Augmentation va transfer learning

Trac nghiém ¢J Thuc hanh G Chay trén Kaggle Y PDF bai

Khi chi ¢6 it &nh, vi du 60 anh chai nu6c, huan luyén CNN tir dau sé hoc thudc.
Co hai cach bl augmentation (tao thém anh bang cach 14t, cat, ddi dé sang anh
c6 san) va transfer learning (dung lai model da hoc trén dit liéu 16n). Ca hai déu
c6 diéu kién: phép bién déi khong duge lam déi nhan, vi du xoay dnh sé 6
thanh s6 9; va model cii chi gitp dugce khi dit liéu ¢t da giong dir liéu méi.

MUC TIEU

Chon phép augmentation khong lam ddi nhan.
Bién doi dnh cuing v6i box va mask.
bo tac dung ctia augmentation trén validation.

Chon giira feature extraction va fine-tuning.

Dit liéu nhiéu hon theo nghia nao?

Augmentation tao mot phién ban bién d6i mdi khi doc mau: 1at, crop, d6i sang hoac
thém nhiéu hgp 1y. N6 khong mang thém thong tin ddc 14p nhu mdt budi chup méi; cac
phién ban van chung mot nguodn. Vi vy khong dugc chia cac ban bién ddi ctia cung mot

anh sang ca train lan validation rdi coi chtng la cac mau doc 1ap.

« > 69

hoa van la hoa ré trai thanh ré phai s6 6 thanh s6 9

nhan gilt hay déi tuy diéu ma nhan mé ta

L4t hoa van la hoa; 14t bién ré trai thanh ré phai; xoay s6 6 thanh s6 9.
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https://www.kaggle.com/code/quangluduy/ai-canuc80k-5-3-augmentation-and-transfer-learni
http://127.0.0.1:56872/giao_trinh/pdf/bai-5.3.pdf

Goi T' 1a phép bién d6i anh. Vi classification, ta thuéng muén y(7'(z)) = y(z): nhan
khong déi. Véi detection hay segmentation, dau ra 6 toa do nén can y(T'(z)) = T(y(z)):
nhan ciing phai bi€n d6i. Hai quan hé nay khac nhau. Lat anh cho van la cho; 1at bién chi
huéng c6 thé d6i trai thanh phai; xoay chit sd 6 c6 thé thanh 9.

Crop coOn tinh vi hon. Néu crop b vat thé ma van gitr nhan “c6 chai’, ta tao nhan sai. Véi
nhan ca dnh nhu “phong cdnh”, mdt crop nho cé thé mat phan quyét dinh. Vi vay moi
augmentation la mot gia dinh vé diéu kién (ng dung: phai xem anh sau bi€n ddi va hoi

dap an con dang khong.

HOI NHANH
Bai toan la phan biét chit “b” v6i chir “d”. Lt ngang anh ma van gitt nhan ci thi co

on khong?
A 6n, vi lat ngang an toan véi moi bai phan loai anh
5 On, néu méi epoch chi 1t mét nita s6 anh
¢ Khéng 6n, vi chif “b" 1at ngang tréng nhu chi “d”

D Khéng 6n, vi phép 14t chi dung dugc cho anh mau

Cac phép thudng dung chia thanh ba nhom:

 Bién d6i hinh hoc (lat, crop, xoay, co gian, ddi) déi vi tri diém anh, nén véi box, mask
hay diém mdc phai ap cung phép 1én nhan. Lit ngang anh c6 diém mdc thi ngoai d6i
toa do con phai do6i tén: di€ém “tay trai” thanh “tay phai”.

 Bién d6i cudng @9 (A6 sang, tuong phan, mau, lam md, nhiéu) gitr nguyén vi tri, nhung
c6 thé dung vao chinh tin hiéu ctia nhan, nhu mau cta qua chin hay d6 sang ctia viing
ton thuong trén phim X-quang. Thém nhiéu Gaussian nhé day model bén véi nhiéu
cam bién.

o Che va tron mau: Cutout (random erasing) x6a mot 6 chit nhat va gitt nhan, budc
model dung nhiéu phan ctia vt thay vi bam vao mdt chi tiét. Mixup 18y # = Az; +
(1 — X)z; va tron hai nhan one-hot thanh g = Ay; + (1 — A)y;, v6i A € (0, 1) rat ngau
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nhién. CutMix dan mét manh ctia dnh nay lén anh kia va tron nhan theo tilé dién
tich.

V6i nhan mém g, cross-entropy van la — >, g log px. Vi du dan viing 16 x 16 clia anh

ché vao anh meo 32 x 32: manh chi€ém 1/4 dién tich nén nhan la 0.75 méo, 0.25 ché.

gh\

lat ngang crop réi phéng

xoay 15° sang han, nhat hon cutout

Nam phép augmentation trén mét anh thap; ca nam déu gir nhan.

pre S
epoch 2: crop 48% dién tich, epoch 5: crop 60% dién tich, epoch 8: crop 46% dién tich,
xoay +15° I1at ngang, sang xoay -4° 1at ngang, sang x1.24 xoay +3° sang x1.01
x1.05

M&i epoch, cung mot anh hoa dugce crop, xoay, 1at va d6i sang ngau nhién;
nhan van 1a hoa.
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HOI NHANH
Model du doan toa dé mat trai va mat phai trén anh chan dung réong W. Khi lat

ngang anh, ta da d6i moi toa d6 = thanh W — z. Nhan con thiéu buéc nao?
P6i chd hai diém, mat trai thanh méat phai
Khéng thiéu gi, vi toa dd da bién déi theo anh
P6i thém y thanh H — y cho déi xuing

Chia toa dé cho W dé dua vé khoang [0, 1]

Lat anh thi l1at ca box va mask

Ta dung toa do bién lién tuc xyxy: [z, Y1, 2, Y|, trong dnh rong W. Sau lat ngang,
khoang [z1, 2] thanh [W — zo, W — z1]. V6i box [1, 2,4, 6] va W = 10, box méi la
6,2,9,6]. DO rong van 1a 3. Quy uéc diém anh dong & hai dau sé c6 cong thitc khac; phai

xac nhan format truéce khi dung.

Ta kiém véi box va mask nhé. NumPy 14t chiéu cot; . copy () tao mang c6 bd nhé thong

thuong dé chuyén sang tensor khi can.

Python

import numpy as np

def flip_box_xyxy(box, width):
x1, yl1, x2, y2 = box
return np.array([width - x2, y1, width - x1, y21)

mask = np.zeros((4, 10), dtype=np.uint8)
mask[1:3, 1:4] = 1

box = np.array([1, 1, 4, 31)

flipped_mask = np.flip(mask, axis=1).copy()
flipped_box = flip_box_xyxy(box, mask.shape[1])
print(flipped_box.tolist())
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print(np.flatnonzero(flipped_mask[1]).tolist())
print(int(mask.sum()), int(flipped_mask.sum()))

Mask méi sang & cot 6, 7, 8 va box chita khoang bién [6, 9]. S6 6 foreground khong déi.

Néu chi 14t &nh ma khong 14t mask, model sé bi yéu cau t vi tri khong con chira vat thé,

trudc sau khi lat

box (1, 1, 4, 3) box (6, 1, 9, 3)
Lat anh thi phai lat cad mask va box theo.
Resize anh thuong dung bilinear; resize mask chia ID 16p dung nearest neighbor dé
khong sinh ID phan s6. Crop va xoay phai dung cung tham s6 hinh hoc cho dnh va nhan.

TorchVision transforms v2 nhan anh, box va mask trong cung mot 16i goi va ap cung
tham s6 ngau nhién cho tat c&; phép nao hgp 1€ vé nghia thi ngusi dung van phai tu
quyét. Véi tensor (C, H, W), lat ngangla img.flip(-1).

Xoay 90° d6i chd hai canh: anh rong 640, cao 480 thanh rong 480, cao 640. Khi crop cit
gan hét mdt vat, nhu box chi con 10% dién tich trong ving cét, thudng bo hén box dy

thay vi gitt mdt box gan nhu khong con vat.
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https://docs.pytorch.org/vision/stable/transforms.html

HOI NHANH
Mask c6 ID 16p 0, 1 va 2. Resize bang bilinear tao ra gia tri 1.4 ¢ bién gitra vung 16p 0
va vung 16p 2. Nhu vay c6 sao khong?

A Khéng sao, ép vé long thi 1.4 thanh I16p 1 hgp 1é
B Khéng sao, bién da c6 thém maot I6p trung gian that
¢ C6, phai chuan hoa mask vé [0, 1] trudc khi resize

D Co, ID I8p khong ndi suy dugc, nén phai dung nearest

Validation la anh ta thuc su sé gap

Train dung bi€n déi ngau nhién d€ model hoc bén hon. Validation dung preprocessing

xac dinh dé€ cac thi nghiém dugc so trong cung diéu kién.

Test-time augmentation (TTA) chay model trén vai phién ban ctia cing mot anh test, vi
du anh gdc va anh lIat, roi 1ay trung binh xac suit. TTA chi hgp 1é khi moi phién ban gitr

nhan; n6 phai dugc thir trén validation, va théi gian suy ludn nhan 1én theo s6 phién ban.
ngudn A

BEE
l l

train: A, B roi méi augment validation: C, khong augment

cac frame cta mét ngudn gan nhu trung nhau: chia theo nguén, khéng chia theo anh

// i

Chia theo ngudn truéce khi augment; augmentation chi sinh tur anh train.
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Vi anh 14y tir video, theo nguai chup hoac theo thiét bi, ta chia theo nhém nguon.
Random split theo frame gan nhau cho validation gan nhu ban sao cdia train, va

augmentation khong stra dugc leakage nay.

HOI NHANH
Model phan loai bién bao “ré trai” va “ré phai” Mot doi thém TTA bang cach lay

trung binh xac suit ctia anh gdc va anh 1t ngang. Diém sé thay ddi ra sao?
A Diém tang, vi TTA ludn giam dao déng cua du doan
B Xac suat hai I8p bi kéo vé gan nhau, diém giam
¢ Piém khéng déi, vi luc train model da g&p anh lat

D Biém gilt nguyén, chi thdi gian suy luan tdng gap doi

Mudn biét mot phép augmentation cé ich khong, lam thi nghiém bat/tat ting phan
(ablation) v6i bon cau hinh: baseline; baseline thém phép A; baseline thém phép B; ca hai.

Gitr split, seed, s6 bu6c va metric; chi augmentation thay doi.

Validation nén c6 ca phan giong diéu kién train 1an phan mo phong diéu kién mdi ma
model phéi chiu dugc, vi mot phép bién ddi co thé khong ddi diém & phan nay ma ddi
manh & phan kia. Muc sau lam dung thi nghiém &y. Validation & diéu kién méi cting chi
ra can augmentation nao: anh train toan ban ngay ma dung that ca ban dém thi thém
anh dém thit néu cd, hoac mé phdng téi, nhi€u, ddi mau cho train, réi cham trén anh

dém that.

Thi nghiém: doi anh va 1at anh chir s6

B chit s6 viét tay 8 x 8 c6 san trong scikit-learn dit nhé dé chay bdn cau hinh trén CPU.
Ta lay 300 anh lam train, phan con lai lam validation. Validation c6 hai ban: anh goc, va
chinh cac anh d6 bi doi 1 pixel theo mot huéng ngau nhién, nhu chit viét léch khoi khung

hay camera dit léch. Hai phép augmentation:
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 doi 1 pixel: gitt nhan, vi chir 2 doi sang phai van la chit 2;

« lat ngang: van gilt nhan ct, du phan 16n chit s6 1at xong khong con 1a chinh no.

B dir liéu khong kém ID ngudi viét, nén split & day ngau nhién theo dnh; ca bon ciu

hinh dung chung mot split nén van so dugce véi nhau.

Python

import numpy as np

import torch

from torch import nn

from sklearn.datasets import load_digits

from sklearn.model_selection import train_test_split

torch.set_num_threads(1)
load_digits()

digits
images = torch.tensor(digits.images / 16.0, dtype=torch.float32).unsqueeze(l)
labels = torch.tensor(digits.target)
train_ids, valid_ids = train_test_split(

np.arange(len(labels)), train_size=300, stratify=digits.target, random_state=53)
train_x, train_y = images[train_ids], labels[train_ids]

valid_x, valid_y = images[valid_ids], labels[valid_ids]

MOVES = [(0, 1), (0, -1), (1, 0), (-1, 0)] # (hang, cot): phai, trdi, xudng, 1én

def shift(batch, dy, dx):
"v"pDyi &nh dy hang, dx cot; phan 16 ra dién 0, khdng cudn vong."""
out = torch.zeros_like(batch)
h, w = batch.shape[-2:]
out[..., max(dy, 0):h + min(dy, 0), max(dx, 0):w + min(dx, 0)] = \
batch[..., max(-dy, 0):h + min(-dy, 0), max(-dx, 0):w + min(-dx, 0)]

return out

gen = torch.Generator().manual_seed(0)

move_of = torch.randint(0, 4, (len(valid_x),), generator=gen).tolist()

valid_moved = torch.stack([shift(x, *MOVES[k]) for x, k in zip(valid_x, move_of)])
versions = torch.stack([train_x] + [shift(train_x, *move) for move in MOVES])
print("train/valid:", len(train_x), len(valid_x))

print("versions:", tuple(versions.shape))

versions gilt san nam phién ban ctia moi anh train: nguyén ban va bon huéng dai. Moi

batch chon ngau nhién mét phién ban cho tiing anh, nén médi epoch model gap mot té
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hgp khac. Cach nay tuong duong bién ddi lac doc mau, chi ré hon vi phép doi & day co

dang nam kha nang.

L 114

dgi phai dsi xuéng lat ngang
nhén2 nhan 2 nhan 2 nhan 2

Da¢i mot pixel van la chir 2; 1at ngang thi khong con la chit 2.

Mai cau hinh train cing mdt CNN nho trong 60 epoch; méi dong in trung binh accuracy

cua ba seed.

Python

def augment(rows, use_shift, use_flip, gen):

if use_shift: # moi anh: gil nguyén hodc mdt trong bén huéng doi
pick = torch.randint(0, 5, (len(rows),), generator=gen)

else:
pick = torch.zeros(len(rows), dtype=torch.long)

X = versions[pick, rows]

if use_flip: # 14t ngang khoang mdt nUa sé anh, nhan gil nguyén
flip = torch.rand(len(rows), generator=gen) < 0.5
x = torch.where(flip[:, None, None, None], x.flip(-1), x)

return x

def accuracy(model, x, y):
with torch.no_grad():
return (model(x).argmax(dim=1) == y).float().mean().item()

def run(use_shift, use_flip, seed, epochs=60):

torch.manual_seed(seed)

model = nn.Sequential(
nn.Conv2d(1, 16, 3, padding=1), nn.ReLU(), nn.MaxPool2d(2),
nn.Conv2d(16, 32, 3, padding=1), nn.ReLU(),
nn.AdaptiveAvgPool12d(1), nn.Flatten(1), nn.Linear(32, 10))

optimizer = torch.optim.Adam(model.parameters(), 1r=0.01)

gen = torch.Generator().manual_seed(seed)

for _ in range(epochs):
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model.train()

order = torch.randperm(len(train_x), generator=gen)

for start in range(0, len(order), 50):
rows = order[start:start + 50]
loss = nn.functional.cross_entropy(

model(augment(rows, use_shift, use_flip, gen)), train_y[rows])
optimizer.zero_grad()
loss.backward()
optimizer.step()
model.eval()

return accuracy(model, valid_x, valid_y), accuracy(model, valid_moved, valid_y)

print("config original shifted")
for name, use_shift, use_flip in [("baseline", False, False), ("+ shift", True, False),
("+ flip", False, True), ("+ shift + flip", True, True)]:
scores = np.array([run(use_shift, use_flip, seed) for seed in (1, 2, 3)1)
original, shifted = scores.mean(axis=0)

print(f"{name:14s} {original:8.3f} {shifted:7.3f}")

boc tung cot:

o Cot original: baseline va thém phép ddi gan nhu bang nhau, 0.888 va 0.889. Chénh
1éch nay nho hon nhiéu so v6i dao dong khi déi seed, nén cot anh géc khong cho biét
phép dai gitp hay hai. Néu validation chi cé cOt nay, ta dé két luan phép dai vo ich.

o Cot shifted cho thay diéu ngugc lai: 0.627 1én 0.846. Phép doi day model mot bat
bié€n ma validation goc khong hoi tdi.

» Lit ngang lam gidm ca hai c6t (0.843 va 0.564), vi cac chit 2, 3, 4, 5, 6, 7, 9 sau khi l1at
khong con la chinh chting ma van mang nhan cd.

« Ghép hai phép, phép Iat an b6t phan 1gi ctia phép doi: 0.722 so véi 0.846 & cot
shifted.

Augmentation khong tu cdng don 1gi ich; méi phép phai dugc thix riéng.
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accuracy validation

0.9

.888 .889 R P

anh gbc
s 846 843 @ anhg
o @ anh dGi 1 px

0.7 .722
0.6 .627
0.5

baseline + shift + flip + shift + flip

Phép ddi gitip model doan diing anh bi daoi; phép lat lam hai ca hai.

HOI NHANH
Mot doi chi ¢ validation gom anh gdc. Baseline dugce 0.888, thém phép doi duge
0.889. Ho bd phép doi vi cho rang né khong c6 tac dung. Ban thay két luin dy thé

nao?
A Hdp ly, phép dsi khéng dbi diém thi chi tén thdi gian train
8 Hgp ly, nén thay bang Iat ngang cho diém thay déi ré hon
¢ Chua du, can thém seed tdi khi cot anh géc tang ro rét

D Chua du, validation khéng c6 anh dgi dé do dung tac dung ay

Transfer learning chuyén cai gi?

Encoder chuyén anh thanh vector hoac feature map; head chuyén biéu dién dé thanh
nhan cta bai hién tai. Transfer learning bat dau tir encoder da hoc 6 mot nhiém vy
nguon, voi gid dinh mdt phan dac trung co ich cho nhiém vu dich: canh va van thuong

dung lai dugc, con ¥ nghia 16p va mién anh cé thé khac.
C6 ba muc thuc hanh:

» Feature extraction dong bang encoder, chi train head méi.
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¢ Fine-tuning md& mot so block cudi hoac toan bd encoder, thudng véi learning rate
nho hon cho phan da hoc.
o Train tir dau bo Igi thé tri thitc nguén, nhung 1a lua chon duy nhat khi dé cdm

pretrained, va c6 thé hgp khi mién qua khac.

Co ché€ dong bang, learning rate riéng, BatchNorm va optimizer da cé & bai 4.3; muc nay

ban phan riéng ctia dnh.

Hai cau hdi dinh huéng lua chon: ¢6 bao nhiéu dnh c6 nhan, va dnh dich giong anh

nguon dén dau.

Mién gan ngudn (do Mién xa ngudn (X-quang, siéu am, anh vé tinh)
vat chup bang dién
thoai)
it anh Feature extraction Lay dac trung & block giita, hodc ma& dan kém augmentation

lam méc; ma thém
dé hoc thudc

Nhiéu anh M3 block cudi hoac M4 nhiéu block; so thém vdi train ti dau
toan mang, learning
rate nho

Bang cho diém xudt phat; validation quyét dinh. Ly do ctia cdt bén phai: cac block dau
hoc canh va van nén van dung lai dugc, con cac block sau gan voi vat thé ctia tip nguon

nén it hgp v6i mién méi.

Pretrained khong tu dong tét hon. Néu nguon la anh RGB tu nhién, con dich la anh xam

rat nho ma chi ti€t mot pixel quan trong, resize va preprocessing c6 thé pha thong tin.

Augmentation va transfer b6 sung cho nhau: khi fine-tune trén it anh, augmentation hgp
1é giam hoc thudc; khi chi train head trén dic trung da luu, augmentation ngau nhién

mat tac dung vi dac trung khong dugc tinh lai (bai 4.2).
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HOI NHANH
C6 600 anh siéu am c6 nhan va mot ResNet ImageNet. Lay dac trung & block cudi

roi train head thi validation thap hon nhiéu so v6i ky vong. Nén thir gi ti€p?
A Dung dac trung cua block gitta, hoac md thém block encoder
8 Bo pretrained, train ResNet-50 tif dau trén ding 600 anh nay
¢ Gilt nguyén encoder, train head lau gap mudi lan

D P6i sang encoder ImageNet I6n han, van chi lay block cubi

Anh xam vao encoder ba kénh

Encoder ImageNet chd anh RGB: conv dau tién c6 weight shape (Cyy, 3, k, k). Anh X-
quang, anh nhiét hay chi s6 chi c6 mot kénh. Cach don gian 1a chép kénh xam thanh ba

kénh giong nhau. Vi convolution tuyén tinh theo dau vao, khi ca ba kénh déu la z thi

3 3

ZWC*:L': (ZWC) x T,

c=1 c=1

tirc mot conv mdt kénh co weight bang téng ba lat weight theo kénh cho ding cung dau
ra. V6i conv dau ctia ResNet-18, weight giam tir64 x 3 x 7 x 7 = 9408 xudng 64 x 1 x

7 x 7 = 3136 s0, va phép tinh & 16p dau giam ba 1an. Poan sau kiém déng thirc trén bon
anh chir s6; conv_rgb khai tao ngau nhién dong vai conv dau da hoc, vi dng thirc diung

v6i moi gia tri weight.
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chép thanh ba kénh

X X x Wa W2 Ws

X cung daura
Tkenh X W. + Wa + Ws

moét kénh, gop weight

Anh xam chép thanh ba kénh cho cting dau ra v6i conv mot kénh cé weight 1a

tong ba lat.
Python
torch.manual_seed(53)
conv_rgb = nn.Conv2d(3, 8, 3, padding=1) # déng vai conv dau cva encoder RGB

conv_gray = nn.Conv2d(1, 8, 3, padding=1)
with torch.no_grad():
conv_gray.weight.copy_(conv_rgb.weight.sum(dim=1, keepdim=True))

conv_gray.bias.copy_(conv_rgb.bias)

gray = valid_x[:4] # bon anh chiU s6, shape (4, 1, 8, 8)
with torch.no_grad():
conv_rgb(gray.repeat(1, 3, 1, 1)) # chép kénh xam thanh ba kénh

out_repeat
out_folded = conv_gray(gray) # mot kénh, weight da gdp
print("weight:", tuple(conv_rgb.weight.shape), "->", tuple(conv_gray.weight.shape))
print("output:", tuple(out_repeat.shape), tuple(out_folded.shape))
print("same output:", torch.allclose(out_repeat, out_folded, atol=le-6))

Hai dau ra cung shape va trung nhau dén sai s6 lam tron.

Ngoai s6 kénh, dau vao con phai dung chudn hoa: encoder ImageNet hoc trén anh da trir
mean (0.485,0.456,0.406) va chia std (0.229, 0.224, 0.225) theo tung kénh. Chép kénh
xam roi chudn hoéa tiing kénh nhu ltc pretrain 1a cach don gian va an toan; muén gop

weight nhu trén thi phai x{ ly thém ca mean va std.

Kich thuéc ciing phai hgp: ResNet gidm canh dnh 32 lan, nén anh 28 x 28 chi con ban dé
1 x 1 & block cudi. Phong 1én 224 x 224 cho block ay ban d6 7 x 7 nhung khong thém chi

ti€t nao, va tén gap 64 lan sd diém anh.
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HOI NHANH

D€ dua anh xam vao ResNet ImageNet, mdt doi thay conv dau bang conv mét kénh.
Weight ctia n6 1a trung binh ba 1at weight RGB. Moi tang sau gilt nguyén, va model

dugc duing ngay dé 1ay dac trung. So v6i cach chép kénh xam thanh ba kénh, dau ra

ctia conv dau khac thé nao?
A Giéng hét, vi trung binh va téng chi khac tén goi
8 Nho di 3 1an, nhung ReLU phia sau tu bu lai thang do
¢ Phan trudc bias nhé di 3 1an, cac tdng sau nhan sai thang

D Lén l1én 3 1an, vi bias ciing bi chia déu cho ba kénh

Thuc hanh véi encoder anh c6 san

Script ctia chuong nap ResNet-18 tir mot state dict ImageNet c6 sin trén may, khong tai
tu Internet. N6 can ba thit: tép checkpoint, tép metadata ghi sha256, loai kién tric va
1000 tén 16p theo ding thir tu output, va mdt anh. Chay khong c6 --run chi kiém diéu

kién; co --run thi in 16p ImageNet c6 xac suat cao nhit cung xac suat.

Két qua ay la phép kiém duong nap: anh mdt do vt quen thudc dugce goi dung tén cho
thay trong s6 va preprocessing khép nhau. N6 chua phai model cho nhan cta bai; buéc
ti€p theo la thay fc bang head dung sd 16p. Pung dung weights=None rdi goi model la

pretrained: d6 1a mang ngau nhién cho dén khi da nap trong so.

Trinh tu hgp Iy 1a kiém preprocessing trén vai anh, chay feature extraction lam mdc, roi
m& block cu6i kem augmentation hgp 1é. Khi mé encoder, luu ca model, head va
mapping 16p; nap lai 6 tién trinh méi d€ kiém. Ghi ca score va thai gian, vi fine-tuning

hay TTA c¢6 thé vugt ngan sach thi.
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HOI NHANH
Chay script v6i mot anh chai nuéc ctia cau lac bo, model in ra water bottle 0.62.

Bai can phan ba 16p 1a chai, cdc va hdp. Ta két luan dugc gi?
Model da sdn sang, chi can doc ba I8p ImageNet gan nhat
Pudng nap c6 vé dung, nhung van can head ba I8p va validation
Trong s6 chua dugc nap, vi model d& hoc sé cho xac suat trén 0.9

Preprocessing sai, vi anh cau lac bd khac phan phéi ImageNet

Khi di thi
boc luét vé model pretrained truéce khi chon huéng.

Luu moét ludi anh sau augmentation kém nhan, box hoac mask, va nhin truéce khi train
lau.

Chia validation theo nguon truéce khi augment; validation khong augment ngau nhién.

Tom tat
Augmentation chi dung nhirng bién d6i ma dap an van ding; véi box hay mask, nhan
phai bién d6i theo; Mixup va CutMix tron ca nhan.

Loi ich cia mét phép chi do dugc trén validation chira diing diéu kién né nham t6i:

phép ddi nang di€ém anh dai tir 0.627 1én 0.846, con phép lat lam sai nhan.

Chia train/validation tru6c, augment sau; moi ban bién ddi cia mét anh nam ciing

phia.

Transfer learning: chon feature extraction hay fine-tuning theo lugng dnh va dé gan

mién; dua anh vao dung s6 kénh, chuan hoa va kich thuéc ma encoder da hoc.
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Kiém tra cuoi bai

CAU1

Bai toan phan loai X-quang nguc c6 hay khong co6 tran dich. Dau hiéu bénh la ving
phéi sang hon binh thudng. Anh test chup thang, 1éch nhiéu nhat khoang 10°.
Encoder la ResNet ImageNet. Pipeline train du6i day c6 mot buéce cé thé lam sai

nhan.

train_tf = transforms.Compose([
transforms.Grayscale(num_output_channels=3),
transforms.Resize ((224, 224)),
transforms.RandomRotation(degrees=10),
transforms.ColorJitter(brightness=0.3, contrast=0.3),
transforms.ToTensor(),
transforms.Normalize([0.485, 0.456, 0.406], [0.229, 0.224, 0.225]),

D

Do 1a bue nao?
Grayscale(3), vi chép mét kénh thanh ba kénh lam sai thdng tin
RandomRotation(10), vi nd tao tu thé phdi khéng cé that
ColorJditter, vi d6i do sang co thé che di hoic tao ra dau hiéu bénh

Normalize theo ImageNet, vi phai tinh mean va std riéng cho X-quang

PHONG THEO ) NOAI 2026 Singapore - Chung két - Cau 12
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CAU 2

CNN phan loai anh X-quang xam 512 x 512, pixel tir 0 dén 255. C6 ba cach tién xi
Iy. Cach A chia cho 255. Cach B trur 127.5 rdi chia cho std tinh trén toan tap train.
Cach C 14y mbi anh trit mean roi chia std ctia chinh anh d6. Trén validation, A dugc
82.3%, B dugc 84.7%, con C dugc 79.1% va loss dao dong. Vi sao C kém nhat?

C cho dau vao khéng ¢6 trung binh 0, nén BatchNorm maét én dinh
C x6a khac biét dd sang gilta cac phim, ma dé la théng tin chan doan
C nén dai gia tri khi anh khéng phu hét 0-255, nén mét tudng phan

C dung théng ké cla toan tap, nén rd théng tin validation vao train

PHONG THEO ) NOAI 2026 Singapore - Vong sd loai - Cau 307

CAU 3

Dé cho anh RGB 112 x 112 nén trang. Mdi dnh c6 dung mot hinh, 1a hinh tron, tam
giac hodc chir nhét, véi vi tri, kich thuéce, goc xoay va mau bat ky. Tam giac khong
nhat thiét la tam giac déu. Chi ¢6 200 anh c6 nhan, va model phai tu dung. Bo

augmentation nao gitr dang nhan?
Xoay géc bat ky, lat, d&i vi tri, d6i mau hinh
Co gian riéng truc ngang theo ti 1& 2:1, d6i mau hinh
Random crop 40 x 40 tU anh 112 x 112, gif nhan cu

Cutout che mdt & 56 x 56 & vi tri ngau nhién, gitt nhan c

PHONG THEO ) USA-NA-AIO 2026 - Vong 2 - Ngay 2 - Problem 4
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CAU 4
Mot CNN train trén 500 anh dat 99% accuracy trén train va 71% trén validation.
Thém augmentation hgp 1€, gom crop nhe va ddi sang nhe, thi train con 93%, con

validation 1én 78%. Augmentation da gitip cht yéu & chd nao?
Giam overfit, vi di liéu train da dang hcn
Train nhanh hon, vi méi epoch model gap anh dé hon
Model nho di, vi cé it tham sé phai ghi nhé hon

Suy luan nhanh han, vi anh test dugc bién déi trudc

PHONG THEO ) NOAI 2026 Singapore - Vong sd loai - Cau 299

CAUS

Ba d6i cung dung kién tric ResNet-18 cho 2000 anh la cay. Boi A khdi tao ngau

nhién roi train toan mang. B6i B nap trong s6 ImageNet rdi train toan mang voi
learning rate nhd. Boi C nap trong s6 ImageNet, dong bang encoder va chi train

head. Bdi nao dang dung transfer learning?
Chi C, vi B da thay dbi hét trong s6 ban dau
Chi B, vi C khéng cap nhat encoder
B va C, vi ca hai déu bat dau tu trong sé da hoc

Ca ba, vi cung dung mét kién tric da céng bd

PHONG THEO ) NOAI 2026 Singapore - Vong sd loai - Cau 205
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CAU 6
Mask rong 8 pixel, cac cot duge danh s6 tur 0 dén 7. Foreground nam & cac cot 1, 2

va 3. Lat ngang thi foreground chuyén sang nhitng cot nao?
{4,5,6,7}
{4, 5, 6}
{5, 6,7}

{1,2,3}

CAu7

Mot doi sinh 10 ban augmentation cho méi anh, luu chung moét thu muc, roéi chia
ngau nhién 80,/20 theo tép. Validation dat 0.99, nhung trén anh méi chi dugce 0.71.
Ly do kha di nhat la gi?

Céc ban bién déi cua cung mot anh géc ndm & ca hai phia
Model underfit, can train thém nhiéu epoch niia
Augmentation qué yéu nén chua chiu dugc anh mdi

Anh test clia dé cé nhiéu nhan bj gan sai
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CAu 8
Cau hinh khéng augmentation dat 0.84 trén split tao bang seed 1. Cau hinh c6
augmentation dat 0.88 trén split tao bang seed 2. Ta chic chan dugc diéu gi?

Augmentation tdng dung 0.04 diém trén moi split
Chua tach dugc tac dung cuia augmentation khéi dé kho cua split
Augmentation ting it nhat 0.04 diém, vi split 2 khé hon

Augmentation voé ich, vi chénh Iéch nhé hon 0.05

CAU 9
Bai c6 3 16p. Mixup tron anh meo, 16p 0, v6i trong s6 A = 0.7 va anh cho, 16p 2, véi
trong s6 0.3. Model du doan p = (0.5, 0.1, 0.4) cho anh tron. Cross-entropy ctia

mau nay bang bao nhiéu?
0.485
0.693
0.755

0.760
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CAuU 10

Notebook ndp bai dugc chay t6i da 20 phit. Doc va resize toan bo anh test mat 5
phtt, chi lam mot lan réi dung chung cho moi phién ban. Méi lugt forward trén
toan bo test mat 3 phtt. Trén validation, TTA v6i 2, 4 va 8 phién ban tang diém lan

lugt 0.6, 0.8 va 0.9 so véi khong dung TTA. Nén chon bao nhiéu phién ban?
A Khdéng dung TTA
B 2 phién ban
t 4 phién ban

D 8 phién ban

Poc thém
» PyTorch — Transfer Learning for Computer Vision: phan biét train head c6 dinh véi fine-
tuning; kiém lai preprocessing ctia weights dang dung.

« TorchVision — Transforms: xem hé trg anh, box, mask va cach dung chung phép bién déi hinh

hoc.

« Dive into Deep Learning — Image Augmentation: doc dong co tang bién thién train, roi doi
chiéu vé6i diéu kién gitt nhan ctia bai.

e Zhang va cong su — mixup: Beyond Empirical Risk Minimization (2018): bai géc ctia Mixup;

doc phan dinh nghia nhan tron va thi nghiém v6i nhan nhiéu.

Tai goi recipe ctia chuong — gom cac module phu va huéng dan chuén bi asset.
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