Hiéu va Xay dung CNN gbéc véi géc nhin tir bd loc
Kernel
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Bai viét nay gidi ma Convolutional Neural Networks (CNN) tit goc do tu duy bo loc (filter
perspective) thay vi chi liet ké cong thiic todn hoc. minh sé di tit han ché clia mang no-ron
truyen thong dén cach CNN "nhin" thé gidi, co ché lan truyén ngugc phiic tap va cac ky thuat
nang cao nhu 1x1 Convolution.

Phan 1: Tai sao Neural Network truyén théng (MLP) "bé tay" véi hinh anh?
Van dé biing ndé tham s6 va gidi han ctia viéc xit Iy anh dang phéng.

Phan 2: Tu duy Bo loc (Filter Perspective) & Co ché cd ban
Cach may tinh "nhin" dac trung thong qua Kernel, Stride va Padding.

Phan 3: Kién tric CNN - Tur "Phéan ra dic trung" dén "Ho6i dong bé phiéu"
Quy trinh trich xuat, loc nhiéu (ReLU) va téng hop thong tin (Pooling).

Phan 4: CNN Backpropagation & Su that vé phép xoay Kernel
Tai sao CNN Backpropagation can xoay kernel 180 do .

Phan 5: CNN Nang cao - 1x1 Convolution & Phan biét chiéu khong gian
1x1 Conv cho vaAn dé biing né chiéu sau.

Phan 1: Tai sao Neural Network truyén théng (MLP) "bé tay" véi
hinh anh?

Tru6c khi néi vé giai phap, hay nhin vao van dé. Tai sao minh khong thé cit thé ném mot biic anh vao
mang nd-ron da tang (MLP) thong thusng? Dé hidu diéu nay, ta can "mo xé" cadch may tinh luu trit
mot btc anh.

1.1 Ban chét ctia mau sic (RGB Color)

Trong thi gidc may tinh, mau sic khong phai la khai niém triru tuong ma la cac con s6 cu thé duge
dinh nghia bdi h¢ mau RGB (Red - Green - Blue). M6i kéenh mau nay dai dién cho mot sac do riéng
bigt v6i gia tri chay tit 0 dén 255 (tuong ing véi 256 miic do khac nhau). Bang cach phdi hgp cudong
do sang ciia 3 kénh nay lai, may tinh c6 thé tai tao hang triéu mau sic khac nhau ma mat ngudi nhin
thay dugc.



1.2 Biéu dién anh duéi dang Ma tran (Matrix Representation)

Mot bitc 4nh ki thuat s6 thue chat 14 mot ludi cdc diém anh (pixels). Vi du, mot biic anh kich thugc
800 x 600 sé& dugc cau thanh tit 800 hang va 600 cot.
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Tai mdi vi trf toa do (i,7), gia tri pixel w;; khong ton tai dudi dang mot s6 don 1& ma la mot bo ba gia
tri (7, gij, bij), vi du nhu (0,233,256) dé tao ra mau xanh ngoc. D& ti wu héa cho vige luu trit va xit
ly tinh toadn, may tinh thuong khong gép chung ma tach riéng cac gia tri nay thanh 3 ma tran déc lap
tuong tng véi 3 kénh mau D6, Xanh 14 va Xanh duong.
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1.3 Tit Ma tran dén Tensor

Khai niem Tensor xuat hién dé tong quat héa cac cau tric dit lieu nay theo sb chiéu. Trong khi Vector
13 Tensor 1D va Ma tran 14 Tensor 2D (nhu &nh xam chi can mot ma tran duy nhat dé biéu dién do
sang tit den sang trang), thi &nh mau lai phic tap hon. Vi &nh mau dugc tao thanh tit viec chong 3
ma tran R, G, B lén nhau (collapse on top of each other), né dugc dinh nghia 1a mot Tensor 3D véi
kich thuéc Height x Width x Depth (trong d6 Depth = 3).



color image is 3rd-order tensor

::> 28 pixels (height)
28 pixels (width)
Color Image 3 channels
(RGB) (RGB)
3 Colour Channels
Height: 4 Units:
(Pixels)

Width: 4 Units
(Pixels)

Viéc hiéu ding chiéu sau (Depth) ctia Tensor 14 mau chét dé hiéu cach CNN van hanh sau nay.

1.4 Sy biing né tham sé (The Parameter Explosion)

Chinh cau triic Tensor 3D nay 13 nguyén nhan khién mang MLP truyén théng "dau hang". Chi thit lam
mot phép tinh véi bidc Anh rat nho kich thudce 64 x 64: tong s6 gia tri dau vao sé 13 64 x 64 x 3 = 12, 288.
Néu ta két néi dau vao nay vho mot 16p an chi gom 1,000 no-ron theo cach két ndi toan bo (fully
connected) ciia MLP, s6 lugng trong s6 can hoc sé 1én t6i hon 12 triéu tham s6 (12,288 x 1,000). Khoi
lugng tinh toan khong 16 nay khong chi lam cham hé théng ma con dan dén hién tugng Overfitting
nghiém trong, budc minh phai tim dén giai phap thong minh hon 13 CNN dé xit 1y cau triic Tensor mot
céach hiéu qué.

Phan 2: Tu duy Bo6 loc (Filter Perspective) & Cd ché cd ban

Day la phan trong tam dé hiéu CNN tit gbc ré. Thay vi tu duy theo kiéu "két ndi tat ci moi thi"
nhu mang MLP truyén théng, CNN tiép can hinh anh theo cich con ngudi quan sat: tim kiém cac dac
trung (features).



2.1 Kernel/Filter 1a gi? - Chiéc "dén pin" soi miu

Trong thé gidi cia CNN, dé méy tinh hiéu dugc mot biic 4nh, né can biét duge nhing dic trung nao
lam cho biic 4nh d6 trd nén doc nhat. Thay vi phan tich timg diém anh riéng 1é, minh st dung Kernel
(hay Filter) - mot ma tran nhé (thudng 1a 3 x 3 hodc 5 x 5). Kernel hoat dong nhu mot "cita s6 trugt",
di chuyén quét qua toan bo bitc anh dé tim kiém su ton tai clia cdc mau cu thé, vi du nhu mot duong
cong, mot canh doc, hay mot dudng chéo. Dé hiéu rd, minh di vao 1 vi du luon nhé.

2.2 Co ché khép mau (Feature Matching) - Bi mat ctia phép tich chap

Hay hinh dung minh muén day méay tinh nhan dién chi "X". Chit "X" dudc cau tao bdi hai duong
chéo bit chéo nhau. Mot Kernel duge thiét ké dé tim "duong chéo trai" sé c6 céac gia tri duong (vi du:
1) ndm trén duong chéo d6 va cac gia tri am (vi du: -1) 6 nhitng vi tri con lai. (Note: ma tran trang
dai dién cho két qua sau khi 4p dung kernel)

1+1+1+1+l+1+1+1+1_1
5 =

1

. . ....
N e e N N R
RIRr(R|R(R R PR

Day 1 phan trong tam dé hiéu CNN tit géc ré. Thay vi tu duy theo kiéu "két ndi tat cid moi thi"
nhu mang MLP truyén théng, CNN tiép can hinh anh theo cich con ngudi quan sit: tim kiém cac dac
trung (features).

Qua trinh "Filtering" (loc) dién ra nhu sau:
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1. Line up: Dit Kernel chong 1én mot viing anh cung kich thuée.

2. Multiply: Nhan ting gia tri pixel ctia dnh v6i gia tri tuong tng trong Kernel (Element-wise
multiplication).

3. Add: Cong tong tat ca cac két qua lai va chia trung binh.

Két qua:
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e Néu vung anh bén duéi thuc sy c6 hinh duong chéo (khép v6i Kernel), phép nhan sé tao ra cac
s6 duong lon — Két qua tong rat cao (vi du: 1.0 hodac 100%). Ta néi pattern d6 da duge "kich
hoat" (activated).

e Néu viing 4nh khong khép (vi du: Kernel dutng chéo nhung dit lén vimg anh dudng thang ding),
céc phép nhan duong va am sé triet tieu 1an nhau — Két qua tong xap xi 0 hosic am.

e Vi du tuong ty déi v6i anh 3D.

Minh hoa céac loai Filter khac nhau trich xuit cac kiéu dac trung khac nhau
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https://nttuan8.com/bai-6-convolutional-neural-network/

2.3 Cac phép toan kiém soat Bo loc (Convolution Operation)

Stride (Bu6c nhay - 6 vudng kernel di chuyén bao nhiéu buéc mdi lugt): Day la khoang cach
ma Kernel di chuyén sau mi lan tinh toan. Néu Stride = 1, Kernel nhich titng pixel mot, giit do chi
tiét cao nhat. Nhung néu ta tang Stride > 1 (vi du: Stride = 2), Kernel sé "nhéy c6c" qua céc pixel.
Diéu nay c6 tac dung gidm kich thude dit lieu dau ra (Downsampling) ngay 1ap titc ma khong can 16p
Pooling, giéng nhu viéc ta luét nhanh qua mot vin ban dé nim § chinh thay vi doc ting chit.

0 1 1 1 0 0 0
0 0 1 1 1 0 0
0 0 0 1 1 1 0
0 0 0 1 1 0 0

Figure 2: V6i phan in dam 1a tam ctia kernel, véi stride = 2, kernel sé di 2 budc tinh tir tam. Néu kernel
13 2x2 thi 14y pixel trén cting bén trai lam tam

Padding (Lé - Pixel dudc boc thém bén ngoai anh): Khi Kernel trugt & ria biic dnh, n6
thudng bi thiéu hut dit lieu (khong du kich thude 3 x 3 dé nhan). Diéu nay din dén hai van dé: anh
bi thu nhé lai sau mdi 16p tich chap va thong tin & ria anh bi mat mat. Giai phap 14 Zero-Padding:
théem mot vieén cac s6 0 bao quanh dnh gbéc. Lép "dem" nay cho phép Kernel dit tam ngay tai pixel
ngoai cung, gitp gitt nguyen kich thuée khong gian (Height x Width) cia Feature Map dau ra.
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Input Image

Padded Image

Minh hoa Padding va Stride: Note: kich thuéc dnh hoic feature map (i.e. anh sau khi ap dung
convolution) phai 16n tuong ng dé ap dung stride.



padding = 0, stride = 1 padding = 1, stride = 1

padding = 0, stride = 2

Cong thiic kich thuéc dau ra: Dé thiét ké kién tric mang chinh xéac, ta can tinh toan dugce kich
thu6e ctia ma tran sau khi qua 16p Conv:

Input — Filter + 2 x Padding

Output =
upu Stride

+1

Trong d6: Input 1a kich thuée anh dau vao, Filter 1a kich thuée Kernel, Padding 13 s6 16p vién thém
vao, va Stride la budc nhay.

K kernel F*F*D
Input » | Stide:S |, Output
Tensor H* W * D AUang-F H-F+2P W F+oP
( . 1) *( 3 +1)* K

Convolutional layer

Viéc trugt Kernel qua anh khong phai liic ndo ciing tuy ¥, né duge kiém soat bdi cac tham sé todn
hoc nghiém ngit dé dinh hinh dit licu dau ra.
Pooling (Gop dac trung):

e Max Pooling: Chi giit lai gi4 tri l16n nhat trong viing (dic trung ndi bat nhat), gitip nén anh va
gidm tai tinh toan nhung van gitt dude thong tin cdt 16i.



e Average Pooling: Lay gia tri trung binh ciia toan bo cac pixel trong viing, nhim téng hgp thong
tin mot cach “mém”, phan anh mtc do hién dién trung binh ctia dic trung thay vi chi tap trung
vao diém manh nhét.
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Phan 3: Kién tridc CNN - Tt "Phéan ra dic trung" dén "Ho6i dong bo
phiéu"

Néu nhu Kernel 1a cong cu dé tim kiém, thi Kién tric CNN chinh la chién luge dé sit dung nhitng tim
kiém d6. Ban chat cia CNN khong phai 14 nhin thay ngay con meo hay chiéc xe hoi, ma 14 mot qua
trinh phan ra va tai tao.

3.1 Ban chit cia CNN: Chia dé tri

Thay vi c6 ging nhan dién toan bo vat thé ngay lap tic, né chia nhé bai toan thanh céc tang dic trung
(Feature Hierarchy) tit don gidn dén phic tap:

Figure 3: Minh hoa sy phan cap dac trung trong CNN: T cac canh don gian (trdi) dén cac chi tiét vat
thé phiic tap (phai).



e Tang thip (Low-level features): O cac 16p dau tien, mang chi nhin thay cac chi tiét so khai
nhat nhu canh, dudng bién, mau sic. Trén anh minh hoa, ching thudng trong giéng nhu céc
vach ké soc hoac nhiéu.

e Tang gitta (Mid-level features): Céc 16p tiép theo ghép ndi cac canh nay lai thanh céc hoa
tiét, hinh thit cd ban nhu dudng cong, géc vuong, hinh tron (vi du: mat, banh xe, hoic mot
phan ctia con sd).

e Tang cao (High-level features): Ldp cudi ciing tong hgp ching thanh cic bé phan hoan
chinh dé nhan dién vat thé.

MB3i 16p déng vai trdo nhu mot bo loc tinh vi hon 16p trude dé, bién doi cac pixel vo nghia thanh cac
dac trung c6 ¥ nghia phan loai.

3.2 ReLU (Rectified Linear Unit) - Ngudi gic cong ctia cac la phiéu

Sau mdi lan Kernel quét qua anh (phép tich chap), ching ta thu dugec mot ban do céac gia tri. Cé noi
gia tri rat duong (khép mau), c6 noi gia tri am (nguge mau). Lic nay, ReLU xuat hién véi vai tro cuc
k¥ quan trong nhung thuong bi hiéu nham 1a chi dé "lam toan".

Theo géc nhin ban chat, ReLU gitip mo6 hinh tré 15i cau héi: "Dac trung nay cé xuat hién hay
khéng?".

e Néu két qua 1a s6 duong: "C6, toi tim thay mot cai canh & day!". Ching ta git nguyén gia tri do.
e Néu két qua 1a s6 am: "Khong, hodc né ngudce lai v6i cai toi tim". ReLU sé bién né thanh s6 0.

Tai sao phai loai bé s6 am? Trong co ché bé phiéu (voting), chiing ta chi quan tam dén sy hién dien
clia cac bang chiing (evidence). Viéc giit lai cac gia tri am (nhiéu/khong khép) sé lam loang thong tin
khi mang c6 ging tong hgp cic dic trung lai véi nhau. ReLU gitp thanh loc tin hiéu, ddm bao ring
cac 16p sau chi nhan duge nhitng "bang ching" chic chan nhat.

3.3 Receptive Field - Tam nhin mé rong

Khi ching ta xép chong (stack) cac 16p Convolution va Pooling lén nhau, mot hién tugng tha vi xay ra:
Receptive Field (Ving cdm nhan) ctia no-ron ngay cang lén.

10
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Convolution

Convolution
Convolution
Pooling
Convolution
Pooling
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Nhung mot diém pixel & 16p Conv 3 (sau khi qua Pooling) lai dai dién cho ving 12 x 12 hosc 16n
hon ctia anh gdc. Chinh nhd co ché nay, cic 16p sau (Deep Layers) c¢6 thé "nhin" thiy tong thé brc
anh dé dua ra quyét dinh, dit ching duge xay dyng tit nhitng bo loc rat nhé ban dau.

3.4 Goéc nhin "Ho6i dong bé phiéu" (A List of Votes)

Cubi cling, sau khi di qua toan bo quy trinh: Tich chap (tim dic trung) — ReLU (loc bang chiing)
— Pooling (nén thong tin), di ligu tit dang hinh anh 3D s& dugce dat phang (Flatten) thanh mot danh
sach dai cac gia tri dac trung cao cap. Luc nay, 16p Fully Connected (FC) déng vai tro nhu mot "Hoi
dong bo phiéu", noi mdi dic trung tré thanh mot "cit tri" dua ra quyét dinh cudi cing. Vi dy: "T6i
théy banh xe (gid tri cao) + Toi thay cita kinh (gid tri cao) — Toi b6 phiéu cho ldp: O TO".
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Mot cau hdi quan trong thuong bi bé qua: Tai sao & cac 16p an nay, ta lai vu tien ding ReLU thay
vi ham Sigmoid truyén théng? Cau tra 16i nam & kha nang "hoc ngugc" clia mang. Ham Sigmoid nén
moi gid tri vao khoang (0, 1), diéu nay vo tinh khién tin hiéu dao ham bi nhé dan qua tiung 16p, dan dén
van dé Bién mét dao ham (Gradient Vanishing), lam mang "quén" mat cac dic trung dau vio.
Ngugc lai, ReLU hoat dong nhu mot "cong dan truyén thing": véi cac gia tri duong, dao ham bing
1. Diéu nay khong chi khic phuc triet dé van dé bién mat dao ham ma con gitp tin hiéu truy ngudc
(flip backward) mot cach nguyén ven tit 16p cudi ciing vé cac 16p dau. Nhs d6, MLP c6 thé hoc va
diéu chinh cédc mau (patterns) theo chiéu nguge lai mot cach hieu qua, ddm bao rang moi lien két gitta
"nguyén nhan" (dic trung anh) va "két qua" (nhdn phan loai) luon duge duy tri chit ché trong suét
qué trinh huan luyén.

vertical
diagonal

horizontal

Figure 5: Co ché bo phiéu ctia 16p Fully Connected: Cac dac trung duge tong hop dé dua ra xac suat
phan loai.

Phan 4: CNN Backpropagation & Su that vé phép xoay Kernel

Day 1a phan "kh6 nhan" nhat nhung ciing 14 noi chita dung vé dep toan hoc ctia CNN. Néu nhu Forward
Pass 14 qua trinh may tinh "nhin" btc anh, thi Backward Pass 1a lic né "ty kiém diém" dé rat kinh
nghiém.

Chiing ta sé di sau vao viéc lam thé nao sai s6 (Loss) dugc truyén nguge tit 16p cudi cuing vé cac 16p
dau dé cap nhat bo loc (Kernel).
4.1 Muc tiéu cua ching ta
Gié st ta ¢c6 mot 16p Convolution don gidn:

Y=XxK

Trong do:

e X: Anh diu vao (Input).

e K: Bo loc (Kernel/Filter).
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e Y: Ban do dic trung dau ra (Output Feature Map).
e L: Ham mat mat (Loss Function) cudi cuing clia mang.

Nhiém vu ctia Backpropagation 1a tim ra hai dao ham riéng (Gradients) quan trong:

1. gTL<: Dé cap nhat trong s ciia bo loc (gitip may hoc duge dic trung tét hon).

2. g—)L(: Dé truyén sai s6 vé cho 16p ding trude né (tiép tuc chudi Backprop).

4.2 Tinh dao ham cho B6 loc (g—[L(

Tuéng tugng Kernel K dang trudt trén anh X. Mai lan trudt, né tao ra mot gia tri trén Y. Vi vay,
mot trong s6 trong Kernel sé dong goép vao tat ca cac pixel dau ra ma né di qua.

Theo quy tic chudi (Chain Rule), dao ham ctia 16i d6i v6i mot trong sé w trong Kernel 14 tong hgp
clia tat ca cac 16i ma trong s6 d6 gay ra trén toan bo ban do dau ra Y:

oL L Y
0Ky Zm:; Yom  OKy;

Diéu tha vi la: Khi ban trién khai cong thitc nay ra, né chinh la mot phép Cross-Correlation giita
anh dau vao X va ban do 161 9.

Truc giac: Dé biét nen sita Kernel thé nao, ta ldy "Ban do 16i" wém len "Anh goc". Noi nao
anh gbc c6 gia tri 16n ma 16i ciing 16n, nghia 14 Kernel tai d6 can dude diéu chinh manh tay nhat.

4.3 Tinh dao ham cho Pau vao (g—f() - Sy xuat hién ctia Rot180

Day 1a phan gay la 1an nhat va ciing 1a 1y do tai sao nhiéu tai liéu toan hoc lai nhic dén viec "xoay 180
do".

Dé tinh gradient cho 16p dau vao X (nhém truyén vé 16p trudc), ta can biét mdi pixel z;; da anh
hudéng dén bao nhiéu pixel trén dau ra Y. Theo toan hoc, cong thitc dé tinh dao ham nay chinh 14 phép
tich chap (Convolution) gitta ban do 161 g—)L, (duge 16t them vien - padded) v6i Kernel da bi xoay 180 do
(rot180(K)).

OL 0L
— = — *xrot180(K
ox ~ gy *TetsuE)

Tai sao phai xoay?

e Trong qua trinh Forward (di t6i), pixel x1; nhan véi k.

e Nhung khi Backward (di li), dé truy ngugc dong chdy tit Y vé X, cac mdi lien hé khong gian bi
dao ngugc. Phan tit goc trén-trai ctia Kernel lac di t6i thuce chat lai tuong dng véi phan ti goc
dudi-phai khi ta xét tit géc do lan truyén ngugc.

4.4 Su that vé Cross-Correlation vs. Convolution

Trong cac thu vién Deep Learning thuyc té (nhu PyTorch hay TensorFlow), c¢6 mot sy khac biet nhé
gitta 1y thuyét va thyc hanh:
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e Ly thuyét Toan hoc: Phép Convolution chuan (f * g) yéu cau phai lat nguge Kernel 180 do trudc
khi trugt.

e Thuc té Code: Hau hét cac thu vién st dung phép Cross-Correlation (trugt ma KHONG lat) cho
qué trinh Forward Pass dé giam chi phi tinh toan.

Chinh vi Forward Pass diing Cross-Correlation (khong xoay), nén dé ddm bao tinh ding din ctia
dao ham, qua trinh Backward Pass bat budc phai thyc hién phép toan nguge lai - chinh 14 Convolution
thuc su (tic 1a Cross-Correlation véi Kernel xoay 180 do).

Tém lai quy trinh chuéan:
e Forward: Trugt Kernel thing (Cross-Correlation).
e Backward (tinh cho X): Trugt Kernel xoay 180 do (Convolution chuan).

Day la vé dep clia sy d6i xiing trong toan hoc: Anh di t6i bang cach trugt xuoi, thi anh phai di
lui bang cach trugt ngude dé moi thit khép lai hoan hao.

Phan 5: CNN Nang cao - 1x1 Convolution & Phéan biét chiéu khong
gian
Khi thiét ké cac mang CNN sau (Deep Learning), chiing ta thuong gap mot nghich 1y: cang di sau,

chiing ta cang muén tao ra nhiéu Feature Map dé bat dudc nhiéu dic trung phiic tap. Tuy nhien, diéu
nay dan dén mot van dé nan giai vé chi phi tinh toan. Day chinh I lic 1x1 Convolution xuat hién.

5.1 Van dé: Sy biing né chiéu sau (High Dimensional Problem)

Hay tudng tuong sau mot vai 16p tich chap, ban thu duge mot khéi dit lieu c6 do sau rat lon, vi du:
H x W x 192 (192 kenh/filters). Néu tiép tuc thyc hién tich chap 3 x 3 binh thudong trén khoi nay, s6
lugng phép tinh sé buing nd vi Kernel phai xit Iy dong thai ca 192 kénh dau vao. Day 1a bai toan "High
Dimensionality" khién mo hinh tré nén ning né va cham chap.

15



Convolutions

. ) P | Number of
Helght and W|dth convolution TXT/2 | 112x1)j2x64 Features Filter
max pool 3x3/2 56 5px64
goes down — T R T goes up...

max pool 3x3/2 | 28x28x192
inception (3a) 2824 X256
inception (3b) 28% 24 x 480
max pool 3x3/2 | 14x1{x480
inception (4a) 14x1x512
inception (db) 14x1x512
inception (4¢) 14x14x512
inception (4d) 14x14x 528
inception (4¢) 14x1]{x832
max pool 3x3/2 7x7}§832

inception (53) 7x7}832

inception (5b) TXTA1024
avg pool 7x7/1 1x141024
dropout (40%) 1x141024
linear 1x1x41000
softmax 1x 11000

Figure 6: Van dé chiéu sau: S6 lugng kénh (Channels) tang lén qua cao (vi du: 192) gay ap lyc tinh
toan.

5.2 Cach tiép can: Tém tit chi khong viit bo

D@ gidi quyét van dé nay, ta can gidm s lugng kenh xudng (vi du tit 192 xudng 64).

e Cach sai: Xoa b6t cac Filter di (Drop Filters). Diéu nay lam mat mat thong tin quan trong ma
mang da hoc dugc.

e Cach ding: "Toém tit" cac Filter lai. Chiing ta can mot co ché dé gop thong tin tit 192 kénh
nay lai thanh 64 kénh tinh gon hon ma van giit duge noi dung cot 16i.

D6 1a 1y do 1 x 1 Convolution ra doi. N6 hoat dong nhuw mot bd nén thong tin thong minh.

* o
e CROSS CHANNEL
BRI PARAMETRIC
AR POOLING
W
R
64

1X1

FEATURE MAP
POOLING LAYER

64

Figure 7: Co ché 1x1 Conv: Mot thanh "xuyén téao" di qua tat ci cac kenh dé téng hgp thong tin tai
mot diém &nh.
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5.3 Ban chit ctia 1x1 Conv: "Single Neuron" trén truc sau

Thoat nhin, mot Kernel kich thudce 1 x 1 ¢6 vé vo dung vi n6 khong nhin thay céc pixel lan can (khong
thay doi kich thuéc khong gian H x W). Tuy nhién, bi mat ndm & chd: Kernel nay khong phing!

Mot Kernel 1 x 1 trong CNN thyc chat 1a mot khoéi vector ¢6 kich thude 1 x 1 x Depth (véi Depth
bing ding s6 kénh dau vao).

Input Filter1 E:> Output
g
11
g s f! )
ch i
i h _
hi Filter 2 5 h H
H 1
- [ S—— 4
[r— S— w L
1

Shape = (h,w,ch) [ Shape = (h,w,m)
mm E\'> h
Ix1

m x Convolutien Filter (1 x 1 x ch)

o |

w

w

Figure 8: Minh hoa tryc quan: Kernel 1x1 thuyc chat trai dai hét chiéu sau ctia khéi dit lieu dau vao.

Tai sao né quan trong?

¢ Pointwise Convolution (Tich chap diém): Vi Kernel chi tac dong 1én dung mot vi tri toa
do (z,y) nhung xuyén sudt tat ci cic kénh, né thyc hién phép tinh tdng hgp thong tin (Feature
Fusion) tai diém do.

e Cross Channel Parametric Pooling: N6 hoat dong nhut mot 16p Pooling c6 trong s6 chay doc
theo truc kénh. Vi du: né c6 thé hoc cich két hgp dic trung "mét" (kénh 10) va "mii" (kénh 20)
dé tao ra dic trung "khuon mat" (kenh output), trong khi b qua cic kénh nhiéu khac.

Vé miit toan hoc, gia tri dau ra la tdng c6 trong sb ciia tat ca cac kénh tai mot diém anh, cong véi
bias va di qua ham kich hoat:

C;
Output(z,y) = o (Z W, - Input(z,y,c) + b)

c=1

Diéu nay tuong duong véi viec ap dung mot mang Neural nhd (Fully Connected) lén ting pixel
riéng biét.
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1IX1CONV == A
SINGLE NEURON

64

Figure 9: 1x1 Convolution tuong duong véi mot Single Neuron 4p dung lén chiéu sau ctia tiing pixel.

5.4 Ung dung: Kién tric Bottleneck

Ung dung kinh dién nhét ciia 1 x 1 Conv la tao ra kién tric Bottleneck (thudng thiy trong Inception,
ResNet). Quy trinh "ép nh6" di lieu dién ra nhu sau:

1. Dimg 1 x 1 Conv dé gidm sé chiéu (vi du: 256 kénh — 64 kénh), gitp loai bo cac thong tin du
thua.

2. Thyec hien tich chap 3 x 3 dat do6 trén s6 keénh it 6i nay (tinh toan rat nhanh).

3. Dung 1 x 1 Conv mot lan nita dé ting sé chiéu trd lai (64 kenh — 256 kenh) dé khoi phuc do
sau dic trung cho cac 16p sau.

Nhg "chiée ¢d chai" hep & gitta, md hinh c6 thé xay dyng sau hon (deeper) nhung s6 lugng tham s6 lai
it hon rat nhiéu so véi binh thudng.

64-d

3x3, 64 I
relu
|

33, 64

relu

Figure 10: Kién triic Bottleneck: St dung 1x1 Conv dé nén dit lieu trude khi xit 1y, gitp t6i wu hoa hieu
nang.

5.5 So sanh nhanh: Pooling vs. 1x1 Convolution

Trong thuc té, hai kj thuat nay khong déi ddu ma bd trd 1dn nhau. Ching thudng xuit hién ciing
nhau (nhu trong Inception Block) dé t&i wu héa mo hinh theo ba khia canh chinh: Khong gian, Kha
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ning hoc va Chi phi tinh toan.

1. Vé chiéu bién déi (Dimensionality):

Pooling: Giam kich thudc khong gian chiéu rong va cao (H x W), nhung bat budc phéi gi® nguyén
s6 lugng kenh (Filters).

1x1 Convolution: Giit nguyén kich thudc khong gian (H x W), nhung cho phép thay doi s6 lugng
kénh (Filters) - c6 thé gidm dé nén hodc tang dé mé rong.

2. Vé kha ning hoc (Learnability):

Pooling: La mot thao téc tinh (Fixed operation). N6 khong c6 trong sé dé huan luyén; ban chi can
cai dit tham s6 ban dau (nhu kernel size, stride) va n6 sé chay c¢6 dinh méai mai.

1x1 Convolution: La mot thao tac dong co thé hoc (Learnable). N6 s6 httu bo trong s6 rieng va dudc
t61 wu hoéa lien tuc thong qua qué trinh Gradient Descent dé tim ra cach két hgp cac kénh t6t nhat.

3. Vé chi phi tinh toan (Computation Cost):

Pooling: Chi phi rat thap (Low computation) vi chi thiyic hién cdc phép so sanh (Max) hodc cong trit
don gidn (Avg).

1x1 Convolution: Chi phi cao hon vi ban chat 14 cac phép nhan ma tran day dic va can cap nhat
trong s6 nguge. Tuy nhién, no lai gitup "tiét kiem" chi phi cho céc 16p 3 x 3 phia sau nhd viéc gidm s6
kénh dau vao (co ché Bottleneck).

4. Lgi ich phu (Non-linearity):
1x1 Convolution thutng di kém v6i ham kich hoat (nhu ReLU), gitp ting tinh phi tuyén cho mo
hinh, cho phép mang hoc dugc cac ham phtic tap hon ma khong lam thay déi cau trac khong gian.

Pooling vs 1x1 Conv

Max Pooling

REDUCE WIDTH AND HEIGHT
29 | 15 | 28 | 184

0 (100 | 70 | 38

122 | 12 7 2 d

12 (12 | 45 | 6 LOW COMPUTATION *
2x2 ‘)
pool size
 J
100 | 184
12 | 45

Figure 11: Pooling nén doc (XY) con 1x1 Conv nén ngang (Depth)
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