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LOI CAM POAN

To61 cam doan day la cong trinh nghién ctru cua toi.
Céc s0 liéu, két qua néu trong luan van Ia trung thuc va chua tirng duoc ai

cong bd trong bat ky cong trinh nao khac.

Tp. Ho Chi Minh, ngay 12 thang 09 niam 2019
(Ky tén va ghi 106 ho tén)

Tran Quang



LOI CAM ON

Trong suét qua trinh thuc hién dé tai, véi su gitp d& nhiét tinh cua quy thay
¢6, huéng dan vé& moi mit tir thiét ké phan cing dén phan mém diéu khién 1a nhitng
yéu tb quyét dinh dén sy thanh cdng cua dé tai ngdy hdm nay. T6i xin chan thanh giri

101 cam on dén:

Giang vién hudng dan TS. Lé My Ha da dinh huéng, nhiét tinh gitp d&, chi
bao tan tinh va tao diéu kién tot nhat cho téi khi 1am viéc trong subt qué trinh thuc

hién dé tai.

Téi ciing xin gtri 101 cam on dén toan bd quy thay cb trong Khoa Pién — Bién
tr va Bo mon Ty Pong Diéu Khién da gitip do t6i rat nhiéu trong qua trinh thyc hién

dé tai cling nhu dong gop ¥ kién va tao diéu kién thuan loi gitip dé tai hoan thién hon.

T6i xin giri 10i cam on dén tap thé 16p cao hoc TPH17B, trong qua trinh 1am
dé tai cac anh chi da c6 nhing y kién thiét thyc va gitp do toi trong viéc thuc hién dé

tai.

Cubi cuing, toi xin gui o1 cam on chan thanh t&i nha truong, thay cd, cha me

va ban bé d3 dong vién va giup d& trong sudt qua trinh thuc hién dé tai.

TA6i xin chan thanh cam on!



TOM TAT

Cudc cach mang cdng nghiép lan tht 4 da va dang dién ra manh mé trén thé
gidi vé6i nhitng dot pha chua tirng ¢6 vé ¢ong nghé nhu tri tué nhan tao (Al), may hoc
(Machine Learning ), thi giac may tinh ( Computer Vision), Internet van vat (loT),
dién toan dam may, phuong tién tu hanh, céng nghé Nano, in 3D va thuc té ao,...
Cudc cach mang nay duoc du doan s& tic dong manh mé dén tat ca cac quéc gia,
chinh phu, doanh nghiép va nguoi dan toan cau bai kha nang khai thac vo cing 16n
tir n6. Nhitng cong nghé véi nhiéu uu thé cing kha ning két ndi, tuong tac, d6 chinh
X4c va tdc d6 ngay cang tét hon, 6n dinh hon trudc.

Xtr Iy anh 1a mot phan nganh trong xt Iy tin hiéu sé véi tin hiéu xt 1y 1a anh.
Xt ly anh gom 4 linh vuc chinh: xir Iy nang cao chat lugng anh, nhan dang anh, nén
anh va truy van anh. X ly anh ngay cang thé hién kha nang hiru dung cua minh trén
nhiéu phuong dién, duoc sir dung trong nhiéu linh vuc, tng dung vao moi mat cua
doi sdng, dan thay thé cac cong nghé cii dic biét trong mang nhan dang anh. N6 sé
dan thay thé con nguoi trong cac cong viéc lién quan dén viéc nhan dang ddi tuong
nhu nhan dang thudc tinh cta déi tuong, phan loai d6i twong, phat hién ddi tuong, ...

Trong luan vian nay, ching toi thiét ké va thi cong thiét bi tng dung cong nghé
xt Iy hinh anh két hop mang noron hoc sau véi dé tai “Phat hién va canh bao budn
ngu cua tai xé i xe dung thi gidc may tinh”. Thiét bi nay sir dung bo xtr ly trung tam
Ia may tinh nhing Raspberry Pi, hinh anh sau khi thu duoc tir camera théng qua ki
thuat xur ly anh s& phat hién va dinh vi 68 diém dic trung (mat, mii, miéng,...) trén
khudn mat, trich xuat viing mat va ti 16 nhim mé mat trong mét chu ky dinh dinh
trude. Sau d6, mang hoc su dugc huan luyén dé du doan, phat hién dau hiéu budn
ngu va phat ra cac canh bao can thiét cho nguoi 1ai xe. Két qua thyc nghiém cho thay
tinh hiéu qua va sy manh mé cua mang noron hoc sau trong viéc phat hién trang thai
budn ngu trong thoi gian thuc. Thiét bi hoat dong 6n dinh va canh béo chinh xac dau

hiéu budn ngi trong nhiéu diéu kién 14i khac nhau.



MUC LUC

IMUC LUC ..ttt sttt sttt et e e ne e s e eneanenbenne e [
DANH MUC CAC CHU VIET TAT oo i
DANH MUC CAC HINH ANH VA BIEU DO ..ot iv
Chuong I: TONG QUAN ........c.ooieieeeeeeereeseeeeeteeteeese et ses s 1
I o7 I 1 1<V PP 1
L1L. DEEVAN GE oottt ettt r ettt en e en e, 1
1.1.2.  Tinh cap thiét CUA A8 tA....c.cviveeieeceeeceeeee e 3
1.2 MUC U B8 T cvvuvvvveiriieieiee ettt 5
1.2.1. MuC tiBU Cla A8 d& Al ...vvuevveereireieieeeee s 5
1.2.2. NRIBM VU A& TAl..vviiiiiieiiieiececsse sttt 6

1.3, Gi6i han d@ tAl c.vovvvevvcireiecicicieee e 6
1.4. Phuong phap nghi€n ClU ...........cooiiiiiiiiii 6
1.5, NOT AUNG A8 A ..vovvveeeeeeeeeeeeeeee ettt 7
Chuong 2: CO SO LY THUYET oottt ss s 9
2.1, TONG QUAN VE XU 1Y ANN co.ocviecee ettt 9
211, Gidi thidU VE XTI IV ANN .o 9
2.1.2.  Céc thanh phan co ban ctia hé thdng anN..........cccoveeeeveveeereeeeeeeen, 11
2.1.3.  C&c VaAn dé co ban trong Xir Iy aNN .......ccccovvevevveesrecieeeeeeeeee s 12
2.2.  Tong quan vé bai toan nhan dang Mat NGUOT ........cceveevverveiresieeeseeisnennas 14
p3 2 T T {111 PR TP STOTTRS 14
2.2.2.  Thach thuc trong nhan dang Mat ngUOT .....cccceeeveiereieie 15
2.2.3.  Céc céch tiép can cho bai toan nhan dang mat ngudi.........ccccceeeeeneee. 16
2.3.  Phuong phap mé ta dac trung Histogram of Oriented Gradient (HOG).....19
2.4.  Support vector maching (SVM)......ccooiiiiii i 22
2.5.  Phan tich diém dic trung trén khuon mit ngudi - Facial Landmark........... 24
2.6.  Tilé nham mé mét — Eyes Aspect Ratio (EAR) ......o.cvvvvvevvevieeseesienenians 26
2.7.  Mang neural NhAN a0 ..........cccveii e 28
2.7.1.  KNAI NIEM CRUNG ....uiiiiiiiiiieie e 28
2.7.2.  Mang noron va mang noron lan truy@n NgUQC ..........ceewevererverrerernens 29
2.7.3. MOt SO KiGU MANG NOTON ..........oveveeeeeeeeeeeee e 32



2.7.4. Cac phuong phap huan luyén mang than kinh nhan tao..................... 34

2.8.  NgON nglr 1ap trinh PYLNON. ......ooviieiececeee e 35
2.9. Thu vién OpenCV va dlibD.......c.ccooooiiiiiie e 37
2.9.1.  Thu vién OPENCV ....coiiiiiiiiiie it 37
2.9.2. Thu vIEN AlD ..o 41
Chuong 3: GIAI THUAT ..ottt 42
3.1, SO A0 KNOT NG thENG. .....cvveeceiceeeeeee et 42
3.2.  So d6 tién trinh hé théng phét hién dau hiéu budn NGU. ........cccevevvevevireeens 43
3.3. Luu dd chuong trinh phat hién diu hiéu budn NQU. ....cveveeveeeceeeeeee 44
3.4. Luu dd chuong trinh trén Arduino. ..........cceeveeveeveersveresssesssesesessesessessenes 45
Chuong 4: KET QUA THUGC NGHIEM ......c.ooiiiiieieeieeeeeeee s 46
4.1, XAY AUNG PNAN CUNG....ooveeieeceeeeeeeseee ettt 46
4.1.1. S0 dd Nbi dAY PhAN CUNG .....oveeeeeeeeeeeee et 46
4.1.2. Board Xt 1Y trung tam. ..o 46
4.1.3. Board diéu khién — Board Arduino Nano. ..........c..cceeevveevvenereseensnnens 50
4.1.4. Camera LogiteCh CL70. ...cocoviiiiiieciecie e 52
4.2. K&t qUA thuC NONIEM.....ceviveieeieeeeeeeeee et 52
4.2.1. M6 hinh phan cing thit Di.........ccevveeieeieieeeeeeeeee e, 52
4.2.2.  Thu thap dit 18U hUAN TUYBN ..., 53
4.2.3.  Cau trdc mang Va toi uu cAc thONg SO.......evveveveveesreieeseeieeeeeseeseeas 55
4.2.4. K&t qUA NUAN TUYEN MANG. w.voveverececeeeeeeeeeesee e eeeeeseeseeses s 56
4.25. Két qua thuc nghiém trén he thANG..........covevvveveeereeeeeseeee e 57
Chuong 5: KET LUAN VA HUONG PHAT TRIEN .......coocvviiiieieeceeee e 62
DL, KB TUAN: oottt ettt ettt ettt ettt e e 62
5.2, HUGNG PRALEFIEN: c....ovievececeeeeeeeeseee et 62



© o N o 00 R~ wDd e

DANH MUC CAC CHU VIET TAT

Al: Artificial Intelligence

ANN: Artificial Neural Network
EAR: Eyes Aspect Ratio

PCA: Principal Components Analysis
LDA: Linear Discriminant Analysis
LBP: Local Binary Pattern

K-NN: k Nearest Neighbors

HOG: Histogram of Gradient

SVM: Support Vector Machine
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Chuong 1: TONG QUAN
1.1. Giéi thiéu
1.1.1. Pit van dé

Tai nan giao thong tir 1au nay ludn 13 van dé nhtrc nhéi & Viét Nam. Thong ké
tir Uy ban An toan Giao théng Qudc gia cho thay trong quy I nim 2018, ca nudc
xay ra gan 5.000 vy tai nan giao thong, lam chét 2.149 nguoi, bi thuong 3.627
nguoi. Nam 2017, ca nude ¢6 hon 20.000 vu tai nan giao thong, khién 8.279 nguoi
chét va hon 17.000 nguoi bi thuong. So véi cach diy 5 nam, lwong nguoi chét da
giam di, nhung chua bao gio' thap hon con s6 8.000. Tham chi nam 2016, s6 nguoi
chét vi tai nan giao thong con ting 1én 14 ngudi so v6i nam trude do. “Co thé nodi
chung ta song trong thdi binh nhung sé nguoi chét va bi thuong do tai nan giao
thong giéng nhu nhitng nim chién tranh”, theo Bo truong B Giao thong Van tai
Nguyén Vin Thé, tai 1€ trao giai cudc thi bao chi viét vé an toan giao théng 2017.

Mot trong nhirng tac nhan ma khong ai co thé kiém tra, ngan chdn dugc, do l1a
viéc ngu gat cia tai x¢&, day chinh 14 nguyén nhan gy ra tai nan giao thong hang dau
trén thé giéi. Pién hinh nhu vu tai nan xe di ruéc dau tham khdc tai tinh Quang
Nam vira qua (30/7/2018), khién 13 ngudi tir vong. Nguyén nhan cia viéc ngu
gat noi trén 1a do tai xé nay d 1ai xe 12 gio dong ho lién tyc.

Lai xe 12 mot nghé kha nguy hiém, nhit 1a ddi voi nhing 1ai xe di duong dai
nhu xe khach, xe tai, xe container. Chi can tai xé trong tinh trang khong tinh tao,
kha ning kiém soat kém, quan sat va phan tng khi con budn ngt 4p dén s& d& giy
ra tai nan. Hién nay, trén ca nudc modi nim cé hang tram vu tai nan xay ra, chi vi tai
xé ngu gat trén vo lang. Theo Pai iy Huynh Phudc Huy, Doi truong Doi Tuyén
truyén - xtr 1y, phong Canh sat giao thong dudng bd - dudng sit, Cong an tinh cho
biét: "Chi can vai gidy "lo mo" trong lic cam lai thi diéu déng tiéc co thé da xay ra.
Bit ky ngudi diéu khién xe tho so hay co gigi déu ciing gip nguy hiém khi tai xé
trong tinh trang budn ngi. Néu truong hop xe thd so, hau qua coé thé don 1¢, nhung

v6i 6 t0, mot cai chop mat co thé gy ra tai nan lién hoan, nhic¢u khi 1a tham khoc™.


https://vtv.vn/doi-song/rung-lac-ghe-ngoi-khien-tai-xe-ngu-gat-20180714150144524.htm
https://vtv.vn/doi-song/rung-lac-ghe-ngoi-khien-tai-xe-ngu-gat-20180714150144524.htm

Qua bao cdo vé "Réi loan gidc ngl va tai nan giao théng" tai hoi nghi khoa
hoc thuong nién Hoi HO hép Viét Nam va Chuong trinh dao tao y khoa lién tuc
2015, gido su Telfilo Lee Chiong (Trung tam Nationnal Jewish Health, M¥), cho
biét wdc tinh khoang 10-15% tai nan xe ¢ lién quan dén thiéu ngu. Nghién ctru vé
gidc ngl & céc tai xé 19 qudc gia chau Au cho thiy ty 1& budn ngu khi 14i xe cao,
trung binh 17%. Trong d6 10,8% ngudi budn ngu khi l4i xe it nhit mot lan trong
thang, 7% timg giy tai nan giao thong do budn ngu, 18% suyt xdy ra tai nan do
budn ngu. Ciing theo mot cudc tham do tién hanh boi T chirc cham séc gidc ngl
quéc gia My (National Sleep Foundation) cho thdy 60 % ngudi M nga gat khi 14i
xe, 37 % thu nhan khong tinh tdo sau vo ling trong nim qua. Pay 1a diéu hét sirc
nguy hiém bdi theo Cuc An toan giao théng dudng bé My (NHTSA), ngu gat khi lai
xe 14 nguyén nhan din t&i hon 100.000 vy dung xe va khién trén 1.500 nguoi tir
vong mdi ndm. Ai ciing biét ngu gt khi l4i xe 1 mot viéc hét stirc nguy hiém. Theo
gido su, tién si Ngo Quy Chau, Cha tich Hoi H6 hap Viét Nam khuyén nghi dé giam
thiéu tai nan giao thong vén 1a van dé nhirc nhéi mang tinh thoi dai can co sy vao
cudc cua nhiéu co quan, td chirc, dic biét 1a y thic nguoi tham gia giao thong.
Nhiing khao sat cho thiy, ngii gat sau vo lang 1a nguyén nhan din tdi 30% s tai
nan xay ra, dic biét véi nhitng chuyén di duong dai.

Cic nguyén nhin giy ra trang thai budn ngi cho tai xé:

- Trong thyc té, di chuyén xe duong dai hoic vao ban dém 1a liic nguoi l4i xe
dé roi vao trang thai budn ngu nhét, phan xa cta nguoi lai s€ cham lai, do tinh tdo
giam, rat dé cang thang va kha ning xtr Iy tinh hudng thiéu chinh xac.

- Khong nhiing vy, dé ting chuyén, nhidu tai xé 6 t6 duong dai vat kiét strc
lién tyc quay vong dan dén tinh trang budn ngi.

- Hau hét tai xé gay tai nan déu c6 thoi gian thice kéo dai, ngt it hon 5 gid vao
dém trudc khi gip nan do cac nha xe khach hién nay déu tan dung 1ai xe it nhét tir

12 - 14 gio/ngay.


http://www.thanhnien.com.vn/pages/20120325/tai-xe-ngu-gat-gay-tai-nan-kinh-hoang.aspx
http://www.thanhnien.com.vn/pages/20120204/tai-xe-ngu-gat-xe-phi-vao-nha.aspx
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- Bac biét, viéc sir dung ruou bia va rdi loan giéc ngu co tac dung cdng gop
lam suy giam hiéu sudt ciia cac co quan trong co thé, ddn dén nhiéu sai st nghiém
trong.

- Chura c6 thiét bi giup céc tay 14i nhan ra minh dang trong tinh trang bao dong
dé kiém soat con budn ngu sau vo ling .

1.1.2. Tinh cip thiét cia deé tai

Tinh hinh nghién ctru trong va ngoai nudc:

* Trong nuoc:

- Dé tai “Nhan dién chop mat va canh béo budn nga khi lai xe trén nén
Windows va Android” cua sinh vién L& Thé Hai va Lé Thanh Hoa (nganh Vién
thong, Khoa Bién - Bién tw, nién khoéa 2007 — 2012, Truong DPai hoc Bach Khoa
TP.HCM). Pay la chuong trinh phan mém trén hé diéu hanh Android cho dién thoai
va may tinh bang nhan biét dugc dau hiéu budn nga théng qua trang thai dong mo
mat va phat am thanh. Tuy nhién, dé tai cling thé hién mot sé nhuoc diém nhu:
khong theo ddi dugc khudn mat trong mot sé truong hop quay tréi, quay phai mot
g6c 16n hon 40 d6 hoic cai dau 16n hon 10 d6 - 15 do/ngang dau 1én qua 30 d9...
cling nhu chua c6 phan cang thiét bi riéng va camera dién thoai chi xt 1y duoc diéu
kién anh sang gidi han.

- San pham may chéng budn ngu cia Nguyén Ngoc Puc, hoc sinh 16p 12C1
truong THPT Nguyén Xuan Nguyén (Thanh Hoéa), da gianh giai Nhi cap Qudc gia
tai cudc thi sang tao Khoa hoc ky thuat danh cho hoc sinh THPT nam 2016, duoc
thiét ké theo md hinh cua mot chiéc may tinh thu nho. Thiét bi ding phan ctng la
moét may tinh mini, phan mém duogc 1ap trinh theo ngdn ngir C# c6 str dung ma
nguon ma va mot sé thu vién vé nhan dang mét va khuén mat. Nguyén Iy hoat dong
cua may chong budn ngu 1a khi camera ghi lai hinh anh cua lai xe, thiét bi s& nhan
dién ra diém khac biét trén khuén mat. Tir d6, phan mém s& phan tich dé tim ra
duoc dau hiéu budn ngu qua 4nh mat bang biéu d6 anh sang dé phan biét do sang,
t6i ciia mat. Sau khi thiét bi nhan dang xong anh mat sé tiép tuc dua ra cac phuong

an dé xu ly, canh bao bang giong néi va coi bao dong. Tuy nhién, day 13 mot san



phdm md hinh thir nghiém chi ding lai & viéc canh bao ma chwa cé bién phép han
ché tai nan cho l4i xe ciing nhu chua dugc wng dung vao thyc té.

*Ngoai nuoC:

- Tai trién 13m cbng nghé CES dau nam 2018, Huyndai gi6i thiéu hé théng
chéng ngu gat cho tai xé c6 tén DDREM. Hé théng DDREM st dung mét camera
hong ngoai dé theo ddi va phan tich cac chuyén dong caa mit ciing nhu khudén mit
dé phat hién dau hiéu budn ngua cua tai xé. Hé théng nay ciing giam sat hé théng hd
tro 1ai xe dé xem xe c6 dang di chéch lan duong khong va diéu chinh sao cho xe di
dung lan duong tro lai. Néu hé thdng xac nhan nguoi lai d3 ng va khdng phan hoi
gi thi DDREM sé& chuyén xe sang ché do lai ty dong cap do 4 dé co thé tu tim mot
noi an toan va dung xe lai. Cong nghé nay tuong tu chirc nang canh bao cua hé
thong tu 1ai cip do 3 trén chiéc Audi A8 ciing dung camera phan tich vi tri va
chuyén dong cia dau va mat dé tao ra dir liéu cho robot Al phan tich. Néu mat cua
lai xe van nhiam trong mot khoang thoi gian dai, hé théng sé nhic nguoi lai xe tiép
tuc cong Viéc i xe, tranh treong hop lai xe ngu guc rat nguy hiém.

Theo nhu bai bao “Driver Drowsiness Detection System and Techniques: A
Review” cua tic gia Vandna Saini va Rekha Saini dang tén tap chi (IJCSIT)
International Journal of Computer Science and Information Technologies, Vol. 5 (3)
nim 2014 tai An Do trinh bay vé cac k¥ thuat phat hién ngu gat thi viéc phat hién
trang thai budn ngu cua tai xé co thé chia ra 1am 3 hudng tiép can:

(1) Théng sé phuong tién dua trén quing dudng di di, do léch lan duong,
s6 vong quay cua vo lang, toc do dap chéan ga,... Cac thong sd nay dugc theo ddi
lien tuc, néu c6 bat ky thay d6i nao trong sé do vuot qua mot ngudng xac dinh cho
thay kha niang ngudi i xe ¢ dau higu budn ngu.

(2) Biéu hién trén khudén mat cua tai xé bao gébm viéc ngap, thoi gian
nhim mat, s6 1an chdp mat, hudng nhin, ...

(3) Thong sb vé sinh ly dua trén mbi twong quan giita tin hiéu dién tam
d6 (ECG) va dién nhin d6 (EOG), trang thai budn ngu duoc xac dinh trén théng tin

vé nhip tim, huyét &p va séng nio.



Theo d6, tic gia nhan thy viéc giam sat cac thong sé trén phuong tién 1a diéu
rat kho thuc hién khi phai tac dong truc tiép vao ca phan ciing va phan mém cua xe,
viéc thiét ké bo giam sat cac théng sb cua xe va dua ra canh bao nén dwgc nghién
ctru boi cac nha san xuat va hoan thién trudc khi xe xuat xuong. Trong khi d6, viéc
nghién cau ché tao thiét bi theo ddi cac théng sb sinh hoc cua tai xé khi lai xe véi
d6 6n dinh va chinh xac cao 1a mét nhiém vu rat 16n, doi hoi vé thoi gian, kinh phi
va khi lugng rét 16n kién thire chuyén mén da nganh bao gom ca y hoc va k¥ thuat.
Chinh vi nhitng ly do trén, tac gia chon hudng tiép can van dé thir (2) — phat hién
dau hiéu budn ngu dya trén biéu hién khuén mat cua tai xé, cu thé ¢ day 1a do nham
mé mat va thoi gian nham mét, phuong phap nay da duoc rat nhiéu cac hang xe 16n
nhu BMW, Mercedes-Benz, Audi, Huyndai, Cadillac trong hé théng nhan canh béo
mat tap trung cho tai xé tén cac dong xe sang cua ho.

Tir nhitng thuc tién trinh bay & trén c6 thé nhan thay rang viéc nghién cuu,
thiét ké va ché tao thiét bi canh bdo ngu gat cho tai xé c6 do chinh xéac cao 1a viéc
cap béach va rat can thiét dé giam ty 1¢ tai nan giao thong hién nay. Vi thé, tac gia
lya chon va thuc hién dé tai: “Phéat hién va canh béo buén ngi cia tai xé lai xe
dung thi giac may tinh”.

1.2. Muc tiéu deé tai
1.2.1. Muc tiéu ciia dé deé tai

Nghién ciru, thiét ké va ché tao thiét bi phat hién va canh bao budn nga cho
tai xé dung thi giac may tinh va mang noron hoc sau hoat dong on dinh, c6 thé st
dung trén cac phuong tién giao thong nhu xe 6t0, xe tai, xe khach va xe container...
thuc hién cac nhiém vu sau:

- Ung dung cdng nghé xi Iy hinh anh nhan dién khuén mat, trich xuat ving
mét, theo di trang thai nham m¢d mit cua tai xé trong qué trinh diéu khién phuong
tién vai diéu kién anh sang ban ngay.

- Thu thap miu vé& tan s6 nhim mo mat dé huan luyén bd nhan dang trang

thai budn ngu cua tai xé s dung mang noron hoc sau.



- Xay dyng va nhang hé théng vao board mach Raspberry Pi 3 Model B+ va
Arduino.

- Khi ¢6 ddu hiéu budn ngu hé théng s& canh béo cho tai xé bang giong noi,
am thanh va den bao dong.

1.2.2. Nhiém vu dé tai
e Nghién ctru cac bai toan xur ly anh: phat hién mat nguoi dung HOG va SVM,

trich xuat 68 diém dic trung trén khudn mat, trich viing mat va tinh toan do nham
mé mat (EAR).

e Thu thap dit liéu nhim m& mit, xay dung va huan luyén mang noron hoc sau
dung xac dinh trang thai budn ngi caa tai xé.

e Viét chuong trinh Python chay trén board mach Raspberry Pi 3 Model B+ dé
thiét bi c6 thé phat hién va canh bao trang thai budn ngua cho tai xé trong thoi gian

thuec.

1.3. Giéi han @@ tai

e Ung dung cong nghé xt ly hinh anh v mang noron hoc sau trong viéc theo
d6i va canh béo dau hiéu budn ngu cua tai xé trong diéu kién anh sang ban ngay.

e biéu kién anh sang khdng qué sang chéi hoic qué toi 1am mét hinh dang
khudn mat trén camera.

« Nghién citu va thyc nghiém san pham trén md hinh, sau khi hiéu chinh hoan
thién thi cd thé &p dung cho viéc canh béo dau hiéu ngu cho gat cac tai xé 1ai xe trén
duong.

e Khi phat hién tai xé c6 dau hiéu ngu gat, hé thong s& canh bao bang giong
noi va am thanh va dén bao.

e Thiét bi dugc dit cach tai xé voi khoang cach nhat dinh, nho hon 100cm dé

dam bao camera nhan dang rd khuén mat.

1.4. Phwong phap nghién ciu
« Tham khao, nghién ciru nén tang ly thuyét, bai béo khoa hoc va nhu cau thuc

tién, noi dung, yéu cau va dbi twong nghién ctu duoc cu thé hoa. Sau do, viéc



nghién ctu ly thuyét duoc tién hanh (phuong phap nhan dang khuén mit, trich ving
khubn mat va 2 mat, xac dinh d6 mo ctia méat bang céng nghé xt Iy hinh anh).

e Lya chon board mach va céc linh kién ciing nhu tim hiéu nguyén ly hoat
dong, cach két ndi chiing duoc tién hanh. Théng qua quéa trinh nghién cau thiét ké,
lya chon cac thdng sé cua thiét bi, bat dau gia cong va lap rap phan ciing san pham.
Thiét bi duoc kiém tra so bo, diéu chinh va duoc hoan thién theo cac yéu cau vé
thiét ké.

o Tur kién thuc vé Iy thuyét, xay dung thuat toan, viét chuong trinh canh bao
ngu gat tir hinh anh thu vé bang Camera, canh bao bang giong néi va gui tin nhan
cho nha diéu hanh xe bang ngén ngir 1ap trinh Python va Arduino, hiéu chinh phan
mém sao cho 6n dinh va c6 d6 chinh xac cao.

« Thiét bi sau khi hoan thién duoc tién hanh chay thir nghiém trong moéi trudng
anh sang ban ngay va danh gia hiéu nang, thiét bi canh bdo ngu gat tiép tuc duoc

nghién ctru, diéu chinh va hoan thién.

1.5. Noi dung deé tai
Dé tai “Phat hién va canh bao budn nga cua tai xé lai xe ding thi giac may

tinh” bao gém cac chuong sau:

Chuwong I: Téng quan: Chuong ndy trinh bay tong quan so bd vé cac yéu
cau cua bai bao cao nhu dit van dé, muc tiéu, gigi han va noi dung dé tai, phuong

phap nghién cuu.

Chuwong II: Co sé¢ Iy thuyét: Chuong nay trinh bay vé ly thuyét phuong
phap nhan dang mat nguoi ding HOG va SVM, xéac dinh 68 diém dic trung trén
khubn mat ngudi, trich xuat viing mét va tinh toan do nham mo mat, ly thuyét mang

noron hoc sdu va tng dung trong bai toan phan loai.

Chuwong III: Gidi thugt: Chuong ndy trinh bay vé cac giai thuat, luu d6
huan luyén, cu tric mang noron, phat hién dau hiéu budn ngu véi mang da duoc

huan luyén, so d6 khdi va luu 6 phan mém trén Raspberry Pi va Arduino.



Chuwong V: Két qud thec nghiém: Chuong nay trinh bay vé thiét ké phan
ctring, lua chon board mach cho thiét bi va két qua dat duoc sau khi thuc hién. Panh

gia, nhan xét nhirng gi da dat va chwa dat so véi muc tiéu dé ra.

Chwong VI: Két ludn va hwéng phat trién: Két luan chung vé wu diém va
gidi han cua dé tai. Bong thoi ciing dua ra nhirng dong gop va dé xuat, dinh huéng
phat trién cua dé tai.



Chuwong 2: COSOLY THUYET

2.1. Téng quan vé xir ly anh
2.1.1. Giéi thiéu vé xir Iy anh
Xt ly anh (XLA) 1a dbi twong nghién ciru caa linh vuc thi gidc may, 1a qua
trinh bién d6i tir mot anh ban dau sang mot anh méi véi cac dac tinh va tuan theo
y mudn cua nguoi sit dung. X ly anh c¢6 thé gom qué trinh phan tich, phan 16p
cac dbi twong, 1am ting chat lwong, phan doan va tach canh, gan nhan cho ving
hay qua trinh bién dich cac thong tin hinh anh cua anh.
Trude day, hinh anh dugc thu tir camera 1a cac anh twong tw. Gan day, véi
su phét trién khdng nging caa cdng nghé, anh mau hoic anh den tring duoc lay
tir camera, sau d6 duoc chuyén tryuc tiép qua anh sé dé dé dang cho cac budc xu ly

tiép theo. Dudi day s& md ta vé cac budc trong xu ly anh.

» R . A . . NHAN
THU NHAN TIEN XU LY PHAN POAN BIEU DIEN VA :
> ANH > ANH > ANH > MO TA > NOLSUY

CO SO TRI
THUC

Hinh 2.1 Cac budc co ban trong xu ly anh

Thu nhan anh: Anh duoc nhan qua camera mau hoic trang den. Thong
thuong anh dugc nhan qua camera, video, may scan.v.v.
Muc dich: bién d6i théng tin hinh anh vé céc ciu trac duoc luu trit trong
may tinh, c6 thé hién thi ra c&c thiét bi ngoai vi nhur 1a méy in, man hinh...
Gom hai tién trinh:
e Bién d6i ning luong quang hoc thanh niang luong dién.

e T6ng hop ning luong dién thanh anh hodc ma tran sb.

DANG VA ==



Tién xir ly: Sau bo thu nhan anh, hinh anh c6 thé c6 do twrong phan thap
nén can dua vao bo tién xu 1y dé nang cao chat lugng hinh anh. Bo tién xu Iy ¢6

chirc ning loc nhidu, nang d6 twong phan dé 1am cho anh rd hon va sic nét hon.

Muc dich:

e Diéu chinh d¢ chiéu sang dé khic phuc hiu qué cua viéc chiéu sang
khong déu.

e Giam nho thanh phan nhiéu cua anh ttrc 1a cac dbi tuong xuét hién
ngoai y mudn.

e Hiéu chinh gi4 tri d0 sang gitta nén va ddi tuong.

e Chuan hoa d¢ 16n, mau, dang cua anh.

e Diéu chinh bd loc dé khuyéch dai va nén cac tan sb.

Phéan doan anh: La qua trinh phan chia noi dung cac ddi twong can khao
sat ra khoi anh, phan chia cac d6i twong tiép giap nhau, phéan tach cac dbi tugng
riéng biét thanh cac ddi tuong con.

Biéu dién anh va mo ta anh: Pau ra anh sau phan doan chta cac diém
anh cua ving anh (anh da phan doan) cong vai ma lién két véi cac vang lan can.
Viéc bién doi céc so lieu nay thanh dang thich hop 1a can thiét cho xt Iy tiép theo
bang may tinh. Viéc chon cac tinh chat dé thé hién anh goi 1a trich chon dic trung
(Feature Selection) gan véi viéc tach cac dic tinh cua anh dudi dang cac thdng tin
dinh lugng hodc 1am co sé dé phan biét 16p dbi twong nay véi dbi tuong khéc
trong pham vi anh nhan duoc.

Nhan dang va ngi suy anh: Nhan dang anh la qua trinh xac dinh anh.
Bang céach so sénh mau voi mau chuan da dwoc luu trit tir trude. Noi suy 1a phan
doan theo y nghia trén co s nhan dang. Cac md hinh toan hoc vé anh duoc phan
loai véi hai dang co ban:

e Nhan dang theo tham )

e Nhan dang theo cAu tric.
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Co sé tri thiec: Anh 12 mot ddi twong khé phuc tap vé duong nét, do sang
t6i, dung lugng diém anh, méi truong dé thu anh phong phi kéo theo nhiéu.
Trong nhiéu khau xur ly va phan tich anh ngoai viéc don gian hoa cac phuong
phép toan hoc dam bao tién loi cho xir Iy, nguoi ta mong mudn bét chuéc quy
trinh tiép nhan va xtr ly anh theo cach cua con ngudi. Trong cac budc xtr 1y do,
nhiéu khau hién nay da xir Iy theo cac phuong phap tri tué con ngudi. Vi vay, ¢
day cac co so tri thue duoc phéat huy.

2.1.2. CAc thanh phan co ban cia hé théng anh

BO NHO
BOQ PHAN THU PHAN CUNG XU LY o
NHAN ANH > ANH CHUYEN DUNG > MAY TINH
BO PHAN HIEN THI

Hinh 2.2 Céc thanh phan co ban ciia hé théng xir Iy anh

Bo phan thu nhan anh: May quay (Camera), may quét (scaners) chuyén
dung, cac bo cam bién anh.

Phan cieng xir ly anh chuyén dung: Bo s6 hoa (chuyén doi anh truyén
thdng tir bén ngoai thanh dang dit liéu s6 ma may tinh co thé hiéu duogc). Phan
ctng thuc hién cac thao tac co ban dé nang cao tc do xir Iy anh.

May tinh: Thiét bi thong thudng hoic chuyén dung.

B& nhé: Bat budc phai co. Luu trit tam thoi dé phuc vu va st dung cho qué
trinh xir Iy hién tai. Luu trit vinh vién 13 luu trit dit diéu, truy cap khong thuong
Xuyén.

Bd phan hién thi: Man hinh may tinh...
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2.1.3. Céc vén dé co ban trong xik Iy anh ’
Diem anh (Pixel): 1a mot phan tir cia anh so6 tai toa do (X, y) vai do xam

hodc mau nhat dinh. Kich thude va khoang cach giira cac diém anh d6 dugc chon
thich hop sao cho mit nguoi cam nhan sy lién tuc vé khdng gian va mic xam
(hodc mau) cua anh sé gan nhu anh that. MGi phan ti trong ma tran duoc goi 1a
mét phan tir anh.

Pixel c6 kich thudc vao khoang 0,26x0,35 mm, pixel 1a don vi co ban nhat
dé tao nén birc anh ki thuat so.

D¢ phan gidgi cia anh: 1a mat ¢6 diém anh duoc 4n dinh trén mot anh s
duoc hién thi. Khoang céch giira cac diém anh sao cho mét nguoi van thiy dugc
su lién tyc cua anh. Do phan giai duoc phan b theo truc x va y trong khdng gian
hai chiéu. Vi cling mot anh, do phan giai cang cao thi anh cang chira nhiéu théng

tin va sic nét hon. Vi du nhu hinh bén dudi:

A We

g

Hinh 2.3 D¢ phan giai cua anh

Hinh trén ciing c6 do phan giai 1a 480p cho ra chat luong anh mo va khong
sac nét bang hinh c6 d6 phan giai 1a 720p va 1080p. Véi do phan giai cang cao s&
cho ra nhiing tim anh rd nét.

Muc xam cua anh: 1a két qua cua su bién doi twong ung 1 gia tri do sang
cta 1 diém anh véi 1 gia tri nguyén dwong. Thong thudng né xac dinh trong [0,

255] tuy thudc vao gié tri ma mdi diém anh dwoc biéu dién. Cac thang gia tri muc
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xam thong thuong: 16, 32, 64, 128, 256. Mc 256 la mc thong dung vi k¥ thuat
may tinh dung 1-byte (8 bit) dé biéu dién mic xam. Muc xam ding 1-byte biéu
dién: 28 =256 miic, tuc 1a tir 0 dén 255.

Color " -Gryscale
Hinh 2.4 Sy khac nhau gitra anh mau va anh xam
Bién doi anh: trong xur ly anh do s6 diém anh I6n hon cac tinh toan nhiéu
(d6 phuc tap tinh toan cao) doi hoi dung lugng bo nhé Ion, thoi gian tinh toan l1au.
Céc phuong phéap khoa hoc kinh dién ap dung cho xtr Iy anh hau nhu kho kha thi.
Ngudi ta sir dung cac phép toan twong duong hodc bién doi sang mién xir Iy khéac
dé dé tinh toan, sau khi da xur ly dé dang, dung bién d6i nguoc dé dua vé mién xéac
dinh ban dau, cac bién dbi thuong gap trong xir ly anh bao gdom:
e Bién d6i Fourier, Cosin, Sin.
e Bién doi (mb ta) anh bang tich chap, tich Kronecker.
e Céc bién d6i khac nhu KL (Karhumen Loeve), Hadamard.
Céc phéan loai 4nh:
o Anh nhi phan : Gia tri xam cua tat ca cic diém anh chi nhan giatri 1
hoic 0 nhu vay mdi diém anh trong anh nhi phan duoc biéu dién boi 1 bit.
e Anh xdm: Gia tri x4m nim trong [0, 255] nhu vy mdi diém anh trong

anh nhi phan dugc biéu dién béi 1 byte.
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o Anh mau:
» Hé mau RGB:
Mot pixel dugc biéu dién bang 3 gia tri (R, G, B) trong 46 R, G, B 1a
mét gié tri xam va duoc biéu biéu dién bang 1 byte. Khi d6 ta c6 mot anh 24 bits.
P(x,y) = (R, G, B)
> H¢ mau CMY: 13 phan bu cua hé mau RGB
CMY)=(1,11)-(R,G,B)
Hay C+R=M+G=Y+B=1
Hé mau nay thuong duoc dung trong may in.
» H¢ mau CMYK: trong d6 K 1a d6 dam nhat cua mau K= min(C, M, Y)
P(x, y) = (C-K, M-K, V-K, K).

2.2. Tong quan vé bai toan nhan dang mit nguoi
2.2.1. Giai thiéu. .
Nhan dang mat nguoi (Face recognition) la mét cha dé nghién cau thuge

linh vuc thi gidc may tinh (Computer Vision) da dwoc phat trién tir ¢au nhitng
nam 90 cua thé ky truéc [1]. Cho t6i hién nay, day van la mot chu dé nghién ciu
mé nhan duoc sy quan tdm caa nhiéu nha nghién cau tir nhiéu linh vuc nghién
ctru khac nhau nhu nhan dang mau (Pattern Recognition), hoc may (Machine
Learning), thong ké (Statistics), sinh tric hoc (Biometrics). Diéu nay la do ¢ rat
nhiéu tng dung thuc té can tai mot hé thong nhan dang mat, tir cac hé thong quan
ly dang nhap don gian cho téi cac (ing dung giam sat tai cac dia diém cong cong
(public areas surveillance) hodc quan ly dan sb (population management) va phép
ly (forsensics). B&n canh do, so véi cac hé théng nhan dang dua trén céc dic diém
sinh tric hoc khac ctia con nguoi, nhu nhan dang méng mét va van tay (fingerprint
and iris recoginitions), dang di (gait recognition), nhan dang mat c6 nhiéu uu
diém:

+ Mot hé théng nhan dang mat khong doi hoi ¢6 su twong tac truc tiép giia

d6i tugng dwoc nhan dang va hé théng.
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+ Viéc thu nhan dit liéu (anh mat) cho qua trinh nhan dang mot con nguoi dé
thuc hién hon so véi thu nhan cac dic dic diém sinh tric hoc khac (nhu thu nhan
ddu van tay va mbng mat).

Interaction signals Facial gestures
-

Identity - = Gender: It is a girl

Age: She is about

Ethnicity: Asian 3-5 years old

>

Gaze direction <~ ~~ Expression: neutral

> Perceived intelligence

Hinh 2.5 C4c thong tin c6 trong anh mat nguoi

Aesthetic

Health: good

+ Dit liéu vé mit ngudi phd bién hon so véi cac dic trung khac do sy bung no
cac mang xa hoi (facebook, twitter ...), cac dich vu chia sé dit liéu da phuong tién
(youtube, vimeo ...) va su phat trién manh mé cua cac thiét bi thu nhan hinh anh,

+ Tir anh khudn mat cia mot ngudi ta 6 thé khai thac nhiéu thong tin lién
quan chi khéng chi 1a danh tinh, chang han nhu giéi tinh (gender), mau da
(skincolor), huéng nhin (gaze direction), ching toc, hanh vi, sicc khoe, do tudi, cam
xuc va mic do thong minh ... nhu trong hinh 2.1.

2.2.2. Thach thirc trong nhin dang mit nguoi
Tuy nhién viéc xay dung mot hé thong nhan dang mat hoan toan tu dong

vé6i kha nang nhan dang chinh xac cao thuc su 1a mét thach thirc ddi véi cac nha
nghién ciru. Piéu nay 1a do céc yéu té (cha quan va khach quan) anh huéng toi
qua trinh thu nhan anh va tao ra cac btc anh c6 do khéc biét rat 16n cua cing mot
khudn mat. C6 thé liét ké ra day cac yéu chu yéu anh hudng téi do chinh xac cia
mét hé théng nhan dang mat [2]:
+ Anh séang (light conditions). Céc birc anh mat thu nhan & cac diéu kién sang
khéc nhau s& rat khac nhau va lam giam su chinh xac trong qué trinh nhan dang.
+ Thay d6i vé tudi (aging changes). Khudn mit nguoi ¢ cac thay doi 16n khi
tudi thay doi va khd nhan dang hon ngay ca ddi véi hé thong thi giac caa con

nguoi.
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+ Céc van dé vé hudng (pose variations). Viéc nhan dang véi cac anh c6 goc
chup thang (frontal) c6 két qua tot hon rat nhiéu so véi cac anh dugc chup & goc
nghiéng I6n hon 45°. Giai phap thuong thiy dbi véi cac anh co huéng chup 16n 1a
sir dung cac thuat todn ndi suy dé cé giang bu dap phan khudn mat bi che khuat.

+ Cam xuc (facial expresion variations). O cac trang thai cam xuc khéc nhau,
cac dic diém quan trong cho nhan dang mat (nhu mét, mii, mdm) c6 thé bi bién
dang (deformed) va dan t6i cac két qua nhan dang sai.

+ Che khuat (occlusions). Cac anh mat c6 thé bi che khuat boi cac yéu tb
khach quan nhu vat chin ¢ trugc mat hodc chi quan nhu cac phu kién trén khudn

mit (khan, kinh mat) va 1am cho qué trinh nhan dang b sai.

Cac hé thong nhan dang mat duoc chia thanh hai loai: xac dinh danh tinh
(face identification) va xac thuc (face verification). Bai toan xac dinh danh tinh la
bai toan dang 1-N trong d6 hé thong s& dua ra két qua la danh tinh cua anh duoc
nhan dang dua trén sy twong dong caa anh input véi mot danh sach N anh da biét
danh tinh chinh xac. Trong khi d6, ¢ bai toan xéac thuc danh tinh, hé théng s& dua
ra cu tra 1oi dung hodc sai dya vao viéc xac dinh xem 2 birc anh c6 thugc vé ciing
mot nguoi hay khéng. Trong pham vi ciia dé tai nay, ching toi chi tap trung vao
bai toan xac dinh danh tinh.

2.2.3. Céc céach tiép can cho bai toan nhan dang mit nguoi

Dua vao viéc sur dung cac dac trung cua khuén mat trong khi nhan dang,
cac hé théng nhan dang mat duogc chia thanh hai hudng tiép can chinh: hudng tiép
can toan cuc (global approaches) va huéng tiép can cuc bo (local features-based
approaches) [2]. Cac phuong phap theo hudng tiép can toan cuc s& sir dung cac
dic diém toan cuc cua khudn mat (hinh dang, mau sic, cac dudng nét chinh ...)
trong khi cac hé théng theo cach tiép can dua vao cac dic trung cuc bo sir dung
céc dic diém cuc bo cua khudn mit (cac diém anh, cac chi tiét nhu mat, miii, mom,
16ng may ...) dé nhan dang. Trong s6 cac hé thong nhan dang mit dua trén céc
dic diém toan cuc Eigengaces [3] va Fisherfaces [4] 1a cac hé thdng tiéu biéu nhét.

Eigenfaces str dung phép phan tich thanh phan chinh PCA (Principal Components
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Analysis) dé biéu dién mdi anh mat nhu 1a mét t6 hop tuyén tinh caa cac vector
riéng thu duoc tr phép phén giai ma tran hiép phuong sai duoc tinh tir cac anh
mit sau khi dd chuan héa. Do PCA la mét thuét toan hoc khong c6 giam sat nén
khong tan dung duoc cac théng tin vé 16p khi tap anh huan luyén ¢ nhiéu hon 1
mau cho mdi 16p nén trong Fisherfaces phuong phap phan tich tuyén tinh khac
biét LDA (Linear Discriminant Analysis) da duoc sir dung nham khai thac tét hon
cac théng tin ndy. V& céc hé théng nhan dang mit dua trén cac dic diém cuc bo
thi phuong phap mau nhi phan cuc bo LBP (Local Binary Pattern) [5] va bién doi
s6ng nho Gabor (Gabor wavelets) [6] 1a cac ki thuat dién hinh ding dé trich xuat
cac dic diém cuc bo tir anh mit.

Cac nghién ciru cho thay céc hé thong dua trén céc dac diém cuc bo cho két
qua tot hon cac hé thong theo céch tiép can toan cuc, dac biét 1a khi lam viéc véi
cac anh bi anh huong boi cac diéu kién nhu da dé cap ¢ trén. Mot céch tiép can
khéc 1a két hop ca hai dic trung cuc bo va toan cuc dé nhan dugc mot hé thng lai
ghép (hybrid system) nham dat dwoc hiéu qua cao hon. Hé thong duoc xay dung
trong tai liéu nay dua trén cac dac trung cuc bo.

Vé co ban, mot hé thong nhan dang mat ngudi 1am viéc giong nhu hé thong
thi giac cta con ngudi khi can nhan dang (nhan ra) mot ai o khi nhin vao mét
birc anh. O budc dau tién hé thong can xac dinh xem c6 mat nguoi trong bic anh
input hay khdng, sau d6 néu c6 thi chi viing anh d6 s& duoc quan tam, xi Iy, budc
nay goi la phét hién khudn mat (face detection). Tiép dén, cac dic diém la dac
trung nhat caa khuén mat (gidp phan biét anh mat ngudi nay véi ngudi khéac va
cac anh thudc vé ciing mot ngudi) s& duoc trich chon (extract) dé nhan dang, budc
nay goi la trich chon dic trung (feature extraction). Trong budc tiép theo, goi 1a
nhan dang (recognition), hé théng s& dbi sanh cac dic trung vira nhan duoc Vi
mot kho dir ligu cac dac trung ctia nhitng nguoi da biét rd danh tinh dé xac dinh
xem céc dic trung d6 1a caa khudn mat nay va dua ra két luan vé danh tinh tuong
ng véi khubn mit co ti 1& twong ddng 16n nhat. Ti 18 cac anh nhan dang ding

danh tinh (so véi dit liéu thuc té) trén tong sé anh can nhan dang goi 1a ti 18 nhan
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dang (recognition rate) va duogc dung dé danh gia hiéu ning (d6 chinh xac) cua

mat hé théng nhan dang.

. . MNermalized Gallery images
Aligned image image
Probe image I::I1 f"‘_ A _-;
— - 101110001 —» 1010..01 [
: ; 1 Distance, =0.001 Distance =0.5
) Face L Llp . N Feature . Dimensicn ) Classificati

detection reprocessing ™| axtraction reduction assificaton =+

Identity = Id,

i £

Hinh 2.6 Cac budc trong mét hé thong nhan dang mat.

Trén thuc té, viéc xay dung mot hé théng nhan dang mit s& gém nhiéu bude
chi tiét hon nhu duoc chi ra trong hinh 2.2. Trudc buéc trich chon dic trung, mot
thuat toan tién xir Iy (preprocessing) sé dugc st dung dé thuc hién loc nhidu va
chuan héa cac diéu kién anh sang cua cac bic anh sao cho ching cé cing diéu
kién anh sang nhit cé thé. Tiép do, sau budc trich chon dic trung, mdi anh mit sé
dugc biéu dién dudi dang mot vector dic trung c6 sb chiéu Ion (tir vai nghin cho
t6i hang trim nghin) va chra nhiéu thong tin du thira, khéng can thiét cho qua
trinh nhan dang. Do d6, mot thuat todn hoc s& duoc str dung dé loai bo cac dic
diém du thira va ddng thoi lam ting tinh phan biét (discriminative) cua cac thuoc
tinh dugc gitr lai nham 1am tang hiéu ning cta hé thong veé ca téc do xir ly (do chi
can lam viéc vai céc vector c6 sé chiéu nho hon rat nhiéu) va do chinh xac. Cudi
cling, & budc nhan dang (classification stage), c6 nhiéu thuat toan cé thé st dung,
chang han nhu bo phan 16p k-lang giéng gan nhat (k Nearest Neighbors — k-NN),
SVM (Support Vector Machine) hoac mang noron (neural network).

Do mét hé thong nhan dang mat gdm nhiéu budc nén céc nghién ctu vé
nhan dang mat cling chia thanh cac linh vuc nho hon chi tap trung vao cac phuong

phép dé giai quyét tirng budc trong ca hé théng. Vi thé, mac di da cé nhiéu nghién
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ctru V& nhan dang mit, song viéc xay dung hoan chinh mét hé théng hoan toan ty
dong tir bude dau tién téi cudi cling van con chua nhiéu.
2.3. Phwong phap mé ta dac trung Histogram of Oriented Gradient (HOG).
Céc dic trung HOG [7] ban dau duoc thiét ké dé phét hién nguoi (human
detection) trong dir liéu anh nhung sau d6 dugc mo rong va dugc su dung rong rai
cho cac bai toan phét hién ddi tuong néi chung (object detection). Phuong phap HOG
dua trén viéc dém sé lan xuat hién cia cac hudng dao ham (gradient orientation)

trong cac vung cuc bd cia anh.

Ban chat ciia phuong phap HOG 1a cac thong tin vé hinh dang va vé bé ngoai
cua cac doi tugng cuc bo trong anh cé thé duoc mo ta bang cach sir dung thong tin
vé su phan bé cua cac cuong do gradient (intensity gradients) hoic cua cac hudng
bién (edge directions). Cac toan tir HOG duoc cai dat bang cach chia nho mot buc
anh thanh cac vung con duoc goi 1a cac “té bao” (cells) va véi mdi cell d6 mot
histogram vé cac huéng cua gradients s& dugc tinh cho cac diém nam trong cell.
Ghép cac histogram nay lai ta s& c6 mét biéu dién cho buc anh ban dau. Pé ting
cuong hiéu nang nhan dang, cac histogram cuc bo c6 thé duoc chuan héa vé do
tuong phan bang cach tinh mot ngudng cudng do trong mot viing Ién hon cua anh,
goi 1 cac khdi (blocks) va sir dung gia tri ngudng d6 dé chuan hda tat ca cac cell
trong khéi. Két qua cua budc chuan hda nay la vector dic trung sé co tinh bat bién
cao hon ddi véi cac thay doi vé diéu kién anh sang.

Céc budc co ban cua viéc tinh mot vector HOG cho mét anh gom c¢d: Tinh
gradient, gan hudng vao cac viing gié tri khac nhau, tinh histogram cua cac khéi va
cudi cung la chuan hoa céc khéi.

Tinh gradient: Pay 1a budc dau tién trong phuong phap HOG va thuong
duoc thuc hién bang hai phép nhan chap anh géc véi 2 nhan 1 chiéu twong tng véi

C4c todn tir Iay dao ham anh theo hai huéng Ox va Oy, cu thé Ia:

D«=[-101]vaDy=[10-1]",
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trong d6 T 1a ky hiéu cia phép chuyén vi matran.

Va&i mot anh input |, ta s€ ¢6 2 anh dao ham riéng theo 2 hudng duogc tinh

bang cac cong thic: Ix = 1*Dy va ly = I*Dy.

Thanh phan cuong d6 (magnitude) va hudng (orientation) sé duoc tinh theo
céc cong thic: |G| = sqrt (Ix 2 + Iy 2) va 6=arctan (ly, ly. Vi du vé két qua caa phép
Iy dao ham c6 thé xem & hinh 2.3.

Géan huwéng: Sau khi tinh dao ham, ta c6 thanh phan hudng ¢ cac diém anh
trong mdi cell cia anh input. Cac gia tri huéng nay duogc chia thanh cac ving
huéng déu nhau trong khoang tir 0 t&i 360°. Theo cac tac gia cua HOG, thi 9 viing
chia cho két qua tét nhat dbi véi cac bai toan nhan dang. C6 nghia 1a cac gia tri

hudng nam trong khoang [0, 360/9) s& duoc gan bang 1 (coi la nhu nhau), cac gia tri

Hinh 2.7 Anh input va hai ¢dao ham cua no.
huéng trong khoang [360/9, 2*360/9) s& dwoc gan bang 2, van van. Sau d6
histogram caa mai cell s& dugc tinh doc 14p.

Tinh histogram caa cac khéi: Bé dap ng tot hon vai cac thay doi vé diéu
kién anh sang va do tuong phan, cac gia tri gradient can phai duoc chuan hoéa cuc
bo, diéu nay doi hoi viéc nhoém céc cell thanh cac ving lién két khong gian véi
nhau goi 1a cac khdi. Vector HOG do dé s& l1a tong hop cac histogram cua céc cell

da duoc chuan hoéa tir tit ca cac khdi. Cac khdi s& dugc chia va khong tach biét
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nhau, noi cach khac mdi cell s& dong gop thong tin vé cac hudng (tai cac diém anh
ctia n6) nhiéu hon 1 1an.

Dé tinh toan vector dic trung cho ting 6 (cell), ching ta can chia hinh anh
thanh céac block, mdi block lai chia déu thanh céc cell. Dé xac dinh dugc s6 block,

chlng ta sé sur dung cdng thurc sau:

_(Wimage—Wblock+xWcell Himage—Hblock*Hcell
nblock_image_( Wweell ) * ( Heell +1) (24)

Wimage, Whlock, Wcell: lan luot 1a chiéu rong cua anh, block va cell
Himage, Hblock, Hcell: lan luot 14 chiéu dai cua anh, block va cell
Sau khi x4c dinh s6 block va kich thuéc méi block, cell, ¢ tinh toan vector
dic trung cho ting cell, chling ta can:
e Chia khong gian huéng thanh p bin (s6 chiéu vector dic trung cuia o)
e Roi rac hoa goc hudng nghiéng tai mdi diém anh vao trong cac bin.
Gia str goc hudng nghiéng tai pixel ¢ vi tri (x, y) ¢6 do lon la alpha (x, y):
e Truong hop roi rac hdéa unsigned-HOG véip =9
Bx.y) :round(@)mod p (2.5)
e Truong hop roi rac hoa signed-HOG véip =18
Bx.y) :round(%)mod p (2.6)
Gia tri bin duoc dinh lwong bai tong cuong d6 bién thién caa cac pixels thudc
vé bin d6. Sau khi tinh toan dic trung 6, ta s& ndi cac vector dic trung 6 dé thu
duogc vector dic trung khoi. SO chiéu vector dic trung khdi tinh theo cong thic:
SiZ€p1ock = M * Siz€ ey (2.7)
n: s6 6 (cell) trong mét khéi (block)
sizegqy 12 56 chiéu cua vector dic trung 6 (size ;= 9 Néu st dung unsigned-

HOG va size_,;=18 néu st dung signed-HOG)
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Chuin hoa khdi: C6 nhiéu phuong phép c6 thé dugc dung cho viéc chuan
hoa khéi. Goi v 1a vector can chuan hoa chira tat ca cac histogram cia mot khoi,
|Ivk/| 1& gia tri chuan cua no theo cac chuan k=1, 2 va e 1a mot hang sé nho, khi d6

c4c gia tri chuan hoa c6 thé tinh bang 1 trong cac cong thirc sau:

L2—norm: f = —v (2.8)
M +€
v
L1-norm: f = —— (2.9)
vl +e
v
Ll1-sqrt: f = (2.10)
vl +e

Hinh 2.8 Mét anh sau khi trich chon dac trung HOG

2.4. Support vector machine (SVM)
SVM la mot phuong phap hoc cé giam st trong cac md hinh nhan dang mau.

N6 khdng chi hoat dong tét vai cac dit liéu duoc phan tach tuyén tinh ma con tét
Vi ca dit lieu phan tach phi tuyén. Véi nhiéu bai toan, SVM mang lai két qua tét
nhu mang no-ron véi hiéu qua sir dung tai nguyén tét hon han.
Y tudng cua SVM 1a di tim siéu mit phang dé phan tach cach diém dir liéu.
Trong khéng gian nhiéu chiéu, khoang céch tr mot diém (vector) cé toa
d6 x, t6i siéu mat phang (hyperplane) co6 phuong trinh w”x +b = 0 duge xac dinh
|[wTxq+D]

boi: _— 211
Wil (211)
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Vi ||w]]|, 1a do 16n cua vector w tinh theo norm 2.
Khi d6 ddu cua ham udc lugng sé& thé hién dugc diém dix liéu X nam ¢ cum di
liéu nao (H)
H={x » sgn (w'x +b) ; we RY,b € R} (2.12)
SVM c6 vai trd di tim duong phan chia dir liéu tét nhat va chi duy nhat 1
duong thang thoa man luat cia SVM, 1a khoang cach tir dudng thang d6 dén diém
gan nhat caa mdi 16p dit liéu (margin) 13 nhu nhau va 16n nhat. Thuat toan di tim
siéu mat phang théng qua cac budc tinh todn phuc tap, muc dich ti wu hoa khoang
cach mat phan chia dit liéu. Tir d6, tim ra duoc mot bo phan 16p chinh xac va téi vu

nhat.

Hinh 2.9 SVM tim mat phang phan chia dix liéu (ing véi margin Ion nhat

Phat hién mit ngudi véi cac dic trung HOG va SVM: dé phat hién mat
ngudi Véi cac dic trung HOG va SVM ta tién hanh cac bude nhu sau:

Bwéc 1: Chuan bi P mau I1a anh miat ngudi va trich xuat cac vector dic trung

HOG tur cac buc anh nay.

Budéc 2: Chuan bi N mau khong phai 1a anh mat nguoi (N rat 16n so véi P) va
trich xuat cac vector HOG tir c4c anh nay.

Budc 3: Sir dung mot bo phan loai SVM tuyén tinh dé hoc véi céc vector cua
cac mau tich cuc (1a anh mit nguoi) va tiéu cuc (cac anh khong phai mit nguoi) da

chuén bi.
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Budc 4: Di v6i mdi bire anh trong bé anh tiéu cuc, sir dung mét cira so truot
di chuyén qua tat ca cac vi tri c6 thé cua anh input. Tai mdi vi tri caa cta s6 truot,
tinh vector HOG cua ctra s6 va dura vao bo phan 16p. Néu bo phan 16p phan 16p sai
mét cira s6 1a anh mat thi ghi lai vector tuong tng cling véi xac suat phan 16p.

Budéc 5: LAy cac mau nhan dang sai & budc 4 va siap xép ching theo muc xéac
suat nhan dang sai va cho bo phan 16p hoc lai sir dung cac mAau sai nay.

Budéc 6: Ap dung bo phan 16p da duoc hoc lai voi cac anh can phat hién mat

nguoi.

Hinh 2.10 Anh input va két qua phat hién va cin chinh anh mat véi HOG va SVM.

Trong dé tai nay, toan bo phan phat hién mat nguoi st dung cac dir liéu phan
l6p da duoc hoc trude dugc cung cap boi thu vien dlib. Két qua caa budc nay co

thé xem & cac hinh 2.10.

2.5. Phan tich diém dic trung trén khuén mit nguoi - Facial Landmark
Xac dinh facial landmark la mot bai todn con cua bai toan du doan hinh dang

(shape prediction). Vay bai todn dy doan hinh dang 1a gi? D¢ chinh la viéc chung ta
phai xac dinh duoc nhimg diém chinh tao nén hinh dang caa ddi twong trong mot
btrc anh. Trong bai toan xac dinh facial landmark, chung ta sé phai xac dinh duoc
nhitng diém chinh trong bac anh tao nén hinh dang khuén mat nguoi. Facial
landmark 1a dAu vao cho nhiéu bai toan khac nhu dy dodn tu thé dau, trao doi
khubn mat, phat hién nhay mat, xoay chinh lai khuén mat va dién hinh 1a céng

nghé¢ nhan dang khudn mat FacelD dugc Apple trang bi trén iphone X.
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Hinh 2.11 68 diém dic trung trén khuén mat nguoi
Viéc xac dinh facial landmark gom c6 hai buéc:
Buwéc 1: Xac dinh duoc vi tri khudn mat trong buc anh

Viéc xac dinh vi tri khuén mit c6 thé duoc thuc hién bang nhiéu cach tir don
gian nhu thuat todn Haar cascades dén phirc tap nhu cac thuat toan dya trén deep-
learning, muc dich cudi cing 14 ta s& thu dugc mdt ving xac dinh boi toa do (X,y)

bao quanh khudn mat trong birc anh.

Hinh 2.12 X4c dinh mit ngudi trong tim anh
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Buoc 2: Xac dinh facial landmark

Sau khi xac dinh duoc khudn mit trong bic anh, ching ta s& xac dinh cau
tric cua khudn mat. Co rat nhiéu kiéu cau trac khudn mit khac nhau nhung vé co
ban, chling ta s& phai xac dinh duoc nhitng phan sau:

e Miéng

Long may phai - Long may tréi
M3t phai - Mt tréi
e Miii

e Ham

-

Hinh 2.13 Xéc dinh 68 diém dic trung trén khudn mit ding OpenCV

2.6. Tilé nhim mé mat — Eyes Aspect Ratio (EAR)
MJi mat dugc biéu thi bang 6 diém (x, y) theo thir ty bat dau tir goc tréi cua
mat va sap xép theo chiéu kim dong hd thanh cac diém pl, p2, p3, p4, p5, p6 nhu

hinh bén dudi:

Hinh 2.14 Cac diém xac dinh vj tri mat
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Cong thic tinh ti 1é nhim mé mat:

EAR:||p2_p6||+||p3_p5” (213)
2|[p, - pi|

Trong d6 p1,..., p6 la céc vi tri mdc 2D trén khudn mt.

025
0.2
0.15
0.1
0.05

1 1 1 1 1 1 -

T
-

c)
Hinh 2.15 Xéc dinh vi tri viing mét trén khuén mat va d6 thi thoi gian nhim mé mit.
* Khi mat mo binh thudng nhu hinh a) thi theo cong thuc trén ti 1& nham mo
mat (EAR) s& 16n vi khoang céch giita p2-p6 ciing nhu p3-p5 I6n, trong khi khoang
cach giita p1-p4 gan nhu khéng d6i véi mot méat nguoi cu thé. Tuy nhién, khi

ngudi d6 chdp mit (nhu trong hinh b) thi ty 1& giam dang ké, gan nhu bang khdng.

* Po thi bén dudi biéu dién ti 16 nhim mé mat theo thoi gian trong 1 video
clip. Ban dau khi mo mat, ti 1é nay duy tri sap xi 1a 0.25, sau d6 nhanh chong giam
xudng gan bang khéng, roi tang trd lai, cho thay mot 1an chép mét vira dién ra.

+ Tinh toan d6 mod cua mat tai xé bang phuong phap Eyes Aspect Ratio

(EAR), x4c dinh thoi gian nhdm mét, dua ra trang thai nga gat.
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2.7. Mang neural nhan tao
2.7.1. Khai niém chung

Mang neural nhan tao, Artificial Neural Network (ANN) goi tit 14 mang
neural, neural network, Ia mét mé hinh xtr ly théng tin phong theo cach thac xir ly
thong tin cua cac hé neural sinh hoc. N6 duoc tao 18n tir mét sé lwong 16n cac phan
tir (goi 1a phan tir xir Iy hay neural) két ndi vai nhau thdng qua cac lién két (goi 1a
trong s lién két) 1am viéc nhu mot thé théng nhat dé giai quyét mot van dé cu thé
nao do.

Mot mang neural nhan tao dugc cau hinh cho mét tng dung cu thé (nhan
dang mau, phan loai dit liéu, ...) thdng qua mot qué trinh hoc tir tap cac mau huan
luyén. V& ban chat hoc chinh 1a qué trinh hiéu chinh trong sé lién két gitta céac

neural.

Cac nghién citu vé mang than kinh nhan tao da bat dau tir thap nién 1940.
Niam 1944, McCulloch va Pitts cong bd cong trinh nghién ctru vé lién két cua cac té
bao than kinh. Nam 1949, Hebb cong b vé tinh thich nghi caa mang than kinh.
Cudi nhitng nim 1950, Rosenblatt dwa ra mang Perceptron. Nam 1985 mang

Hopfield ra doi va sau d6 1a mang lan truyén nguoc.

Tir cudi thap nién 80, dau thap nién 90 dén nay, mang neural di khing dinh

dugc vi tri cia minh trong nhiéu tng dung khac nhau:

- Linh vwc hang khéng, vii tru: tng dung trong ky thuat thiét ké may bay
khong ngudi 1ai, mé phong dudng bay, hé thong diéu khién may bay, nang cao kha
nang bay ty dong, tim kiém I8i, hu hong trong may bay, mé hinh héa cac bo phan
cua may bay.

- Ngan hang: kiém tra thé tin dung, dinh gia do tin cay cia dau tu

- Trong hinh sy phat hién va so sanh dau van tay, nhan biét tiéng noi.

- Quac phong: diéu khién tén lia, cac thiét bi bay, hé thong dinh vi nhu sonar,

radar, cac loai cam bién mai.
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- Linh viee dién: du bao phu tai, ché tao chip trong cac mach tich hop, chip
phan tich, phuong phap diéu khién dong co.

- Trong y hoc: phan tich va phat hién té bao ung thu, luu giit thoi gian nam va
ra vién cua bénh nhan.

- Trong san xuat: kiém tra theo d&i qua trinh san xuat, thir nghiém phan tich,
phan loai san pham, dy bao, 1&n ké hoach va diéu khién qua trinh san xuat.
2.7.1.1. Uu diém ‘ q

e Co0 kha nang tu thich nghi, tu hoc cao bang cach tu t6 chuc lai mang ludi.

e Tong quét quéa thanh quy luat tir tap dit liu dé xay dung hé théng luat
dung cho cac phuong phép khéc.

e Phu hop vai dang dix liéu sd, c6 tinh lién tuc.

2.7.1.2. Nhwoe diém
e Mang chi c6 thé lam viéc véi nhitng dit liéu so.

e Dé mang dat hiéu qua cao can phai cé dir liéu mau du Ion (gom tat ca cac
mau dic trung).

e Mang chi c0 tinh ngi suy, kha nang ngoai suy kém.

e Mang khong thé dua ra co ché giai thich.

e  Céc giai thuat hoc ctia mang chua dam bao hdi tu can thiét.

2.7.2. Mang noron va mang noron lan truyén ngwoc
2.7.2.1. Gidi thigu vé mang Noron

Dic diém bo ndo nguai : hé xir ly thong tin phic tap, phi tuyén va song song,
¢ kha nang hoc, ghi nhé, tong quat hoa, xir ly 16i va c6 khoang 10! té bao than
Kinh.

Té bao than kinh sinh hoc gdom : dau day than kinh, than té bao, soi than kinh.

Té bao than kinh nhan tao : duoc biét nhu 1a mé hinh toan hoc don gian cua
b ndo con nguoi.

Dic diém : Can duoc huan luyén trude khi sir dung, cac nghién ctu vé linh
vuc nay bat tir 1940. Hién nay c6 rat nhiéu mang va céc thuat toan huin luyén

tuong tng dugc cdng bd dé giai quyét cac bai toan khac nhau.
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Mang than kinh nhan tao : N6 bao gém céc té bao than kinh két ndi véi nhau
bai cac lién két, mdi lién két kém theo mét trong sd. Cac vecto tin hiéu ngd vao va

vecto trong s6 cua té bao than kinh.

Ta c6 thé dinh nghia nhu sau : Mang noron (than kinh) nhan tao, Avrtificial
Neural Network (ANN) la mot mé hinh xt ly thong tin phong theo cach thuc xir ly
thong tin cua cac hé noron sinh hoc. N6 duoc tao nén tir mot sé lwong 16n cac phan
tr (noron) két ndi véi nhau thdng qua céac lién két (trong sb lién két) 1am viéc nhu
mot thé thong nhat dé giai quyét mot van dé cy thé nao d6. Mot mang noron nhan
tao duoc cau hinh cho mot tng dung cu thé (nhan dang mau, phan loai dit liéu, ...)
théng qua maot qua trinh hoc tir tap cAc mau huan luyén. Vé ban chét hoc chinh 1a

qué trinh hiéu chinh trong s lién két gitra cac noron.

() ()

Hinh 2.16: Mang than kinh nhan tao

Céc thanh phan co ban ciia mdt noron nhén tao bao gom:

— Tap cac dau vao: la c4c tin hiéu vao cua noron, cac tin hiéu nay thudng duoc
dwa vao dudi dang mot vector N chiéu.

— Tap céc lién két: mdi lién két duoc thé hién bai mot trong sé lién két —
Synaptic weight. Trong s6 lién két giira tin hiéu vao th j véi noron k thudng dugc ki
hiéu 12 Wij. Thong thuong, cac trong s6 nay duoc khéi tao mot cach ngau nhién &

thoi diém khai tao mang va dugc cap nhat lién tuc trong qué trinh hoc mang.
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— B6 téng (Summing function): thuong dung dé tinh tong cua tich cac dau vao

Véi trong s6 lién két cua né.

— Ngudng (con goi la mot do léch - bias): ngudng nay thuong dugc dua vao

nhd mot thanh phan caa ham truyén.

— Ham truyén (Transfer function): ham nay dwoc ding dé gisi han pham vi dau

ra cia mdi noron. N6 nhén dau vao 1a két qua cua ham tong va ngudng.

— PAu ra: 1a tin hiéu dau ra cia mot noron, véi mdi noron s& ¢é tdi da 1a mot

dau ra.

— Xét vé mat toan hoc, cau triic caa mot noron k, dugc mé ta bang biéu thic

Sau.

Ham xu ly ngd vao:

Ham tuyén tinh:
f=net = wx,)-6=W'X-0 (26)
=1

Ham toan phuong:

f =net=0> w,x;*)-6, (27)
-1
Ham cau:
f =net= (pizz(wij - Xij)z) —6,=p (X -W) (X -W)-6 (28)
=
Ham xu ly ngd ra_ Ham kich hoat: Y = a(f), bao gom:
Ham nac.
Ham dau.

Ham tuyén tinh.
Ham déc bo hoa.
Ham tuyén tinh bdo hoa.

Ham dang S.
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Threshold Linear

> >
Gaussian Sigmoid

Hinh 2.17 M6t s6 ham tac dong.

2.7.3. Mot s6 kiéu mang noron
2.7.3.1. Mang truyén thang mét lép

Hinh 2.18 Mang truyén thang mét 16p.

La mang chi gom mét 16p té bao than kinh xu ly. Tin hiéu chi truyén theo mot

chiéu tir ngd vao dén ngo ra.

2.7.3.2. Mang truyén thang nhiéu lép

Hinh 2.19 Mang truyén thang nhiéu 16p.

La mang gdm nhiéu 16p té bao than kinh xir ly. Tin hiéu chi truyén theo mot

chiéu tir ngd vao dén ngd ra.
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2.7.3.3. Mang héi quy mgt lép

Hinh 2.20 Mang hoi quy mat 16p.

La mang chi gom mét 1p trong d6 c6 tin hiéu hoi tiép tir ngd ra tro vé ngd

Vao.

2.7.3.4. Mang héi quy nhiéu lép

Hinh 2.21 Mang hdi quy nhiéu I6p.

L& mang gom nhiéu 16p té bao than kinh xi 1y. Trong d6 ¢6 tin hiéu hoi tiép tir

ngd ra tro vé ngd vao.
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2.7.4. Cac phwong phap huian luyén mang than kinh nhan tao

[ Kiéu hoc ]

— T

[ Ht;ucthﬁngsi:u ] [ Hoc cau tric ]

[ Co giam sat ][ Cling co ] [ Khong giam sat ]

Hinh 2.22 Phan loai kiéu hoc.
2.7.4.1. Hoc c6 giam sét
Hoc c6 giam sat: La qua trinh hoc ¢6 sy tham gia giam sat cia mot “thay
gi40”. Ciing gidng nhu viéc ta day mot em nho céc chir cai. Ta dua ra mot chir “a”
va bao véi em d6 rang day 1a chir “a”. Viéc nay duoc thuc hién trén tit ca cac mau

chir cai. Sau d6 khi kiém tra ta s& dua ra mot chir cai bat ki (c6 thé viét hoi khac di)

Y: tin hiéu vao

Trong s6 W ctia mang
than kinh —>

4

va hdi em d6 day la chir gi?

X: tin hiéu vao

>

Tin hiéura
mong muon

BO tao tin hiéu sai :
léch

Tin hiéu
sai 1éch

Hinh 2.23 Hoc c0 giam sat

Nhu vay véi hoc ¢ gidm sét, sé 1op can phan loai da duoc biét trueée. Nhiém
vu cua thuat todn 1a phai xac dinh dugc mot cach thuc phan I6p sao cho voi moi

vector dau vao s& dugc phan loai chinh xéac vao 16p cua no.
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2.7.4.2. Hoc cing co

Hoc cung cb: ddi khi con duoc goi 1a hoc thuong-phat (rewardpenalty
learning), 1 su t6 hop cua ca hai mé hinh trén. Phuong phap nay cu thé nhu sau:
V6i vector ddu vao, quan sat vector dau ra do mang tinh duoc. Néu két qua duoc
xem 13 “tot” thi mang s& duoc thudng theo nghia ting cac trong s6 két ndi lén;

nguoc lai mang s& bi phat, cac trong s6 két ndi khong thich hop s& duoc giam

Z

Trong s0 W cia mang

xuéng.

X: tin hiéu vao Y: tin hiéu vao

> than kinh —>
‘ B tao tin hidu danh TE in hiéu ciing ¢6
Tin hidu gia
danh gia

Hinh 2.24 Hoc cing ¢6

P

Trong so0 W cua mang
than kinh

V4

Hinh 2.25 Hoc khdng giam sat

2.7.4.3. Hoc khong giam sat

X: tin hiéu vao Y: tin hiéu vao

2.8. Ngon ngir 1ap trinh Python.

Python 1a mot ngdn ngir 1ap trinh thdng dich (interpreted), hudng ddi tuwong
(object-oriented), va la mdt ngdn ngir bac cao (high-level) ngit nghia dong (dynamic
semantics). Python hd tro cac module va géi (packages), khuyén khich chuong trinh

module hoa va tai sir dung ma. Trinh théng dich Python va thu vién chuan mé rong
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c6 sin dudi dang ma ngudn hoic dang nhi phan mién phi cho tat ca cac nén tang
chinh va c6 thé duoc phan phdi tu do.

Python da duoc hinh thanh vao cudi nhimg nam 1980, va viéc thuc hién né
vao thang 12 nam 1989 bédi Guido van Rossum taiCentrum Wiskunde &
Informatica (CWI) & Ha Lan nhu 13 mot ké thira cho ngdn ngit ABC (tw lay cam
hitng tir SETL) c6 kha ning xo 1y ngoai 1& va giao tiép véi Hé diéu hanh
Amoeba. Van Rossum la tac gia chinh cua Python, va vai tro trung tdm cua ong
trong viéc quyét dinh huéng phat trién cua Python.

Python 2.0 di dwogc phat hanh vao ngay 16 thang 10 nim 2000 va c6 nhiéu
tinh niang mai, bao gdm bo thu gom réac theo chu ky (cycle-detecting garbage) va hd
trg Unicode. V&i viéc phat hanh nay quéa trinh phat trién da duoc thay d6i va tré nén
minh bach hon va cong déng hau thuin

Python 3.0 dugc phat hanh nam 2008, sau mot thoi gian dai thir nghiém.

Cho téi nam 2017, Python dang c6 phién ban 3.7

Sau diy la cac dic diém caa Python:

Ngit phap don gian, dé doc.

Vira huéng thu tuc (procedural-oriented), vira hudéng d6i tuong (object-
oriented)

Ho trg module va hé trg goi (package)

Xt ly 16i bang ngoai 18 (Exception)

Kiéu di liéu dong & muc cao.

C6 céc bo thu vien chuan va cac module ngoai, dap @ng tat ca cac nhu cau lap
trinh.

C6 kha ning twong tac voi cac module Kkhac viét trén C/C++
(Hoac Java cho Jython, hoac .Net cho IronPython).

C6 thé nhiing vao ung dung nhu mot giao tiép kich ban (scripting interface).

Python dé dang két néi véi céc thanh phan khac:
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Python c6 thé két ndi véi cac ddi twong COM, .NET (Ironpython, Python for
.net), va CORBA, Java... Python ciing duoc hd tro boi Internet Communications
Engine (ICE) va nhiéu cong nghé két ndi khac.

C6 thé viét cac thu vién trén C/C++ dé nhlng vao Python va nguoc lai.

Python 1& ngdn ngi# c6 khd ndng chay trén nhiéu nén tang.

Python c6 cho moi hé diéu hanh: Windows, Linux/Unix, OS/2, Mac, Amiga,
va nhirng hé diéu hanh khac. Tham chi c6 ca nhitng phién ban chay trén .NET, may
40 Java, va dién thoai di dong (Nokia Series 60). Vi cling mot ma nguon sé chay
gidng nhau trén moi nén tang.

Python rdt don gidn va dé hoc

Python c6 cong dong lap trinh rat 16n, hé thong thu vién chuan, va ca cac thu
vién ma nguon ma duoc chia sé trén mang.

Python la ngdn ngsz ma nguon mo

Cai dat Python dung gidy phép ngudn mé nén duoc st dung va phan téi tu do,
ngay ca trong viéc thuwong mai. Gidy phép Python dugc quan ly bai Python
Software Foundation.

2.9. Thuw vién OpenCV va dlib

Dé cai dat hé thong, trong dé tai nay ching téi lya chon ngdn ngit C++ vai bo
cong cu Visual Studio 2015 Update 2 va sir dyung hai thu vién ma nguon mo 1a
OpenCV va dlib.

2.9.1. Thu vién OpenCV

OpenCV (http://opencv.org) 1a mot thu vién ma nguon mé cai dat cac thuat
toan xur ly anh, thi giac may tinh va hoc may. OpenCV duoc viét bang ngon ngi
C/C++ va c6 thé chay trén hau hét cac nén tang phan cang (Intel, Mac, Raspberry Pi
Adruno...) va phan mém (Windows, Mac OS, Linux, iOS, Android). Cac ngon ngit
va cong cu 1ap trinh pho bién nhu Python, Java, Ruby, Matlab, Objective C, ciing co

thé dé dang sir dung OpenCV trong viéc viét va trién khai cac ung dung thuc té.

37
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Hinh 2.26 C4u tric cua thu vién OpenCV

Ban dau thu vién OpenCV do hang Intel phat trién va bao tro (tir nhitng nim
cudi cua thé ky trudc — ban alpha duwoc phat hanh chinh thirc vao thang 2 nim
1999). Sau d6 Intel quyét dinh chuyén OpenCV thanh mét thu vién ma ngudén mé
va tir bo dy 4n nay. Ngay nay OpenCV duoc phét trién va hd tro boi dong dao céc
nha phét trién, cac nha nghién ciru trén toan thé gigi. Mdi ngay lai c6 mot ban va 16i
véi cac thuat todn méi duoc thém vao. Phién ban méi nhat cia OpenCV 1a 3.1 va
cong ty hién dang bao trg cho OpenCV la mét cong ty cia Nga co tén la Itseez.

Muc dich thiét ké cua OpenCV la nham téi cac tng dung thoi gian thuc doi
hoi céc thao tac tinh toan phai hét stc hiéu qua vé tée do thuc hién nén céc ky thuat
t6i uu hoa duogc str dung & tat ca cac mue do: tir viéc tan dung céc kién trac da nhan
cho t6i viéc st dung céc tap 1énh caa CPU mai nhat nhu SSE 2, AVX, AVX 512 ...
OpenCV ciing tan dung cac thu vién l4p trinh song song méi nhat nhuw TBB (Thread
Building Blocks) cua Intel, OpenMP va nén tang CUDA cua Nvidia dé c6 thé triét

dé khai thac céc tai nguyén cia hé théng ma né chay trén.
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Mot muc tiéu quan trong ciia OpenCV I cung cip mét ha tang cac thuat toan
thi giac may tinh c6 giao dién don gian va dé& dang st dung dé co thé trg gilp cho
cac lap trinh vién, cac nha nghién ciru nhanh chong xay dung dugc (hay hién thuc
hoa duge cac y twdong cua ho) cac ung dung thyuc té. Thu vién OpenCV hién di co
tdi hon 500 ham khac nhau trai dai tir cac ham xu ly anh co ban, giao dién, phan
doan anh, trich chon dic trung, hoc may cho téi cac ham hé tro an toan bao mat va
robotics.

Trén thyc té ¢d kha nhiéu cac thu vién thi giac may tinh va xu Iy anh (ma
ngudn mé hoic thuong mai) khac nhung viéc lya chon OpenCV trong dé tai 1a do
cac nguyén nhan sau:

+ OpenCV ¢6 hiéu niang cao. Do duogc téi wu & nhiéu mic va sir dung cac thu
vién tét nhat (TBB va IPP) cua hang Intel nén cac ung dung viét bang OpenCV cho
téc do thyc hién rat nhanh va tan dung dugc hét cac tai nguyén phan cing cia may
tinh (chay song song).

+ OpenCV c6 nhiéu tai liéu hd trg va mot cong dong cac nha phat trién san
sang ho tro cac 16i dong dao (answers.opencv.org). So véi cac thu vién khac, hién
nay sb luong cac sach va tai liéu tham khao viét vé OpenCV chiém wu thé vuot troi
vé s6 luong va chat lugng.

+ CU phap linh hoat va don gian, dé sir dung. O cc phién ban dau tién, mudn
st dung OpenCV, céac nha phat trién phai viét cac doan ma C dai dong va kho nhd.
Nhung hién tai, ci phap cia OpenCV di duoc cai tién rat nhiéu (do hoc tap tur
Matlab). Piéu nay lam giam dang ké cong strc cua céc l1ap trinh vién khi khong can
phai nhé cac cu phap phic tap nhu trudc.

Vé mat cau trdc, OpenCV l1a mot tap hop cac thu vién (xem thém & hinh 3.1),
sau day 1a danh sach céac thu vién cbt 16i:

+ core: thu vién con chira tat ca céac kiéu dix liéu co s va cac ham thuc hién
cac thao tac co so.

+ imgproc: thu vién xir Iy anh chira cac thao tac xu ly anh co ban, chang han

nhu cac phép nhan chap va cac bo loc khéng gian.
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+ highgui: thu vién chira cac ham hd tro giao dién d6 hoa ching han nhu viéc
hién thi cac anh hozc nhan céc dit liéu input don gian.

+ video: thu vién chtra cac ham thuc hién viéc doc dit liéu, ghi dit lidu dbi véi
cac file video.

+ features2d: céc thuat todn phét hién, md ta va di sanh cac diém bat bién
(keypoints).

+ objdetect: thu vién chira cac thuat toan dé phat hién cac ddi twong dic thi
chang han nhu mat nguoi hodc nguoi di bd. Chiing ta cling ¢ thé sir dung thu vién
nay dé xay dung cac bo huan luyén dé phat hién cac dbi twong khac trong cac wng
dung cu thé.

+ ml: thu vién cac thuat toan hoc may duoc cai dat dé c6 thé lam viéc mot
cach linh hoat va hiéu qua véi cac kiéu di liéu cia OpenCV.

+ gpu: chira cac cai dat st dung nén tang CUDA cua Nvidia dé tan dung suc
manh cua cac chip d6 hoa GPU nhim tang téc d6 thuc hién cho cac thuat toan doi
hoi s6 thao tac xir Iy lon.

+ nonfree: chira cai dit caa céc thuat toan duoc bao vé bai cac bang sang ché
hodc c6 cac diéu kién han ché trong cac tinh huéng st dung cu thé (mién phi cho
cac ing dung gido duc va nghién ciru nhung phai tra phi cho cac rng dung mang
tinh thwong mai, chang han nhu thuét toan SIFT hoic SURF).

+ contrib: chira cac cai dat cua cac thuat todn méi nhat, dang dua xem xét dé
chinh thirc dua vao OpenCV.

+ ocl: 1a mot thu vién méi chira cai dat cua céc thuat toan sir dung nén tang
OpenCL nham khai thac cac kién tric khong dong nhat cia hé théng phan cing
trong cé4c thao tac tinh toén doi hoi sé phép tinh rat 1n.

Trong dé tai nay, OpenCV duoc st dung cho céc thao xtr Iy anh co ban duoc
thuc hién trén cac dbi twgng ma tran diém anh cua I6p Mat (Matrix) nhu load thu
muc anh, mg anh, load video, xem video, cat hinh anh, chuyén d6i anh va tham gia

vao mét s chirc ning trong qua trinh dao tao md hinh nhan dang.
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2.9.2. Thwvién dlib

Classification Data Transformations

Qﬁb C++ Library

Machine Learning Guide

Structured Prediction

Hinh 2.27 Cau trdc caa thu vién dlib.

Ngoai thu vién OpenCV, chidng tdi con st dung dlib (http://dlib.net), mot thu
vién ma ngudn mé khéc cho viée cai dat hé thong. Khac voi muc dich ciia OpenCV
la cung cip mot ha tang thuat toan cho céc tng dung xt Iy anh va thi giac may tinh,
dlib dugc thiét ké cho cac wng dung hoc may va tri tué nhan tao véi cac thu vién
con chinh sau:

+ classification: cac ky thuat phan 16p chu yéu dua trén hai phuong phép co s
la KNN va SVM.

+ data transformation: cac thuat toan bién di di liéu nham giam sé chiéu, loai
bo céc dir liéu du thira va ting cuong tinh khac biét (discriminant) cua cac dic diém
duoc gitr lal.

+ clustering: cac ky thuat phan cum.

+ regression: cac ky thuat hoi qui

+ structured prediction: cac thuat toan du doan c6 cau tric

+ Markov Random Fields: cac thuat toan dua trén cac truong Markov ngau
nhién.

Cu thé trong dé& tai nay, phan phét hién va can chinh anh mit nguoi mot cach
tu dong s& duogc cai dat bang cach sir dung thu vién dlib véi dit liéu huan luyén da

duoc cung cap trudc nhu HOG bang SVM, Facial Landmark 68. ..
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Chuong 3: GIAI THUAT

3.1. So d6 khéi hé thong.

f------------l " N N D N R R — l Y " R NN NN NN N N N NN N N NN R NN NN R NN R D D — -I
| | ¥ |
! o i | | Button E
1 1 1
I I by !
a B o |
1
| P ' LED ]
| L ¥ | g |
] P i Arduino Hzzer :
E : E Raspberry _H—} Nano !
' | Camera ~—| Pi3 ' )
i . | | ModelB+ | 1 | > Relay | |
: | s :
[ I Iy I
: P 5 =
| L : | Speaker i
1
S N R .
Input devices Processor Actuator

Hinh 3.1 So d6 khéi hé théng
Theo nhu hinh 3.1, thiét bi canh b4o budn nga gat dugc thiét ké vai cac board
mach va linh kién dién tir sau: Raspberry Pi 3 Model B+, Arduino Nano, Camera
Logitech C170, Mach Relay SSR, LED, Button.

Chuong trinh Raspberry Pi 3 c¢6 nhiém vu thu thap tin hiéu hinh anh tu
Camera Logitech C170, sau d6 tién hanh phat hién va trich viing khuén mit, phan
tich 68 diém dic trung trén khudn mat va trich xuat ving mat, tinh toan do mé mat,
lwu lai thdng s6 EAR theo thoi gian va két luan trang thai budn ngu bang model da

dugc huan luyén.

Néu tai xé c6 dau hiéu buon ngi, chuong trinh s& phat ra tin hiéu am thanh qua
loa, truyén dir liéu cho board Arduino Nano thdng qua cong Serial.

Khi nhan dugc tin hiéu Serial, chuwong trinh trén Arduino Nano diéu khién bat
deén canh béo, cdi bao hiéu va diéu khién 2 Relay, ta c6 thé dung Relay nay cho

dong co rung ghé hoic may tao do am cho tai xé.
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3.2. So dd tién trinh hé théng phat hién dau hiéu budn ngi.

c Face Detection
dmers HOG + SVM

FA1
_+l;£]L

-

Eyes Aspect Ratio (EAR)  Multi-layer Neural Network

-> >\ e »MM“JVM »
\ / DROWSINESS
Image 68 Facial Landmarks EAR Sequence

Hinh 3.2 So d6 tién trinh hé théng

Theo nhu hinh 3.2, tién trinh ctia hé thong dién ra theo cac budc sau:

— Hinh anh sau khi thu thap tir camera s€ théng qua bo nhan dién mat nguoi sir
dung dac trung HOG va SVM.

— Néu xac dinh khuén mit cd trong btc anh, ving mat s& duoc cit ra va tién
hanh phén tich 68 diém dic trung trén khudn mat.

— Sau khi thu dugc cac diém dic trung, ta xac dinh duoc toa do cua hai mat tréi
/ phai.

— T d6 xac dinh duoc ti 1é nham mé mat (EAR).

— Thu lai thong s6 EAR lién tuc theo thoi gian cho dén khi di sé frame (khung
hinh) dit trudc, ta duoc ddy thong so6 EAR theo thoi gian.

— Déy thdng sé EAR nay s& la gia tri diu vao cho mang noron truyén thing
nhiéu 16p, gié tri ¢au ra caa mang noron nay la trang thai budn ngu cua tai xé.

— Néu tai xé c6 diu hiéu budn ngu thi hé thdng s& canh béo.

— Néu tai xé van tinh tao thi diy EAR duoc thu thap lai va tién hanh chu trinh

mai.
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3.3. Luwu @6 chwong trinh phat hién dau hiéu budn ngu.

SG frame lién
tuc <90

MLP Model;
Xoa chudi EAR

Lwu lai gia tri
EAR vao chudi

A 4

Chup anh

Tign x( ly

Nhan dang va trich xuét
ving khudén mat

Trang thai
budn ngli= 1

A 4

Canh bdo tai x&
budn ngd bing loa

v

Xac dinh 68 diém dac
trung trén khudén mat

Truyén dit lieu cho
Arduino qua Serial

| Trich xuat viing mét |

®

STOP
BUTTON

Hinh 3.3 Luu do giai thuat cho chuong trinh Raspberry

- Khi khai dong hé thong chuong trinh Raspberry s& chup anh tir Camera
C170 rbi tién hanh tién xu ly:

+ Chuyén tir anh mau RGB sang anh xam.

+ Giam kich thuéc anh xudng d6 phan giai 320x200 pixel dé téc do tinh toan
nhanh hon, phu hop vai viéc chay thoi gian thuc trén board mach Raspberry Pi 3
Model B+.

+ Can bang histogram theo viing 4x4 cho toan b birc anh.

- Sau d6 chuong trinh s& nhan dang va trich vung khuén mat dung bo nhan
dang duoc huan luyén bang dic trung HOG.

- Néu phat hién dugc khudn mat tai xé, chuong trinh s& xac dinh 68 diém dac
trung trén khuon mat. Tir d6 trich xuat dugc 2 ving mét va tinh do nham m¢ mat
EAR rdi so sanh, néu sé frame (khung hinh) lién tuc < 90 thi luu lai EAR vao chudi

roi quay lai chup anh, cong thém 1 frame. Néu s6 Frame > = 90 tién hanh dy doan
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trang thai budn ngu cua tai xé, néu tai xé co dau hiéu budn ngu thi canh bao dang
budn ngu qua loa ngoai gan vao Raspberry. Dong thoi 12 truyén di lidu qua Arduino
Nano théng qua cong giao tiép Serial véi téc do truyén 1a 115200 bit/s.

Chuong trinh duoc lap di 13p lai cho dén khi nhan ndt tat hé théng.

3.4. Luwu db chwong trinh trén Arduino.

{ start :l

W

Kh&itao cac bign

Co tin higu
Serial
Boctin higu Serial 1'
STOP 5
5 BUTTOM
i &
D (e )

BangRelay

@ I

Hinh 3.4 Luu d6 giai thuat cho chuong trinh Arduino

A

p— ®
Batdén canh bao A

V

Batcoibao higu

Khi cip ngudn, chuong trinh trén Arduino Nano s& khai tao cac bién.
Néu cd tin hiéu truyén dén cong Serial thi Arduino s& doc va giai ma tin hiéu.
Néu chudi doc dugc bit dau bang chudi “warning” thi s& déng Relay , bat dén

canh bao va coi bdo hiéu. Két thuc chuong trinh nay, Arduino s& quay lai va cho
nhan tin hiéu Serial.
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Chuong 4: KET QUA THUC NGHIEM
4.1. Xay dung phan ciéng.
4.1.1. So d6 ndi day phan cirng

Speaker Raspberry Pi 3 Model B+
Q o~ Y

Arduino UnoR3 Ard <-> Button/LED
GND <-> Pin1

6 <> Pin2
7 <> LED
Camera Logitech C170 ’ -
’ Ard <-> Relay
" & 10 <>RXD

11 <>TXD
Vee <> Vee
GND <-> GND

Hinh 4.1 So d6 néi day phan ctng
Bang 4.1: N&i day phan ctng.

Raspberry Pi 3
Audio (Jack 3.5) Loa
USB Camera Logitech C170
Serial Port USB COM Arduino
Arduino Uno R3
GND Button (Pin 1)
6 Button (Pin 2)
7 LED
SSR Relay
10 CH1
11 CH2
VCC VCC
GND GND

4.1.2. Board xw ly trung tam. )
Raspberry Pi (H.4.4) [16] la chiéc may tinh kich thudc nho dugc tich hop

nhiéu phan cang manh mé du kha ning chay hé diéu hanh va cai dat dugc nhiéu
ng dung trén n6, ngoai viéc st dung nhu mot may tinh binh thuong chay hé diéu
hanh Linux hoiac Windows 10 IoT, may con c6 kha ning xuét tin hiéu ra 40 chan
GPIO gilp ban cé thé giao tiép va diéu khién vo sé cac board mach va ngoai vi bén
ngoai dé thuc hién vo sé cac tng dung khac nhau. V&i gia chi vai chuc USD,

Raspberry hién dang 13 mini computer ndi bat nhat hién nay.

46



40 GPI1O

CONG CAMERA

HDMI

Hinh 4.2 Board Raspberry Pi 3 Model B+
Ban dau, t6 chiic Raspberry Pi Foundation phat trién dy an Raspberry voi
muc tiéu chinh la giang day may tinh cho tré em va tao ra mot cdng cu gia ré (chi
vai chyc USD) dé sinh vién nghién ctu hoc tap. Tuy nhién, sau khi xuat hién,
Raspberry Pi duoc cong dong danh gia cao vé tinh tng dung véi phan ctmg duoc hd
trg tot, Pi da nhanh chong phat trién mot cach rong rai. Pi pht hop cho nhiing ng
dung can kha niang xtr Iy manh mé&, da nhiém hoac giai tri va dac biét can chi phi

thap. Hién nay di c6 hang ngan (ng dung da dang duoc cai dat trén Rasberry Pi.

T6 chirc Raspberry Pi Foundation duoc thanh 1ap nam 2009, va cing véi su
gitip d& cua 3 hdng cung cip linh kién dién tr 16n 1A EGOMAN, QSIDA,
SONY phét trién 1én Raspberry Pi. Trén thé gigi, ban c6 thé tim mua tai nhiing nha
phan phéi ciia hing nhu EGOMAN, ELEMENT14 hoic RS Component.

Phién ban Raspberry Pi dau tién dugc phat hanh thang 2 nam 2012, va téi
nay da c6 nhiéu phién ban khéc nhau, véi sy nang cip cua phan cing, ciing nhu
huéng t6i nhitng muc tiéu khac nhau. Phién ban theo tht tu ra mit 1a: Pi A — Pi
A+ — Pil1B — Pi 1B+ — Pi 2B — Pi Zero — Pi 3B - Pi 3B+
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Bang 4.2: Thong sé ki thudt chinh cia Raspberry Pi 3 Model B+

Raspberry Pi 3 Model B+
Vixe Iy Broadcom BCM2837, ARMv8
(64bit) quad-core
Broadcom VideoCore IV,
GPU OpenGL ES 2.0, OpenVG
1080p60 , 400 MHz
Toc do xu ly 1.4 Ghz
Power Ratings 800mA, 5V

RAM (chia sé véi GPU)

1GB LPDDR2 (900Mhz)

Bo nho Micro SD
GPIO 40
4xUSB 2.0
10/100mb Ethernet
Két ndi wifi 802.11 n
Bluetooth 4.1
CSl, DSl
Video & audio 1080p HDMI, stero
audio 3.5mm jack
Kich thuéc 85x56mm

Cai h¢ diéu hanh cho Raspberry:

Raspberry hoat dong nhu mdt may tinh thu nhd, do vay can cai dit hé dicu

hanh va cac thu vién can thiét dé Raspberry dap ting yéu ciu cta hé thong.

Thiét bi can thiét dé cai dat:

Thé SD dung lugng 32GB

May tinh ca nhan
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e Cép két ndi HDMI
e Ban phim
e Man hinh két nbi HDMI
Céc budc cai dat hé diéu hanh cho Raspberry Pi:
e Tai hé diéu hanh trén mdy tinh c4 nhan trén duong dan:
https://www.raspberrypi.org/downloads/raspbian/

@ DOWNLOADS COMMUNITY HELP FORUMS EDUCATION Q

Raspbian comes pre-installed with p
and general use. It has Python, Scratch, Sonic Pi, Java, Mathematica and more.

1ty of software for education, programming

The Raspbian with Desktop image contained in the ZIP archive is over 4GB in size,
which means that these archives use features which are not supported by older
unzip tools on some platforms. If you find that the download appears to be corrupt

or the file is not unzipping correctly, please try using 7Zip (Windows) or The
Jnarchiver (Macintosh). Both are free of charge and have been tested 10 unzip the
image correctly.

RASPBIAN STRETCH WITH RASPBIAN STRETCH LITE
DESKTOP Minimal image based on Debian Stretch

(D Image with desktop based on Debian Stretch (D

[ Downioad Torrent | [ Downioad 2P

£70072 22623 c44 60 Ide62 2026152969 2¢066 74926 343361 340¢

235832814£2a516315abecTdsadEseId35e2 6703

Hinh 4.3 Hé diéu hanh Raspian trén trang cha Raspberry Pi

Gidi nén va cai hé diéu hanh vao thé SD: Tai phan mém Win32 Disk

Imager va cai dat. Khi cai dit xong. Chiing ta md phan mém, chon dudng din dén

file chira hé diéu hanh Raspbian Stretch va chon Write. Chd bao hoan thanh 1 da

xong budc cai hé diéu hanh vao thé nhé.

B NetBSD Disk Image Tool X

Filesystem image:

IE-'-\FIHJA.L PROACAI DATA2017-11-29-raspbian-stretch.img I I g 7

Program messages:

Calculating hashes...

Target: IH. |: Generic Mass-Storage [14.83 GByte] Jl ‘Write to dis !l

Hinh 4.4 Phan mém Win32 Disk Imager
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e Cim thé nhé vao khe thé nhd cta Raspberry.
e Cim ngudn va két n6i HDMI Raspberry véi man hinh.
Cai dat cac thu vién can thiét cho Raspberry: Poi véi dé tai, co mot sb thu

vién can thiét cho viéc xir Iy hinh anh ciing nhu tinh toan. 2 thu vién quan trong sau:

e OpenCV: gb 1énh sudo apt-get install libopencv-dev python3-opencv

trén terminal ciia Raspberry Pi.

e Dlib: g0 Iénh pip install dlib trén terminal cua Raspberry Pi.
4.1.3. Board diéu khién — Board Arduino Nano.

La mot board mach vi xu ly, phan ctiing bao gdom mét board mach ngudn mé
dugc thiét ké trén nén tang vi xir ly AVR Atmel 8bit, hoic ARM Atmel 32-bit.
Nhitng Model hién tai duoc trang bi gém 1 cong giao tiép USB, 6 chan dau vao
analog, 14 chan 1/0 k¥ thuat sé twong thich véi nhiéu board mé rong khac nhau.
Cho phép nguoi dung viét cac chuong trinh cho Aduino bang ngdn ngir C hoic

C++.

Atmega328 Digital Pins ‘ <

‘Boué?o&s 9?% “““i

4

Mini - USB Jack = "’\\\\ RX LED (Red)
s Power (Blue)

Analog : . ST 5yt

Reference L 50 nsJT GNEUUIN

) I | GND
Analog Input Pins 5V ST Vin

3.3V Output

Reset Button

Hinh 4.5 So 6 Arduino Nano
Mot mach Arduino bao gom maot vi diéu khién AVR véi nhiéu linh kién bd
sung gitp dé dang lap trinh va cé thé mé rong véi cac mach khac. Mot khia canh
quan trong cua Arduino 1 cac két ndi tidu chuan cua né, cho phép ngudi dung két
ndi véi CPU cua board véi cac module thém vao cé thé dé dang chuyén doi, duoc
goi la shield. Vai shield truyén théng véi board Arduino truc tiép thdng qua cac

chan khach nhau, nhung nhiéu shield dugc dinh dia chi thong qua serial bus I2C-
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nhiéu shield c6 thé duoc xép chong va sir dung dudi dang song song. Arduino chinh
thare thuong st dung cac dong chip megaAVR, dac biét 1a ATmega8, ATmegal68,
ATmega328, ATmegal280, va ATmega2560. Mot vai cac bo vi xir 1y khac cling

dugc st dung bai cdc mach Aquino tuong thich.

Hau hét cac mach gédm mét bo diéu chinh tuyén tinh 5V va mot thach anh dao
do6ng 16 MHz (hoic bd cong husng ceramic trong mot vai bién thé); mic du mot
vai thiét ké nhu LilyPad chay tai 8 MHz va b6 qua bo diéu chinh dién &p onboard
do han ché vé kich c& thiét bi. Mot vi diéu khién Arduino ciing c6 thé duoc 1ap trinh
san vai mot boot loader cho phép don gian 1a upload chuong trinh vao b nhé flash
on-chip, so Vi cac thiét bi khac thuong phai can mot b nap bén ngoai. Piéu nay
gilp cho viéc st dung Arduino duoc truc tiép hon bang cach cho phép sir dung 1

may tinh goc nhu 13 mot bo nap chuong trinh.

Theo nguyeén tac, khi sir dung ngan xép phan mém Arduino, tat ca cac board
duoc 1ap trinh théng qua mot két ndi RS-232, nhung cach thuc thuc hién lai tly
thudc vao doi phan cing. Céac board Serial Arduino c6 chira mot mach chuyén doi
gitta RS232 sang TTL. Cac board Arduino hién tai dugc 1ap trinh théng qua cong
USB, thuc hién thong qua chip chuyén doi USB-to-serial nhu 1a FTDI FT232. Vai
bién thé, nhu Arduino Mini va Boarduino khong chinh thtc, sit dung mét board
adapter hoic cap ndi USB-to-serial cd thé thao roi duoc, Bluetooth hoic cac
phuong thirc khac. Board Arduino s& dua ra hau hét cac chan 1/0 cua vi diéu khién
dé sir dung cho nhitng mach ngoai. Diecimila, Duemilanove, va bay gio 1a Uno dua
ra 14 chan 1/0 k¥ thuat sd, 6 trong sé d6 c6 thé tao xung PWM (diéu ché do rong
xung) va 6 chan input analog, c6 thé duoc sir dung nhu 13 6 chan I/O sb. Nhiing
chan nay duogc thiét ké nam phia trén mat board, thdng qua céc header cai 0.10-inch
(2.5 mm). Nhiéu shield ung dung plug-in ciing duoc thuong mai hda. Cac board
Arduino Nano, va Arduino-compatible Bare Bones Board va Boarduino cé thé cung

cap cac chan header duc & mit trén ciia board dung dé cam vao céc breadboard.
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4.1.4. Camera Logitech C170.

Hinh 4.6 Camera Logitech C170

Bang 4.3: Thong s6 ki thuat caa Camera Logitech C170

D6 phan giai ti da 720p/30fps
Loai tiéu cu LAy nét cé dinh
Cong nghé thau kinh Tiéu chuan
Micr6 tich hop Pon am
Trudng ngam 58°

bo dai day cép 0,95 m

4.2. Két qua thuc nghiém.
4.2.1. M@ hinh phan cieng thiét bi.

Hinh 4.7 Mat truéc cua thiét bi canh bao budn ngu

52



Hinh 4.8 Thanh phan bén trong cua thiét bi canh béo budn ngi

Hinh 4.8 1a mo hinh “ Thiét bi phat hién canh bao buon nga cho tai x&” ma tac
gia da thyuc hién duoc. Nhu trén hinh, cac phan cing ma nhém di st dung bao gém
: Raspberry Pi 3 Model B+, Arduino Uno R3, Camera Logitech C170, Module SSR
Relay, LED, Button. V&i thiét ké nhu trén, ta c6 mot thiét bi ¢ thé gan va thuc
nghiém tryc tiép trén xe 6td vai kich thudc nho gon chi 10cm x 8cm x 4.5cm ( Dai
x Rong x Cao) va ding nguon 5V 3A cap tir bo sac xe hoi.
4.2.2. Thu thap dir liéu huan luyén

Dir liéu huan luyén mang noron phat hién dau hiéu budn ngu duoc thu tir 25
ngudi trong didu kién anh sang ban ngay, bao géom ddy EAR lién tuc trong 90
khung hinh luc ngudi d6 tinh téo va lic budn nga kém theo nhan (label) cho ting
truong hop.

Trung binh mdi nguoi thu dugc 1000 mAiu, tong cong ta c6 25380 mau khong
¢ du hiéu budn nga va 25020 mau c6 dau hiéu budn nga. C6 thé thay, bo dir lidu
nay di can bang, du tin ciy dé huan luyén mang noron hoc sau. Phan bé cua bo di

liu duoc thé hién trong hinh 4.11.
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EAR_Freq,y =0

o %0 180 270 360 450 540 630 720 B10
Frame
EAR_Freq, y = 1

EAR

0 ] 180 290 360 450 540 630 720 810
Frame

Hinh 4.9 Day EAR lién tuc khi thu dir liéu

EAR Freq,y =0

0 10 20 30 40 50 60 70 80
Frame
EAR Freq,y =1

EAR

0 10 20 30 40 50 60 70 80
Frame

Hinh 4.10 Dy EAR trong 90 khung hinh lién tuc
Tir hinh 4.10, ta thay rang:

- D3y EAR khi tai xé tinh tao (trén), gia tri cia EAR dao dong quanh 0.25 va

giam xudng thap khi tai xé chop mat.

- Day EAR khi tai xé c6 dau hiéu budn nga (duéi), gia tri cia EAR dao dong

quanh 0.2 va khéng thay doi nhiéu, chiing to6 mat ¢ dau hiéu 1o do
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Data Distribution

25000 25020

20000

15000
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10000
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0 1
Hinh 4.11 Phan bé dit liéu huan luyén
Dir liéu sau khi thu thap duoc chia ra 1am 80% (40320 mau) dé train va 20%
(10080 mau) dé test mang noron.
4.2.3. Céu trac mang va téi wu cac thong sé

QLGRS OO 0O Input layer = 90

Hidden layer 1 = 64

Hidden layer 2 = 128

Hidden layer 4 = 64

Hidden layer 5 = 32

Hidden layer 6 = 8

O Output =1

Hinh 4.12 Cau tric mang noron phat hién budn nga
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Hinh 4.12 thé hién ciu tric mang noron phat hién dau hiéu budn ngu gdbm cé:

- 116p dau vao bao gom 90 noron

- 6 16p an véi cac kich thudc lan luot 12 64, 128, 256, 64,32,8

- 2 16p an cudi cung dugc dropout vai ti 18 0.2 nham dam bao cho mang
noron hoc dugc hiéu qua hon, tranh overfitting trong qua trinh huan luyén.

- 116p dau ra mang gia tri trang thai budn ngua 12 0 va 1.

Layer (type) Output Shape Param #
dense 1 (Dense) (None, 64) 5824 o
dense 2 (Dense) (None, 128) 8320
dense 3 (Dense) (None, 256) 33024
dense 4 (Dense) (None, 64) 16448
dense 5 (Dense) (None, 32) 2080
dropout 1 (Dropout) (None, 32) o]

dense 6 (Dense) (None, 8) 264
dropout_2 (Dropout) (None, 8) 8

dense 7 (Dense) (None, 1) 9

Total params: 65,969
Trainable params: 65,969
Non-trainable params: @
Hinh 4.13 Thong sé cia mang noron phat hién budn ngu
Mang noron c6 65,969 parameter dugc huan luyén trén may tinh CPU Core i7,

GPU NVIDIA Gerforce GTX 1080Ti.

4.2.4. Két qua huan luyén mang.
Sau 4.5 gio huan luyén qua hon 5000 epochs, training acuracy dat dugc

98,4%, testing accuracy dat duoc 92,8%.

Két qua dy doan trang thai buon ngu trén 10080 mau testing data duoc trinh
bay trong Confusion Matrix hinh 4.14.

Mang sau khi dugc huan luyén trén may tinh s& dugc nhing sang thiét bi phat
hién budn ngu, cu thé 1a nhung vao may tinh Raspberry Pi 3 Model B+ dé chay thuc

nghiém trong thoi gian thuc.
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Confusion Matrix

4000

3000

True label

- 2000

1000

N ~
Predicted label
accuracy=0.9286; misclass=0.0714

Hinh 4.14 Confusion Matrix

4.2.5. Két qua thyc nghi¢m trén h¢ thong. o
Thiét 1ap hé thong: Co dinh camera, thay doi khodng cach tir camera dén ghé

ngoi tai xé, thay d6i goc quét cta camera.

Mo ta cach thuc hoat dong ctua hé théng:

+ Khi khoi dong hé théng, camera sé tién hanh ghi hinh, néu nhan ra c6 khuén
mat tai xé trong 15 frames lién tuc thi phat ra doan am thanh: “Welcom to the driver
drowsiness detector” va kich hoat chirc nang phét hién va canh bao budn ngu cho tai
xé.

+ Néu tai xé c6 dau hiéu budn ngu thi:

- Bén canh bao hoat dong: dén led mau do s€ sang.

- Canh béo bang giong noi: “Warning! The driver is sleepy!”

- Coi bao hiéu s& bao dé danh thirc tai xé.

+ Trong qua trinh 14i xe, néu tai xé khong nhin vé phia trudc trong 15 frame
lién tyc thi hé thong s& phat 4m thanh: “Please look ahead!” nhac nhé tai xé nhin vé
phia trudc khi 141 xe.

+ Khi tai xé roi khoi vi tri 1ai va hé thong phat hién khong c6 khudén mat tai xé
trong 150 frame lién tyuc thi s& tit chirc ning canh bao budn ngl va chd phién lam

viéc tiép theo.
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4.2.5.1. Khi tai xé 6 trang thdi tinh tdo

Khi tai xé ngoi gan, khoang cdch tu tai xé den camera la 60cm.

e) Nhin sang trai 55° d) Nhin sang phai 55°
Hinh 4.15: Thyc nghiém khi tai xé ngdi gan trong trang thai tinh téo

O khang cach 60 cm, thay d6i goc quét camera c6 gia tri tir: -55° dén 55° thi ti
16 mé mat tir 0,234 dén 0,437.
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Khi tai xé ngoi xa, khoang cach giita tai xé den camera la 100cm.

d) Nhin sang trai 55° e) Nhin sang phai 55°
Hinh 4.16: Thuc nghiém khi tai xé ngdi xa trong trang théi tinh tao
O khang cach 100 cm, thay d6i gbc quét camera co gia tri tir: -55° dén 55° thi ti
16 m& mét tir 0,264 dén 0,437. Nhu vay, khi thay doi khang cach tir camera dén vi tri
¢hé ngdi cua tai xé thi sy nhan dang va phén tich ti 16 mé mat thay doi khong dang

ke.
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4.2.5.2. Khi tai xé cé diu hiéu buon ngi

Khi tai xé ngoi gan, khoang cdch tu tai xé den camera la 60cm.

d) Nhin sang trai 55° e) Nhin sang phai 55°
Hinh 4.17: Thuc nghiém khi tai xé ngdi gan trong trang thai budn nga

O khang cach 60 cm, thay d6i goc quét camera c6 gia tri tir: -55° dén 55° thi ti
16 mé mat tir 0,097 dén 0,209.
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Khi tdi xé ngoi xa, khodng cdch tir tai xé dén camera la 100cm.
Thiét 1ap cho hé thdng, khi ti 1é md mat nhé hon 0,22 va nham mat lién tuc 15

frame thi hé thong x4c dinh tai xé dang c6 dau hiéu budn ng.

e) Nhin sang trai 55° d) Nhin sang phai 55°
Hinh 4.18: Thyuc nghiém khi tai xé ngdi xa trong trang thai budn nga

O khang cach 60 cm, thay d6i goc quét camera c6 gia tri tir: -55° dén 55° thi ti

16 m& mét tir 0,14 dén 0,2.

61



Chuong 5: KET LUAN VA HUONG PHAT TRIEN

5.1. Két luan:

Sau khi nghién cau, tac gia di hoan thanh dé tai “Phat hién va canh bao budn

ngu cua tai xé lai xe dung thi gidc may tinh” véi cac thanh qua da dat duoc:

- Hé thdng phét hién va canh bao budn nga hoat dong 6n dinh, ¢ diéu kién ban
ngay va trong diéu kién anh sang thay d6i nho vao dic trung HOG va SVM.

- Mang neural khi duoc train trén nhiéu nguoi gidp cho hé thong phét hién
chinh xac, khach quan hon so véi dat sé frames c6 dinh.

- Khi phét hién tai xé roi vao trang thai budn ngu; hé théng s& bao dong bang
dén led mau do, canh bao bang giong néi.

- Thiét bi c6 thiét ké nho gon gilp c6 kha nang ung dung thir nghiém trén xe

ALA

oto.
Bén canh do thi van con ton tai mot s6 nhuoge diém:
- Chi nhan dang duoc dau hiéu budn ngu trong diéu kién anh sang ban ngay.
- Khi nguai lai quay mat Ion hon géc 40° thi hé théng khong phat hién mit.

- Phan cung Raspberry Pi 3 Model B+ chua thé dép ¢ng cho viéc chay real-

time cac model sau hon.

5.2. Hwéng phat trién:
- Dung mang CNN dé phét hién khuén mat trong nhiéu diéu kién anh séng
phuc tap.
- Thu nghiém thuc té trén budng l4i o 6.
- Thu thap thém dir liéu dé ting d6 khach quan hon trong xac dinh dau hiéu
budn ngy.
- Thuc nghiém trén cac may tinh nhdng manh hon: Jeston Nano, Jeston TX2,..

- Thém tinh ning: bao rung dién thoai, canh bao tin nhin. ..
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