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TOM TAT

Tén dé tai: Xay dung hé théng quan 1y tu do thong minh sir dung k¥ thuat Deep
Learning v6i kién tric MobileNetV2

Sinh vién thwe hién: Nguyén Phan Viét Anh
S6 thé SV: 102200202 Lép: 20TCLC_DT5

Trong bdi canh cong nghé 4.0 va sy bung nd cua thi gidc may tinh (Computer
Vision), viéc (mg dung Tri tué nhan tao vao doi séng thudng nhat dang try thanh
xu huéng tat yéu. Pd an nay tap trung nghién ctru va phat trién mot hé thong Quén
Iy ti d0 thong minh (Smart Wardrobe), dong vai trd nhu mot trg 1y 4o giup
nguoi ding s6 hoa va quan 1y trang phuc ca nhan, giai quyét bai toan "lang phi thoi

gian lya chon trang phuc" thong qua ty dong hoa.

V& mat thuét toan, dd 4n dé xuét su dung k¥ thuat Hoc sau (Deep Learning) véi
kién triic mang no-ron tich chap MobileNetV2. Pay 1a mé hinh dugc t6i vu hoa
dic biét cho cac thiét bj bién va di dong nho cAu tric Inverted Residuals va Linear
Bottlenecks, gitip giam thiéu chi phi tinh todn nhung van duy tri hiéu ning cao.
Chién lugc Chuyén giao tri thirc (Transfer Learning) duoc 4p dung dé tinh
chinh mé hinh, gitp hé théng nhanh chéng thich nghi véi cac dic trung cla trang

phuc tir by trong ) ImageNet.

Vé mat dir liéu, d6 an di xdy dung thanh coéng bo dit liéu quy mo 16n 1én t6i hon
131.000 hinh anh thudc 20 danh myc trang phuc phé bién (nhu Ao thun, Polo,
Quan Jean, Vay, Giay...). Quy trinh xt 1y dir liéu ap dung chién luoc Dir liéu lai
(Hybrid Dataset): két hop giita nguon dir liéu chuan (Kaggle) va dir lidu thyc té
thu thap tir Internet, cung véi cac ki thuat tang cuong dir ligu (Data Augmentation)

de nang cao kha nang tong quat hda ciia mo hinh.

Vé mat ky thuat hé théng, ung dung dugc xay dung theo kién tric Microservices

hién dai va dong goi bang cong nghé Docker Container, dam bao kha nang trién




khai linh hoat va dong nhét trén moi mai trudong. Hé thdng bao gdbm Backend xir
1y Al (Flask API), Frontend giao dién nguoi dung (React]S) va Co s& dir li¢u phi
quan hé (MongoDB) dé luru trir metadata hinh anh. Bén canh chirc ning nhén dién
cbt 161, hé thong tich hop thuit toan Goi ¥ theo ngit cinh (Context-aware
Recommendation) dua trén dir liéu thoi tiét thoi gian thuc (ldy tur
OpenWeatherMap API) va co ché Kiém soat ngudng tin ciy (Confidence

Threshold) dé loc bo nhiéu, dam bao d6 chinh x4c cao nhét cho ngudi ding.

Két qua thuc nghiém trén tap kiém thir doc lap cho théy mo hinh MobileNetV2
sau khi tinh chinh dat d6 chinh xac ~86%, véi tbe do suy luan trung binh chi
22ms/anh. Hé thong hoat dong on dinh, giao dién tryc quan, dap g t6t yéu ciu vé
thoi gian thye (Real-time) va mang lai trdi nghiém quan ly thoi trang hiéu qud, khoa hoc

cho nguoi dung.
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LOI NOI PAU

Trong bdi canh toan cdu hoa va sy bung né6 manh mé ciia cudc Cach mang cong
nghiép lan thtr tu (Industry 4.0), cong nghé thong tin khéng con don thuén 13 cong
cu hd trg ma d3 tré thanh nén tang c¢6t 161 dinh hinh lai moi mat cua doi séng xa
hoi. Pic biét, su trdi day cua Tri tué nhan tao (Artificial Intelligence - AI) va Hoc
sau (Deep Learning) dang tao ra nhirng budc dot pha chua timg c6, chuyén dich tir
cac phong thi nghiém han ldm sang cac ing dung thuc tién, phuc vu truc tiép cho
nhu ciu cua con ngudi tir y té, gido duc, giao thong cho dén céc tién ich sinh hoat

thuong nhat.

Thoi trang, mot trong nhitng nhu cau thiét yéu nhit cia con ngudi, cling khong
nam ngoai dong chay coéng nghé nay. Tuy nhién, su phat trién cta nganh cong
nghiép "Thoi trang nhanh" (Fast Fashion) dang dat ra nhiing thach thirc méi.
Nguoi tiéu dung hién dai sé hiru sé lugng trang phuc ngay cang 16n, din dén nghich
1y "Ta do day dp nhung khong c6 gi dé mic". Viéc quan 1y tha cong, ghi nhd va
phéi hop cac mén do trong tii quan 4o tré thanh mot ganh ning vo hinh, tiéu ton
thoi gian va niang luong tinh than mdi ngay. Hon nita, viéc mua saim khong kiém

soat va lang phi trang phuc ciing dang 1a mot van dé nhtrc nhdi ddi v6i méi trudng.

Xuét phat tir nhitng tran tré do, téi da lya chon va thyc hién dd an tot nghiép voi
dé tai "Xay dung hé théng quan 1y ti dé thong minh sir dung ki thuit Deep
Learning véi kién triic MobileNetV2'". Pé tai khong chi dimg lai & muc tiéu giai
quyét bai toan phan loai anh don thuin, ma hudng toi viée xdy dung mot "Tro 1y
ao" thuc thy, gitp s6 hoéa ti quan 4o, ty dong héa quy trinh quan 1y va cung cap

céc goi y phdi do thong minh dua trén ngit canh thoi tiét thuc té.

Qua trinh thyc hién do 4n 1a mot hanh trinh nghién ctru dy thach thirc nhung ciing
v6 cung thi vi. Dy 1a co hoi quy bau dé toi tong hop va van dung toan bo kién
thirc da tich lily trong suét 5 nim hoc tap tai truong, tir cac nén tang co ban vé
Cong nghé phan mém, Co s& dit lidu dén cac k¥ thuat chuyén sdu nhu Thi gidc

may tinh (Computer Vision) va Hoc may (Machine Learning).
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Théng qua dd 4n ny, t6i di c6 co hoi di sdu nghién ctru vé kién trac mang no-ron
tich chap MobileNetV2 — mot giai phap t6i wu cho cac thiét bi bién, giup can bang
giita d6 chinh x4c va téc d6 xtr Iy. Bén canh d6, d6 4n ciing 12 méi trudng thuc
nghiém dé t6i rén luyén k¥ ning xay dung hé théng phan mém hoan chinh (Full-
stack Development), tir viéc thiét ké kién triic Microservices véi Docker, xay dung
API v¢i Flask dén viée trién khai co sd dit liéu phi quan hé MongoDB. Nhiing kho
khin trong qua trinh thu thap dir liéu, tinh chinh tham s6 mé hinh hay xir 1y cac
van dé vé hiéu ning hé théng d3 mang lai cho t6i nhitng bai hoc kinh nghiém vo

gia cho con duong nghé nghiép sau nay.

Mic du dd nd luc hét minh dé hoan thién hé théng, nhung do gidi han vé thoi gian
va kinh nghiém thuc té, d6 an chic chian khong tranh khoi nhirng thiéu sot. Toi rat
mong nhan dugc nhitng ¥ kién dong gép quy bau tir Quy Thay Co va cac ban dé

dé tai c6 thé dugc phat trién hoan thién hon nira trong twong lai.

T6i hy vong rang, két qua ciia d6 an nay s& 1a mot budc dém nho, gép phan minh
chtng cho tiém ning tng dung cua Al trong viéc nang cao chat luong cudc séng
c4 nhan (Personalized AI), bién nhiing cong nghé phtrc tap trd nén gan giii va hitu

ich cho moi nguoi.
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LOI CAM DOAN

T6i tén 1a: Nguyén Phan Viét Anh M3 sé sinh vién: 102200202 Sinh vién 16p:
20TCLC_DTS5 Truong Pai hoc Bach Khoa - Pai hoc Pa Nang

T6i xin cam doan rang do an tot nghiép véi dé tai "Xay dung hé théng quan 1y
ti dd théong minh st dung ky thuit Deep Learning véi kién tric
MobileNetV2" 1a cong trinh nghién clru, tim hiéu va thuc hién doc 12p cua riéng
ban than t6i, dudi su hudéng dan khoa hoc tan tinh cta Giang vién ThS. Nguyén

Thé Xuén Ly.
To1 xin khéng dinh va chiu trach nhiém vé tinh trung thuc cua cac ndi dung sau:

1. V& dir liéu: B0 dit liéu hinh anh thoi trang (Hybrid Dataset) st dung trong
d6 an duoc toi ty xay dung thong qua quy trinh thu thap tir cac ngudn dir
liu mo (Kaggle) va st dung thuat toan dé cao dit liéu (Crawling) tir cac
trang web thyc té. Quy trinh lam sach, gdn nhan va ting cuong dit liéu duge
thuc hién minh bach, khong sao chép nguyén ban tir bat ky bo dit liéu co
san nao khac.

2. V& giai phap cong nghé: Ma ngudn chuong trinh (Source Code), bao gdm
viéc xay dung mod hinh MobileNetV2, cac script xtr Iy dir 1i¢u, API Backend
(Flask), Giao dién Frontend va ciu hinh hé théng Docker 1a san pham tri
tué do chinh toi viét va phat trién. Cac thu vién ma ngudon mé dugc st dung
déu duoc tudn thu theo gidy phép st dung twong tng.

3. Vé két qua thwe nghiém: Cac s6 liéu vé do chinh xic (Accuracy), do tré
(Latency) va cac bang so sanh hiéu nang mé hinh duoc trinh bay trong d6
an 1 két qua thuc té tir qua trinh huén luyén va kiém thir trén mdy tinh ca

nhan, tuyét d6i khong co sy nguy tao hay sira d6i s6 liéu dé 1am dep két qua.
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4. V@ tai liéu tham khao: Tt ca cac ngudn tai liéu, Iy thuyét, cong thirc va y
tudng tham khao tir cac sach, bao, tap chi khoa hoc, va cac trang web uy tin
déu duoc trich din ngudn gbc rd rang, ddy du trong danh muc Tai liéu tham

khao theo dung quy dinh.

T6i cam két tuyét d6i khong sao chép nguyén van tir bat ky dd an tét nghiép nao
truée d6. Toi xin chiu hoan toan trach nhiém vé tinh liém chinh hoc thuét ciia d6
an nay. Néu phat hién c6 bat ky sy gian 14n hay vi pham quy dinh vé quyén sé hitu
tri tué, t6i xin chip nhan moi hinh thtrc ky luat cia Hoi dong bao vé d6 an va Nha

truong, ké ca viéc huy bo két qua tt nghiép.
Sinh vién thuc hién

Nguyén Phan Viét Anh
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DANH SACH CAC TU VIET TAT

Tur viét | Nguyén nghia (Tiéng Anh) | Nghia tiéng Viét

tit

Al Artificial Intelligence Tri tu¢ nhan tao

API Application Programming | Giao dién 1ap trinh ing dung
Interface

CNN Convolutional Neural Mang no-ron tich chap
Network

CORS Cross-Origin Resource Chia sé tai nguyén chéo ngudn (Co
Sharing ché bao mat Web)

CPU Central Processing Unit Don vi xr Iy trung tdm

CSDL Database Co so dir liéu

DL Deep Learning Hoc sau

DoS Denial of Service Tan cong tu chéi dich vu

GPU Graphics Processing Unit Pon vi xir Iy d6 hoa

HTML | Hypertext Markup Ngon ngit danh dau siéu van ban
Language

HTTP Hypertext Transfer Protocol | Giao thiic truyén tai siéu vin ban

IDE Integrated Development Moi trudng phat trién tich hop
Environment

JSON JavaScript Object Notation | Pinh dang dit liéu d6i tuong

JavaScript

MDS5S Message-Digest Algorithm | Thuat toan ma hoa bam (dung dé loc
5 trung 1ap)

NoSQL | Not Only SQL Co s¢ dir liéu phi quan h¢ (Vi du:

MongoDB)

RAM Random Access Memory B0 nhé truy cap ngau nhién

ReLU Rectified Linear Unit Ham kich hoat tuyén tinh chinh luu

RGB Red Green Blue H¢ mau co ban (P9 - Luc - Lam)
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SGD Stochastic Gradient Descent | Thuit toan t6i wu hoa Gradient ngau
nhién

SSL Secure Sockets Layer Lép cong bao mat (M3 hoa truyén
tin)

TMDT E-commerce Thuong mai dién tir

Ul User Interface Giao dién nguoi dung

URL Uniform Resource Locator | Dinh vi tai nguyén thong nhat
(Puodng dan Web)

UvUID Universally Unique Mi dinh danh duy nhat toan cau

Identifier
UX User Experience Trai nghiém nguoi dung
VRAM Video Random Access B6 nh¢ dd hoa (B6 nhd cua GPU)

Memory
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CHUONG 1: MO PAU

1.1. it van dé

Trong ky nguyén Cach mang cong nghiép 4.0, Tri tué¢ nhan tao (Artificial
Intelligence - Al) va Hoc sau (Deep Learning) khong con 1a nhitng khai ni¢m han
lam nam trong phong thi nghiém, ma da len 16i vao timg ngoc ngach ciia doi séng
thuong nhat. Dac biét, linh vuc Thi gidc may tinh (Computer Vision) da cd nhitng
budre tién vuot bac, cho phép may moc "nhin" va "hiéu" hinh anh véi do chinh xac
tiém can, tham chi vuot qua kha ndng cua con nguoi trong mat s6 tac vu cu thé.
Sy bung nd cua céc thiét bi di dong thong minh cung ning luc tinh todn ngay cang
manh mé& da mé ra co hdi to 16n dé dwa cac mo hinh Al phirc tap dén gan hon voi

nguodi dung cuoi.

Bén canh sy phét trién cta cong nghé, nganh cong nghiép thoi trang ciing dang
chtng kién su thay d6i chong mit voi xu hudng "Thoi trang nhanh" (Fast Fashion).
Nguoi tiéu dung hién dai, dac bi¢t 1a gidi tré, sé hiru $6 lugng trang phuc ngay
cang 16n. Tuy nhién, diéu nay dan dén mot nghich 1y phd bién: "Tu do day ap
nhung khong c6 gi dé mac". Nhiéu nghién ctru chi ra rang, con ngudi thudng chi
sit dung khoang 20-30% sb luong quan 4o minh s& hitu, trong khi phan con lai bi
lang quén ¢ day ti. Diéu nay khong chi gay lang phi vé mat tai chinh ca nhan ma
con tao ra ganh ning 16n cho moi truong khi rac thai thoi trang dang trd thanh van
dé nhirc nhdi toan cau. Ngoai ra, viéc mat thoi gian mdi sang dé suy nghi "hom
nay mic gi", phdi d6 ra sao cho phit hop véi thoi tiét va hoan canh ciing 13 mot vén

dé gay lang phi thoi gian va nang lugng tinh than dang ké.

Xuit phat tur thuc té d6, nhu ciu vé mot cong cu hd tro quan 1y trang phuc ca nhan
mot cach khoa hoc, thong minh va ty dong héa 1a vo ciing cap thiét. Mot hé thong
Iy tuong khong chi don thuan 1a noi luu trir hinh anh quan 4o, ma phai dong vai
trdo nhu mot "Stylist 40": ¢6 kha nang ty dong nhan di¢n loai trang phuc, phan loai

ching, va dua ra cac goi y phoi d6 dua trén cac y€u to ngoai canh nhu thoi tiét.
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Tuy nhién, viéc trién khai cac mo hinh Deep Learning trén cc tng dung ngudi
dung cudi gap phai rao can 16n vé tai nguyén phan cimg. Cac mé hinh CNN truyén
théng nhu VGG16 hay ResNet50 du c6 do chinh x4c cao nhung lai qué ning né
va tbc d6 xir Iy chdm dé chay trén cac thiét bi ca nhan (Local deployment). Bai
toan dit ra 12 lam thé nao dé can bang gitra d6 chinh xac (Accuracy) va toc do xir

1y (Latency) dé tao ra trai nghiém ngudi ding mugt ma.

Dé giai quyét bai toan trén, d6 4n "Xay dung hé théng quan 1y ti dd théng minh
sit dung ky thuat Deep Learning véi kién triic MobileNetV2" dugc thuc hién.
Dé tai tap trung nghién ctru va tmg dung kién tric mang MobileNetV2 — mot mo
hinh dugc t6i wu hoa dic biét cho cac thiét bi di dong voi ciu trac "Inverted
Residuals", gitip giam thiéu dang ké s luong tham sé ma van duy tri d chinh xac

Ccao.
1.2. Muc tiéu dé tai

Muc tiéu tong quat ctia d6 an 13 xay dung mot hé théng phan mém hoan chinh
(End-to-End System) hd tro ngudi dung quan 1y ti quan 4o c nhan, tu dong hoa

viéc phan loai va goi y trang phuc thong qua img dung cong nghé Deep Learning.
Céac muc tiéu cu thé bao gom:

« Nghién ciru Iy thuyét: Tim hiéu sdu vé Mang no-ron tich chap (CNN), k¥
thuat Transfer Learning va dic biét la kién tric MobileNetV?2.

o Xay dung bo dir li€éu: Thu thap va xur ly bd dir liéu hinh anh thoi trang da
dang (bao gom dit liéu tir Kaggle va dit lidu thyc té tai Viét Nam), ap dung
cac k¥ thuat ting cuong dit liéu (Data Augmentation) dé nang cao kha ning
tong quat héa cia mo hinh.

« Huén luyén va Téi wu h6a mé hinh: Thyc hién huan luyén (Fine-tuning)
mo hinh MobileNetV2, tinh chinh cac siéu tham s (Hyperparameters) nhu
Learning Rate, Dropout dé dat duoc su can br:?mg tdi wu gitra do chinh xéc

va toc do.

20



« Xay dung wng dung: Phat trién hé thdng theo kién trac Microservices str
dung Docker, bao gém Backend (Flask API), Frontend (React/Web
Interface) va Database (MongoDB) dé tao ra san phdm c6 kha ning trién

khai thyc té.
1.3. Pham vi nghién ciru
a. Pham vi vé cong nghé:

« Sir dung ngodn ngit Python va thu vién TensorFlow/Keras dé xay dung mé
hinh Al

« Sirdungkién trac MobileNetV2 lam nén tang (Backbone) cho bai toan phin
loai anh.

« Sir dung cong nghé Container hoa (Docker) dé dong goi va trién khai hé
théng.

« Sir dung MongoDB (NoSQL) dé luu trit metadata va lich sir hoat dong.

b. Pham vi vé dir liéu va nghiép vu:

« Hé thdng tap trung nhan dién va phan loai 20 loai trang phuc pho bién nhat
(Vi du: Ao thun, Ao so mi, Quan Jean, Vay, Giay...).
« Hé théng cung cap chirc ning goi ¥ phdi d6 dwa trén nhiét do/thoi tiét hién

tai (thong qua tich hop API thoi tiét).
c. Pham vi vé d6i twong sir dung va trién khai (Gia dinh hé théng):

« D06 an duge thiét ké dinh hudng 1a mot ing dung Tre 1y ¢4 nhan (Personal
Assistant) hoat dong trén moéi truong cuc bd (Self-hosted/Local
Environment).

« MBS hinh trién khai: Hé thong chay truc tiép trén thiét bi cua ngudi ding
thong qua nén tang Docker, thay vi mo hinh SaaS (Software as a Service)

tap trung.
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« V& bio mat va xac thuc: Do dac thu chay cuc bg, dir liéu hinh anh duoc
Iuru trit truc tiép trén 6 cing vat Iy ctia nguoi dung (thong qua co ché Docker
Volume mapping), quyén riéng tu dugc dam bao boi chinh thiét bi vat 1y.
Do d6, trong pham vi d6 4n nay, cic chic ning xac thuc phuc tap
(Authentication/Login) dugc lugc bo dé tap trung t6i da tai nguyén nghién

ctru vao viée tdi vu héa thuat toan 15i Al
1.4. Céu triic bdo cdo
Bio c4o dd an dugc trinh bay trong 5 chwong v6i ndi dung chinh nhu sau:

« Chuong 1: Mé diu: Trinh bay tong quan vé bdi canh, 1y do chon dé tai,
muc tiéu va pham vi nghién ctru.

« Chuong 2: Co s& ly thuyét va Cong nghé: Gidi thiéu nén tang vé Deep
Learning, mang CNN, phan tich kién tric MobileNetV2 va cac cong nghé
st dung (Docker, MongoDB).

« Chuong 3: Phén tich va Thiét ké hé thong: Mo ta kién tric tong thé
Microservices, thiét ké co s& dit liéu va quy trinh nghiép vu.

« Chuong 4: Thuc nghiém va Panh gia: Trinh bay quy trinh chuan bi dir
liéu, qua trinh huan luyén, cac thuc nghi€ém so sanh va két qua t6i wu hoa
tham so.

« Chuong 5: Két ludn va Hwéng phat trién: Tom tit két qua dat duoc,

demo san pham va dé xuat cac hudng cai tién trong tuong lai.

Thong qua d6 4n nay, em hy vong déng gép mot giai phap cong nghé nho bé nhung
thiét thuc, giup ngudi dung quan 1y cudc séng ca nhin hiéu qua hon trong ky

nguyén so.
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CHUONG 2: CO SO LY THUYET VA CONG NGHE

2.1. Deep Learning va Mang No-ron Tich chap (CNN)

2.1.1. Tong quan vé CNN (Convolutional Neural Networks)

Mang No-ron Tich chap (Convolutional Neural Networks - CNN) la mot trong
nhiing kién triic Deep Learning chuyén biét va hiéu qua nhét cho bai toan xur 1y dir
lidu dang ludi, dic biét 1a hinh anh. Khac véi mang no-ron truyén théng (MLP)
yéu cau lam phang (flatten) dit liéu dau vao 1am mat di thong tin khong gian, CNN
duy tri cau triic khong gian ctia anh, cho phép mé hinh hoc duoc cac dic trung tir

murc thap (canh, goc) dén mirc cao (mét, miii, vat thé) thong qua cac 16p tich chap.

Kién tric co ban ciia mot mang CNN bao gom 3 thanh phan chinh: Lop tich chap
(Convolutional Layer), Lop gop (Pooling Layer) va Lop két ndi day da (Fully
Connected Layer).

2.1.2. Lop Tich chip (Convolutional Layer)
Pay 1a thanh phan c6t 16i ciia mang CNN, chiu trach nhiém trich xuét dic trung

(Feature Extraction).

« Co ché hoat dong: Lép nay sir dung cac bo loc (Filters/Kernels) 13 cac ma
tran nho (thudng kich thude 3x3 hodc 5x5) trugt qua toan bo birc anh dau
vao. Tai mdi vi tri, bd loc thuc hién phép nhan chip (element-wise
multiplication) véi cac pixel cua anh va tinh tong dé tao ra mot gia tri méi
trén ban do dic trung (Feature Map).

e Vai tro: Cac bo loc khac nhau s€ hoc cach nhan dién cac dac trung khac
nhau. Vi du: cac 16p déau tién hoc phat hién canh ngang, canh doc; cac 16p

sau hon hoc phat hién cac hinh khéi phirc tap hon.
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« Céac tham s chinh:
o Kernel Size: Kich thudc b loc (vi du 3x3).
o Stride (Buoc nhay): Khoang céach truot cua bo loc. Stride cang 16n
thi Feature Map dau ra cang nho.
o Padding (Lé): Thém céc pixel gia tri 0 bao quanh anh dé giit nguyén
kich thudc anh sau khi tich chap.

2.1.3. Ham kich hoat phi tuyén (Activation Function - ReLU)
Ngay sau mdi 10p tich chap thuong 14 mot ham kich hoat phi tuyén. Trong do an
nay, ham ReLU (Rectified Linear Unit) duoc sir dung pho bién.

o Cong thirc: f(x) = max(0, x).
« Vai tro: Giap mo hinh hoc dugc cac méi quan hé phiic tap (phi tuyén tinh)
trong dit liéu, dong thoi giam thiéu vin dé triét tiéu dao ham (vanishing

gradient), gitp qué trinh huan luyén hoi tu nhanh hon.

2.1.4. Lop GOop (Pooling Layer)
L&p Pooling thuong dugc dit xen ké& giira cac 16p tich chap dé giam kich thude

khong gian (chiéu rong va chiéu cao) cua Feature Map.

« Max Pooling: Liy gia tri 16n nhat trong viing cira so truot. Pay 1a phuong
phap pho bién nhat vi n6 giit lai cac ddc trung ndi bat nhét cia anh.
e Vaitro:
o Giam s luong tham s tinh toan, gitip mé hinh nhe hon.
o Kiém soat hién tuong quéa khép (Overfitting).
o Tao ra tinh bt bién dich chuyén (Translation Invariance) - gitip mo
hinh nhén dién dugc vat thé di nd nam 1éch di mot chit trong khung

hinh.
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2.1.5. Lép Két nbi diy di (Fully Connected Layer - FC)
Sau khi di qua nhiéu 16p Tich chap va Pooling, cac ban d6 dic trung 2D/3D dugc
1am phang (Flatten) thanh mot vector 1D va dua vao mang no-ron truyén thong

(Fully Connected Layer).

e Vai tro: Lép nay déng vai trd nhu mot b phan loai (Classifier). N6 tong
hop tat ca cac dac trung cuc b da trich xuét duoc dé duara quyét dinh cubi
cung.

« Lép diu ra (Output Layer): Dbi voi bai toan phan loai da 16p (20 loai
trang phuc), 16p cudi cing sir dung ham kich hoat Softmax dé chuyén d6i
cac gi4 tri dau ra thanh x4c sudt du doan cho timg 1p (tong cac xac suat

bang 1).
2.2. Kién triic MobileNetV2

MobileNetV2 (Sandler et al., 2018) 1a phién ban cai tién cia MobileNetV1, duoc
thiét ké nham t6i uu cho cac bai toan thi gidc may tinh trén thiét bi di dong va hé
théng nhing c6 tai nguyén tinh toan han ché. Kién tric MobileNetV2 tap trung
vao viéc giam s6 lwong tham s va chi phi tinh toan trong khi van duy tri d6 chinh
xac cao. M6 hinh nay duoc xay dung dya trén hai thanh phan cét 16i: Inverted

Residuals va Linear Bottlenecks.
2.2.1. Inverted Residuals (Khoi thiing du dio ngworc)

Khac véi cac kién triic ResNet truyén thong, noi cic két ndi tat (shortcut
connections) thuong dugc thiét 1ap giita cac 16p c6 s lwong kénh 16n (wide layers),
MobileNetV2 ap dung két ndi tit giita cac 10p cd chai mong (thin bottleneck
layers), tir 6 giam dang ké chi phi tinh toan.
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Cu thé, mdi khéi Inverted Residual bao gom ba budc chinh:

¢ Inverted Residual ™
| Block

I

I

I

I

I

! Il {any D th w e 1x1 Cony

I e e v CANII T 55 |
. F

- =

Hinh 2.2.1.1.Cdu triic khéi Inverted Residual trong MobileNetV2 (Hep => Réng
=> Hep).

Vé mat toan hoc, gia st h;va w;lan luogt 1a chiéu cao va chiéu rong cua dac trung
dau vao. Qua trinh bién doi dir liéu qua mot khoi Inverted Residual trong

MobileNetV2 c6 thé duge mé ta thong qua ba budce chinh nhu sau:
Mé rong (Expansion):

P'exp = ReLU6(C0nV1X1(X, t- k))

Trich xuit dic trung theo chiéu sdu (Depthwise Convolution):
Fdepth = ReLU6(DC0nV3X3(Fexp))
Nén tuyén tinh (Projection):

y = Conlel(Fdepth)
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Trong do:

x 1a tensor dau vao cua khoi Inverted Residual.

e k1asb kénh ciia dau vao.

« t 1a hé s6 mo rong (Expansion Factor), thuong duoc dit bang 6 trong
MobileNetV2.

« Conv,y; 1a phép tich chap diém (pointwise convolution).

« DConvs,; 1a phép tich chap theo chiéu sau (depthwise convolution).

o ReLU6(+) 1a ham kich hoat dugc dinh nghia nhu sau:

ReLU6(z) = min (max (0, 2),6)

Ham kich hoat ReLU6 gitp giéi han gia tri ddu ra trong khoang [0’ 6], tir d6 phu
hop hon v&i cac phép tinh s6 hoc dau phay tinh (fixed-point arithmetic), dic biét
hiéu qua khi trién khai mé hinh trén cac thiét bi di dong va hé thong nhung c6 tai

nguyén han ché.

Céch tiép can nay cho phép mé hinh duy tri kha niang biéu dién manh mé trong khi
van dam bao hiéu qua vé mat tai nguyén, dong thoi gitip ludn chuyén thong tin

gifra cac 16p mdt cach hiéu qua hon.

2.2.2. Linear Bottlenecks

Trong kién trac MobileNetV2, 16p cudi cung cia khoi Inverted Residual sir dung
ham kich hoat tuyén tinh (Linear Activation) thay vi ham phi tuyén ReLU nhu
thong thuong. Quyét dinh thiét ké nay dua trén phan tich 1y thuyét vé kha niang

bao toan thong tin cta cac ham kich hoat:
1. Van dé ciia ReLU trong khong gian chiéu thap:

Ham ReLU c6 tinh chat $f(x) = \max(0, x)$. Khi dau vao c6 gia trj am,
ReLU sé tra vé 0. Diéu nay dong nghia véi viéc thong tin tai cac no-ron dé

bi "triét tiéu" hoan toan va khong thé khoi phuc duoc (non-invertible).
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o Trong khéng gian nhiéu chiéu (High-dimensional space), viéc mat
mat ndy khong qua nghiém trong vi thong tin ¢ thé duge luu trir du
thtra & cac kénh khac.

o Tuy nhién, tai cac 16p Bottleneck (noi s6 kénh bi nén xudng rit thap,
vi du 24 hodc 32 kénh), viéc &p dung ReLU s& khién mét luong 16n
thong tin quan trong bi x6a sd vinh vién, lam dut giy ludng dit liu
(Information Collapse).

2. Gidi phap Linear Bottleneck:

Bang cach loai bo ham kich hoat phi tuyén tai 16p dau ra cua khéi Residual
(tie 1a chi thuc hién phép chiéu tuyén tinh $y = Wx + b$), MobileNetV2
dam bao rang toan bo thong tin dic trung sau khi nén duoc bao toan nguyén

ven dé truyén sang khdi tiép theo.

Két luan: Viéc sir dung Linear Bottleneck 13 yéu té then chét gitip MobileNetV2

duy tri do chinh x4c cao ngay ca khi giam manh s6 luong tham sé va tinh toan.
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2.2.3. So sanh MobileNetV1 va MobileNetV?2

Pic diém MobileNetV1 MobileNetV2

Cau trc khoi Depthwise Separable Inverted Residual Block
Convolution

Két ndi tat (Skip Khéng C

connection)

Ham kich hoat ReLU6 ReLU6 két hop Linear

Bottleneck
Hiéu suat (trén Thap hon Cao hon vdi ciing 6
ImageNet) lugng tham sb

Bang 2.2.3.1 So sanh MoblieNetV1 va MoblieNetV2

2.3. Cac cong nghé tich hgp
« TensorFlow/Keras: Framework huan luyén mé hinh AL
« Flask: Web Framework nhe ctia Python dé xdy dung API.
« Docker: Cong nghé Containerization gitip dong goi tng dung dé trién khai
dé dang trén moi moi truong.
e MongoDB: Co s¢ dir liéu NoSQL luu trit lich st linh hoat.
« OpenWeatherMap API: Cung cap dit liéu thoi tiét thoi gian thuec.
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CHUONG 3: THIET KE VA XAY DUNG HE THONG

3.1. Quy trinh xit ly dir li€éu (Data Pipeline)

Trong cac bai toan Hoc siu (Deep Learning), chat luong dit liéu dong vai trd quyét
dinh dén hiéu suat ciia mo hinh ("Garbage In, Garbage Out"). Pé dam bao mé hinh
MobileNetV2 c6 kha ning hoc tip tt va tong quat hoa cao trén thuc té, hé thong
ap dung mot quy trinh xr 1y dit liéu khép kin (End-to-End Data Pipeline) gom 5

giai doan chinh, dugc mé ta chi tiét dudi day:

3.1.1. Thu théip dir liéu da ngudn (Hybrid Data Collection)
Dé xay dung bo dit liéu dai dién cho phong cach thoi trang da dang, do 4n ap dung
chién lugc thu thip "Lai" (Hybrid Strategy) két hop gitta ngudn dit liéu hoc thuat

chuan va dir li€u thuc té:

« Nguon dir li¢u chuin (Benchmark Dataset): Sir dung tap dir liéu nén tang
tir Kaggle Fashion Dataset va mot phan ctia DeepFashion. Uu diém cia
ngudn nay 1a anh c6 do phan giai cao, phong nén sach va nhan dugc gan
chinh xac. Tuy nhién, han ché 13 cic mau trang phuc d6i khi qua "1y tuong"
hozc mang tinh biéu dién, thiéu tinh thuc té cta anh chup doi thuong.

« Ngudn dir liéu thue té (Real-world Data): Dé khic phuc han ché trén, d6
an st dung cac Script Python (st dung thu vién BeautifulSoup va
Selenium) dé cao dit liéu (Crawling) ti dong tir cic cong cu tim kiém hinh
anh (Bing Images, Google Images) va cac trang thuong mai dién tr phd
bién tai Viét Nam. Cac tir khoa tim kiém (Keywords) dugc t6i wu hoa cho
20 loai trang phuc muc tiéu (Vi du: "Ao polo nam", "Vay cong s¢", "Vintage
hoodie"...).

« K&ét qua: Quy trinh nay giup thu thap dugc luong 16n dit liéu tho, bao gdm
ca nhirng anh c6 diéu kién 4nh sang kém, goc chup nghiéng hoic phong nén
phtrc tap, gitp mé hinh thich nghi tét hon véi méi trudng sir dung thyc té

cua nguoi dung.
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3.1.2. Tién xir Iy va Lam sach di liéu (Data Cleaning)

Dir liéu tho sau khi thu thap thudng chtra nhiéu nhiu. Quy trinh 1am sach dugc

thuc hién ty dong két hop béan tu dong qua cac budc:

1. Kiém tra dinh dang: Sir dung thu vién PIL (Python Imaging Library) dé

quét toan bo thu muc, loai bo cac tép tin bi 16i header (corrupted files) hoic
khong phai dinh dang anh tiéu chun (.jpg, .png, .jpeg).

Khir trung 1ap (De-duplication): Khi thu thap tir internet, vi¢c trung 1ap
anh 1a khong tranh khoi. Hé théng st dung giai thudt Ma bim MD5
(Message-Digest Algorithm 5) dé tao ra mot chudi ky tu duy nhét
(checksum) cho mdi birc 4nh. C4c anh cé ciing ma bam sé& bi x6a bo, dam

bao tinh duy nhét ctia dit liéu huan luyén.

. Loc nhiéu thi céng: Thyc hién ra sot ngau nhién dé loai bo cac anh khong

chtra do1 tugng quan 4o (vi du: anh moc treo, anh tu go) hodc anh chira qua

nhiéu vt thé gay nhidu, dam bao nhan dir liéu chinh xac tuyét doi.

3.1.3. Phan chia tap dir li€éu (Data Splitting)

Bo6 dir liéu sach dugc chia thanh 3 tap con ddc 1ap theo ty 1€ vang 80:10:10 dé phuc

vu qua trinh hudn luyén va kiém thir khach quan:

Tap huin luyén (Training Set - 80%): Dung dé cip nhat trong sé cua
mang no-ron thong qua thuat toan lan truyén nguoc (Backpropagation).
Tap kiém dinh (Validation Set - 10%): Dung d¢ tinh chinh céc siéu tham
s6 (Hyperparameters) va danh gia mé hinh sau méi Epoch nhdm phat hién
som hién tugng Overfitting.

Tap kiém thir (Test Set - 10%): Duoc giir hoan toan bi mat trong qua trinh
huan luyén, chi ding mot 1an duy nhat dé danh gia hiéu nang thyc té cudi

cung cua hé thong.
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3.1.4. Tang cwong dir liéu (Data Augmentation)

Do sd lugng mau dit liéu thuc té ¢ han, ky thuat Tang cuong dir liéu dugc ap dung
dé nhén rong sd luong miu va giup mé hinh hoc dugc cac dic trung bat bién
(Invariant Features). D6 an str dung 16p ImageDataGenerator cua Keras dé thuc

hién cac bién d6i ngau nhién theo thoi gian thuc (On-the-fly Augmentation):

Lat ngang (Horizontal Flip): M6 phong tinh ddi xing cua quan 4o.

« Xoay (Rotation): Xoay anh ngau nhién trong khoang $\pm 15"\circ$ dé
mo phong cac géc chup nghiéng cia nguoi dung.

« Dich chuyén (Shift): Dich chuyén khung hinh theo chiéu doc/ngang
(khoang 10%) dé mo hinh hoc cach nhan dién vat thé ngay ca khi khong
nam chinh giita khung hinh.

« Zoom & Shear: Phong to va bién dang nhe dé ting tinh da dang vé ty 18.

3.1.5. Chuén héa dau vao (Normalization)
Trudce khi dua vao mang MobileNetV2, dit lidu can dugc chuan hoa dé phu hop

vo1 kién truc mang va tang toc do hoi tu:

1. Resize: Tét ca anh dau vao (bat ké kich thudc gbc) déu dugc dua vé kich
thudc cd dinh 224 x 224 pixels sir dung phuong phap ndi suy (Interpolation)
dé gitr chi tiét tot nhat.

2. Rescaling: Gia tri pixel ca anh (ndm trong khoang [0, 255]) duoc chia cho
255 dé dua vé khoang gia tri thuc [0, 1]. Viéc dua dir lidu vé khoang nho
gitp thuat toan t6i wu (Adam) hoat dong hi€u qua hon, tranh hi¢n tuong bao

hoa gradient (gradient saturation) & céac 16p kich hoat.

3.2. Kién tric hé thong
Hé théng duoc thiét ké theo mo hinh Client-Server hién dai, dam bao kha nang

mo rong va bao tri d& dang. Kién truc tong thé bao gdm 3 phan hé chinh:

o Frontend (Client Side): Giao dién Web tuong tac vdi nguoi dung, cung

cip cac chire ning tai anh (upload) hodc chup anh truc tiép (capture).
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« Backend (Server Side): Xdy dung trén nén tang Flask APL chju trach
nhiém nhan request, thyc hién tién xu Iy anh, goi md hinh Al
(MobileNetV2) dé du doan va tra vé két qua dudi dang JSON.

« Database & External Services: Str dung MongoDB dé luu trit lich sir va

tich hop OpenWeatherMap API d¢ lay dit lidu thoi tiét thoi gian thyc.

So db duéi ddy minh hoa su tuong tac giira cac thanh phan:

Client Side / Nguoi

Upload/Chup anh

Web Frontend

HTTP Request

Server Si&e / Docker

Flask API Server

5. L&y nhiét do 1. Tidn xtr 4. qu;ruy\

v S

OpenWeatherMap API Preprocessing MongoDB 3. Dw
2. Tensor /

MobileNetVv2 Model

Dich vu ngoai

Hinh 3.2.1 So do kién triic tong thé ciia hé thong.
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3.3. Thiét ké Co sé dit liéu (Database Schema)

Hé théng quyét dinh sir dung hé quan tri co s dit liéu MongoDB (thudc nhom
NoSQL - Document Store) lam gidi phap Iuu trir chinh cho phan hé lich st nguoi
dung. Quyét dinh thay thé cac giai phap SQL truyén thong (nhu MySQL,
PostgreSQL) dugc dua trén nhitng phan tich k¥ thuat sau:

« Su twong thich dir li¢u tw nhién (Native Data Compatibility): Két qua
tra vé tir md hinh Al va metadata ctia hinh anh ban cht 1a di liéu ban ciu
truc (Semi-structured). DPinh dang luu trit BSON (Binary JSON) cua
MongoDB tuong thich hoan toan véi cau triac Dictionary/JSON ciia
Python va JavaScript. Piéu nay giup loai bo su phirc tap ctia qua trinh
chuyén d6i dit liéu (Object-Relational Mapping - ORM) va don gian hoa
logic 1ap trinh.

« Téi wu héa hiéu ning (High Performance 1/0): Vi dic thu cua chirc
nang "Lich sir quét", hé thong yéu cau tc d6 ghi (Write-intensive) cao dé
Iuu vét log ngay lap tic sau khi Al xir Iy xong, dong thoi can toe do truy
van (Read) nhanh dé hién thi danh sach trén giao dién nguoi dung.
MongoDB cung cip kha ning xu 1y thong luong 16n véi d6 tré thap (Low
latency) nho co ché khong rang budc quan hé phuc tap (Joins).

« Tinh linh hoat trong phat trién (Agile Scalability): Trong qua trinh phat
trién va ning cip mo hinh Al, cac truong dir liéu moi (vi dy: thém thong
tin thoi tiét, toa d6 GPS, phan hdi nguoi dung) ¢ thé phat sinh lién tuc.
MongoDB hd trg luoc d6 dong (Dynamic Schema), cho phép thay ddi cau
trac dir liéu ma khong can thuc hién cac thao tac di tra (Migration) ning

né hay lam gian doan dich vu nhu trong SQL truyén thong.
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3.3.1. Céu triic Collection "History"

Dt liu lich st quét cua nguoi dung dugc luu trir trong 3 wardrobe db,

Collection history v6i luge dd (Schema) chi tiét nhu sau:

Tén trwomg Kiéu dit | M@ ta chi tiét

(Field) liéu

_id Objectld | Khoa chinh duy nhét (Primary Key) duoc
MongoDB tu dong sinh ra cho mdi ban ghi.

filename String Tén file anh hé thong, duoc ma hoa bang
thuat toan UUID (Vi du: 550e8400-
e29b...jpg) dé dam bao tinh duy nhat, tranh
ghi de khi nguoi dung upload anh trung tén.

original name String Tén file gdc do nguoi dung tai 1én (Vi du:
anh_ao_thun.jpg), phuc vu viéc hién thi than
thién v&i nguoi dung.

label String Nhan du doan tir m6 hinh MobileNetV2 (Vi
du: Ao_hoodie, Quan_short...).

confidence Double D0 tin cay cua du doan, luu dudi dang s6 thuc
(0.0 - 100.0). Hé thong chi luu cac két qua co
do tin cay $\ge$ 81.0%.

timestamp DateTime | Thoi gian thuc hién phan loai, st dung mui
gid hé thdng server. Dung dé sip xép hién thi
dong thoi gian.

recommendation | String Chudi van ban chtra 101 khuyén phéi do

(Styling advice) tuong g vdi nhan dugce dy

doan.

Bang 3.3.1.1. Pac ta truong dir liéu (Field Specification)
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3.3.2. Miu dir liéu (Data Sample)

Duéi day 1a biéu dién JSON ctia mot ban ghi thue té dugc luu trir trong hé thong:

JSON
{
" id": { "$oid": "65b3f2a1c92b4a0012345678" },
"filename": "f47ac10b-58cc-4372-a567-0e02b2¢3d479.jpg",
"original name": "IMG_2026.jpg",
"label": "Ao_len",
"confidence": 98.5,

30:00.000Z2" },

"recommendation": "Giu am va thoi trang. Mac ngoai so mi trang de lo co ao la

cach phoi kinh dien (Layering)."

3.3.3. Co ché lwu trir vat Iy & An toan dir liéu
Do hé théng duoc trién khai trén nén tang Docker Container, véan dé an toan dix

liéu (Data Persistence) dugc giai quyét thong qua co ché Bind Mount:

e Docker Volume Mapping: H¢ théng anh xa thu muc thuc té /db_data
trén may chu (Host) vao thu muc /data/db bén trong Container MongoDB.

« Cau hinh Docker Compose:
YAML

volumes:
- ./db_data:/data/db
 Uu diém: Co ché nay dam bao dit lidu lich sir va hinh anh khong bi mat di
ngay ca khi Container bi x6a hodc khoi dong lai, dong thoi cho phép

ngudi quan tri d& dang sao luu (Backup) bang cach copy thu muc vat 1y.
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3.4. Phan tich chirc ning hé théng (Use-case Description)
Hé thong bao gdm céc chirc nang nghiép vu chinh phuc vu ngudi ding cudi, duoc

mo ta qua biéu d6 Use-case dudi day:

MNaguréi ding

Tai anh / Chup anh

include include

Xem két qud nhan dién vat phdm

include
]

Nhan goi ¥ phdi dé

include
]

Xem nhiét do thévi tidt

Hinh 3.4.1 Biéu dé ca sir dung (Use-case) ciia hé thong.

Heé thong dugc thiét ké xoay quanh trai nghiém ngudi dung lién mach, két hop
stc manh cua tri tu€¢ nhan tao véi dir li¢u thot gian thyc. Cac chiic nang nghiép

vu chinh dugc mé ta chi tiét nhu sau:
1. Thu thap va Kiém tra dir liu anh (Image Acquisition & Validation)

Day 1a cong giao tiép dau tién gitra nguoi dung va hé théng. Chirc nang nay

khong chi don thuan 13 tai anh ma con bao gdm cac budc tién xir Iy nghiém ngit:
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Giao dién da phwong thirc: Nguoi dung c6 thé tai anh 1én tir thu vién
thiét bi hodc kich hoat camera dé chup anh tryc tiép thong qua giao dién
Web Responsive.

Co ché xac thue an toan (Security Validation): Truéc khi anh duoc gui
vé Server, hé théng thuc hién kiém tra kép tai Client. V& mit dinh dang,
chi chip nhén cac tép anh tiéu chuan (.jpg, .png). Vé mit dung luong, hé
thdng gidi han kich thudc tép dudi SMB dé ti wu hoa bang thong va ngin
chin nguy co tin cong tir chdi dich vu (DoS).

Hién thi xem truwdc (Client-side Preview): Anh sau khi chon s& duoc
hién thi ngay lap ttrc trén trinh duyét (Preview) giup nguoi dung xac nhan

dung ddi tugng trude khi nhan nat xir 1y.

2. Phin loai trang phuc cot 16i (Core Al Classification)

Day la chirc ndng trung tam, noi mo6 hinh Deep Learning thuc hién nhiém vu

nhan thue thi gidc may tinh:

Tién xir Iy anh (Preprocessing): Anh dau vao duogc ty dong thay do6i kich
thudc (Resize) vé chuan 224x224 pixel va chuan hoa gia tri diém anh
(Normalization) vé khoang [0, 1] d& phit hop véi yéu cau dau vao cia
mang no-ron.

Suy luan thoi gian thuc (Real-time Inference): M6 hinh MobileNetV2
thuc hién trich xuat dic trung va tinh toan xac suat cho cac nhém nhin
(Classes) khac nhau nhu: 4o _hoodie, Quan_short, Vay, Giay sneaker...
Ngudng tin ciy (Confidence Threshold): Pé dam bao d6 chinh xac, hé
théng thiét 1ap ngudng tin cdy tdi thiéu 1a 81%. Cac két qua dy doan dudi
ngudng nay sé duoc canh bao 1a "Khong xac dinh", gitp loai bo cac két

qua nhicu.
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3. Hé théng tw vén theo ngit canh (Contextual Recommendation Engine)

Piém khac biét cta tmg dung 13 kha ning két hop két qua phan loai tinh véi dit

li¢u moi truong dong:

« Tich hop dir liéu thoi tiét: Hé thong két ndi API bén th ba
(OpenWeatherMap) dé 14y dir liéu nhiét d6 thoi gian thuc tai vi tri nguoi
dung (Pa Nang).

o Logic goi y thong minh (Rule-based Logic): Dua trén nhan trang phuc
vira nhan dién va nhiét do hién tai, hé thong tra ctru tap luat dé dua ra 10i
khuyén.

o Vi du: Néu nhan dién 1a "Ao hoodie" va nhiét d§ < 20°C, hé théng
g0i V: "Troi lanh, rdt hop dé mdac Hoodie giit am".
o Vidu: Néu nhan dién 1a "Quan_short" nhung nhi¢t d6 > 30°C, hé

thong goi V: "Thoi tiét nong, quan short la lya chon hoan héo".
4. Quan ly T d6 s héa (Digital Wardrobe Management)
Chtrc nang ndy gitp nguoi dung sé héa va quan 1y théi quen dn mic cé nhan:

« Luu trir bén virng: Toan bg lich st quét bao gém anh, nhan tén, do tin
cay va thoi gian déu duoc luu trit vinh vién trong co so di liéu MongoDB.

« B0 loc thong minh (Smart Filtering): Nguoi dung c6 thé loc danh sach
lich str theo cac nhém danh muyc 16n nhu: Ao, Qudn, Gidy Dép, Phu kién.
Chtrc nang ndy gitp viéc tim kiém lai cac moén d6 cii trd nén nhanh chong
thay vi phai ludt qua toan bg danh sach.

o Thao tac quan tri: HO tro nguoi dung chu dong xo6a cac muc lich sir sai

hoic khong con can thiét.
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3.5. Thiét ké ludng xir 1y chi tiét (Sequence Diagram)

Dé 1am 16 logic nghiép vy, ddc biét 1 co ché kiém soat ngudng tin cay (Threshold)

va goi y théng minh, dd 4n x4y dung biéu db tuan tu cho ludng xir 1y chinh:

User

Upload &nh quén do

Frontend

Backend (Flask)

POST /classify (Image)

Validate & Resize anh

Bua anh vao model

MahileNetv2

MongoDB Weather API

User

alt
b
Tra vé canh bdo "Khéng nhan dién dugc"
T Teevincays=esw] [T
Lay nh|ét do hign tai (Ba Nang)
Tra vé: 28°C
Logic goi v phéi d6
Lwu lich st (Mefadata)
0K
JSON (Nhin, Gei ¥, Thai tidt)
Hién thi két qua
Frontend Backend (Flask) MaohileNetv2 MongoDB Weather API

Hinh 3.5.1 Biéu dé tudn tw xv 1y luong nhdn dién va goi y.

Quy trinh xur ly:

Frontend gtri anh 1én API.

bao "Khong nhén di¢n dugc".

co s6 dir liéu dé tao goi y phii hop nhat.
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3.6. Cac giai phap bao mit va an toan hé thong

Trong bdi canh cac mdi de doa an ninh mang ngay cang gia ting, viéc dam bao
tinh toan ven, bi mat va sin sang cho hé théng 14 wu tién hang dau. D6 an da 4p
dung mé hinh bao mat nhiéu 16p (Defense in Depth), két hop giita kiém soat ma

ngudn tmg dung va ¢ 14p ha tng trién khai.
3.6.1. Kiém tra va xac thuc dir liéu diu vao (Strict Input Validation)

Hé théng coi moi dir liéu tir phia ngudi ding 13 "khong tin ciy" (Untrusted Input)

va ap dung quy trinh loc nghiém ngat:

o Xac thuc dinh dang tép (File Type Validation): Khong chi dva vao
phan mo rong (extension) dé bi gia mao, hé thong st dung thu vién xur 1y
anh chuyén dung (Pillow/PIL) dé phan tich cu trac nhi phan cta tép
(Magic Bytes). Piéu ndy ngin chin tuyét ddi cac cudc tin cong RCE
(Remote Code Execution) bang cach nguy trang cac tép ma doc (nhu
.php, .sh, .exe) dudi vo boc hinh anh.

« Gio6i han dung lwgng (Size Limiting): Cau hinh gidi han kich thudc tép
tai 1én (vi du: toi da SMB) duoc thiét 1ap ngay tai ting tng dung Flask. Co
ché nay gitp giam thiéu nguy co tdn cong tir chdi dich vy (DoS), ngin
chan viéc ké tin cong lam tran by nhd dém hoac gay tac nghén bang thong

may chu bang cac tép tin khong 16.
3.6.2. Co ché chia sé tai nguyén ngudn géc chéo (CORS Policies)

Dé bao vé API Backend khoi cac truy cap trai phép tir cac trinh duyét hodc tén
mién la, hé thong trién khai cau hinh CORS (Cross-Origin Resource Sharing):

« He thdng kiém soat cac HTTP Header nhu Access-Control-Allow-Origin,
chi cho phép cac yéu cau xuat phat tir cac dinh danh tin cay (trong méi

truong phat trién 13 Frontend ReactJS).

41



« Céc yéu cau phuc tap (nhu POST, DELETE) budc phai théng qua buée
kiém tra so b (Preflight Request - OPTIONS) dé dam bao may chu

chép nhan phuong thirc va tiéu dé trude khi thue sy xir 1y dir lidu.
3.6.3. Lam sach dir liéu va Chdng tin cong dwong din (Anti-Path Traversal)

L3 hong Path Traversal (hay Directory Traversal) cho phép ké tin cong truy cp

vao cac thu muc hé thong bang cac ky tu nhu ../. Bé khic phuyc:

« Poi tén tép ngiu nhién (UUID naming): Hé thong khong bao gio sir
dung tén gdc cua tép tin do ngudi dung tai 1én. Thay vao d6, mdi tép duoc
gan mot dinh danh duy nhat (UUIDv4).

o Loiich kép: Phuong phéap nay vira loai bé hoan toan kha nang thuc thi
cac ky tu dac biét trong tén file, vira ngan chin tinh trang ghi dé tép (File
Overwriting) hoic tan cong liét ké tai nguyén (Resource Enumeration) do

doan duoc tén file theo thir tu.
3.6.4. Co 1ap mdi trweong bang Docker (Container Isolation)

Tan dung kién trac 4o héa ¢ cap do hé dieu hanh (Containerization) ciia Docker

dé tao ra cac "hop cat" (Sandbox) an toan:

o Mang noi by (Internal Network): Database MongoDB khong dugc
public tryc tiép ra Internet. N6 hoat dong trong mot mang 4o riéng
(wardrobe_network) va chi chdp nhan két ndi tir Backend Container théng
qua tén dinh danh ndi bo. Piéu ndy giam thiéu t6i da bé mat tan cong
(Attack Surface) vao co s¢ dir liu.

« MBbi truong doc 1ap: Cac thu vién va tién trinh cia ing dung chay trong
moi trudng Linux Alpine t6i gian, tich biét hoan toan voi hé didu hanh
clia may cha vt 1y, han ché i ro leo thang dic quyén (Privilege

Escalation) néu tmg dung bi xdm nhap.
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3.6.5. Quén 1y cAu hinh va Bi mit (Secrets Management)

Hé thdng tudn thu nghiém ngit nguyén tic thir III (Config) trong bo tiéu chuin
The Twelve-Factor App — mot phuong phap luan tiéu chuan vang trong xay
dung tng dung phan mém hién dai (SaaS). Theo d6, hé thdng thuc hién tach biét
hoan toan Céu hinh (Config) ra khoi M ngudn (Code).

a. Loai bé thong tin nhay cim khéi mi ngudn (Hard-coding Elimination)

Céc thong tin nhay cam va thay ddi theo méi truong trién khai nhu:

« Chudi két nbi co so dir lieu (MONGO_URI).
o Khoa xac thuc dich vu bén thtr ba (OpenWeatherMap API Key).
« Céc co g& 16i (Debug flags).

Tuyét ddi khong duoc ghi cting (Hard-code) truc tiép trong cac file ma ngudn
(.py, .js). Viéc ghi ctng cac thong tin ndy tiém an rui ro bao mat nghiém trong:
néu ma ngudn bi 16 (vi du: vo tinh push 1én public repository nhu GitHub), toan
b thong tin dang nhap hé thong sé& bi ké tan cong khai thac ngay 1ap tic. Hon
nita, viéc thay ddi cdu hinh s& yéu cau phai stra code va build lai toan b tng

dung, gay gian doan dich vu.

b. Co ché nap qua Bién méi trwong (Environment Variables Injection) Thay
vao d6, do an ap dung co ché nap cau hinh dong thong qua Bién méi truong
(Environment Variables) tai thoi diém Runtime (khi tmg dung khéi chay). Quy

trinh nay dugc thuc hién théng qua su phéi hop gitta Docker va tmg dung Flask:

1. Tai ting Trién khai (Infrastructure Layer): Trong file ciu hinh docker-
compose.yml, cc gia tri cau hinh dugc dinh nghia dudi dang cac cip
khoéa-gia tri (Key-Value) trong muc environment. Docker s€ chiu trach
nhiém tiém (inject) cc gia tri nay vao khong gian b nhé cuia Container

khi khoi tao.
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2. Tai ting Ung dung (Application Layer): M ngudn Python st dung thu
vién chuan os dé truy xuat cc gia tri nay théng qua ham
os.environ.get('KEY NAME'). Néu bién méi trudng khong ton tai, hé
théng s& tr dong str dung gia tri mac dinh an toan hoic bao 16i khoi dong,

dam bao tinh nhat quan cta hé thong.

c. Loi ich vé tinh linh hoat va bio mit (Flexibility & Security) Cach tiép can

nay mang lai hai loi ich cbt 13i cho hé thong:

« Bio mit ma ngudn: Ma ngudn tré nén "sach" (Clean Code). Bat ky ai c6
quyén truy cap ma nguon ciing khong thé biét duoc mat khau DB hay API
Key thyc té, vi chung chi ton tai trong méi trudng server noi Gmg dung
chay.

« Linh hoat trong trién khai (Deployment Portability): Ciing mot Docker
Image c6 thé chay trén nhiéu moéi trudng khac nhau (Local, Testing,
Production) chi bang cach thay d6i gia tri bién mdi truong ma khong can
thay d6i bat ky dong code nao. Vi du: O mdi truong Local dung DB ndi
bd, nhung khi 1én Production chi can d6i bién MONGO URI dé tré t6i
Cloud Cluster.
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CHUONG 4: THUC NGHIEM VA PANH GIA KET QUA (QUAN TRONG
NHAT)

4.1. Xay dung va X ly B dir li¢u (Dataset Construction)

4.1.1. Chién lwgc Dir liéu lai (Hybrid Dataset)

Dé giai quyét thach thirc vé su da dang cla trang phuc trong moi trudng thuc té,
d6 4an khong chi dwa vao mot ngudn dir liéu duy nhat ma ap dung chién luoc

Hybrid Dataset két hop tir ba ngudn chinh:

1. Ngudn dir liéu chuan (Benchmark Datasets): Sir dung hinh anh tir cac bo
dir liéu hoc thuét uy tin nhu DeepFashion va Kaggle Fashion Product
Images dé 1am co so (Baseline). Pic diém ctia nhom nay 1a anh c¢6 d6 phan
giai cao, phong nén sach, gitip moé hinh hoc céac dic trung co ban tét.

2. Thu thap dix liéu thuc té (Web Crawling): Dé mo hinh c6 kha ning thich
ung véi anh chup doi thuong (street style, flat-lay, anh selfie), nhém da phat
trién cac cong cu thu thap dir liéu tu dong tir Bing Images va cac san thuong
mai dién tu.

o Xuly ky thudt: HE théng crawler dugc tich hop co ché vuot qua cac
rao can bao mat (16i SSL, 403 Forbidden) va tu dong loc anh 16i

(corrupted images).

4.1.2. Quy trinh Tién xir Iy (Preprocessing)
« Loc trung lip: St dung thuat todn ma bam (Hashing MD5) dé loai bo cac
anh trung 1dp, ddm bao tinh duy nhat cho dir liéu huan luyén.
« Ting cwong dir liéu (Data Augmentation): Ap dung k¥ thuat Offline
Augmentation (nhan ban dit liéu trude khi train) bao gdm céc thao tac: 14t
ngang (horizontal flip), diéu chinh do sang/twong phan. Piéu nay giup giai

quyét bai toan mat can bang dir liéu & cac 16p thiéu so.
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Hinh 4.1.2.1 Anh truéc va sau khi bién doi

K¥ thuat Tham s6 cAu | Muc dich
hinh

Rotation Range: 15 d0 | Mo phong viéc nguodi dung chup anh san
pham bi nghiéng.

Width/Height Range: 0.1 Mo phéng vt thé khong nam chinh giita

Shift (10%) khung hinh.

Shear / Zoom Range: 0.1 M0 phong bién dang phdi canh khi chup
goc x€o.

Horizontal Flip | True Tang gap doi dit liéu cho cac vat thé dbi
xtng (nhu 40, quan).

Fill Mode Nearest Xt Iy cac diém anh bi khuyét sau khi

xoay/dich chuyén.

Bang 4.1.2.1 Cdc ky thuat tang cuong dir liéu (Data Augmentation) ap dung
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Ly do lya chgon Offline Augmentation:

Thay vi sit dung Online Augmentation (bién ddi ngay trong qua trinh
train), d0 4n lwa chon Offline Augmentation (sinh dit liéu trude va luu

vao dia) vi 2 ly do chinh:

o Cén bang dir liéu (Class Balancing): Cac 16p thiéu s6 nhu
Ao_hoodie (chi c6 ~3000 anh) dugc nhan ban 1én nhiéu lan dé can
bang vé6i cac 16p da sb nhu Ao_khac (~24000 anh), giup model
khong bi thién kién (Bias).

o Toc @) huin luyén: Giam tai cho CPU trong qua trinh training,
gitip tan dung t6i da strc manh GPU cho viéc tinh toan mang no-

ron.

4.1.3. Thong ké dir li¢u

Sau qué trinh lam sach va xur ly, bo dit liéu cuoi cung c6 cac thong so6 sau:

BANG THONG KE DU LIEU PO AN SMART WARDROBE

NHAN (LABEL)

Ao _hoodie 2790

Ao_khac 195084 E 3 243808
Ao_khoac 3012 376 376 3764
Ao _len 2572 32: 32 3214
Ao_polo 3062 E E 3826
Ao _so_mi 3429 4285
Ao _thun 2986 373 373 EYEY.
Dep 35 B 3972
Do_lot : ' : 6774
Dong_ho 633¢ C d 7920
Giay sandal 312¢ 39¢ 39¢ 3906
Giay tay 33 i ' 4214
Giay_the_thao 12496 156 156! 15618
Phu_kien 61¢€ i i 5762
Quan_dai 3116 38¢C 38¢ 3894
Quan_khac E 2 3’ 4310
Quan_short 36 E E 3852
Tui xach : i i 8814
Vay 3566 3 : 4450
Vi _cam_tay 3 4272

124445

Hinh 4.1.3.1 Bang Thong Ké Dir Liéu
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Sau qua trinh lam sach, loc trung 1ap va phan chia, bd dir liéu cudi cung co6 cac

thong so chi tiét nhu sau:

« Toéng quy mé: 124.445 hinh anh.
« S0 lrong danh muc (Classes): 20 16p, bao gdm cic loai trang phuc
(Ao _polo, Ao hoodie...) va phu ki¢n (Dong_ho, Tui_xach...).
« Phan bd dir liéu: Dt li¢u dugc chia ngﬁu nhién theo ty 1¢ chién lugc 80%
-10% - 10%:
o Training Set (80%): 99.556 anh (Dung d¢ huan luyén trong sé6 mo
hinh).
o Validation Set (10%): 12.444 anh (Dung d¢ danh gia va tinh
chinh trong qua trinh huan luyén).
o Test Set (10%): 12.445 anh (Dit liéu doc 1ap hoan toan dung dé

danh gia hi¢u nang cudi cung).

4.2. Thyuc nghiém Luwa chon M6 hinh (Model Benchmarking)
Dé Iya chon kién trac t6i wu cho bai toan trién khai trén thiét bi di dong va Web
(yéu cau phan hoi thoi gian thyc), d6 4an da thuc hién so sanh thyc nghiém giira 3

kién tric CNN pho bién: MobileNetV2, EfficientNetB0, va ResNet50.

4.2.1. Thiét 1ap thuc nghiém
Céac mo hinh dugc huin luyén trong cing diéu kién méi truong dé dam bao tinh

cong bang:

o Input Size: 224x224 pixels.
e Batch Size: 32.
« Epochs (Sprint Run): 3 (dé danh gia toc d6 hoi tu ban dau).

« MB@i truong: TensorFlow/Keras trén GPU hd tro.
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4.2.2. Két qua so sanh

Két qua thyc nghiém duoc ghi nhan nhu sau:

M6 hinh P§ chinh xac (Val | Pj tré trung Thoi gian huin
Accuracy) binh (Latency) luyén (3 Epochs)
MobileNetV2 | 76.81% (Cao nhat) | 21.95 ms (Nhanh | 716s
nhat)
EfficientNetBO | 17.00% 38.73 ms 727s
ResNet50 33.38% 72.04 ms 1588s
Bang 4.2.2.1 So sanh do hiéu qua cua cac moé hinh
So sanh toc do hoc (Accuracy)
L —
0.7 1 I
0.6
§ 0.5 1 —8— MobileNetv2
< EfficientNetB0
% —8— ResNet50
2 041
=
03 o—-—-""""”'—__-F-_-F-—-—-F-—-—-—-ﬂ_—r-F-ﬂ-—-__ B
0.2 1
O.E)D 0.I25 0.50 O.ITS l.(I)O l.l25 l.‘50 l.l75 2.(I)0

Epoch

Hinh 4.2.2.1 Biéu do so sanh Accuracy qua cdc Epochs dau tién ciia 3 mé hinh.
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4.2.3. Phan tich va Lwra chon mé hinh t6i wu cho dé an

Nhin vao biéu do trén, ta c6 thé thay su phan hoa ro rét vé hi¢u nang:

e MobileNetV2 (Pwong mau xanh dwong): Thé hién sy vuot troi hoan
toan. Ngay tir Epoch 0, d6 chinh xac da dat trén 70% va duy tri da ting 6n
dinh, tiém can mtic 77% & Epoch 2. Diéu nay ching t6 kién tric Inverted
Residuals cuc ky phtt hop dé trich xuat dic trung tir b dit lidu thoi trang
nay.

o ResNet50 (Pwong mau xanh 1a): Khaéi dau kha cham chap v61 do chinh
xéc chi dat khoang 30-33%, cho thdy mé hinh can nhiéu dit liéu va thoi
gian hon dé tinh chinh tham sé.

« EfficientNetB0 (Pwong mau cam): Cho két qua thap nhat (~17-19%), c6
thé do kién trac Compound Scaling ddi héi chién lugce tién xur 1y phuc tap

hon.

Két ludn: Duya trén ca hai yéu té Téc dd hdi tu nhanh nhit va P tré thap
nhit, db an quyét dinh lya chon MobileNetV2 1am mé hinh chinh thirc dé huin

luyén chuyén sau (Fine-tuning)

4.2.4. Phan tich thuc nghiém va lwa chon tham s t6i wu (Hyperparameter

Analysis)

Nham dam bao mo hinh MobileNetV2 dat dugc su can bang hop 1y giita toc d
héi tu, d6 6n dinh trong huin luyén va kha niing tong quat héa, d an tién

hanh thyc nghiém tinh chinh hai siéu tham ) quan trong nhét, bao gém:

« Tbéc dd hoc (Learning Rate — o)

o Ty l¢ Dropout (p)
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a. Thiét 1ap kich ban thuc nghiém

Do kich thudc bo dir licu 16n (trén 124.000 anh), viéc ap dung phuong phap
Grid Search toan dién 13 khong kha thi vé mit thoi gian va tai nguyén tinh toan.
Vi vay, d0 an lia chon phuong phap 1dy mau ngiu nhién (Stochastic
Sampling) két hop huén luyén nhanh trong 5 Epochs dau tién dé quan sat xu

huéng hoi tu cia ham mat mét (Loss) va d6 chinh xéc trén tap validation.
Bén kich ban tham sb duge xay dung va dua vao thir nghiém nhu sau:

e Kich ban 1 — Baseline:
Learning Rate mic dinh @ = 1073, khong stt dung Dropout.
o Kich ban 2 — High Dropout:
Gift nguyén Learning Rate @ = 1073, tdng Dropout 1én 0.5.
o Kich ban 3 — Low Learning Rate:
Giam Learning Rate xuéng @ = 10~#, khong sir dung Dropout.
o Kich ban 4 — Optimal:
Két hop Learning Rate thip @ = 10~*va Dropout & mirc vira phai p =
0.3.
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b. Két qua thwe nghiém va danh gia

Kich Learning | Dropout Val Panh gia xu hwéng hoi tu
ban Rate (o) p) Accuracy (5
Epochs)
Baseline | 0.001 0.0 78.00% Tbc do hoc nhanh nhat, tuy
nhién Loss dao dong manh
(oscillation), cho thiy su
thiéu 6n dinh
High 0.001 0.5 76.88% Dropout cao 1am kim ham
Dropout tdc d6 hoc cua céac 16p maéi
Low LR | 0.0001 0.0 75.56% Toc d hoc cham hon
nhung 6n dinh hon
Baseline
Optimal | 0.0001 0.3 73.12% Hoi tu chdm nhung dudng
cong Loss mugt va 6n dinh
nhat

Badng 4.2.4.0.1 So sanh két qud thiee nghiém giita cdc kich ban siéu tham sé

Téc dé hoi tu (Kiém tra nhanh)

Dd chinh xac tét nhat timg kich ban

08 78.0%

0.6

0.44

0.2 4

76.9%

75.6%
73.1%

—e— Optimal (Final)

T T T T T T T T T 0.0-
0.0 0.5 10 15 2.0 25 3.0 35 4.0
Epoch

Low LR Optimal (Final)

Hinh 4.2.4.1 Biéu dé so sanh qud trinh héi tu ciia mé hinh MobileNetV?2 giita cdc
kich ban siéu tham so.
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c. Bi¢n luin va quyét dinh lya chon tham s6

Dua trén két qua thyc nghiém thu dugc, co thé rt ra mot s6 nhan dinh quan trong

nhu sau:
Déi véi kich ban Baseline:

Mic du dat d6 chinh xac validation cao nhét trong thoi gian ngan (78% sau 5
Epochs), viéc sit dung Learning Rate 16n @ = 1073 két hop khong c6 Dropout
khién mé hinh ¢ nguy co cao roi vao trang thai overfitting khi huin luyén trong
thoi gian dai. Biéu d6 Loss cho thay hién twong dao dong quanh diém cuc tiéu thay

vi hoi tu on dinh.
Péi voi kich ban Optimal:

Mic du d6 chinh xac ban dau thap hon (73.12%), day 1a dic trung dién hinh cta
qua trinh fine-tuning than trong trén mo hinh di dugc huan luyén trudc (pre-

trained model). Cu thé:

« Learning Rate nhé (10~%) gitip bd t6i vu Adam cép nhat trong s6 mot cach
tinh vi, han ché viéc pha v& cac dic trung thi giac quan trong da duoc hoc
tir mang nén.

« Dropout = 0.3 dong vai tro nhu mot co ché diéu hoa (regularization), budc
mang no-ron hoc cac dic trung bén viing hon va giam sy phu thudc vao

mot sO it no-ron.
Ket luin:

Uu tién d§ on dinh trong huan luyén va kha ning tong quat héa dai han trén
dir liéu thyc té hon 1a toc do hoi tu nhanh ban dau, d6 an quyét dinh lya chon
kich ban Optimal (Learning Rate = 0.0001, Dropout = 0.3) dé tién hanh qua
trinh huén luyén chinh thirc (Full Training) trong 15 Epochs
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4.3. Panh gia Két qua Huén luyén Chuyén siu (Final Evaluation)

Sau khi chon MobileNetV2, mé hinh dugc huan luyén chuyén sau (Fine-tuning)

v6i Learning Rate nho (0.0001) trong 15 Epochs. Két qua danh gia trén tdp Test

Set (12.445 méu) nhu sau:

Class Precision Recall F1-score Support
Ao _hoodie 0.8117 0.7557 0.7827 348
Ao _khac 0.9818 0.9967 0.9892 2438
Ao_khoac 0.7370 0.6782 0.7064 376
Ao _len 0.7683 0.5888 0.6667 321
Ao _polo 0.7405 0.7173 0.7287 382
Ao _so mi 0.6324 0.7477 0.6852 428
Ao _thun 0.7268 0.7560 0.7411 373
Dep 0.8307 0.7909 0.8103 397
Do _lot 0.9014 0.7829 0.8379 677
Dong ho 0.9642 0.9533 0.9587 792
Giay_sandal 0.7364 0.6949 0.7150 390
Giay_tay 0.8168 0.7625 0.7887 421
Giay_the thao 0.9133 0.9315 0.9223 1561
Phu_kien 0.7989 0.7795 0.7891 576
Quan_dai 0.7397 0.8329 0.7836 389
Quan_khac 0.9788 0.9629 0.9708 431
Quan_short 0.7077 0.8364 0.7667 385
Tui_xach 0.8926 0.9058 0.8992 881
Vay 0.6909 0.7483 0.7184 445
Vi_cam_tay 0.8709 0.8689 0.8699 427

Bdng 4.3.1 Bang Bdo cdo Phdn logi chi tiét
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Téng quan

« Do chinh xic (Accuracy): 0.8579 voi 12,438 mau
e Trung binh Macro: Precision 0.8120 — Recall 0.8045 — F1 0.8065

« Trung binh cé trong sd: Precision 0.8597 — Recall 0.8579 — F1 0.8576

4.3.1. Hiéu niing tong thé
o D0 chinh xac (Accuracy): 85.79% - Vuot qua ngudng ky vong (>85%)
cho bai toan phan loai 20 16p phtrc tap.
e Macro F1-Score: 0.8065.
« Weighted F1-Score: 0.8576 (Cho thay mé hinh hoat dong 6n dinh ngay ca

v6i cac 16p c6 sb lugng mau chénh 1éch).
4.3.2. Phan tich Qua trinh Huén luyén (Training History Analysis)

Dé kiém ching sy On dinh cua chién lugc Feature Extraction, 4 an da ghi lai bién
thién cua do chinh xac (Accuracy) va ham mat mat (Loss) trén ca tap huan luyén

va tap kiém dinh (Validation) qua 15 Epochs.

Training and Validation Accuracy Training and Validation Loss
—— Training Loss
0.86 Validation Loss
0.9 -
0.84 A
0.82 A 0.8 -
2 0.80
c @ 07
2 078
go
0.76 4 0.6 q
0.74 4
0.5
0.72 4 —— Training Accuracy
Validation Accuracy
0704+ . . ‘ ‘ - - - 041 ‘ ‘ . . ‘ ‘ ‘
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Epochs Epochs

Hinh 4.3.2.1 Biéu d6 qud trinh hudn luyén:
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Phan tich biéu do:

« Sw hdi tu (Convergence): Biéu d6 cho thay sy twong dong cao giita dudng
huén luyén (Training - mau xanh) va duong kiém dinh (Validation - mau
cam). Khoang cach giita hai duong rat nho, ching to mé hinh khong gip
hién twong Overfitting (hoc vet) hay Underfitting (hoc kém).

« Hiéu qua ciia Transfer Learning: Ngay tir nhitng Epoch dau tién, do
chinh x4c trén tap Validation d& dat mtic cao (~78%) va ting truong 6n dinh
1én mirc ~86% & Epoch thir 15. Diéu nay xac nhén rang cac dic trung thi
giac ma MobileNetV2 hoc dugc tir trude rt hitu ich cho bai toan phan loai
trang phuc, giup mo hinh dat hiéu suit cao ma khong can huan luyén qua

A

lau.

4.3.3. Phan tich chi tiét tirng 16p (Classification Report Analysis)

Kha ndng nhan dién cia moé hinh c6 sy phan hoéa 1o rét:

a. Nhom nhén dién xuit sic (F1-Score > 0.90): M6 hinh dat hi¢u suét gén nhu tuyét

doi voi cac vat thé c6 cau tric hinh hoc dac thu va it bién dang:

« Ao khic (Ao_khac): F1 = 0.99 (Cao nhét).
« Quin khac (Quan_khac): F1 =0.97.

« Pong ho (Dong_ho): F1 = 0.96.

« Giay thé thao (Giay _the_thao): F1 =0.92.
« Tii xach (Tui_xach): F1 =0.90.

b. Nhom nhén dién t6t (F1-Score 0.80 - 0.90):

 Vicam tay (Vi_cam_tay): F1 =0.87.
« Do 16t (Do_lot): F1 =0.84.
o Dép (Dep): F1 =0.81.

c. Nhém can cai thién (F1-Score < 0.75): Mot sb 16p gip kho khin do sy tuong

dong vé thi giac (Visual Similarity) 16n:
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« Aolen (Ao _len - 0.67) va Ao so' mi (Ao_so_mi - 0.69): Thuong bi nhim
14n véi nhau hodc véi 4o thun dai tay do texture vai kho phan biét & d6 phan
giai thap.

« Ao khoac (Ao_khoac - 0.71) va Ao Polo (Ao_polo - 0.73): Bj anh hudng

bdi cach chup flat-lay 1am mat di cac chi tiét ¢ 4o hodc form dang 3D.

4.3.4. Phan tich L5i qua Ma tran Nham lan (Confusion Matrix Analysis)
Dé hiéu rd hon vé cac truong hop du dodn sai, dd 4n sir dung Ma tran nham l4n

dé tryc quan hoa.

Confusion Matrix (Ma tran nham I&n)

Ao_hoodie- 263 0 22 13 4 19 5 0 0 1 0 1 1 2 9 0 0 1 6 1
Ao_khac - 0 0 o o o 0 0 3 o 0 o o 0 o 4 0 1 o 0
Ao_khoac - 13 o 255 8 3 a5 3 0 4 o 2 2 o 13 5 o 4 6 12 1
Aojen- 13 0 12 189 10 34 8 2 0 4 0 1 0 g8 10 0 9 5 1 2 2000
Ao_polo - 3 [ 4 4 274 27 36 1 0 0 1 1 [ 5 10 0 7 1 7 1
Ao_so_mi- 5 0 17 6 22 320 1 2 1 0 0 0 0 S 7 2 15 1
Ao_thun - 4 0 2 8 40 16 282 0 3 0 0 0 0 3 9 0 0 2 4 0

Dep- 0 o] [ 0 1 1 1 314 3 1 34 4 16 6 3 0 6 0 7 [

1500
Do_lot - 7 25 3 0 5 5 9 o 530 5 0 1 3 13 El 3 35 4 17 3
I
E Dong_ho - 1 3 [} 1 0 4 3 o] 0 755 1 1 1 7 3 0 0 6 1 5
®
S ciay sandal - 2 0 0 0o 0 1 0 24 0 0o 271 8 68 2 1 12 3 6 1
g
Giay tay - 1 o] 2 0 0 2 1] 9 3 1 17 321 40 5 6 0 2 6 8 1
- 1000
Giay_the_thao - 0 1 0 2 0 1 1 12 3 1 26 34 QEEE 5 5 0 6 2 7 1
Phukien- 0 0 6 4 17 6 3 76 8 7 2 a9 s o 8 28 21 8
Quandai- 4 0 6 0 1 s 4 12 0 1 5 0 5 324 o0 19 5 7 0
Quan_khac - 0 8 4] 0 0 o] 1] 1] 5 1 0 o] o] 4] 0 415 1 1 o] 4]
- 500
Quan_short - 0 o 1 1 4 1 4 1 10 0 2 1 3 6 9 1 322 2 14 0
Tui_xach- 2 L 1 3 1 5 1 2 3 3 3 3 2 11 9 0 0 798 5 30
vay- 5 1 12 6 2 1 9 5 7 3 1 1 0 1 18 o 2 2 333 o0
Vi_cam_tay - 1 3 [ 1 2 2 o 2 4 2 1 2 2 8 1 0 5 19 1 371
. | | | -0
¢ &F F P &S R © P F o F &S S
& IS A A ) F e &P @ @ AR AC N P
- ’ G&° & & & < &
® ® ® & 6\6\“ & RS

Du doén (Predicted)

Hinh 4.3.4.1 Ma trdn nham lan trén tdp dir lieu kiém thir.
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Cip nham lan S6 Nguyén nhan ky Huwéng khic phuc

(Thue té => Dy lwgng | thuat

doan)

Ao_thun => 40 CAu trc than 4o Ap dung k¥ thuat

Ao _polo gidng nhau, anh bi Attention Mechanism dé
cit mat phan c6 hodc | model tap trung hon vao
cb 40 bi che khut. ving ¢6 4o.

Giay sandal => 68 Ca hai déu ho ngon, | Tang cuong dit liéu goc

Dep day quai manh, chup ngang (side-view)
texture da/nhua dé thay rd phan quai hau
tuong dong. cua Sandal.

Ao_so_mi=> 22 Chat liéu vai Tang d6 phan giai dau

Ao_polo (texture) kho phan vao 1én 300x300 hodc st
biét & do phan giai dung EfficientNet.
224x224.

Quan_short => 15 Form dang ngan Thém cac mau dit liéu

Do _lot tuong tu nhau, dac quan short jean/kaki co
biét 1a quan short thé | chi tiét tai hop rd rang.
thao bo sat.

Go/Vat_the la=> | N/A (Ldi 40 giac) Model | Ap dung Ngudng tin ciy

Tui_xach

cO gan nhan cho vat
thé la dua trén van

bé mat.

(Threshold > 0.85) dé
loc bo (da thyc hién).

Bang 4.3.4.1 Top 5 trwong hop nham lan phé bién va Gidi phdp dé xudt
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Phan tich chi tiét:

1. Sw on dinh: Cac 6 mau xanh dam nhat nam doc duong chéo chinh (nhu
Ao khac: 2430 miu, Giay the thao: 1454 miu) cho thdy mé hinh dyu doan
chinh xéc tuyét ddi cho phan 16n cac mau.

2. Sy nham 14n cuc bd (Local Confusion):

o Nhém Ao: C6 sy giao thoa 16n giita Ao_so_mi va Ao_thun. Cy thé,
mé hinh nhdm 40 miu Ao thun thanh Ao polo va 22 miu
Ao _so_mi thanh Ao_polo. Nguyén nhan chu yéu do su twong dong
vé cdu tric tay 40 va cac anh bi che khuét phan c6 (c6 Polo vs ¢b
tron).

o Nhém Gidy dép: C6 sy nham 1an gitta Giay sandal va Dep (nhdm 68
mau) do ca hai déu 14 loai gidy hé ngdn c6 ciu tric ddy quai tuong
tu.

3. Van d¢ Do phan giai va Texture: Lép Ao len bi nham 1an rai rac sang
Ao_hoodie va Ao_thun. Didu nay khang dinh gia thuyét rang d6 phan giai
dau vao 224x224 lam mat di chi tiét van len (texture), khién mo hinh khé

phan biét chat liéu vai.

Tong két: Hé thong phan loai trang phuc sit dung MobileNetV2 da dat duoc su
can bang t6i wu gitra tdc d6 (~22ms) va d6 chinh xac (~86%), hoan toan dap ung

dugc yéu cau trién khai thyuc t€ cua bai toan "Tu d6 thong minh".
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4.4. T6i wu héa trién khai: Xir Iy "Ao giac AI'" (AI Hallucination)

Trong qua trinh kiém thtr thyc té, nhom phat hién van dé: Khi dua vao cac vat thé
la (vi du: khuc gd, xe ¢6), mo hinh van cb ging gan nhén (vi du: gan khac gd thanh

Tai xach vai do tin cay ~81%)).

Al Tu bodé
Thong Minh

® Phan loai & Luu

Nhiét dé Da Nang: 28°C

2 Két qua: Tui_xach (80.55999755859375%)

GOl Y PHOI DO: Diem nhan cho trang phuc. Neu tui mau
noi, hay chon trang phuc mau trung tinh.

THOI TIET: Thoi tiet Da Nang (Demo): Nang dep, rat hop
de di choi!

Hinh 4.4.1 Nham lan g6 va tiii xdach

Giai phap khic phuc: D6 an di thiét 1ap Ngwong tin ciy (Confidence
Threshold) 1a 81%.

« Néu Confidence >= 81%: Chap nhan két qua, luu vao DB va goi ¥ phdi db.
« Néu Confidence < 81%: Tra vé canh bao "Khong xac dinh" dé tranh cung

cap thong tin sai léch cho ngudi dung.
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Al Ta bo
Thong Minh

“ Nhiét dé Pa Nang: 28°C

Két qua: Khong_xac_dinh
(80.55999755859375%%)

CANH BAO: He thong khong the nhan dien chinh xac vat
the nay (Do tin cay: 80.55999755859375%% < 85%).
NGUYEN NHAN CO THE:

- Day khong phai la gquan ao/phu kien (Go, Xe co, Dong
vat...).

- Hinh anh bi mo hoac thieu sang.

- Phong nen qua roi.
Vui long chup lai anh quan ao ro net hon tren nen tron!

Hinh 4.4.2 Khong xac dinh vat thé khong phai do quc”in va phu kién thoi trang
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4.5. So sanh v6i cac nghién ctru va rng dung twong tuw

Dé danh gia tinh khoa hoc va tinh thuc tién cua dé tai, phin nay trinh bay so sanh

gitra h¢ thong duogc dé xuat trong d6 an véi mot s6 nghién ctru va ung dung tiéu

biéu hién cd, bao gom cac ung dung thuong mai va cac mo hinh hoc sau truyén

thdng thudng duogc sir dung trong nghién ciru hoc thuat.

Tiéu chi | Dé tai (MobileNetV2 Ung dung Cac nghién ciru sir
Wardrobe) thwong mai dung ResNet50
(Google Lens)

Muc Quan ly tu dd canhan | Tim kiém san Phan loai hinh anh

ticu va goi y phdi d6 pham phuc vu thuan tiy trong nghién
mua sim cuu hoc thuat

Kién MobileNetV2 (nhe, t6i | Kién trac phirc ResNet50 (md6 hinh

tric uu cho thiét bi di dong) | tap, xtt Iy phia nang, nhiéu tham sd)
may chu

Po tré | Thap (~22 ms) Phu thudc vao Cao (>70 ms)

suy luan chat lugng két
nbi mang

Tinh Tich hop dir 1iéu thoi Khong ho trg Thuong khong duoc

ning md | tiét va lich sir nguoi (chi tap trung tich hop

rong dung vao tim kiém)

Kha Sén sang cho Docker Cloud API Yéu cdu may chu

nang va Edge Device GPU

trién

khai

Bang 4.5.1 So sanh dé tai voi cac nghién cuu/irng dung hién co

Thong qua bang so sanh, c6 thé nhan thdy dé tai khong chi ké thira cac wu diém

cua mo hinh hoc sau hi¢n dai ma con tap trung vao kha nang t61 vu hoa cho moi

truong trién khai thuc té. Viéc lya chon MobileNetV2 giap hé théng dat duoc do

tré thip va kha ning trién khai linh hoat, trong khi vin dap tmg dugc yéu cau vé
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d6 chinh xac cho bai toan quan 1y va goi ¥ trang phuc. Diéu nay cho thiy dé tai co
su can bang hop 1y giira hiéu ning, tai nguyén tinh toan va tinh tng dung, phu hop

v6i dinh huéng phat trién cac hé thong thong minh trén thiét bi di dong va nhiing.
4.6. Demo San pham

Hé thong hoat dong 6n dinh trén Docker, tich hop API thoi tiét Pa Nang dé dua
ra goi y nglr canh.

Al Tu Do
Thong Minh

—UVILD

’
L

T,
[\

Nhiét dé Da Ning: 28°C

2 Két qua: Vay (99.97000122070312%)

GOl Y PHOI DO: Nu tinh va diu dang. Co the ket hop voi
giay cao got cho tiec toi hoac Sneaker cho buoi di choi.
THOI TIET: Thoi tiet Da Nang (Demo): Nang dep, rat hop

de di choi!
@ Lichsu Tu Pé Tatca ~
K 00> )
/i

Hinh 4.6.1 Giao dién nhdn dién thanh céng vay va goi y thoi tiét
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4.7. Panh gia hiéu ning va Trai nghiém ngudoi dung (System Performance
Evaluation)

Bén canh d6 chinh x4c ctia mo hinh Al hiéu ning xir 1y (Performance) 1a yéu to
then chét quyét dinh su thanh bai ciia mgt ing dung thuc té. Dac biét dbi véi hé
théng "Tro 1y thoi trang", nguoi dung yéu cau phan hdi gan nhu tic thi sau khi
tai anh 1én. D6 4n da tién hanh cac phép do dac k§ thuat dé danh gia do tré

(Latency) va kha nang phan hdi cta toan bo hé thong.

4.7.1. Thiét 1ap méi trwong va Phwong phap do dac
Pé dam béo tinh khach quan, cac thtr nghiém duogc thuc hién trén moi truong gia
1ap tuong duong véi cau hinh méy tinh ca nhan pho thong (mdi truong trién khai

muyc tiéu cua do an).

« Cau hinh phan cing:
o CPU: Gia lap 2 vCPUs (twong duong Core i5 thé hé trung binh).
o RAM: 4GB.
o Disk: SSD (dé tbi uu tbc do doc/ghi anh).
o Cong cu do lwong:
o Str dung cong cu Postman dé gui cac request HTTP POST lién tuc
dén API /classify.
o St dung thu vién time trong Python dé log thoi gian xir 1y ndi bd
(Internal Processing Time) cta tirng module.
« Kich ban thir nghiém: Thyc hién giri 100 request lién tiép véi cac kich

thudc anh khac nhau (tir 50KB dén 2MB) d tinh toan gia tri trung binh.
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4.7.2. Phan tich dé tré chi tiét (Latency Breakdown)
Téng thoi gian phan hoi (End-to-End Latency) duoc phéan ri thanh 3 giai doan xtr
1y chinh. Két qua do dac trung binh nhu sau:

Giai doan | Thoi | Ty Phan tich ky thuat

(Stage) gian | trong
(ms) | (%)

1. Pre- ~15 18% Bao gdm thoi gian upload anh tir Client 1én

processing | ms Server, decode anh bang OpenCV/PIL, resize
vé 224x224 va chuan hoa pixel. Giai doan nay
t6n it thoi gian nho st dung thu vién C++ t6i
uu.

2. Al ~22 27% Thoi gian mo6 hinh MobileNetV2 thuc hién

Inference | ms tinh toan Forward-pass trén CPU. Day la con

s0 rat an tugng, chirng minh hi¢u qua cua kién
truc Lightweight so vdi cdc mo hinh ndng nhu

ResNet (thuong tén >100ms trén CPU).

3. Business | ~45 55% Bao gdm truy vin MongoDB (luu lich str) va
Logic ms goi API bén thir 3 (OpenWeatherMap). Day
1a bude tén nhiéu thoi gian nhat do phu thudc
vao do tré mang (Network Latency) khi giao

tiép voi API thoi tiét.

TONG ~82 100% | Dwé6i ngwong 100ms.
CONG ms

Bang 4.7.2.1 Bang phan tich thoi gian xu ly trung binh
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4.7.3. Panh gia Trai nghiém nguwoi dung (UX)
Theo nghién ciru ctia Jakob Nielsen vé gi6i han thoi gian dép ung trong tuong

tac nguoi - may tinh:

« <0.1 gidy (100ms): Ngudi ding cam thay hé thong phan hoi tike thi
(Instantaneous).
 <1.0 gidy: Nguoi dung nhén ra ¢6 do tré nhung luéng suy nghi khong bi

gian doan.
Nhin xét:

Vi tong do tré trung binh 13 82ms (nam trong ving an toan < 100ms), hé thong
quan 1y ti d6 théng minh dap ing hoan hao tiéu chuan Thoi gian thue (Real-

time).

1. Hiéu qua ciia Docker: Viéc dong goi trong Docker Container gan nhu
khong gy ra overhead dang ké vé hiéu ning so véi chay truc tiép trén
may chu vat 1y.

2. Téi wu héa I/0: Mic du viéc goi API thoi tiét chiém ty trong 16n nhét
(55%), nhung tong thoi gian van rat thap. Diéu nay cho thy kién trac

Backend sur dung Flask 1a du nhe va hiéu qua cho moé hinh Single-user.

Két luan: Hé théng khong chi chinh x4c trong nhan dién ma con dam bao su
muot ma trong thao tac, mang lai trai nghiém ngudi dung lién mach, khong gay

cam giac phai "cho doi" khi str dung.
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CHUONG 5: KET LUAN VA HUONG PHAT TRIEN

5.1. Tong két cac két qua dat dwge

Do 4n "Xay dung hé thong quan Iy ti dd thong minh sir dung k¥ thuat Deep
Learning voi kién tric MobileNetV2" di hoan thanh tron ven cac muc tiéu dé
ra ban dau, danh d4u budc chuyén minh tir nghién ctu 1y thuyét sang xdy dung
mot san pham cong nghé hoan chinh (End-to-End Product). Cac két qua dat dugc

c6 thé tom tit trén ba phuong dién chinh:
Thir nhit, vé mit Nghién ctru va Thuit toan (Scientific Contributions):

« DO an da xay dung thanh cong quy trinh xtr 1y dir liéu lai (Hybrid Data
Pipeline), két hop giita dir liéu chuan (Benchmark) va dit liéu thyc té thu
thap tir Internet, nang tong s luong mau huan luyén 1én mirc dam bao kha
ning tong quat hoa.

« Thong qua qua trinh thyc nghiém va tinh chinh siéu tham s6
(Hyperparameter Tuning), 6 an da chting minh su vu viét cta kién trac
MobileNetV2 khi ap dung cho bai toan trién khai trén thiét bi nguoi ding
cubi. Véi cau hinh téi vu (Learning Rate 0.0001 va Dropout 0.3), md hinh
dat d6 chinh xac kiém thir ~85%, dong thoi duy tri do tré suy luan cuc thap
(~22ms/anh). Két qua nay khang dinh su can bang hoan hao giita hiéu ning

(Performance) va chi phi tinh todn (Computational Cost).
Thit hai, vé mit Ky thuit va Hé thong (Engineering Contributions):

« Hé thdng dugc thiét ké va trién khai thanh cong theo kién truc
Microservices hi¢n dai, st dung cong ngh¢ 4o hda Docker. Viéc tach biét
cac dich vu (Frontend, AI Backend, Database) gitup hé¢ théng hoat dong on
dinh, dé dang bao tri va mé rong.

« Xay dung co ché luu trit dir litu bén viing (Data Persistence) voi
MongoDB, giai quyét bai toan quan 1y metadata hinh anh phi cau trac mot

cach linh hoat.
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Thit ba, vé mit Ung dung va Trai nghiém ngwoi dung (Practical

Contributions):

« HE théng khong chi dung lai ¢ viéc nhan dién thu dong ma da tich hop céc
logic nghiép vu thong minh (Business Logic). Co ché ngudng tin ciy
(Confidence Threshold) gitip loc bo nhiu hiéu qua, trong khi tinh ning
Goi y theo ngir canh thoi tiét (Context-aware Recommendation) mang
lai gia tri thuc tién cao, bién ung dung thanh mét trg ly 4o thuc thu cho

nguoi dung.
5.2. Panh gia va Cac han ché ton tai

Bén canh nhitng két qua tich cuc, qua trinh thyc hién dd an cling boc 16 mot s6 han

ché nhét dinh do giéi han vé thoi gian va tai nguyén phan cing:

1. Han ché vé kha ning phan biét chi tiét (Fine-grained Classification):
Mic di mé hinh hoat dong tdt trén cac 16p trang phuc khac biét 1 rét (nhu
Vay vs Quan dai), nhung van gip khé khin trong viéc phan biét cac loai
trang phuc ¢ ciu trac hinh hoc qua twong ddng. Dién hinh 1a sy nham 14n
giita Ao thun (T-shirt) va Ao Polo trong cac diéu kién goc chup khuét hoic
chat lidu vai khé nhan biét. Nguyén nhan cha yéu dén tir viéc MobileNetV2,
v&i muc tiéu tdi wu hoa tde do, da gidm lugc mot sb 16p trich xuét dic trung
chi tiét so voi cac mang 16n nhu ResNet hay DenseNet.

2. Giéi han vé nhan dién da vét thé (Single-object Limitation): Hién tai,
hé thng duogc thiét ké cho bai toan Phan loai anh (Image Classification),
tirc 12 mdi anh dau vao chi duge chira mot doi tuong trang phuc chu dao.
Hé thong chua hd tro tét trong trudng hop ngudi dung chup anh toan than
(bao gdm ca 4o, quan, giay cung lic) hodc chup mot tu do 16n xon. Pay 1a
gi61 han cua bai toan Classification so vai Object Detection.

3. Han ché vé trién khai ngwoi dung: Do dinh hudng ban dau 13 ung dung

ca nhan chay cuc bd (Localhost), hé théng hién chua ¢6 co ché xac thuc va
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dong bo dir 1iéu da nén tang. Di€u nay gay kho khan néu ngudi dung muon

truy cdp ti do ctia minh tir nhiéu thiét bj khac nhau.
5.3. Huéng phat trién trong twong lai

b¢ khac phuc cac han ché trén va nang cap hé thong ti€ém can véi céc ti€u chuan
cua mot san pham thuong mai (Commercial Grade), cac huéng nghién ctru va phat

trién sau duogc dé xuit:
1. Nang cap 16i Al v6i cac kién tric thé h¢ méi (Next-gen Architectures):

« Chuyén ddi sang bai toan Object Detection: Thay thé MobileNetV2
(Classification) béng cac mo hinh phat hién vat thé thoi gian thyc nhu
YOLOVS hoic EfficientDet. Piéu nay sé& cho phép hé thong nhan dién
d6ng thoi nhidu mén d6 trong mot birc anh (vi du: chup mot bo outfit hoan
chinh va hé thong ty tach riéng 4o, quan, gidy).

« Thir nghiém Vision Transformers (ViT): Nghién ctru 4p dung kién tric
Transformer trong thi gidc mdy tinh dé ting cuong kha ning nhan dién ngi
canh toan cuc (Global Context), gitip phan biét tot hon cac chi tiét nho giira
céc loai trang phuc twong dong.

« Tich hop Generative AI (GenAl): Nghién ctru tinh ning "Tht d6 ao"
(Virtual Try-on) st dung cac md hinh sinh anh (Diffusion Models), cho
phép ngudi ding xem trudc trang phuc trén co thé minh ma khong can mic

thur.
2. C4 nhén héa siu sic (Deep Personalization):

o Thay vi str dung hé luat ¢6 dinh (Rule-based) cho viéc goi ¥, huéng phat
trién tiép theo 12 xay dung mot Hé thong goi y (Recommendation System)
dua trén hoc may. Hé thdng sé& hoc tir lich sir phdi d6 (History) va hanh vi
tuong tac (User Behavior) ciia nguoi dung dé dua ra cac goi y mang tinh ca

nhan hoa cao ("Gu" thoi trang riéng cia tung nguoi).
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e Tich hop thém cac m6 hinh Ngoén ngir - Thi gidc (VLM) nhu CLIP hoac
LLaVA dé cho phép nguoi dung tuong tac bang ngdn ngit tu nhién, vi du:

"Tim cho téi chiéc do ndo trong ti hop dé di tiéc téi nay?".
3. Mé rong nén tang va Thuwong mai héa (Platform Expansion):

« Chuyén d6i sang mé hinh Cloud Saa$S: Phat trién module Quan ly nguoi
dung (User Management) va co ché Ding nhiap/Bio mit
(Authentication/Authorization) sit dung JWT/OAuth2. Pua hé thong 1én
nén tang dién toan dam may (AWS/Google Cloud) dé phuc vu da ngudi
dung, cho phép chia sé dit liéu va két ndi cong dong yéu thoi trang.

« Phat trién Mobile App Native: Xay dung tGng dung di dong (str dung
React Native hodc Flutter) dé tan dung toi da phan cing camera va cam
bién cta dién thoai, mang lai trai nghi¢ém chup anh va quan ly mugt ma hon

so v&i giao dién Web hién tai.

Két luan: D0 4n da xay dung thanh cong mot nén ting viing chac cho bai toan
quan 1y thoi trang théng minh. Vi nén tang kién tric Microservices linh hoat va
mo hinh AI hiéu qua, hé théng hoan toan c6 tiém ning dé mé rong va phat trién

thanh mot hé sinh théi thoi trang s6 trong tuong lai.
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