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_DATHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PAIHOC BACH KHOA Doc 1ap - Tu do - Hanh phuic
KHOA DIEN TU — VIEN THONG

NHAN XET PO AN TOT NGHIEP
I. Thong tin chung:

STT | Ho vaténsinhvién | M4 s6 sinh vién Lop Nganh
1 | Nguyén Binh Nghia | 106190119 19DTCLC3 Dién ti-vién théng
2 | Huynh Thi Lé Trinh | 106190134 19DTCLC3 Dién ta-vién théng
Nguoi hudng dan: Ngé Minh Tri Hoc ham/ hoc vi: Tién si

I1. Nhan xét, danh gia d6 an tot nghiép:
1. V& tinh cép thiét, tinh moi, kha ning tng dung cua dé tai: (diém t6i da 13 2d)

4. Pé tai co gia tri khoa hoc/ c6 bai bao/ giai quyét van dé dit ra cua doanh nghiép
hodc nha truong: (diém t6i da 1a 1d)

IV. Danh gia:

1. Diém danh gia: ........ /10 (lay dén 1 s6 1¢ thap phan)

2. Bé nghi: O Puge bao vé dd an [0 B6 sung dé bao vé [0 Khong dugc bao
vé

Pa Nang, ngay — thing  nam 2023
Ngudi hwéng din



_DATHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DATHQC BACH KHOA Doc 1ap - Tu do - Hanh phic
__ KHOADIENTU-VIENTHONG

NHAN XET PHAN BIEN PO AN TOT NGHIEP
l. Théng tin chung:

STT | Ho vaténsinhvién | M4 s6 sinh vién Lép Nganh
1 | Nguyén binh Nghia | 106190119 19DTCLC3 | Pién tir-vién thang
2 Huynh Thi Lé Trinh | 106190134 19DTCLC3 bién tir-vién thong
Nguoi hudng dan: Ngé Minh Tri Hoc ham/ hoc vi: Tién si

Il.  Nhén xét, danh gia d6 an tot nghiép:

Diém Diém

TT | Cic tiéu chi danh gi4 :
acticu ¢t Canh gia tbi da | danh gia

1 Sinh vién cé phwong phap nghién ciru phit hop, gidi quyét

o A . 80
du nhiém vu do an dwgc giao

- Tinh méi (ndi dung chinh ctia DPATN ¢6 nhitng phan méi so véi
la cac DATN trudc day). 15
- Pé tai c¢6 gia tri khoa hoc, cong nghé; c6 thé tmg dung thyc tién.

- K¥ nang giai quyét van dé; hiéu, van dung duoc kién thic co
ban, co sd, chuyén nganh trong van dé nghién ctru.

- Chat luong nodi dung DATN (thuyét minh, ban vé&, chuong trinh,
mo hinh,...).

1b 50

- Co ky nang vén dung thanh thao cac phan mém tng dung trong
van dé nghién ctru;

Ic | - Coky nang doc, hiéu tai liéu bang tiéng nudc ngoai tmg dung 15
trong van dé nghién ctru;

- C6 k¥ nang lam viéc nhoém;

2 | Ky niing viét: 20
2a | - Bb cuc hop 1y, 1ap luan rd rang, chat ché, 101 van stc tich 15
2b | - Thuyét minh d6 an khong c6 16i chinh ta, in an, dinh dang 5

3 | Téng diém danh gia theo thang 100:
Quy vé thang 10 (ly dén 1 s6 16)

- C4c ton tai, thi€u sot can bo sung, chinh stra:

N

- Dé nghi: 1 Puogc bao v¢ dd4an OB sung dé bao vé [1 Khong dugc bao
Ve
Pa Nang, ngay — thing  ndm 2023
Nguwoi phan bién



TOM TAT

Tén dé tai: “HE THONG QUANG CAO THONG MINH”.

Sinh vién thuc hién:

Nguyén Pinh Nghia Lép: 19DTCLC3  Sb thé sinh vién: 106190119
Huynh Thi Lé Trinh Lép: 19DTCLC3 S6 thé sinh vién: 106190134

Linh vuc quang céo hién nay dang chuyén déi theo xu hudng ky thuat sé va tan dung
su phét trién cong nghé dé tiép can khach hang muc tiéu va tao ra sy tuong tac. Xuat
hién nhu mét tat yéu khach quan, quang céo théng minh tng dung Al 1a xu huéng
cua cac doanh nghiép trong thoi budi hién dai véi mot sé cong dung noi bat sau day:

Phan tich khach hang: Bién quang cao thong minh Al c¢6 kha ning phan tich
dir liéu va nhan biét cac dic diém caa khach hang, bao gom do tudi, gigi tinh, sé thich
va hanh vi tiéu ding. Dya trén thong tin nay, né co thé cung cip quang cao dugc ca
nhan hda va pht hop véi nhom khach hang cu thé, ting cudng hiéu qua cua chién
dich quang céo.

Tang cudng tuwong tac: Bién quang c&o thdng minh c6 kha ning twong tac véi
khach hang mot cach théng minh. Vi su hd tro cua tri tué nhan tao, nd c6 thé nhan
dang va phan hoi, dong thoi cung cp thdng tin mot cach tu dong, didu nay tao ra trai
nghiém tuong tac tich cuc va thu hat sy chu y caa khach hang

Ti wu hoa quang céo: Véi tri tué nhan tao, bién quang cao théng minh cé thé
tu dong toi wu hoa chién dich quang céo. N6 c6 kha niang phan tich dit liéu lién tuc
va diéu chinh noi dung quang cao, vi tri hién thi va thoi gian phat dé dat duogc hiéu
qua tot nhat. Biéu nay gilp tiét kiém thoi gian va nguon nhan luc, dong thoi tang
cudng hiéu suat quang céo.

Nhan dang khudn mit va nhan dién déi tuong: Bién quang céo théng minh
duogc trang bi cong nghé nhan dang khudn mat va nhan dién déi tugng. Diéu nay cho
phép n6 nhan biét va phan loai khach hang dua trén dic diém gidi tinh va cung cap
nodi dung quang céo phu hop va tang cuong tuong tac.

Po ludng hiéu qua: Bién quang cdo théng minh c6 kha ning do ludng hiéu
qua caa chién dich quang céo. N6 co thé thu thap di liéu vé twong tic khach hang ,
s6 lan chuyén doi quang cdo gilp nha quang cao hiéu rd hon vé khach hang va diéu
chinh chién dich dé dat duoc két qua tét hon.



Chinh vi vay, véi do an nay ching em thuc hién “Hé théng quang cao thong minh”,
v6i kha ning nhan dang va tinh toan dé phat ra mot quang céo thich hop nhat.

Noi dung cua Db an tét nghiép bao gém 4 chuong:
Chuong 1: Gidi thiéu téng quan dé tai
Chuong 2: Co s ly thuyét hé théng quang céo théng minh
Chuong 3: Thiét ké va danh gia hé thong

Chuong 4: Két qua nghién ctru va danh gia két qua



DAl HOC DA NANG CONG HOA XA HOI CHU NGHIA
TRUONG PAI HQC BACH KHOA VIET NAM
KHOA DIEN TU - VIEN THONG Dac lap - Tu do - Hanh phiic

NHIEM VU PO AN TOT NGHIEP

STT | Ho vaténsinh vién | M4 s6 sinh vién Lop Nganh
1 | Nguyén binh Nghia | 106190119 19DTCLC3 | bién ta-vién thong
2 | Huynh Thi Lé Trinh | 106190134 19DTCLC3 Dién tir-vién thong

1. Tén dé tai do &n: “Hé thong qudng cdo théng minh
2. Dé tai thugc dign: OO C6 ky két thoa thudn so hizu tri tué dai véi ket qua thuc hién
3. Cac sé lidu va dir liéu ban dau:
Sur dung bo dir lieu dwoc thu thap bdng cach chup tiwr camera dién thoai, may
tinh; cac trang web chuyén cung cdp co s di liéu.
4. Ngi dung cac phan thuyét minh va tinh toan:

Phdn chung:
STT Ho va tén Noi dung
- Tim hiéu vé mé hinh huan luyén YOLOV5
X N - Tim hiéu va tién hanh thuc hién huan luyén hé
1 Nguyen Pinh Nghia

théng véi mo hinh YOLOV5
- Tim hiéu vé thuat toan DeepSORT
2 Huynh Thi L¢ Trinh | - Xay dung céc thuat toan trong dd an.




Phan riéng:

STT

Ho va tén

Noi dung

Nguyén Dinh Nghia

- Thu thap co s¢ dir liéu khuébn mat nam gidi

- Ap dung mé hinh huan luyén YOLOVS5 vao hé
thong

- Xay dung cac thuat toan thugc phan nhan dang
doi tugng

STT

Ho va tén

Noi dung

Huynh Thi L& Trinh

- Thu thap co s¢ dir liéu khubn mat nir giai
- Ap dung thuat toan DeepSORT vao hé théng

- Xay dung cac thuat toan dé hién thi quang cao
mot cach phu hop

5. C&c bdn vé, do thi (ghi rd cac logi va kich thwdc ban vé):

STT Ho va tén Noi dung
1 Nguyén Dinh Nghia
2 Huynh Thi L& Trinh

6. Ho va tén nguwoi hwong dan: TS. Ngb Minh Tri
7. Ngay giao nhiém vy do an:
8. Ngay hoan thanh dé an:

Trwéng B mon

........ /e /2023
........ /oo en/2023
Pa Nang, ngay  thang  nam 2023

......... Ngudi hwéng dan




LOINOI PAU

Trong sudt thoi gian gan 4 nam hoc tap va rén luyén tai Truong Pai Hoc Bach
Khoa — Pai hoc Ba Niang, nhom em da nhan duoc rat nhiéu sy quan tam, gitp do cua
quy thay c6 va ban bé. Véi 1ong biét on sau sac va chan thanh nhat, ching em xin guri
dén quy thay cd & Khoa Dién tir - Vién Thong, trudng Pai hoc Bach Khoa Pa Néng
da cung voi tri thie va tdm huyét ciia minh dé truyén dat vén kién thic quy bau cho
chdng em trong sudt thai gian hoc tap tai trudng, tao tién dé cho nhom em dugc thuc
hién d6 an nay.

Va dic biét, nhitng bai hoc ma thay cd truyén dat da gitp cho chung em tiép
can nhitng su phét trién cua khoa hoc ki thuat, biét cach van dung ly thuyét vao thuc
tién, cé thé tu minh thiét ké ra nhitng hé théng riéng mang tinh c& nhan, nhin nhan
mét cach thiét thue va rd rang hon vé nhitng gi minh can phai 1am sau khi ra trudng.
Va bang tit ca nhitng gi nhém em hoc hoi dugc clng véi dinh hudng cua thay Ngd
Minh Tri, nhém em da thuc hién dé tai “ Hé thong quang cao théng minh”. Nhom
chang em xin chan thanh cam on thay gido Ng6 Minh Tri di tan tAm hudng dan chiing
em tirng budi hoc trén 16p ciing nhu nhitng budi ndi chuyén, thao luan, gop Y, tao
diéu kién tdt nhat cho ching em dé thuc hién dd an l1an nay.

Chuang em ciing xin bay t6 10ng biét on dén ban Ianh dao ciia Truong Pai hoc
Bach Khoa Pa Ning va cac khoa phong ban chire ning di truc tiép va gian tiép gidp
d& chdng em trong subt qua trinh hoc tap va nghién cau dé tai nay. Véi diéu kién thoi
gian ciing nhu kinh nghiém con han ché ciia mét sinh vién chuan bi budc ra doi, do
an nay khong thé tranh khoi duoc nhitng thiéu s6t. Chldng em rat mong nhan dugc sy
chi bao, dong gop ¥ kién tir cac thay cb gido dé nhom kip thoi bo sung, sta chira
nhitng han ché vé kién thirc va dac biét trang bi hanh trang tét nhat sau khi tét nghiép
dé budc vao mot chang duong mai.

Chung em xin chan thanh cam on.
Da Ning, ngdy ... thang...nim 2023

Sinh vién thuc hién 1 Sinh vién thuc hién 2

Nguyén Pinh Nghia Huynh Thi Lé Trinh



CAM DOAN

Chung t6i xin cam doan:

1. Noi dung trong do &n nay la do ching t6i thuc hién dudi sy huéng dan truc
tiép cua thay giao Ngé Minh Tri.

2. Céac tham khao trong d6 an nay déu duoc trich dan rd rang tén tac gia, tén cong
trinh, dia diém cong bé.

3. Moi hinh anh va video demo trong bao cdo déu do nhém chang toi tu lam,
khong sao chép toan bo tir bat ki ngudn nao. Néu co nhing sao chép khéng
hop 1€, vi pham liém chinh hoc thuat, nhém chdng tdi xin chiu hoan toan trach

nhiém.
Sinh vién thuc hién 1 Sinh vién thuc hién 2
Nguyén Pinh Nghia Huynh Thi Lé Trinh

Vi
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DANH SACH CAC KY HIEU, CHU VIET TAT

STT Ky hiéu chir viét tat Chir viét day du

1 CNN Convolutional Neural Network hay la
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Tén d@é tai: Hé théng gudng cdo théng minh

MO DAU

Tri tué nhan tao (Artificial Intelligence - AI) di va dang thay ddi cach ching
ta sdng va lam viéc. Tir viéc hd tro tu dong hoéa cac nhiém vu phic tap dén viéc cai
thién trai nghiém nguoi dung, Al da tro thanh mot céng cu quan trong trong nhiéu
linh vuc, bao gom ca linh vuc quang c4o. Quang céo la mot phan khong thé thiéu
trong xa hoi hién dai, noi théng tin duoc truyén tai dén cac khach hang tiém ning.
Tuy nhién, quang céo truyén théng thuong gap phai nhiéu thach thic, bao gdm sy
phtc tap trong viéc xac dinh muc tiéu khach hang, t6i wu hoa chién dich quang céo
va tang cuong tuong tac vai khach hang.

Vi vay, ching em di quyét dinh lya chon xay dung hé théng “Quang céo thong
minh ” bang cach st dung cac thuat toan va mé hinh Al, chiing ta cé thé phan tich di
licu khach hang, du doan hang vi tiéu dung va tao ra nhiing chién dich quang céo tbi
uu hoéa hon, tang cuong tuong tac vai khach hang va tao ra trai nghiém nguoi dung
tot hon.

C6 rat nhiéu phuong phéap dé thuc hién nén hé thong, tuy nhién, viéc sir dung
Kién tric YOLOVS5, dap tng dugc muc tiéu kha nang nhan dang da ddi twong nhanh
chéng va chinh xac trén cac hinh anh va video ma dé tai dat ra. Chuong 2 sé trinh bay
co s ly thuyét mé hinh, thuat ton sir dung trong d6 an. Sau d6 mé hinh s& dugc xay
dung va danh gia dinh luong va dinh tinh trong chuong 3.,4.

Noi dung cta Do an tét nghiép bao gém 4 chuong:

Chuong 1: Gidi thiéu tong quan dé tai

Chuong 2: Co s¢ ly thuyét hé théng

Chuong 3: Thiét ké va danh gia hé thong

Chuong 4: Két qua nghién ctru va danh gia két qua

e —
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Tén d@é tai: Hé théng gudng cdo théng minh

CHUONG 1: GIOI THIEU TONG QUAN PE TAI

1.1. Giéi thiéu chwong

Trong chuwong nay, muc tiéu dé tai s& dugc néu ra dé thay duoc tim quan trong
cua san phdm ma dd &n ndy nghién ciru. Tir muyc tiéu 4y, dit ra dugc nhiém vu ma
nhém ching em can phai thuc hién tai ¢6 4n nay. Bén canh d6, chuong nay ciing dua
ra mot sd vi du vé ing dung cua dd 4n ciing nhu 14 thyc tién ma d6 4n mang lai.

1.2.  Tinh hinh thuc té

Trong nhitng nim gan day, dich vu quang c4o tai Viét Nam d3 c6 sy chuyén
dich tir quang céo truyén thong sang quang céo truc tuyén. V&i su phat trién cua cong
nghé thdng tin va internet, ngudi dan Viét Nam da tré nén ngay cang két ndi manh
mé vai thé gigi s6. Picu nay di tao ra mot co hdi 16n cho cac cong ty quang céo dé
tiép can khach hang tiém ning thong qua cac nén tang truc tuyén.

Theo sé liéu cua Statista tinh dén thang 10/2022, tong doanh thu thi truong
quang céo Viét Nam duy kién dat 2.192 ty USD véo nam 2022, ting 12.7% so v&i nam
2021, trong d6, phan khic 16n nhat cua thi truong 12 Quang cdo TV & Video véi khéi
lwong thi truong duy kién 1 1.19 ty USD [Hinh 1.1].

US$2.192b . . . . .
E =

== S—
@ Audio Advertising @ Digital Banner Advertising Digital Classifieds
Influencer Advertising ® Out-of-Home Advertising @ Print Advertising @ Search Advertising

TV & Video Advertising

Hinh 1.1: Tong chi tiéu quang c4o cua thi truong Viét Nam tir 2018 dén 2027
(tor 2023 tro di 1a du doan)
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Trong linh vyc quang cao truc tuyén, cac nén tang quang cao nhu Google Ads,
Facebook Ads, va Zalo Ads di trd thanh nhitng céng cu phd bién dé tiép can khéch
hang. Theo théng k&, Viét Nam c6 hon 77 triéu ngudi dung internet [Hinh 1.2] va
hon 76 triéu nguoi dung mang xa hoi, tao diéu kién thuan lgi cho cac cong ty quang
céo dinh hinh chién luoc quang céo truc tuyén.

% INTERNET USERS OVER TIME *

779 M

1M 7260
i e 676
5440
491 M
n3n
36N ael) '
' +10.9% +19.0% +10.8%
JAN N

JAN JAN JA JAN JAN JAN JAN JAN JAN JAN
2014 2015 2017 2018 2019 2020 2021 2022 2023

Hinh 1.2: Téng sé nguoi dung Internet ¢ Viét Nam vao thang 01/2023

Cac nganh cong nghiép chi chét dau tu nhiéu vao quang céo bao géom FMCG
(Fast-Moving Consumer Goods), ngan hang, bit dong san va du lich. Pay 1a cac
nganh cé nhu cau tiép can khach hang 16n va canh tranh cao, do d6 viéc dau tu vao
quang cdo gitp ting cuong nhan dién thuong hiéu va tao diém khac biét trong thi
treong canh tranh.

T6m lai, dich vu quang cdo tai Viét Nam dang trén da phat trién manh mé. Su
chuyén dich tir quang céo truyén théng sang quang céo truc tuyén cing véi ting
truong kinh té va su pho bién cua internet di tao ra mot moi truong thuan loi cho viéc
tiép can va tuong tac vai khach hang tiém niang. S liéu thyuc té chi ra rang cac cong
ty va thuong hiéu dang dau tu ngay cang nhiéu vao quang cao dé tang cudng su hién
dién va tao 4n tuong trong 10ng nguoi tidu dung tai Viét Nam.

Chinh vi vay, trong thoi dai 4.0 hién nay cling véi su phét trién manh cia moi
linh vire, nganh nghé déu chuyén dich theo hudéng khai thac va sir dung cac tng dung
cong nghé thng tin. Xuat hién nhu mot tat yéu khach quan, quang céo théng minh
ng dung Al sé& 1a xu hudng tiép theo caa cac doanh nghiép trong thai budi hién dai.
Diéu nay da thuc day ching em thyc hién dé tai “Hé thong quang céo théng minh”.
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1.3.  Nhiém vu @@ tai

Pé thuc hién duoc muc tiéu trén, dé tai nay s& nghién ciu vé phwong phap
phét hién va nhan dang khudn mit cua ddi tuong, phuong phap dé phan loai dya trén
gidi tinh cua ddi tuong tir d6 dwa ra quang cdo san pham thich hop véi d6i tugng.
Phat trién bang ngdn ngir 1ap trinh Python tich hop trén c4c nén tang thu vién di kém
dé xay dung hé thong.

Hé thdng dugc hoan thanh phai dam bao duoc cac yéu cau:

- Nhan dang dugc nam va nir trong khung hinh

- So sénh va hién thi s6 lvgng nam nit

- Hé théng lay dir liu va tra két qua dé hién thi quang céo trong thoi gian
nhanh nhat

1.4. Thuc tién

Nghién ctru va xay dung mot chuong trinh ¢6 thé phat hién dugc gigi tinh va sb
lugng cua d6i tugng ding trudc camera, tir d6 hién thi quang cao phu hop véi cac doi
tugng. Diéu nay dem lai sy toi wu vé viéc hién thi quang cao cho ting d6i twong hay
mot nhom dbi twong thay vi chiéu tha cdng mat cach ngau nhién trén man hinh.

1.5.  Ung dung caa hé théng

Hé thong dugc xay dung nham muc dich dua ra cac san pham thich hop véi
ngudi sir dung va c6 thé (g dung trong viéc phat trién, tang sd luong khach hang
mua san pham.

Mot s6 noi ma hé thong co thé dugc dit:

- San bay

- Trung tram thuong mai

- Rap chiéu phim

- Khu phé di bo
1.6. Kétluan chwong

Két thuc chuong 1 d3 trinh bay dwoc muc tiéu ciing nhu nhiém vy ma d6 an nay

huéng dén. Chiing ta da biét duoc tng dung ma hé théng nay sé dem lai sau khi dugc
hoan thanh. B¢ hiéu hon vé Iy thuyét ciing nhu qua trinh x4y dung hé thdng, ching
ta s& dén véi chuong tiép theo.
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CHUONG 2: CO SO LY THUYET HE THONG

2.1. Gigi thiéu chwong

Chuong nay trinh bay vé ly thuyét phat hién gioi tinh bang cach nhan dang
khubn mat, mang no ron tich chap va viéc lua chon kién tric mang no ron tich chap
phU hop cho hé thong dugc dé cap. Chuong nay ciing trinh by dwgce nhung wu diém
ndi troi tir viéc lya chon mo hinh YOLOVS va thuat toan Deepsort duoc sir dung trong
d6 &n nay.
2.2.  Baitoan phat hi¢n va nhan di¢n doi twong
2.2.1. Khai quat bai toan

Pé tim hiéu vé bai toan phat hién va nhan dién déi tugng (object detection) trudc
tién ta can hiéu vé 2 bai toan nho hon la:

Object Recognition

Image
Classification

Object Localization

y

Object Detection

Hinh 2.1: Méi lién hé gitra cac bai toan

- Phan loai hinh anh (image classification): la mot bai toan hoc cé giam sat, xac dinh
mot tap hop céc 16p muc tiéu (cac ddi twong dé xac dinh trong hinh anh) va dao tao
mot mo hinh dé nhan ra chling bang cach sir dung cac anh mau duoc gan nhan [Hinh
2.1].

e —
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- Pinh vi vat thé (object localization): 14 bai toan dinh vi mét thé hién cia mot loai
dbi twong cu thé trong mot hinh anh, thuong bang cach chi dinh mét hop gigi han
(bounding box) xung quanh thé nham khoanh ving di twong.

Object Classification Object Detection Image segmentation

@NCORD
Hinh 2.2: Bai toan phat hién d6i twong

Bai toan phat hién doi twong (Object detection) 1a: qué trinh phtc tap hon, bao
gom ca viéc dinh vi chling trong anh bang cach vé mot hop gidi han (bounding box)
xung quanh tirng d6i twong va phan loai ddi tuong ay [Hinh 2.2].

2.2.2. Céc khai nigm trong bai toan
a. Hop gidi han:

Hop gidi han (Bounding box) [Hinh 2.3] Ia mét khai niém trong linh vuc thi
giac may tinh va tri tué nhan tao. N6 duoc st dung dé xac dinh vi tri va dinh hinh cua
mot d6i twong trong hinh anh hoac video. Hop giéi han 1a mét hinh chix nhat hay hinh
hop bao quanh ddi tuong va dugc xac dinh bang cach xac dinh toa d6 cua hai diém
d6i dién, thuong 1a toa d6 goc tréi trén va toa o goc phai dudi.

Hop gidi han cung cip thong tin quan trong vé vi tri va kich thudc cua ddi
tuong trong hinh anh. N6 thuong duoc st dung trong cac nhiém vu nhu phat hién dbi
tuong, nhan dang ddi tuong, va theo ddi ddi tuong trong thoi gian thuc. Déi voi mdi
d6i twong trong hinh anh, c6 thé c6 nhiéu hop gidi han dé md ta cac dic trung khac
nhau ciia ddi tuong.
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1
I —————SLSS6 8L SN TR’ kl,Tdeeaa@a  ——

Hinh 2.3: M6 phong hop gidi han

Hop gigi han thuong duoc biéu dién bang cach st dung toa d6 (X, y) cua goc
trai trén va (width, height) cuaa hinh chit nhat hoic toa d6 (X, y) cua hai goc d6i dién
va kich thudc (width, height) caa hinh hop. Théng tin tir hop gidi han ¢é thé duoc st
dung dé xac dinh vi tri, phan loai va tuong tac voi cac ddi twong trong hinh anh hoic
video.

Trong mot hinh anh, bounding box 1a toa d6 (X, y) cia mét hinh chir nhat xung

quanh mot khu vuc quan tdm, chang han nhu con ché trong hinh anh bén dudi [Hinh
2.4].

[23, 74, 295, 388]

[x_min, y_min, width, height]

—— [377, 294, 252, 161]

[x_min, y_min, width, height]

[333, 421, 49, 49]

[x_min, y_min, width, height]

Hinh 2.4: Hop gidi han xac dinh vat thé

e —
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b. loU (Intersection over Union):

loU (Intersection over Union) [Hinh 2.5] 1a mét chi sé dinh lwgng su tring lap
giira hai hop gigi han, thuong duoc sir dung dé dénh gia hiéu suat cia cac thuat toan
phét hién ddi tuong trong linh vuc thi gidc may tinh va tri tué nhan tao.

IoU duoc tinh bang céach lay dién tich caa phan giao giira hai hop gigi han va
chia cho dién tich caa phan hop cua ching.

Mot ham dinh lugng vi tri By cua hop gidi han du doan dugc dinh vi dting nhur
thé nao so véi hop gidi han thuc té Ba. N6 duoc dinh nghia:

B,NB
IoU(B,,B,) = >——*| (1)
P B, U B,

Gia tri loU nam trong khoang tir 0 dén 1. Khi loU gan bang 1, tic 1a hai hop
gidi han tring lap hoan toan. Nguoc lai, khi loU gan bang 0, tirc 1 khdng c6 sy tring
lip giira hai hop gigi han.

I0U(B,, B,) = 0.1 I0U(B,, B,) = 0.5
Hinh 2.5: Céc chi sb ToU tuwong tng

IoU thudng duoc st dung dé danh gia chat lugng cua viéc phét hién ddi tuong,
trong d6 mot gié tri IoU ngudng duoc str dung dé quyét dinh xem maot hop gigi han
du doan c6 duoc coi la chinh xac hay khong.

c. Hop mo neo (Anchor boxes)

Hop mo neo (Anchor box) [Hinh 2.6] 1a mot phan tir trong k¥ thuat mang no-
ron tich chap (Convolutional Neural Network - CNN) dugc sir dung trong cac mo
hinh phat hién ddi twong, nhu Faster R-CNN hoac YOLO (You Only Look Once).
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Hinh 2.6: Hop HOp mo neo (Anchor box)

Y tudng caa hop mo neo 1 tao ra mot tap cac hop gidi han c6 kich thuéc va
ty 1¢ khac nhau trén khong gian dau vao. Mdi hop mo neo dai dién cho mét ky vong
vé hinh dang va kich thudc cua cac d6i tuong trong hinh anh. Thay vi dy doan truc
tiép cac hop gisi han tly ¥, mé hinh chi can du doan su thay d6i va diéu chinh so voi
cac hop mo neo.

Bang céach str dung hop mo neo, mang c6 thé dy doan nhiéu hop gisi han cing
mat IGc, mdi hop gidi han duoc rang budc bai cac tinh chat hinh hoc da duoc xéac
dinh trudc. Vi du, mang c6 thé duoc huan luyén dé du doan dau ra cho mdi hop mo
neo gom cac thong tin nhu toa do X, y, chiéu rong, chiéu cao va xac suat caa mot doi
tugng Xuat hién trong hop do.

Qua do, hop mo neo giup tang tinh linh hoat va da dang trong viéc du doan
cac hop gidi han, cho phép mé hinh c6 kha niang phat hién ddi twong & cac kich thudc
va ty 1¢ khac nhau trong mot hinh anh, ciing nhu xir Iy cac truong hop khi cac doi
tuong chdng lan 1&n nhau.
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d. Ban d dic trung (Feature Map):

Ban do dic trung (Feature map) la két qua cua qua trinh trich xuat dic trung
tir anh bang cac mang no-ron tich chap (Convolutional Neural Networks - CNN)
trong linh vuc thi giac may tinh va tri tué nhan tao.

Feature map 1a mét tap hop cac ma tran hai chiéu, noi mdi gia tri trong ma tran
dai dién cho mot dic trung cu thé trong anh. Mdi feature map twong ng voi mot
kénh hoac mot bo loc (filter) duoc &p dung trén anh dau vao. Két qua cua viéc ap
dung bo loc nay la mot feature map.

Quaé trinh trich xuat dic trung bang CNN bao gém céac budc lién tiép cua cac
l6p tich chap va 16p pooling. Cac lop tich chap &p dung cac bo loc dé tim kiém céc
dac trung cuc bo trong anh, trong khi cac 16p pooling gilp giam kich thudc khéng
gian cua feature map va lam noi bat cac dic trung quan trong.

Feature map & cac I6p sau cia CNN thuong bao gom céc dic trung triru twong
va ngay cang triru tuong hon so véi cac feature map & cac 16p dau vao. Piéu nay cho
phép mé hinh hoc cac dac trung phrc tap va triru tuong tir anh.

Feature map cudi cung cia mang CNN thudng dugc sir dung dé du doan va
phan loai cac ddi twong trong anh, trong khi céac feature map & cac 16p truéc co thé
chtra cac dic trung cu thé nhu canh, gdc, hoic textural cua anh.

Tong quan, feature map 1a két qua cua qua trinh trich xuat dac trung tir anh
thong qua mang CNN va chira théng tin vé cac dic trung quan trong trong anh duoc
st dung cho céc tac vu nhu phén loai, phat hién, va nhan dang d6i tuong.

e. Mang no ron tich chap

Mang no ron tich chap (Convolutional Neural Network - CNN)[1] la mot trong
nhitng mé hinh mang no-ron pho bién nhat hién nay trong linh vuc xir Iy anh va am
thanh. Diéu nay boi vi mang CNN c6 thé tu dong hoc cac dic trung cap thap va cap
cao tir dit liéu dau vao, gitp cho viéc xi ly dir liéu tré nén nhanh chéng va chinh xac
hon. Véi kién triic dic biét duoc thiét ké dua trén cac 16p tich chap, CNN da dat dugc
rat nhiéu thanh cong trong cac linh vuc nhu phan loai d6i twong, nhan dang khuon
mat, xir Iy ngdn ngir ty nhién va rat nhiéu tng dung khac.

Céc 1op tich chap trong mang CNN c6 nhiém vu trich xuét cac dic trung cap
thap va cap cao tir dir liéu dau vao. Vi anh lam dau vao, cac 16p tich chap duoc sir
dung dé quét qua toan bo anh va tim kiém cac dic trung nhu cac canh, dudng nét va
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hinh dang d6i tueong. Mai Iép tich chap [Hinh 2.7] str dung mét tap hop cac bo loc
(filter) dé quét qua anh dau vao va tim kiém cac dic trung dic biét. Cac bo loc nay
c6 thé c6 kich thuéc va hinh dang khac nhau, tly thudc vao muc dich caa mé hinh.

[
ReLU
L= i +b1 > Packed output:
1o 4x4x2
*
/ 1]of4 |
Filter 1: 3x3x3 Output 1: 4x4 Output 1: 4x4
*
RelU Ly

6X6X3 ojofo
Al-(-1
Filter 2: 3x3x3 Output 2: 4x4 Output 2": 4x4

lenxn(! | fxfxne L(rlfhl)x(nffﬂ)xng

Hinh 2.7: Kién tric caa mot 16p mang no ron tich chap

Khi quét qua anh dau vao, cac bo loc nay sé tao ra mot ma tran két qua goi la
feature map [Hinh 2.9], trong d6 mdi phan tir cua feature map 1a két qua cua phép
tinh tich chap gitra bo loc va vung cua anh dugc quét qua. Sau do, cac feature map
nay duoc dua vao cac 16p kich hoat (activation layer) dé tao ra cac dic trung phi tuyén
tinh.

Cac 16p tich chap cd thé dugc xép chong 1én nhau dé ting do sdu caa md hinh
va ciing c6 thé dugc két hop vai cac 16p khac nhu 16p gop (pooling layer) [Hinh 2.8]
hoic 16p chuan héa (normalization layer) dé giam chiéu dit liéu dau vao va cai thién
dd chinh xac cua md hinh.

e —

SVTH: Nguyén DBinh Nghia — Huynh Thi Lé Trinh 11 GVHD: TS. Ngb Minh Tri



Tén d@é tai: Hé théng gudng cdo théng minh
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Hinh 2.8: Lop gop (pooling layer)

Sau d6, cac dic trung duoc dua vao cac 10p két néi day du (fully connected
layer) dé phan loai hoic du doan dau ra. Cac 16p két ndi day du nay tuong ty nhu
trong mang no-ron than kinh théng thuong, vai mdi no-ron két néi voi tat ca cac dac
trung tir cac 16p tich chap trude d6. Sau d6, mot 16p dau ra duoc sir dung dé tinh toan
X4C suat ctia cac 16p phan loai khac nhau, hoic gia tri ciia dau ra can dy doan.

Convolution Neural Network (CNN)

Input Output

Pooling Pooling Pooling

Horse

Zebra

Dog
SoftMax
Convolution Convolution  Convolution /'l\futr:‘ft;‘é%”
Kernel RelU ReLU RelU
y
Feature Maps - Connected——J
Layer
N N
Feature Extraction Classification E’I‘:g?bbﬂf;ﬁ

Hinh 2.9: Hinh anh minh hoa mét trinh tu CNN

2.3. Cac phwong phap trng dung hoc sau

Hé thong quang cao théng minh c6 thé dugc xem 12 mot van dé thudc bai toan
phét hién ddi twong (Object Detection). Cac md hinh hoc sau ¢ kha nang trich xuat
cac dic trung manh mé, ¢6 loi thé dang ké so véi cac phurong phép truyén thong trudc
day.
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Nhin chung dic diém cau trlc cua cac thuat toan phét hién ddi twong (Object
Detection) hién nay dugc chia lam hai nhom chinh la: phuong phap mot pha va
phuong phép hai pha.

2.3.1. Phwong phap mgt pha

Detection generator

DCIassiﬁcation
DRegression

p

Input Image Feature extractor

Hinh 2.10: M6 phong phuong phap mot pha trong Object Detection

Phuong phap mot pha (one-stage) [Hinh 2.10] 1a mot phuong phép tién tién
trong phét hién ddi tuong, Khac voi phuong phap hai pha (two-stage) trong d6 céc
ving d6i tuong dugc dé xuat trude do trudce khi thuc hién viéc phan loai va vi tri hoa
d6i twong. Khéc voi phuong phéap hai pha thay vi c6 mot budc tim ra cac viing ¢ kha
nang ton tai ddi tugng thi trong phuwong phap mot pha, mod hinh phét hién déi twong
chi sir dung mot 1an dua toan bo anh qua mang no-ron tich chap. M hinh sé& ciing luc
thuc hién viéc phan loai va xac dinh vi tri cac dbi tuong trén anh.

Cac mo hinh one-stage thudng dugc thiét ké dé co téc do xur Iy nhanh va do
chinh xéc cao, cho phép phét hién dbi twong trong thoi gian thyc. Mot sé mé hinh
one-stage pho bién trong phat hién déi twong l1a: SSD (Single Shot MultiBox
Detector), RetinaNet va dién hinh 1a YOLO. Pay ciing la phuwong phap duoc sir dung
trong viéc nhan dang khudn mat dé phan loai gigi tinh cuaa hé thong quang cao thong
minh.

2.3.2. Phwong phap hai pha
Phuong phép hai pha (two-stage) [Hinh 2.11] 1a phuong phap giai quyét bai
toan phat hién ddi tuong qua hai giai doan (hai pha):

- Pha dau tién dung dé xac dinh cac viing c6 tiém ning 1a ddi tuong.
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- Pha thir hai dung dé phan loai va cai tién hop gidi han (bounding box) cho ddi
tuong.

- Proposal generator :

Objectness
Classification:

Box
regression -

Classification:

, I
o D

Regression -

Input Image Feature extractor

Hinh 2.11: M6 phong phuong phap hai pha trong Object Detection

Hinh anh dit liéu dau vao s& duoc trich xuat dic trung, xac dinh céc ving tim
nang trong hinh anh c6 thé chtra di tugng. Muc tiéu 1a tim ra nhiing viing quan trong
c6 kha ning chira ddi twong dya trén cac dic trung nhu canh, géc, mau sic, hoac két
hop cac dac trung khac.

Sau khi c6 duoc cac viung dé xuat, s& tién hanh viéc phan loai va dinh vi doi
tugng trong timg ving dé xuat. Mot mé hinh hoc may hoiac mang no-ron sé dugc st
dung dé phan loai ddi tugng va dy doan vi tri cia ching trong ving dé Xuat.

2.4, MO0 hinh YOLO

YOLO (You Only Look Once) [Hinh 2.12] [a mdt md hinh mang no-ron tich
chap (CNN) duoc sir dung trong phéat hién déi twong trén anh. M6 hinh YOLO duoc
thiét ké dé dat duoc téc do xir Iy nhanh va do chinh xac cao, gitip phat hién dbi twong
trong thoi gian thyc.

I —
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fully .
fully x B times x C times
\ ................... neCted connected . . .

Input | |- ; T )\ | bb_n AN
1 : X, ¥, W, h, obj score) | class probability
Image :.. 3 DarkNet >< ><
: Architecture length: 5B+C
7X7x1024 4096 x7x30
448x448x3

Hinh 2.12: Kién trdc mé hinh YOLO

Kién truc caa mang Yolo bao gom[1]:

- Base Network (Darknet Architechture): Gdm cac mang no ron tich chap
duoc dung dé trich xuat dic trung.

- Extra Layer: gdm cac 16p fully connected dugc dung dé phat hién dbi twong
trén feature map cua Base Network.

i

n

A "

S x S Grid on Input Final Detection

Class Probability Map

Hinh 2.13: M6 phong qua trinh xtr Iy cua YOLO

M6 hinh YOLO sir dung mét Ian duy nhat dua toan bd anh qua mang CNN va
dua ra két qua phat hién dbi tuong. YOLO st dung mét 16p grid [Hinh 2.13] dé chia
nhé anh dau vao thanh cac & vudng va du doan cac bounding box cho cac ddi tuong
c6 trong mdi 6 vudng[1]. Mdi bounding box s& duoc du doan vi tri, do 16n va xac
suit c6 chira ddi twong. Sau d6, YOLO str dung mét thuat toan [Hinh 2.14] dé loai bo

SVTH: Nguyén Dinh Nghia — Huynh Thi Lé Trinh 15 GVHD: TS. Ngb Minh Tri



Tén d@é tai: Hé théng gudng cdo théng minh

cac bounding box khdng can thiét va chi git lai cac bounding box tét nhat dé dua ra
két qua phét hién cudi cung.

Anh géc — G xG wp Du dodn hop gidi han wssp Non-max suppression

Hinh 2.14: M@ ta quy trinh phat hién ddi tuong YOLO

Két qua cua YOLO la mét vector bao gém: [po0, (tx, ty, tw, th,), (p1, p2, p3,
...pn)].
Trong do:
- PO 1 xéc suat dy bao vat thé xuat hién trong bounding box.
- (tx, ty, tw, th,): Lan luot 1a kich thudc toa do tam, kich thudc rong va dai cua
bounding box.
- (p1, p2, p3, ...pn): Lan luot la xac xuat dy doan cua n 16p vat theé.

YOLO s& dira doan trén nhiéu feature map [Hinh 2.15], nhitng feature map c6
kich thudc nho gilp du doan duogc cac vat thé co kich thuéc 16n. Nhirng feature map
¢6 kich thudc 16n gilp ta dy doan duoc cac vat thé nho mot cach tét hon.

CRF T

52 :x 52

Hinh 2.15: Nhan dién hinh anh trén nhiéu feature map cua YOLO

Trén mdi mot cell cua feature map s& &p dung mét sé lugng anchor boxes ¢
dinh véi kich thudc khac nhau sao cho tdm cua cac anchor boxes trung vai cell dung
dé dyu doan bounding boxes cua vat thé. Anchor box Ia cac hinh chit nhat c6 kich
thude va ty 16 khac nhau, dugc dit trude va dung dé ude lugng bounding box caa dbi
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tuong trong anh. Mé hinh YOLO sé& du doan xac suét va hé sb toa dd cho mdi anchor
box. X&c suat nay dai dién cho kha ning ciia anchor box chira mot déi twong, va hé
s6 toa d6 dung dé du doan toa do ciia bounding box.

O hinh anh trén, ta c6 3 feature map c6 kich thuéc lan luot 1a 13x13, 26x26,
52x52. Trén mdi mot cell cua feature nay, ap dung 3 anchor box [Hinh 2.16] c6 kich
thudc khac nhau nhu hinh bén dudi.

box 1

bax 2

bok 3

Hinh 2.16: M& phong cac hop neo (anchor box)

Nhu vay sé lwong anchor box caa btc anh dau vao sé 1a:

(13 x 13+ 26 x 26 + 52 x 52) x 3 anchor box = 10.647 (anchor box)

Pay 1a mot s6 lugng rat I6n va ciing 1a nguyén nhan khién qué trinh huan luyén
cua md hinh YOLO vé cing cham béi ching ta can dy doan ddng thoi nhan va
bounding box ctua 10.647 bounding box.

Khi huan luyén YOLO, c6 mét sé luu y quan trong:

- Can ¢ RAM véi dung lwong I6n hon dé luu trir 10647 bounding box trong qué
trinh huan luyén YOLO.

- Khong thé dat batch_size qua lén nhu trong cac mo hinh phan loai (classification)
vi c6 nguy co gip 16i "Out of Memory".

- Qué trinh xu ly caa mot budc trén YOLO mét thoi gian nhiéu 1an so véi cac mo
hinh phan loai. Do d6, can gigi han s6 luong budc huan luyén cho YOLO.
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Mot kinh nghiém khi thuc hién huan luyén mé hinh YOLO la khéng nén chon
s6 luong epoch 16n, chon sé lugng epoch vira da dé khéng mat qua nhiéu thoi gian
dé huan luyén giam thiéu rai ro nguy co tir phan ciing (may tu dong reset khi qué
néng, tran bo nhé, ...) gdy mat mat dir huan luyén.

2.5. Thuét toan Deepsort

Obiject tracking la mét k¥ thuat thi gidc may tinh (computer vision technique)
lién quan dén viéc tu dong theo ddi chuyén dong va vi tri cia mot dbi tuong trong
chudi video theo thoi gian. Muc tiéu cua theo ddi dbi tuong Ia duy tri danh tinh cua
d6i tuong, ngay ca khi ddi tuong di chuyén va thay doi hinh thirc, dong thoi dinh vi
chinh xac ddi twong trong tirng khung hinh cua video. Deep SORT (Deep Simple
Online Realtime Tracking) la thuat toan theo dai d6i tuong tién tién két hop trinh phét
hién d6i twong dua trén hoc sau vai thuat toan theo ddi dé dat duoc do chinh xac cao
va manh mé trong mai truong cé nhiéu dbi twong.

Deep SORT dua trén thuat toan SORT (Theo dbi truc tuyén va thoi gian thuc
don gian), sir dung bo loc Kalman va thuat todan Hungary d¢ lién két phat hién doi
tuong trén cac khung. Deep SORT mo rong SORT bang cach két hop mot bo phat
hién ddi tuong dya trén deep neural network-based , dién hinh 1a convolutional neural
network (CNN), dé cai thién do chinh xac cua viéc phat hién ddi tuong.

DeepSORT (Deep Learning-based SORT) 1a mot phan ma rong ciaa thuat toan
theo ddi ddi tugng pho bién co tén 1a SORT (Simple Online and Realtime Tracking).
DeepSORT bé sung tinh nang trich xuat tinh nang xuét hién sau va quy trinh khép
v6i thuat toan SORT ban dau dé cai thién do chinh xac va d6 manh theo ddi cta no.

DeepSORT (Deep Learning-based SORT) ¢6 mot s6 uu diém gilp no tot hon céc
thuat toan theo doi dbi tuong khéc:

- Do chinh xac theo ddi duoc cai thién: Bang cach két hop cac tinh ning xuat hién
sau bén canh thdng tin vi tri va chuyén dong duoc sir dung boi thuat toan SORT ban
dau, DeepSORT c6 thé xir ly cac tinh hudng trong d6 cac ddi tugng co thé tam thoi
bién mat hodc che khuat I3n nhau, gitp theo ddi ddi twong chinh xac va manh mé hon

- Xt ly nhiéu d6i tugng: DeepSORT c6 thé theo ddi dong thoi nhiéu dbi twong va
duy tri danh tinh cta ching theo thoi gian, ngay ca trong nhitng canh dong dtc

- Hiéu suit thoi gian thuc: DeepSORT duoc thiét ké dé hoat dong trong thoi gian
thue, gidp nd phd hop véi nhiéu tng dung nhu giam sat, ngudi may va o to tu lai
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- Chi phi tinh toan thap: Viéc str dung trinh trich xuét tinh ning sau trong DeepSORT
la hiéu qua vé mat tinh toan va khong lam ting dang ké chi phi tinh toan téng thé cua
thuat toan

- D& dang tich hop véi céc trinh phét hién ddi tugng hién c6: DeepSORT c6 thé dé
dang tich hop véi cac trinh phat hién ddi tegng hién cé, chang han nhu YOLO, dé
cung cap mot quy trinh theo ddi va phat hién ddi tuong tir dau dén cudi.

2.6. Kétluan chwong

Két thiic chuong 2, nhom chiing em di trinh bay co sa ly thuyét vé phat hién
va nhan dang khudn mat, ciing nhu quy trinh nhan dang khuén mat nham xac dinh va
phan loai gigi tinh. Bén canh d6, nam duoc ly thuyét vé mang CNN ciing nhu 14 kién
trdc cia mé hinh YOLO phuc vu cho viéc huan luyén mé hinh. Tir co sé ly thuyét,
ching em s& bat dau thiét ké chuong trinh. Cu thé quy trinh thiét ké s& duoc trinh bay
tai chuong 3.

e —
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CHUONG 3: THIET KE VA PANH GIA HE THONG

3.1. Gigi thiéu chwong

Chuong nay nhém chung em s& trinh bay vé nhitng van dé lién quan dén qua
trinh thiét ké va danh gia moé hinh huan luyén. Nam duoc cau trac dé xay dyng nén
hé théng. Thiét ké bat dau véi yéu cau da dat ra tai chuong 1, d6 1a viéc xay dyng
duoc hé thong nhan dang khudn mit dé phan loai gigi tinh va dém sé luong nham
muc dich hién thi quang c4o phu hop véi dbi tugng.

3.2.  Quy trinh thiét ké hé thong

Dé xay dung duoc mot hé thdng hoan chinh thi ta can mot thiét bj thu nhan di
lieu (& day chung em s& st dung webcam may tinh) va maot thiét bj xtr ly trung tam
(may tinh). Vi thiét bi phan ctg da c6 sdn nén chling em sé& tap trung xay dung mo
hinh cho b xt Iy trung tm [Hinh 3.1] gdm cac khéi nhu sau:

1. Khéi tién xtr ly
2. Khéi nhan dang va phan loai d6i twong
3. Khéi theo dai ddi tuong

4. Khéi hién thi

Khoi tién Khéi nhin dang va
xit Iy phan loai d6i tirgng
Khdi hién Khéi theo déi dbi
. 4
thi frong

Hinh 3.1: So d6 khéi cua bo xir Iy trung tam

e —
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Bét diu
hé thbng

Thu thép dit
ligu tién xir Iy

Xuit ra

| Huénluyén

Gan nhin
dix liéu
|

l

mo hinh md hinh
7‘ -
v v
Video dau y Xuly tach )l Nhan dang déi tuong Xac dinh vi tri
vao khung hinh trong khung hinh ciia déi tuong
So sanh sb Ting bién B
A1 AAT n, A-
lugng cua dém (ing v6i Theo doi doi une Do6i tuong
cac lop doi [€ tén dbi - tuong da dwoc 4 da vao ving
tuong tuong phéat hién nhan dang
I
Néu phat Pun .2 PRSI '
hién s6 £ Hl’en t,hl quf;mg Két thuc
——| cdosan pham |— hE th
lugng nam ngdu nhién ¢ thong
bang nir :
Sai Hieén thi quéang
% cdosan phim
danh cho nir
. Néu phat -
Sai hién sé Hién thi quang
luoﬁg nam —— c4o san phim ——_fij
l(’yﬁ hon nit Dung danh cho nam

Hinh 3.2: Luu db thuat toan caa hé thdng
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3.2.1. Khai tién x Iy
So do tong quan:

Khéi tién xir Iy
Thu thap Chuan hoa Gan nhan
dit liéu | ditlidu | ditlidu

Khéi nhin dang
va phén loai

Hinh 3.3: Téng quan so do khéi tién xir Iy
M0 ta:

Khdi tién xtr ly trong mé hinh hoc may 1a qua trinh chuan bi va bién doi dir
liéu dau vao trude khi dua vao mé hinh dé dat duoc hiéu suat tét hon va dé dang xu
ly dix ligu.

Chtrc nang:

- Thu thap dit liéu: Thu thap dix liéu tir cAc ngudn khac nhau dé tao thanh tap dir liéu
huan luyén.

- Xur ly dit liéu bi thiéu: Kiém tra va xir ly cac gia tri thiéu trong di liéu, théng qua
viéc dién gia tri thiéu hozc loai bo cac mau di liéu bi thiéu.

- Chuan hda dit liéu: Pua céc dic trung vé cung pham vi hodc dang di liéu chuan.

- Chia tap dix liéu: Phan chia tap dix liéu thanh tap huan luyén va tap kiém tra dé danh
gia hiéu suat caa mé hinh.

I —
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mammm@é@mA-@

Hinh 3.5: Hinh anh tap dir liéu dung dé kiém tra

Dé dao tao md hinh YOLOVS5, tap dit liéu huan luyén can phai tuan tha dinh
dang yéu cau caa YOLOV5, mdi hinh anh trong tap di liéu s& phai c6 mot tép vian
ban dang text *.txt (néu khong ¢ d6i tugng trong hinh anh thi khéng can) chira thong
tin vé nhin d6i twong nhan dang caa anh [Hinh 3.6].

I —
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® ® zidane.txt v

® 0.481719 0.634028 0.690625 0.713278
® ©.741094 9.524306 0.314750 ©.933389
27 B.364844 9.795833 0.0878125 0.400000

Hinh 3.6: Noi dung nh@n cho mét hinh anh

Thong sb ky thuat [Hinh 3.7] cua tép *.txt Ia:
- Mbt hang cho mbi dbi tuong

- M&i hang bao gom: 16p, toa do diém trung tam x_center va y_center, chiéu rong va
chiéu cao cua dbi twong (dugc chuan hoa vé 0-1)

- S6 16p khong dugc 1ap chi muc (bat dau tir 0).
Origin +X

y

.Aiﬁ_WM,g = 2

Hinh 3.7: M@ ta thdng s6 cho nhan dit liéu

Tap dit liéu cho viéc huan luyén [Hinh 3.4] phan loai nam nit : khoang 3000
anh khudn mat nam gigi va 3000 anh khudn mat nir gidi, duoc chia thanh 2 class. Cac
hinh anh duoc chyp tir camera dién thoai két hop véi bo dix liéu lay & cac trang web
trén internet. Dit liéu bo dir liéu huan luyén hau hét cé kich thuéc 1a 640px x 640px,
tién hanh resize cac hinh anh c6 kich thuéc roi rac vé cung kich thudce nay dé co thé
thue hién huan luyén mé hinh.

e ————
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[»qluueumgcNsm/wwoammas/mmmouz.,pqn,'r, = a x
File Edit View Help

f 8ox Labels
D ee Lob
) afficult

nnnnnn ] Use defouit fabel male

fpriimiclie!

File List £l

Hinh 3.8: Hinh anh sir dung labellmg dé gan nhan

Céc budc thuc hién gan nhan [Hinh 3.8]:
Budc 1: Chon hinh anh can dé gan nhéan.

Budc 2: Tao cac khung hinh chir nhat va kéo gitr chugt sao cho vira vai phuong tién.
Sau d6 c6 hop thoai xuat hién thi dién tén phuong tién. Tiép tuc thuc hién budc nay
cho dén khi d3 gin hét cac nhin cho cac phuwong tién can quan tam.

Budc 3: Luu lai hinh anh da gan nhan. Phan mém sé tao ra céc file “.txt” tuong ang
véi céc hinh. File nay chtra dit liéu da gian nhdn cia anh do.

File label duoc luu dudi dang file “.txt” véi cac théng sé nhu sau:

e —
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E  ooo02ixt

File Edit  View

b @.485469 @.255469 ©.617188 @.587812

Ln1, Col1 100% Unix (LF)

2023 12:1¢

Hinh 3.9: Hinh anh thdng s6 caa nhan sau khi gan

Phan mém s& tao céc file txt [Hinh 3.9] cho mdi anh trong cung duong dan va
cung tén. Nhung trong file c6 dudi mé rong txt s& chira cac thong tin nhu sd cua vat
thé va toa do cua vat thé trong hinh. V&i mdi vat thé s& c6 cac thdng s <lgp> <x>
<y> <chiéu rong> <chiéu cao>

Trong do:
- <I6p> la mot sb ty nhién cua vat thé tir 0 dén s6 16p — 1. Vi s6 16p caa chiing em
14 2 16p giai tinh thi s€ twong tng la nam la 0 va nir la 1.
- <x> <y> <chiéu rong> <chiéu cao> la cac gi4 tri thap phén lién quan dén vi tri cua
hinh va nam trong khoang 0 dén 1 va duoc tinh toan nhu sau:

+ <x> = <toa d¢ thyc cua x> / <chiéu rong caa hinh>

+ <y> = <toa d0 thuc cua y> / <chiéu cao caa hinh>

+ <chiéu rong> = <chiéu rong thuc cua khung> / <chiéu réng caa hinh>

+ <chiéu cao> = <chiéu cao thuc ciia khung> / <chiéu cao cua hinh>

e —
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P,

Hinh 3.10: Céch tinh cac thdng sb caa hop bién

Diéu nay thuan loi cho viéc xac minh vi tri caa vat khi hinh bi thay d6i vai cac kich
thudc khac nhau.

Qua trinh gan nhan thu duoc téng cong :

Bang 3.1: S6 luong nhan da thu thap

Male Female
Train 3057 3634
Valid 687 713
Total 8091

e —
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3500 -

3000 -

2500 -

instances

= N
w o
o o
o o
1 1

1000 -

500 -

0-

male
female

1.0-

0.8 -

1
0.0 0.2 0.4 0.6 0.8 1.0
X width

Hinh 3.12: Biéu d5 md ta vi tri va kich thuéc céc 16p trong tap huan luyén
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3.2.2. Khéi nhgn dgng va phan loai déi tweng
So db téng quan:

Khéi nhin dang va phan loai doi twong
Huén luyén Xuat ra mé Nhén dang va phan
tipdirliéu | |  hinh . loai d6i twong
F 9
h A
Khéi tién xir Iy Khoi theo doi
doi1 twong

Hinh 3.13: Tong quan so do khéi nhan dang va phan loai ddi tuong
MO ta:
Str dung md hinh YOLOVS5, day 1la mt md hinh hoc sau (deep learning) dugc
sir dung dé phat hién va nhan dang d6i tugng trong anh va video. N6 1a phién ban tiép
theo ciia YOLO (You Only Look Once), mét kién tric mé hinh phat hién déi twong

nhanh chéng va chinh xac. Pau vao la anh thu thap duoc sau khi qua khdi tién xi Iy.
Pau ra la tap tin sau khi dugc huan luyén qua mé hinh YOLOVS.

Chtrc nang:

Chtic niang chinh ciia YOLOV5 I phéat hién va nhan dang d6i twong trong anh

va video. M6 hinh nay c6 kha nang phat hién nhanh chéng cac d6i tugng va dua ra
cac bounding box (hinh chir nhat) xac dinh vi tri caa ching trong anh hoac video.
Ngoai ra, YOLOVS ciing ¢6 kha nang phan loai cac d6i tuong d6 vao cac 16p (class)
khac nhau. Pic diém va chirc ning cia YOLOV5 bao gom:
- Kién tric mang no-ron: YOLOVS5 sir dung mot kién tric mang no-ron tich chap
(CNN) dé trich xuat dic trung tir anh. M6 hinh bao gém cac layer convolution,
pooling va cac ki thuat nhu skip connections dé xay dung mot mang no-ron sau co
kha nang hoc biéu dién da dang va phét hién cac dbi tuong.

Bang 3.2: Bang mo hinh tom tat cia YOLOV5s

from | n | params | module arguments

0 |-1 1 | 3520 models.common.Conv [3, 32, 6, 2,
2]

1 |-1 1 | 18560 models.common.Conv [32, 64, 3,
2]
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2 |-1 18816 models.common.C3 [64, 64, 1]
3 |-1 73984 models.common.Conv [64, 128, 3,
2]
4 |-1 115712 | models.common.C3 [128, 128,
2]
5 |-1 295424 | models.common.Conv [128, 256,
3,2]
6 |-1 625152 | models.common.C3 [256, 256,
3]
7 |-1 1180672 | models.common.Conv [256, 512,
3, 2]
8 |-1 1182720 | models.common.C3 [512, 512,
1]
9 |-1 656896 | models.common.SPPF [512, 512,
5]
10 | -1 131584 | models.common.Conv [512, 256,
1, 1]
11 | -1 0 torch.nn.modules.upsampling.Upsample | [None, 2,
'nearest']
12 | [-1, 0 models.common.Concat [1]
6]
13 | -1 361984 | models.common.C3 [512, 256,
1, False]
14 | -1 33024 models.common.Conv [256, 128,
1,1]
15 | -1 0 torch.nn.modules.upsampling.Upsample | [None, 2,
'nearest']
16 | [-1, 0 models.common.Concat [1]
4]
17 | -1 90880 models.common.C3 [256, 128,
1, False]
18 | -1 147712 | models.common.Conv [128, 128,
3, 2]
19 | [-1, 0 models.common.Concat [1]
14]
20 | -1 296448 | models.common.C3 [256, 256,
1, False]
21 | -1 590336 | models.common.Conv [256, 256,
3, 2]
22 | [-1, 0 models.common.Concat [1]
10]
23 | -1 1182720 | models.common.C3 [512, 512,
1, False]

e —
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[2, [[10, 13,
16, 30, 33,
23], [30, 61,
62, 45,
£107’ 50,  119],
23j [116, 90,
156, 198,
373, 326]],
[128,
24 1 |18879 models.yolo.Detect 256, 512]]
Model summary: 214 layers, 7025023 parameters, 7025023 gradients, 16.0
GFLOPs

- M6 ta chi tiét bang trén [Bang 3.2]:

+ "214 layers" (214 16p): Pay 1a s6 luong 16p trong mod hinh YOLOV5s. Mi
I6p thuc hién cac phép tinh nhu tich chap, kich hoat, pooling, va normalization dé
trich xuét dac trung tir dix liéu dau vao.

+"7025023 parameters" (7025023 tham sd): Pay 1a s6 lugng tham s6 trongmo
hinh YOLOV5s. Cac tham sé bao gom cac ma tran trong sé va cac tham sé dich
chuyén (bias) cua cac 16p. Céac tham sb nay duoc toi uu hoa trong qua trinh huan
luyén dé mé hinh c6 thé dyu doan chinh xé&c vi tri va loai déi twong trong hinh anh.

+ "7025023 gradients" (7025023 gradient): Py 14 s6 luong gradient tuong
rng véi mdi tham sé trong mo6 hinh YOLOVvS5s. Gradient dai dién cho d6 doc cua ham
mat mat theo tirng tham s, cho biét can diéu chinh tham sé nhu thé nao dé giam thiéu
sai s6. Gradient duoc tinh to4n théng qua qud trinh lan truyén nguoc
(backpropagation) trong qué trinh huan luyén.

+"16.0 GFLOPs": Pay la s6 lugng phép tinh lugng tir dong thyc hién boi mo
hinh trong méi gidy. GFLOPs (giga floating-point operations per second) do ludng
kha nang tinh toan caa md hinh va thé hién sé luong phép tinh sé hoc (nhan, cong,
trir) duoc thuc hién trén cac sé dau cham dong (floating-point) trong méi gidy. Diéu
nay cho thiy mic do phirc tap tinh todn cua mé hinh va anh huong dén thoi gian xir
ly hinh anh.
- Phat hién va nhan dang ddi trong: YOLOVS5 st dung anchor boxes va luéi 6 (grid)
dé phat hién va nhan dang dbi twong trong anh va video. Md hinh du doan cac
bounding box va xac suat cua cac Iép cho mdi 6 trong ludi, sau d6 sir dung cac ngudng
(threshold) dé loc cac ddi twong phat hién.
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- D6 chinh xac va téc do: YOLOvVS5 duoc thiét ké dé can bang giira 6 chinh xac va
tbc d6. M6 hinh nay c6 kha ning phat hién va nhan dang ddi twong nhanh chéong voi
d6 chinh xac tuong di cao, gitp xu ly anh va video trong thai gian thyc.

- Huén luyén va trién khai: YOLOV5 c6 thé duoc huan luyén trén cac bo dix liéu chira
d6i tugng duoc gan nhan. Sau khi huan luyén, mé hinh c6 thé dugc trién khai trén
nhiéu nén tang khac nhau, bao gém may tinh ca nhan, hé théng nhing va thiét bi di
dong.

3.2.3. Khéi theo déi déi twong
So do tong quan:

Khéi theo ddi ddi twong

Rut trich Theo do6i
déc trung dbi trong

F 3

Y

Khéi nhan dang Khéi hién thi
va phén loai

Hinh 3.14: Tong quan khéi theo dai d6i tuong
MO ta:
DeepSORT (Deep Learning for Real-Time Object Tracking) la mot thuat toan
theo ddi d6i twong thoi gian thuc sir dung hoc sau (deep learning). DeepSORT két

hop cac mo hinh deep learning dé xac dinh va theo ddi cac ddi tuong trong cac khung
hinh video lién tuc [Hinh 3.15].

e —
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Deep S O m i‘:’:::z Th'::: Deep Leay; ng

et Vils Saqeenen. .

Hinh 3.15: Hé théng Real-time Multi-person Tracking vi YOLO va DeepSORT

Chtrc nang:

Duéi day 1a qué trinh hoat dong chinh cia DeepSORT trong hé thdng [Hinh 3.17]:

- Nhan dién d6i twong: Str dung mé hinh nhan dién d6i tuong YOLOV5 dé xac dinh
cac d6i twong trong khung hinh ban ddu. Mé hinh nay sé& tao ra cac hinh chit nhat bao
quanh cac d6i twong va dua ra cac diém dic trung cua chdng.

- Rut trich dic trung: Str dung mot moé hinh deep learning CNN dé rut trich cac dic
trung tir c&c hinh chit nhat xac dinh ¢ budc truéc. M6 hinh nay chuyén d6i hinh chir
nhat thanh mot vector dic trung co kich thuéc ¢b dinh.

(—- Deleted
Unconfirmed T
Unmatched Unmatched > max_age
Tracks Tracks
Confirmed
< max_age

Unmatched
Detections

Detections Matching

Unmatched loU
Cascade Detections Match
Matched Matched
Confirmed

Tracks Tracks
Kalman Filter
Tracks = " predict ‘ {
- Unconfirmed

New
Tracks

Kalman Filter |
Update [

Hinh 3.16: Ludng xu Ii cia DeepSORT
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- Xé4c dinh d6i twong gan nhat: St dung thuat todn Nearest Neighbor (k-nearest
neighbors) dé xac dinh cac ddi twong gan nhét dya trén cac vector dic trung. Cac doi
tuong c6 vector dac trung tuong tu s€ dugc gom nhom lai va xem nhu 1a cung mot
d6i tuong.

- Theo ddi d6i twgng: Sir dung b loc Kalman dé du doan vi tri tiép theo cua cac ddi
tuong theo thai gian. Bo loc Kalman tinh toan cac wée luong vé tée do va gia toc cua
d6i twong dé du doan vi tri tiép theo.

- Gan két cac ddi twong: Str dung cac thong tin tir bude trude va ki thuat gin két doi
tugng dé xac dinh xem cac d6i twong dugc theo ddi co lién quan vai nhau hay khong.
Cac dbi tuong lién quan s& duoc gan két lai thanh cac quy dao theo ddi lién mach.

)

I

]

Hinh 3.17: Qua trinh theo di d6i twong cua thuat toan DeepSORT

Thuat toan DeepSORT két hop cac mé hinh deep learning va cac k¥ thuat theo dai
d6i tuong truyén thong nhu bo loc Kalman dé cai thién kha ning theo ddi d6i twong
trong thoi gian thuc. N6 duoc str dung rong réi trong cac tng dung nhu theo doi dbi
tuong trong video giam sat, dém luong ngudi va nhan dang hanh vi trong phan tich
video.

e —
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3.2.4. Khéi hién thj
So db téng quan:

Khéi hién thi

Hién thi video nhén dang va Hién thi video quang
phan loai gidi tinh dya trén [*| cdo danh cho doi twong

khuén mijt cuia doi tirgng trén man hinh

7y
|

Khéi theo ddi doi trong

Hinh 3.18: Tong quan khéi hién thi
M6 ta:

Str dung md hinh nhan dang doi tuong YOLOv5 dé phét hién va nhan dang
cac ddi tuong két hop vai thuat toan DeppSORT dé theo ddi ddi twong trong video
nhan dang. Sau d¢, ta c6 thé &p dung mé hinh nay dé xac dinh vi tri, s6 luong va 16p
cua ddi twong c6 trong video nhan dang tir d6 hién thi quang c4o 1én man hinh quang
cao (0 day chiing em su dung man hinh may tinh thay cho man hinh quang cao).

Chtrc nang:

- Xéc dinh khéi hién thi: Dya trén vi tri va loai d6i twong di nhan dang, ta co thé xac
dinh khéi hién thi trong video nhan dang. Diéu nay cé thé duoc thuc hién bang céach
xéac dinh viing bao quanh cac dbi twong dd nhan dang va xac dinh khéi hién thi 1a khu
vuc chira tat ca cac doi tuong nay.

- Phan tich video quang cao: Trong cuing khung hinh hoac cac khung hinh lién tiép,
xac dinh va phan tich video quang céo. Ta sir dung céc thuat toan dé dua vao diéu
kién nhan duoc tir video nhan dang d6i teong dé xac dinh noi dung va théng tin quang
c4o can phai hién thi trong video quang céo.

- Pdng bo héa va phan tich cung Iic: Chang em d3 xac dinh dwgc khéi hién thi video
nhan dang va phan tich video quang céo. Tir d6, nhom chang em c6 thé ddng bo hda
va phan tich ca hai cung lac. Diéu nay cho phép chung em kiém tra su tuwong tac gitra
video nhan dang va video quang cao, vi du nhu xac dinh xem liéu video quang céo
c6 lién quan dén noi dung video nhan dang hay khéng.
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3.3.  Kétluan chwong

Chuong 3 di trinh bay duoc quy trinh thiét ké hé thdng, tir quy trinh do, phat
trién ra san pham demo duya trén cac mé hinh duoc huan luyén duoc danh gia tir bo
co so dir lidu cua ching em thu thap duogc. Trinh bay duoc ciu tric cua hé thong va
thiét bi str dung dé xay dung hé thong. Két qua nghién ciru va két luan s& duoc trinh
bay & chuong tiép theo.

I —
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CHUONG 4: KET QUA NGHIEN CUU VA PANH GIA KET QUA

4.1. Giéi thiéu chwong

Chuong nay trinh bay két qua nghién ctu tir co sé ly thuyét cho dén thiét ké
chuong trinh. Ngoai ra, thr nghiém hé théng voi cac truong hop khac nhau vé sb
lwong ngudi trong anh dé kiém tra d6 hiéu qua cua hé thong.
4.2. Két qua nghién ciu dat dwoc
4.2.1. Két qua mé hinh hec mdy nhdn dang nam né

Mo hinh dugc trién khai huan luyén trén Google Colab vai phan cang RAM
hé théng 12.7 GB, GPU la Nvidia Tesla T4 15 GB. Sau khi huan luyén ta dugc cac
d thi ham loss function bén dudi.

train/box_loss train/obj_loss train/cls_loss
0.020 —e— results 0.020
smooth

0.04 0.018

0.016 0.015
0.03 0.014

0.010
0.012

0.02 0.010 0.005
0.008

0 50 100 0 50 100 0 50 100

Hinh 4.1: Cac db thi Loss Function caa mé hinh YOLOVS5 trén tap dir liéu dung dé
huan luyén véi 6691 birc anh (Train Set)

e —
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1
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val/box_loss val/obj_loss val/cls_loss

0.0040 0.008

0.014 0.0039
0.0038 0.006

0.012
0.0037
0.0036 0.004

0.010
0.0035
0.0034 0.002

0.008

0 50 100 0 50 100 0 50 100

Hinh 4.2: Cac @6 thi Loss Function caa mé hinh YOLOVS trén tap dir liéu dung dé
kiém tra v6i 1400 buc anh (Validation Set)

metrics/precision

0.9
0.8
0.7

0.6
0 50 100

Hinh 4.3: D4 thi ty 18 giita s6 luong cac d6i twong du doan ding (true positives) va
tong s luong cac ddi teong du doan 14 positive (bao gom ca true positives va false
positives)

e —
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metrics/recall

0.95
0.90
0.85
0.80
0 50 100

Hinh 4.4: P4 thi ty 18 giita s6 luong cac d6i twong dy doan ding (true positives) va
tong s luong cac ddi tugng déi tuong thuc té 13 positive (bao gdm ca true positives
va false negatives)

metrics/mAP_0.5

0.95
0.90
0.85
0.80
0.75

0 50 100

Hinh 4.5: Biéu do d4nh gia hiéu suat tong thé caa mé hinh phat hién déi twong voi
ngudng loU 12 0.5
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metrics/mAP_0.5:0.95
0.70

0.65

0.60

0.55
0.50
0.45
0.40
0 50

Hinh 4.6: Biéu db danh gia hiéu suat tong thé caa mé hinh phat hién d6i twong trong
khoang ngudng loU tir 0.5 dén 0.95

100

Bang 4.1: Hiéu suat két qua mé hinh

Danh gia YOLOvV5s
S6 lwong tham s 7,015,519
Kiém thu Tap xac thuc
MAP50 97%
MAPS50:95 68%
Do chinh xac 96%
Do bao phu 97%

e —
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Nhan xét:

- M6 hinh YOLO van ching minh duoc 1a mét trong nhitng mé hinh ¢é nhan dién
hinh anh theo thoi gian thuc véi @6 chinh xac cao.

- M hinh YOLOVS5s véi s6 lugng tham sé khoang 7 triéu da cho thay hiéu suat két
qua nhan dién rat tét va toc do xt Iy nhan dang khudn mat ddi tegng mot cach nhanh
chéng véi toe do trung binh khoang 0.02s cho mét hinh anh ¢é chtra ddi tuong.

- Chi s6 mAP_0.5 (mean Average Precision tng véi ngudng loU > 0.5) va chi sb
mAP_0.5:0.95 (gi& tri cia mean Average Precision tng véi 10 ngudng: loU > 0.5,
10U>0.55, 1oU>0.60...10U>95) cho thdy md hinh YOLOV5s da cho ra d6 chinh xac
cao.

Duéi day 1a mot s6 hinh anh nhan dién trén mdi 16p twong (g ciia cac mé hinh:

R Vi Dt D0 % WA Viden Merae o =

Hinh 4.7: Két qua nhan dang caa md hinh YOLOV5s

e —
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4.2.2. Két qud hién thi hé théng qudng cdo thong minh

Sau khi huan luyén mé hinh nhan dang khuén mat, chung em tiép tuc dya vao
d6 dé phan loai theo giai tinh va so sanh s lugng cua ddi twong nam nit giira hai lop
nham muc dich hién thi quang cao phu hop véi d6i tuong nhan dang duoc. Sau day
la mot vai hinh anh hién thi két qua dat dugc cua hé théng quang cao thong minh.

The BE \l"IW Mection

i /
8

-

Hinh 4.9: Két qua hién thi quang cao danh cho nam giéi
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06/07/2023 01:39:05

Norm

06/07/2023 01:40:52

1 male 0.81
Nor

Hinh 4.11: Két qua hién thi quang cao ngau nhién khi s6 lugng nam nir bang nhau

e —
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8| Video Detect

! Video Detect

OUTLINE
TIMELINE
CS.SCRIPT - ACTIVE

X @0A0 4 LveShare Quokka

Hinh 4.13: Két qua hién thi quang cao danh cho nam gidi trong thuc té

e —
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OUTLINE
TIMELINE
CS-SCRIPT - ACTIVE

X ®0A0 £ Live Share Quokka

L‘ 8! Video Detect

06/07/2023 01:51:27 Male: 1 Femc

OUTLINE
TIMELINE
CS-SCRIPT - ACTIVE
X ®0A0 £ LiveShare Quokka

Hinh 4.15: Két qua hién thi quang c4o ngau nhién trong thuc té

e —
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4.3. Panh gia két qua
4.3.1. Pdanh gid két qua md hinh hec mdy nhdn dang khudn mdgt nam né

M6 hinh YOLOV5s cd thdng sb huan luyén rét tét, pht hop dé chon 1am md
hinh trién khai cho hé théng. Dé rd hon vé chi tiét cac danh gia vé mé hinh YOLO
cuing tim hiéu ma tran nham Ian cua chang.

Confusion Matrix

male

Predicted
fermale

= 0.4

—-0.2

background

' ' ' =0.0
male female background
True

Hinh 4.16: Ma tran nham 1An mé hinh YOLOV5s

Ma tran nham I4n cho thidy mé hinh cé két qua du doan chinh xéc rat cao trén
cac 16p. Ti 1é cac ddi twong bi bo x6t giira cac 16p 1a kha can bang (mé hinh khong
nhan ra dugc) khoang 4% cho mai 1p. Viéc giam ti 1é cac ddi twong bi bo x6t c6 tam
quan trong rat 16n trong qué trinh hoat dong thuc té vi né s& giam thiéu kha ning
khéng nhan dang dugc gigi tinh cua dbi tuong tir d6 dua ra quang cao khdng phu hop
Vi ddi tuong.

e —
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4.3.2. Pdnh gid két qua hé théng qudng cdo théng minh

Dua vao két qua dat duoc & trén, ta c thé thay hé thong hoat dong mot cach
tron tru voi d6 chinh xéac cao. Piéu nay c6 nghia 1a mé hinh YOLOV5s di cho két qua
nhan dang va phat hién ddi twong chinh xac va dang tin cay.

Ngoai ra, nhdm ching em da st dung truyén dit liéu tir qué trinh nhan dang
sang mat tap tin trung gian. Diéu nay gidp ti uu hoa viéc nhan dix lidu va tée do xur
ly cua hé théng. Thay vi xt ly dir liéu tryc tiép tir video nhan dién nam ni, viéc sir
dung tap tin trung gian gidp giam thoi gian xt Iy va dam bao rang viéc hién thi video
quang cao duoc thuc hién nhanh chong.

Diéu nay gilp t6i wu hoa qua trinh phat quang cdo mot cach nhanh chéng va
phu hop véi d6i tuong dugc nham dén. Thoi gian xir ly nhanh cho phép phat quang
céo ngay sau khi nhan dién, mang lai hiéu qua va tuong tac tét véi ddi tuong muc
tiéu.

4.4. Kétluan chuwong

Qua chuong nay, nhém chiing em da trinh bay dugc két qua nghién ciru ciing
nhu 13 cac két luan, ban luan vé mé hinh duoc xay dung trong d6 an nay. Dua trén
két qua dat dugc va muc tiéu da dé ra, chiing em nhan dinh dugc két qua dat duoc 1a
tuong d6i tot va co thé ap dung hé théng vao trong thuc té.
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KET LUAN VA HUONG PHAT TRIEN PE TAl

Trong thoi gian thuc hién d6 &n, nhém ching em da thiét ké “Heé théng quang
c4o thong minh” kha hoan chinh va diy da dung véi nhitng yéu cau dé ra cua dé tai.
Tuy hé théng chi dirng lai dudi dang demo san pham nhung ciing da thuc hién duoc
day du cac chirc ning ma hé théng dat ra.

Uu diém:

- Hé thdng c6 kha ning phan loai dugc nam va nit, so sanh sb luong va dua ra quang
cao du vao sé lieu duge xir 1y.

- Téc do xir Iy sau khi nhan tin hiéu tir video nhan dang dén lac hién thi quang cao
gan nhu khong c6 do tré.

- C6 thé 4p dung vao thuc té.
Han ché:

- Hé thdng bi anh huong bai mot sb tac nhan bén ngoai nhu 14 anh sang, goc dé mat,
khoang cach véi camera, camera do phan giai thap.

- Két qua phan loai véi do chinh xac 1én dén 96% nhung van chwa phai la tuyét dbi.
Hwéng phét trién dé tai:

- Pé cai thién d¢é tai ndy, ching em tiép tuc tim hiéu va két hop cac phwong phap khac
nham ting do chinh xac trong qué trinh phan loai va nhan dién nam nix khong chi trén
gidi tinh ma con & do tuoi.

- Thém chirc niang canh tong hop dit liéu va phan tich hanh vi nguoi ding dé t6i uu
hoa quang cao.

- C6 thé phat trién san pham thém tinh nang giao tiép va twong tac : Xay dung chatbot
hoic tro Iy 40 ¢6 kha ning tuong tac va giao tiép voi khach hang. Biéu nay gilp nang
cao trai nghiém cua khéach hang va cung cap thong tin quang céo theo cach dé dang
va thuan tién.
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