu théng tin vé tirng ndm hoc. Khi bit diu nim hoc méi,
nguoi quan tri s€ phai thém théng tin vao bang nay

- Bang “hoc_sinh” luu thong tin cua tieng hoc sinh, & bang nay c6 thém
trrong “face_embeddings” chira mét danh sach cac mang cac dac trung cua khubn
mat. Mdi phan tir cia danh sach 13 trich xuat dic trung ctia mot goc chup khudn
mit cua hoc sinh. M&i hoc sinh ¢ thé ¢ mot hodc nhiéu goc chup cua mot khudn

mat. Nén dir liéu cta truong nay la dang mang.
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- Bang “hoc_sinh_lop” luu tham chiéu hoc sinh thudc vao mét 16p nao dé.

- Bang “diem_danh” luu thong tin diém danh cua tirng hoc sinh trong ting
budi hoc. Bang nay lién két véi bang ‘hoc_sinh’ thé hién viéc ghi nhan sy c6 mat
cua hoc sinh nao dé tai thoi diém nhat dinh. Cy thé I1a ghi nhan ngay diém danh, cac
thoi gian vao/ra cua hoc sinh. Dya vao bang nay ta s& biét dugc két qua diém danh

cua tirng 16p va tirng ¢ nhan trong 16p dua vao lién két cua bang “hoc_sinh lop”.

’hoc_sinh_lop ’

Id integer
lop ) hoc_sinh_id integer
D integer EREEEEE_ ‘rf lop_id integer
ten_lop string | diem_danh
nam_hoc_id  string | —— — | hoc_sinh_id integer
' gio_vao datetime
gio_ra datetime
ngay_diem_danh date
K‘ |hoc_sinh
D integer
ten_hoc_sinh strin:
nam_hoc | = 9
111 - T nam_hoc integer
— D integer
ngay_sinh date
ten_nam_hoc text
dia_chi text

face_enbeddings binary

Hinh 3.10: Database hé thong diém danh
3.4. Demo va ddnh gii két qui

Khi mdi khudn mit dugc dua vao dé nhan dang thi md hinh Resnet s& phan
16p va lay ra vector dic trung, sau d6 hé théng s& nhan dang voi thuat toan k-NN.
Pé dua cac thdng tin nhan dang duoc ra man hinh & day toi st dung thu vién
OpenCV.

Ban dau, nguoi dung s& phai khai bao thong tin vé khudn mat bang cach chup
anh trén may diém danh. Sau d6 gido vién chu nhiém s& tién hanh khép thong tin
ctia hoc sinh véi dit liéu hinh anh tir may diém danh giri vé phan mém, mdi hoc sinh
¢4 thé ¢4 nhiéu hinh anh khudén mat voi nhiéu gbéc do chup khac nhau dé tang do

chinh xac.
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Sau do, ngudi dung véi vai tro 1a hoc sinh s€ thuc hién diém danh, hoc sinh s&
phai dimg truéc may diém danh, sau d6 doi hé thong nhin dang dé xac dinh danh
tinh. Sau khi xac dinh xong danh tinh, hé thong s& guri dit liéu 1én phin mém va luu
trit dir liéu trén may chu cloud dé cung cp s lidu xuit ra bao cdo vé két qua diém
danh nhu si s6, ti 1& chuyén can cua ting 16p va gtri dén gido vién chi nhiém .vv...
% Panh gi& do chinh xac cua hé théng

Sau khi trién khai hé thong tai truong THPT Thanh Oai B, hé théng hoat
dong 6n dinh va dat d6 chinh xac cao, ti 18 nhan dang sai khuon mat rat nho. bé
khic phuc nhitng truong hop nhan dang khong chinh xac, khuyén cédo dén ngudi
dung 1a thir chup lai anh, thay d6i cac goc chup chinh xac va sau dé cap nhat lai
cho hé théng. Hau hét cac truong hop bi nhan dang sai déu duogc khic phuc. Cu
thé nhu sau:

- Trong qua trinh trién khai thuc té, thiét bi van xay ra hién tuong nhan
nham hoc sinh. Trén thiét bi c6 bao céo truong hop thiét bi nhan sai danh tinh, ti
1¢ nay theo bao cdo tai cac 16p hoc thi chiém khoang 5,4% trong tat ca cac hoc
sinh diém danh.

- Cac truong hop bi nhan nham khuén mat duge khic phuc bﬁng cach
chup lai cac anh c6 thé gy nham 14n, can chyp lai anh cta ca 2 ngudi bj nhim
1an nhau.

3.5. Két luan chwong

Két thic chuong cudi ciing ndy, luan vin da hoan thanh hé théng nhan dang
khudn mit. Két qua thu duoc ciing twong d6i kha quan so véi mong muébn. Bén canh
do, trong twong lai khi c6 tap dit liéu tot hon, md hinh phirc tap hon nho ¢é kha
nang xir Ii ciia may moc tot hon thi mé hinh CNN s& ¢6 thé mang lai mot két qua hai

Iong hon nira.
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KET LUAN

Két qua dat dwoe ciia ludn vin

Qua nghién cau va thyc nghiém, luan van di dat duoc nhitng két qua chinh
sau:

- Nghién ciru tong quan vé xi Ii anh.

- Nghién ciru chi tiét mé hinh hoc sau tiéu biéu d6 1a mé hinh CNN.

- Ap dung m6 hinh CNN cho bai toan nhan dang khuén miit.

-Ung dung céc thuat toan da tim hiéu dé giai quyét bai toan phan Iop
thong qua md hinh huan luyén bang dir liéu.

- Xay dung tap dit liéu huan luyén va kiém tra: Bude dau xay dung duoc quy
trinh thu thap di liéu tir thuc té, xtr Iy dit liéu tho dé dua vao huan luyén cho md hinh.

- Xay dung hé théng nhan dang khuén mit.

- Trién khai dugc md hinh trén thiét bi phan ctang thuc té va nén tang luu trix
trén may chu cloud.

Budc dau cho thiy hiéu qua cia CNN trong viéc nhan dang anh dat duoc két
qua trong ddi kha quan.
Huwéng phat trién ciia luin vin

Luan van nay dat duoc mot sd két qua néu trén, nhung luan vin con nhiéu
han ché trong viéc xay dung md hinh va xt Ii anh. Vi vay, huéng nghién ctu tiép
theo cta luin van sé la:

- Nghién ciru thém vé mo hinh CNN dé c6 thé ting d6 chinh xéac cho viéc
nhan dang trén thuc té.

- Nghién citu vé mé hinh phan 16p dé phan loai duoc khong chi 1a khudn mat
ngudi ma con ¢6 thé du doan dugc tudi tac va gidi tinh.

- C6 thé phat trién ing dung trén bo dir liéu day da va chi tiét hon.
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