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CHUONG 1:  TONG QUAN DU AN
1.1  Tap dir liéu

Bai toan phan loai hoa 13 mét trong nhiing vi du dién hinh trong linh phan loai hoc
may, hoc sau. B dit li¢u phan loai hoa dugc st dung trong du an duoc léy tu trang web
Kaggle vai tap dir liéu “Flowers Recognition”.

Tap dit liéu “Flowers Recognition” gdm 4242 hinh anh tir 5 loai hoa khac nhau nhu
hoa ctic, hoa hong, hoa hudng dwong, hoa tulip va hoa bd cong anh [1]. Trong tap dir liéu,
mdi loai hoa co khoang 800 hinh anh khac nhau véi cac thong s6 nhu sau:

- Kich thu6c anh: khong c6 dinh

- Dinh dang anh: chu yéu o0 JPG

- Dang dit liéu: bao gdm ca anh mau va anh den trang
1.2 Muc dich du an

Du 4n nay sir dung cac mo hinh hoc may, hoc sau dé phan loai chinh xac hinh anh
hoa thanh ndm loai riéng bi¢t. Muc tiéu du an la ty dong nhan dang hoa, tdn dung bg dir
liéu bao gém cac hinh anh dugc thu thap tir cac nguén truc tuyén khac nhau nham hd tro
céc to chure khoa hoc, gido duc nghién clru vé thyc vat, cac nha phat hanh ing dung nhéan
dién va cong d@)ng thyc hanh, nghién ctru vé dit liéu.

1.3  Do6i twong nghién ciru

béi tuong nghién ctru cia du an la cac mé hinh hoc may, hoc sau va du an la qua
trinh tim ra mo hinh c6 thé tra vé két qua chinh xéc nhét nhim phuc vu muc dich khoa hoc
va kinh té.

1.4  Phuwong phap Iwa chon mo hinh
- Duvatréncosoly thuyét vé md hinh hoc may, hoc sau dé xay dung mo hinh CNN.
- Dua trén két qua chay duogc va tiép tuc cai tién mo hinh, thém cac mé hinh sau hon
nhu VGG16.



CHUONG 2: PHUONG PHAP DE XUAT
2.1  Trién khai dy 4n
Hé théng duoc chia thanh cac budc chinh nhu sau:
1. Thu thap di li¢u
2. Nhan dang hoa dé phan loai vao nhom chinh xac

3. Panh gia két qua
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Performance Evaluation

Hinh 1. Hé thong phan loai hoa

O budc dau tién, hé théng str dung nguodn dir liéu hinh anh sén cé tir Kaggle, gom
4242 hinh anh tr 5 loai hoa khac nhau (hoa hdng, hoa ctc, hoa huéng dwong, hoa tulip va
hoa bd cong anh) véi cac kich thudc va do phan giai khong ¢ dinh.

Vi bude thi hai, cac kién trac nhw CNN hay VGG16 dugc sir dung nhdm nang cao
do chinh xéc cua qué trinh nhan di¢n hinh anh.

Cudi cung, danh gia két qua co duogc tir hai kién trac trén bang cach sir dung céac

diém danh gia nhu accuracy, precision, recall, f1 score.
2.2 Phan tich dyu an
1. Tién xur ly dir lidu:

- Tai dir 1i€u, in ra danh sach cac 16p hoa.
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Hinh 2. Danh sach cac loai hoa dworc in
Doc va xtr 1y hinh anh:
+ Str dung ham imread() dé doc hinh anh.
+ Sir dung ham resize() dé dua tat ca hinh anh vé cung kich thuéc.
+ Chia gia tri pixel cho 255 d¢ dua vé khoang [0, 1].

Gan nhén dir liéu bang cach tao mapping giita tén loai hoa va mét s6 nguyén twong
ung.

Luu trir hinh anh va nhan vao danh sach hodc mang numpy.

St dung train_test_split tir sklearn.model_selection dé chia dit liéu thanh tip huan

luyén, tap thir nghiém va tap kiém tra.



- Tang cuong dir li¢u (Data Augmentation):
+ Str dung ImageDataGenerator tir Keras dé thuc hién cac phéo bién d6i nhu xoay,
1at, phong to, dich chuyén, nham tao dit liéu mau.

+ Thiét lap cac tham sb augmentation phu hop.

2. Phan loai hoa vo1 CNN

Convolutional neural network (CNN) hay con dugc goi 1a mang No-ron tich chap la
mot trong nhitng mo6 hinh cua Deep Learning. Tac dung cua thuat toan nay chinh Ia tao
ra nhitng hé thong thong minh, ¢ sy phan tmg voi do chinh x4c cao. V6i du 4n nay,
cac 16p CNN hoc tir cac dic trung co ban nhu hinh dang canh hoa, dudng vién hoa va
14 dén cac dic trung phire tap hon nhu hinh 4nh toan cuc cta bong hoa, két cau canh

hoa, mau sac.

CNN duoc chia thanh ba chiéu: rong, cao, sau. Cac no-ron trong mang khong lién
két hoan toan voi toan b no-ron ké dén ma chi lién két td1 mot ving nhd. Cudi cung,

mot tang dau ra duoc toi gian bang vector cua gia trj xac suét. [2]
CNN gom hai thanh phan:

- Phan ting an hay phan gitp trich xuét dic trung: mang sé tién hanh tinh toan mot
loat cac phép tich chap (Convolutional layer) va phép hop nhat (pooling) dé phat
hién cac dic trung.

- Phan phan 16p: cac lién két day du (fully connected) s& dong vai tro nhu mot bd
phan phan 16p cac dic trung da trich xuat trudc d6. Tang nay s& dua ra xac suat clia
mdt ddi tuong.

Tam anh dau vao Tich chap Pooling Két ndi day du

Hinh 3. Cdu tric kién triic CNN

Tﬁng tich chap (Convolution) str dung mot ma tran dugc goi 1a hat nhan chuyén qua
dé tao ra mot ban d6 dic trung, dé st dung trong 16p tiép theo. Cu thé trong dy an nay,
mot phép toan duoc goi 1a tich chap duoc thuc hién bé’mg cach st dung 64 Kernel (ma
tran nho véi kich thude 3x3) truot qua ma tran dau vao dé quét qua toan bo anh. Trén
mdi vi tri, nhan ma tran hinh anh hoa duoc thyc hién va thém tap hop két qua vao ban
d6 dic trung (feature map) cudi cing.
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Hinh 4. Tang tich chdp

Céc ham kich hoat phi tuyén tinh (ReLU): Nut sau 16p tich chap duoc goi 13 ham
kich hoat. ReLU c6 thé duoc coi 13 ham tuyén tinh timg phan, gitp loai bo cac gia tri
am, chi gitr cac gia tri dwong. Biéu thirc cia ham ReLU 1a ReLU (x) = max (0,x) ham

va hinh anh dao ham cta n6 duogc thé hién trong hinh 4.
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Hinh 5. Ham kich hoat ReLU

Tang tong hop (Pooling) duoc sir dung trong bai toan nay nham giam kich thudc
khéng gian ctia ban dd dic trung (feature map). Diéu nay cho thay rang khi xoay, cit
xén, hinh anh cac loai hoa s& tao ra mot ban dd dic trung hoan toan khac. Max Pooling
1a phuong phap chia ban db dic trung thanh cac phan nho 2x2 va chi gitr lai gia tri 16n
nhét ctia mdi vung. Khong chi ¢6 vay, Max Pooling con loai bé cac chi tiét nho hd tro

mo hinh khong qué ndng va tranh overfitting.
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Hinh 6. Tang Pooling (cu thé la MaxPooling)

Tang két ndi day du (Fully Connected) nhan dau vao 1a cac dir liéu da duoc 1am
phéng, mdi dau vao dé duoc két ndi dén tat ca neuron. Cu thé trong du an phan loai
hoa, khi qua céc 16p convolution va pooling, cac ddc trung tir anh dugc nén lai thanh
mot vector phang qua 16p Global Max Pooling, sau d6 dua vao cac tang két ndi day du
dé phan loai. Tang két ndi day du dau tién gdm 128 no-ron duoc hoc cach két hop dic
trung tir cac 16p trudc dé xay dung mot mo hinh phi tuyén tinh manh mé hon. Trong khi
tang két nbi day du cubi c¢6 5 no-ron, twong ng vaoi 5 10p phéan loai hoa trong bai toan
cling ham sofmax chuyén doi dau ra thanh xac suat. Véi mo hinh mang CNN, cic tang
két ndi day du thuong duogc tim thay ¢ cudi mang va duoc dung dé t6i wu héa muc tiéu
ctia mang vi du nhu d6 chinh xac ciia 16p. Ngoai ra, bang cach ap dung regularization
L2 cho céc trong s6, mo hinh s& giam thiéu overfitting. [3]

Hinh 7. Tang két néi day di



CNN model

CNN_aug = Sequential(l
Conv2D(64, (3, 3), activation='relu', padding='same', input_shape=image_shape),
BatchNormalization(),
MaxPool2D((2, 2)),
Dropout(0.2),

Conv2D(128, (3, 3), activation='relu', padding='same', kernel_regularizer=12(0.001)),
BatchNormalization(),

MaxPool12D((2, 2)),

Dropout(@.3),

Conv2D (256, (3, 3), activation='relu', padding="'same'),
BatchNormalization(),
MaxPool2D((2, 2)),

GlobalMaxPooling2D(),

Dense(128, activation='relu', kernel_regularizer=12(0.001)),
Dropout(0.4),

Dense(5, activation='softmax')

Python

Jusr/local/lib/python3.10/dist-packages/keras/src/layers/convolutional/base conv.py:107: UserWarning:
super().__init_ (activity_regularizer=activity_regularizer, skkwargs)

CNN_aug.compile(loss="'categorical_crossentropy',
optimizer=tf.keras.optimizers.Adam(learning_rate=0.0005),
metrics=['accuracy'l)

Hinh 8. Phan loai cac loai hoa voi CNN



CNN Model Architecture

(Input (224x224x3)]
[
[Conv2D (64 filters, 3x3)]

BatchNorm

[MaxPooIing (2x2)]

Dropout (0.2)

(Conv2D (128 filters, 3x3)]

BatchNorm

[MaxPooIing (2x2)]

Dropout (0.3)

(Conv2D (256 filters, 3x3)]

[MaxPooIing (2x2)]
I
[GlobaIMaxPooIing]

Dense (128)
Dropout (0.4)

Hinh 9. Kién triic CNN cu thé dwoc dp dung cho bai toan
3. Phan loai cac loai hoa v6i VGG16

Mo hinh VGG-16 dugc xem 1a md hinh CNN néng cao bang cach thay thé cac bo
loc ¢6 kich thudc hat nhan 16n (11 va 5 trong hai 16p dau tién). Hinh anh hoa duoc
chuyén qua cac 16p phirc hop c6 bo loc 3x3.

Trong dy &4n nay, VGG16 tan dung mdt md hinh da duoc huan luyén trude trén mot
tap dir liéu 16n dé tiét kiém thoi gian tinh todn. Trong giai doan dau cac 16p ciia md hinh
duogc dong bang gitip giltr nguyén céac dac trung da hoc dugce ¢ tap dit liéu 16n. Cac thanh
phan chinh 1am mé hinh tré nén linh hoat, manh mé&. Vi kich thude dau vao da duoc
xac dinh cung phép pooling tinh trung binh céc gié tri trong khu vuc dugce ap dung
(average pooling), tao ra vector dau ra tir cac didc trung da trich xuat. O dau ra, 16p két
nbi dy du (fully connected layer) tmg véi 5 dau ra twong Gmg v6i 5 10p can phan loai,
sau ddy ham kich hoat softmax gitip chuyén ddi cac gia tri du ra thanh xac suét cta

tung 16p.



VGG16 ndi bat hon so véi CNN vé do sau, kha nang hoc va trich xuét dic trung
phuec tap.

224x 724 x 3 124 x 224 x B4

@ convolution + ReLU
08 @ max pooling

< x1000 @ fully Connected + RelU
@ softmax

Hinh 10. Céu tric kién tric VGGI16

Mo hinh VGG16 dugc str dung trong du 4n nay két hop gitta mé hinh VGG16 da
dugc hudn luyén trudce va co 1 tang két ndi dy du (fully connected) nham tranh
overfitting, giam sd lwong tham s6 can hoc va phut hop hon véi tap dit liéu nho nhu dy

an nay.



from tensorflow.keras.applications import VGG16

pretrained_model = VGG16(
input_shape=image_shape,
include_top=False,
pooling='avg',
weights="imagenet")

pretrained_model.trainable = False

inputs = keras.Input(shape=image_shape)
x = pretrained_model(inputs)
outputs = keras.layers.Dense(5, activation='softmax')(x)

Python

Downloading data from https://storage.googleapis.com/tensorflow/keras-applications/vggl6/vgglé weights
58889256/58889256 ——————————— 4s Qus/step

VGG16_base = keras.Model(inputs, outputs)
Python

VGG16_base.compile(
loss='categorical_crossentropy"',
optimizer=keras.optimizers.Adam(learning_rate=1e-4),
metrics=['accuracy'])

VGG16_base.summary()
Python

Hinh 11. Phan loai hoa voi VGG16

[Input Layer (224x224x3)]

[VGG16 (Pre-trained, Output 512)]
\ 4

Dense (5)

l Output

Hinh 12. Kién triic cu thé mé hinh VGG16 dp dung cho dy dn

CHUONG 3: THUC NGHIEM VA KET QUA
3.1 Moi truong thue nghiém
Kaggle: Mot nén tang truc tuyén cho cong dong Machine Learning (ML) va Khoa

hoc dir liéu. Kaggle cho phép ngudi ding chia sé, tim kiém cac bo dir liéu; tim hiéu va xay



dung models, twong tac voi nhitng nha khoa hoc va ki su ML trén toan thé gidi; tham gia

cac cudc thi dé co co hdi chién thang nhiing giai thuong gid tri. [4]

Google Colab: La m{t mdi truong danh cho viéc nghién ctru tir google, cho phép

viét code va thyc thi bat ki doan code python nao truc tiép trén trinh duyét web, dac biét 1a

phtt hop véi viée phan tich dit liéu, xdy dung mé hinh hoc may va muc dich gido duc. Vé

mit k¥ thuét, Colab 13 mot dich vu may tinh xach tay Jupyter duoc luu trit khéng yéu cau

thiét 1ap dé sir dung, ddng thoi cung cip quyén truy cip mién phi vao cac tai nguyén may

tinh bao gdbm GPU. [5]

Tensorflow: Mot khung lam viéc ma ngudén md, do Google phat hanh, dugc st

dung dé xay dung cac mé hinh hoc may, tao moi truong nghién ctru, thuc hién cac thir

nghiém mot cach nhanh chong va dé dang, dic biét 1a c6 kha ning chuyén ddi cac ban thiét

ké prototype tdi cac tmg dung trong san xuit. [6]

Keras: Mot API duoc thiét ké cho con ngudi, khéng phai may moc. Keras tuan theo

cac phuong phap hay nhit dé giam tai ganh ning cta con ngudi vé tri nhé ngin han cho

nhirng nhiém vu phirc tap: Keras cung cip cac API nhat quan va don gian, giam thiéu sd

lugng nhi€ém vu cua nguoi dung cho céac truong hop phod bién va cung cap cac thong bao

18i 16 rang. Keras cling danh wu tién cao nhat cho viéc tao ra céc tai liéu tuyét voi va hudng
dan danh cho nha phat trién. [7]

OS: Chuong trinh quan 1y tat ca nhimg yéu té nhu phan ctng va phdn mém ctia may

tinh. [8]

Va cac thw vién co ban: pandas, numpy, matplotlib, seaborn hd tro trong qua trinh

thuc hién du an

3.2  Dirliéu thuc nghiém

Trong du an nay, ching t61 str dung cac mé hinh CNN va VGG16 trén tap dit li¢u

phan loai hoa duoc 1dy tir Kaggle v6i 4242 hinh anh chia thanh 5 loai hoa khac nhau.

3.3  Két qua thwe nghiém ciia md hinh

CNN 14 mot mo hinh nhé gon, c¢6 kha nang léy duoc dac trung tir dir li¢u, tuy nhién

dd chinh x4c khong cao nhu cdc md hinh sau va phuc tap hon.

Trong khi d6 VGG16 lai 1a mot md hinh 16n s6 s6 luong tham s6 kha cao (14 triéu

params), cho thiy kha nang doc cac dif liéu dic trung t6t va do phuc tap ciia mé hinh yéu

cau lugng tai nguyén 16n dé huan luyén va luu trir.

Mé hinh Tbng s6 $6 param dworc $6 param chwa dworc Téng kich c&
param train train
CNN | 406,149 405,253 896 1.55 MB
VGG16 | 14,717,253 14,717,253 0 56.14 MB

Bdng 1. S6 param va dung heong trén timg mé hinh




Mo hinh CNN hoc kha tét tir nhing dit liéu da duoc huan luyén, véi d6 chinh xac
trén tap huan luyén lién tyc tang véi gia tri cao va dao dong trong dd chinh xac trén tap thu
nghiém giit & mirc khong dang bao dong. Bén canh d6, do mat mat trén tap huan luyén
giam mot cach 6n dinh ciing o mat mat trén tap thir nghiém khong tang dang ké gitip mo

hinh tranh overfitting twong ddi 6n dinh.

Training and Validation Accuracy Training and Validation Loss
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Hinh 13. So sanh gitra Accuracy va Loss trén tdp training va tap validation cia moé hinh CNN

Mo hinh VGG16 c6 d6 chinh xac cao hon do ting lién tuc & tap huén luyén va dao
dong nhe & tap thir nghiém, cho thiy mé hinh hoc va lay dit liéu dic trung kha t6t. Ngoai
ra, 36 mat mat trén ca tap huin luyén giam déu va manh qua ting epoch ciing 1a ddu hiéu
t5t cho mo hinh. Du ¢6 déu hiéu overfitting nhe, nhung nho ki thuét early stopping (ding
huan luyén sém khi thdy mé hinh bat dau overfit) mo hinh di dugc cai thién.

Training and Validation Accuracy Training and Validation Loss
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Hinh 14. So sanh gitta Accuracy va Loss trén tdp training va tap validation cia moé hinh VGG16

Dua trén hinh anh 15 va 16, mo6 hinh VGG16 c6 do chinh xac téng thé cao hon héin
mo hinh CNN. Cu thé, hoa bd cong anh dwgc phén loai chinh xac gin nhu tuyét dbi. Du
con nham 14 méu hoa tulip voi hoa hong nhung sé luong nham 13n giira cac loai hoa khéc
da giam dang ké, cho thdy mé hinh VGG16 t6t hon so v6i mo hinh CNN.
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Hinh 16. Ma trdn nham lan mé hinh VGG
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Mo hinh Train Accuracy Validation Accuracy Test Accuracy
VGG16 0.93 0.91 0.93
CNN 0.80 0.87 0.81

Badng 2. Bang két qua d¢ chinh xdc trén cdc tdp ciia cdc mé hinh

Dua trén cac phan tich trén va Bang 2, mo hinh duoc lya chon va mé hinh
VGG16 véi hidu suat va do chinh xéac tot hon dang ké

CHUONG 4:

KET LUAN

4.1 Két qua nghién ciru ciia dw an

Véi dy an “Xay dung mé hinh phén loai hoa”, nhom d dé xuat va thuc nghiém

duoc md hinh phan loai hoa duya trén tip dit liéu hinh anh san c6 trén Kaggle. M6 hinh



nghién ctru dugc lya chon 1a mo6 hinh VGG16, da dat dugc hi¢u suat va kha nang phan
loai twong ddi chinh x4c cac hinh anh hoa theo dung tén cua ching. Dya vao dy an va
ban bao céo trén, cac t6 chic khoa hoc, giao duc nghién ctru vé thyuc vat, cac nha phat
hanh img dung nhan dién va cong déng thyc hanh, nghién ctru vé dit liéu c6 thé co thém
nhirng goc nhin, rng dung khéc nhau cho tap dir li¢u.
4.2  Han ché cia du an

Bén canh viéc mo hinh ¢6 su chinh xac tuong ddi tbt, du an con gap nhiéu han ché
do tap dir liéu chua dii 16n dé mo hinh huin luyén va hoc tap dan dén mé hinh con gip
overfitting, kho khin trong viéc phan biét chinh xac mot sd loai hoa c6 dic diém tuwong
tr nhau (nhu hoa tulip va hoa hong), thiéu su nhat quan trong viéc phan loai. M6 hinh
duoc dé xuit trong du 4n nay khong tranh khoi nhirng han ché néu trén, dong nghia voi
ngudi nghién ctru van co thé xac dinh gid tri cac thong s6 hop 1y vao gitip bai toan dy

béo tot hon va hiéu qua hon.

4.3 Huwéng mé rong du an

e Cai thién giao dién san pham: Tap trung nang cao trai nghiém ngudi ding bang
giao dién tryc quan va bat mat hon. B6 sung cac tinh niang nhu co s¢ dir liéu
tuong tac, gitip ngudi dung d& dang tim hiéu chi tiét vé timg loai hoa. Ngoai ra,
t61 wu hoa tiy chon nhap anh bang cach hd tro chiic nang kéo-tha anh va tich hop
v6i camera trén thiét bi di dong s& lam cho san phém linh hoat va tién dung hon.

e Sir dung thém ciac mo hinh khac (Vi du: ConvNeXt-tiny): Khao sat vi¢c st
dung mo hinh tién tién nhu ConvNeXt-tiny, vén c6 d6 chinh xac cao trong phan
loai anh, dac biét 1a cac hinh anh phic tap. Tién hanh thir nghiém so sanh voi
ConvNeXt-tiny dé danh gia mirc do cai thién hiéu suat va tich hop m6 hinh nay
néu két qua kha quan.

e Mo rong kha ning nhin dién thém nhiéu loai hoa khac: Dé gia ting sy da
dang va tinh img dung cua san phém, mo rong mo hinh dé nhan dién thém nhiéu
loai hoa. Thu thap thém dit liéu c6 gan nhin cho cac loai hoa méi va huén luyén
lai m6 hinh s€ dam bao kha nang dy dodn chinh xac cho nhiéu loai hoa hon, bién

mo hinh thanh cong cu nhan di¢n hoa toan dién cho nhiéu hé sinh thai khac nhau



Upload animage to classify it using a pre-trained VGG16 model.

Hinh 18. Két qua tir vimg dung web mé phong

CHUONG 5:  TAI LIEU THAM KHAO VA PHAN CONG NHIEM VU
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Hinh 19. Bang khéi lirong hodn thanh nhiém vu cia ting thanh vién
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