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Building segmentation using remote sensing, aerial, and UAV images with
deep learning has gained significant attention. Buildings are crucial for
urban development, management, and population estimation. Therefore,
the automatic extraction of buildings from UAV images is essential for
both research and practical applications. This paper presents a building
dataset comprising 6,500 image samples, each measuring 512 x 512
pixels, derived from high-resolution UAV images taken with diverse
building characteristics in various regions of Vietnam. The study evaluates
the effectiveness of building extraction from UAV images using the
DeepLabV3+ model with ResNet as the backbone of our dataset. The
results indicate that the accuracy for predicting buildings reaches an
Intersection over Union (IoU) of 0.774 when employing the ResNet101
backbone. However, this accuracy is significantly influenced by the
architectural characteristics and spatial distribution of the buildings. In
newly developed urban and suburban areas, the loU metrics for predicted
buildings can reach 0.874 and 0.857, respectively. In contrast, the
accuracy declines in industrial zones and older urban areas, with loU
values of 0.762 and 0.673, respectively. This study has practical
applications for urban management, development, and the construction
of smart cities in our country.
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THONG TIN BAI BAO TOM TAT

Qud trinh: Trich xudt di¥ liéu tir dnh vién thadm, dnh hang khéng va dnh UAV str dung

N}lan bai 17/02/2025 mang hoc sdu dang la hwéng nghién ctru thu hiit dwoc nhiéu sw quan tam.
Stra xong 02/5/2025 Toa nha la thong tin trung tdm trong qud trinh phdt trién va qudn ly dé thi
Chap nhan dang 17/5/2025 ciing nhw cdc vdn dé déan s6'va méi truomg. Do d6, viéc tw dong trich xudt
Tir khoa: toa nha trén tw liéu dnh la vdn dé dwoc ddt ra cho cd nghlen clru va trong
DeepLabV3+ thue tién san xudt. Bai bdo trinh bay két qud trich xudt toa nha tir dnh UAV
Mb hinh hoc ;éu str dung mang hoc sdu DeepLabV3+ vdi (backbone) la cdu tric mang phan
ResNet ’ dw (ResNet] trén b mau di liéu cia nhom nghlen ctru xdy dwng. B mau

SER R div liéu toa nha gébm 6500 mdu dnh cé kich cé 512 x 512 plxels dmrc xdy
Eiflh xudt toa nha, dung tir dnh UAV d6 phan gidi cao dua trén su thay doi vé kién truc, hinh

dang va phdn b6 ctia toa nha & mét sé tinh, thanh phd ciia nuée ta. Két qud
chira rang do chinh xdc dw dodn toa nha tinh theo chi sé loU (ti Ié dién tich
viing giao trén viing hop) dat mirc 0,774 véi backbone ResNet101. Tuy
nhién d6 chinh xdc dw dodn toa nha tir mé hinh chju dnh hwdng lom bai ddac
diém kién tric va phdn b ctia toa nha. Béi vdi khu viee do thi mdi va khu
vwre ngoai 6, do chinh xdc dw dodn toa nha cé thé dat IoU = 0,874 va 0,857.
Tuy nhién dé chinh xdc nay chi dat IoU = 0,762 va 0,673 ddi véi khu cong
nghiép va khu dé thi cii. Két quad ctia nghién cttu cho phép ttng dung mé
hinh mang hoc sdu DeepLabV3+ trong trich xudt dir liéu toa nha phuc vu
cong tdc qudn ly va phat trién dé thi ciing nhw cdc vdn dé dan so va méi
trwong & nworc ta.
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1. M¢é dau

Thi gidc may tinh (computer vision) da c6
nhirng budc phat trién vweot bac khi 4p dung mé
hinh mang hoc sau (deep learning) trong khoang
hon 20 nam tré lai day. Mo hinh mang hoc sau tich
chap CNN (convolutional neural network) hay
DCNN (deep CNN) la m6 hinh phd bién dwoc irng
dung réng rai dé trich xuat doi twong trén anh va
da thu dwoc nhiéu két qua day hira hen (Zhao va
nnk., 2024; Bhatt va nnk, 2021; Khan va nnk.,
2018). Thanh cong mang tinh dot pha ctia mang
hoc siu trong linh vy thi gidc may tinh phai ké t&i
nghién ctru vé phan loai chir viét bang tay cla
LeCun vé&i mang hoc sdu gom bay 16p (LeCun va
nnk., 1989). Ké tir d6 cac mang hoc sau hiéu qua
hon trong linh vye thi gidc may tinh dworc ra doi
nhw AlexNet (Krizhevsky va nnk, 2012),
GooglLeNet (Szegedy va nnk., 2015), VGGNet
(Simonyan, 2014), ResNet (He va nnk.,, 2016),...
Cung v&i s phat trién cia cic mang hoc siu la cac
bd dir liéu 16n d€ dao tao va kiém chirng kha nang
ctia mo6 hinh mang hoc sdu nhw ImageNet (Deng
vannk, 2009), PASCALVOC 2012 (Everingham va
nnk, 2010), ADE20K (Zhou va nnk, 2019), va
Cityscapes (Cordts va nnk., 2016).

U'ng dung thi gidc mdy tinh trong linh virc tric
dia - ban do, vién tham, va hé thong tin dia ly dé
trich xudt cac déi twong nhw toa nha, ciy trong,
tuyén dwong,... tir anh vé tinh, anh hang khong va
anh UAV da tré thanh xu hwéng nghién ctiru duoc
thu hdt dwoc nhiéu sy quan tdm (Hu va nnk,
2021; Feng va nnk.,, 2020). Toa nha la thong tin
trung tAm cua do thi dé quan ly phat trién dé thi
va xay dung thanh pho thong minh (Wang va nnk.,
2022; Huang va nnk,, 2022; Xu va nnk., 2018), wéc
tinh dan s6 (Feng va nnk,, 2020), quan trac thAm
hoa thién tai (Long va nnk., 2021; Al Shafian & Hu,
2024; Li & Guo, 2020),... Nhiéu mé hinh dwoc phat
trién dwa trén nguyén tac ctia mang tich chp CNN
cho phép trich xuit toa nha dat hiéu suit ngay
cang cao. Mot s6 mang hoc siu co ban dwogc st
dung trong trich xuit toa nha va cac doi twong
trén anh hang khong, anh vién tham, 4nh UAV
dwoc biét dén gobm mang Unet (Ronneberger va
nnk, 2015), ResNet (He va nnk,, 2016), SegNet,
Pyramid Scene Parsing Network (PSPNet) (He va
nnk., 2015), DeepLab (Chen va nnk,, 2017a).

Song song véi viéc phat trién cac mé hinh hoc
sau, cac bd dit liéu mau toa nha duoc xay dung tir

anh vién tham, &nh hang khong, &nh UAV phong
phu vé dic diém nha véi do phan giai cao cling
dwoc gidi thiéu. Mot s6 bd mau dit liéu tiéu biéu c6
thé ké dén gom: bo dir liéu WHU (Ji va nnk., 2018)
bao gbm 220 nghin toa nha trén khu vuec c6 dién
tich 450 km? tai Christchurch, New ZeaLand c6 d6
phan giai 16n 7,5 cm. Ngoai ra, Mnih (2013) gi¢i
thiéu bd mau gébm 151 anh c6 kich thudc 1500 x
1500 pixels tai Massachusetts (Hoa Ky). Thém vao
do6, International Society for Photogrammetry and
Remote Sensing- ISPRS 1a bo dir liéu mau tai
Vaihingen va Postdam (Ptc) (Rottensteiner va
nnk., 2012) v6i dd phan gidi cao. Trong d6, bd mau
Vaihingen c6 d6 phan gidi 9 cm va c& anh trung
binh 1a 2100 x 2100 pixels, trong khi b6 mau
Postdam c6 do phan giaila 5 cm véi ¢ anh 6000
x 6000 pixels. Bén canh dé phai ké dén bd mau dit
liéu dwoc 14y mau tai 10 thanh phd trén thé gisi
véi do phan gidi cao 0,3 m thu thdp tir anh hang
khéong (Inria Aerial Image Labeling Dataset-
INRIA) (Maggiori va nnk,, 2017). B6 dit liéu nay
gdm c6 360 anh mau (RGB) ¢6 kich thwéc 5000 x
5000 pixels.

St dung cac m6 hinh hoc sdu cai tién cung véi
cac bd dit liéu mau da dang da cho phép trich xuat
toa nha véi nhitng két qua kha quan. Trong do,
mang DeepLab la mét trong nhitng mang cai tién
str dung nhiéu wu diém ctia cadc mang hoc siu da
gidi thiéu trong CNN nén phu hgp cho bai toan
trich xuat tda nha tir anh. Mot s6 két qua tiéu biéu
str dung mang DeepLab trong trich xut toa nha
trén anh vé tinh, anh hang khong, va anh UAV c¢6
thé tom tit nhu sau:

Atik va nnk. (2022) da khao sat do chinh xac
cia mang DeepLabV3+ trong trich xuit toa nha
véi cac backbone ResNet18, ResNet50, Xception
va MobileNetv2 trén mot s6 bd mau dit liéu chudn.
Két qua chi ra rang, d6 chinh xac st dung
backbone ResNet50 dat dd chinh xac cao nhit véi
IoU=0,771 va theo sau la ResNet18 [oU=0,766 vé&i
bd dir liéu WHUBED. Twong tw nhw vy, d6i véi bd
dit liéu Massachusetts, d0 chinh xac dat gia tri cao
nhit IoU=0,612 v&i backbone ResNet50 va tiép
theo IoU=0,546 v&i backbone ResNet18. Hon nita,
trong nghién ctru (Chen va nnk., 2017b), d6 chinh
xac DeepLabV3 dat IoU = 0,870 trén tap dit liéu
WHU va dat IoU = 0,940 trén tdp Vaihingen, [oU =
0,794 véi tap Postdam trén bd dir liéu ISPRS.
Ngoai ra, Wang va nnk. (2024) da dé xuidt mo hinh
MST-DeepLabv3+ bang cach thay ddi backbone
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MobileNetV2 cho Xception dong thoi b6 sung mb
dun cong tip trung (attention mechanism) SENet
dé tang do chinh xac phan doan hinh dnh. 6 chinh
xac dat dwoc cia DeepLabV3+ va mo hinh tac gia
dé xuitlan lwotla mloU=0,686 va 0,825 (trong do
mloU thé hién gi4 tri trung binh giira 16p nha va
khong phai 1a nha) trén b mau ISPRS. Bén canh
do, Li and Zhao (2022) da s dung thém mo dun
cong tip trung dé t6i wu hdéa nhanh gidi ma
(decoder) trong mang DeepLabV3+ gitip cai thién
dd chinh xac phan doan hinh dnh. Ngoai ra trong
nghién ctiru dé tac gia con khao sat viéc thay doi
backbone Xception trong phan ma héa (encoder)
bang cach thay d6i mot s6 1¢p trong cAu triic mang
lwédi. Két qua thwe nghiém trén bo dir liéu INRIA
chi ra rang, o chinh x4c ciia mang DeepLabV3+
(IoU = 0,733) dworc cai thién 0,6% (IoU = 0,739)
khi ap dung viéc chinh stra encoder, va tang 1,6%
khi 4p dung cong tip trung (IoU = 0,749). Hon
nita, y twdng cia mang DeepLabV3+ con dwgc st
dung véi cong tip trung dwong bao (attention
boundary) dé phan tach cac doi twong nho trén
anh va phan biét r6 cac doi twong nhuw tuyén
dwong, cdy va bong d6 cua toa nha (Xu & Wang,
2024).

St dung md hinh hoc sdu trong thi gidc may
tinh n6i chung va trich xuat toa nha tir tw liéu anh
ndi riéng thudong phai tién hanh cong tac xay dung
bd mau dit liéu trén anh va dao tao mo hinh tir dau
trén bd mAu da xay dung. U'u di€ém clia dao tao md
hinh tir dau cho phép kiém soat cic tham s6 trong
qua trinh dao tao mo hinh. Piéu nay giup tdi wu
héa bo siéu tham sd (hyperparameter) doi voi
nhitng ddi twong dao tao cu thé. Ngoai ra khong
phai tim kiém cac m6 hinh phu hop véi doi twong
nghién ctru da dwoc dao tao tir truedc. Tuy nhién,
dao tao mo hinh tir dau sé gay ton thoi gian va tai
nguyén cia may tinh phuc vu cong tac dao tao mo
hinh. Nhiéu trwong hop tai nguyén mady tinh
khong dap trng dwoc yéu cau hodc viéc xay dung
b6 mau cho qua trinh dao tao 1a khong kha thi khi
déi twong nghién ciru qua da dang va phtrc tap. Do
viy, dé giam thoi gian dao tao va tranh phai xay
dung bd mAu di liéu qua 16m trong phwong phéap
hoc may, thi hoc chuyén giao (transfer learning)
stt dung mo hinh c6 sdn (pre-trained model) 1a
mot gidi phap kha thi. B&i vi mo hinh da dwoc dao
tao san trén cac bd mau dit liéu 16m c6 thé hoc
dwoc cac tinh nang chung va khai quat héa qua
trinh hoc ctia chiing dé 4p dung cho cac déi twong

nghién ctru cu thé. Bén canh d6, mo hinh dwgc dao
tao sin thwong dwoc tng dung cac mo hinh cé
kién truc va ky thuit méi nhit c6 kha nidng mang
lai hiéu suit cao.

Chinh vi thé, viéc (rng dung phwong phap hoc
chuyén giao trén bd mau dit liéu nhé 1a hwéng di
kha thi cho van dé nay. Tuy nhién, hién nay & nwéc
ta con thi€u c6 bd mau dir liéu chudn toa nha phuc
vu trich xuét dit liéu tir &nh d6 phan gii cao dac
biét la d6i v&i anh UAV. Do dd, bai béo trinh bay
phwong phap hoc chuyén giao str dung mé hinh
DeepLabV3+ véi backbone Resnet dé tién hanh
dao tao trén bd mau toa nha do nhém nghién ciru
xay dung. Nhitng dong gép chinh cia bai bao bao
gom:

Xay dung mot bd mAau dit liéu nho cic tdoa nha
phuc vu dao tao mo hinh hoc sau cho phép trich
xudt toa nha tir &nh UAV phuc vu cong tic thanh
13p ban do, quy hoach d6 thi, danh gia bién dong
dan cw,... pht hop véi dic diém nha & nworc ta.

Tién hanh danh gid do chinh xac mo6 hinh
phan doan hinh anh DeepLabV3+ vé&i cac
backbone ResNet c6 d6 sidu khac nhau gom
ResNet18, ResNet34, ResNet50, va ResNet101
trén bd mau dir liéu cia nhém nghién ciru xay
dung.

Ngoai ra, bai bo da hudn luyén dwoc mé hinh
trén b mau dit liéu do nhém nghién ctru xay dung
tir d6 cho phép dw doan tda nha phu hop véi dac
diém, hinh dang, c4u tric ctia do thi & nuéec ta. Anh
hwdng cda cic yéu t6 nay dén do chinh xac dw
doan toa nha cling dwoc danh gia theo bén khu
vuc bao gom khu d6 thi méi, khu dé thi cii, khu
cong nghiép va khu virc ngoai 6.

Trong phan tiép theo bai bao trinh bay
phwong phap nghién ciu & phin 2. Phan 3 gidi
thiéu bd mAu di liéu nhé tda nha dwoc thanh 1ap
tir anh UAV & mot s6 khu vire & Viét Nam. Két qua
thuwc nghiém va thao ludn sé dwoc trinh bay trong
phan 4. Cu6i cung 1a mét s6 két lun, nhirng han
ché va nhirng hwéng nghién ciru tiém nang.

2. Phwong phap nghién ciru

Trich xuit tda nha trén dir liéu anh 1a mot
trong s6 nhirng bai todn phd bién cua linh vuec thi
giac may tinh con dwoc goi la phdn doan ngit nghia
(Semantic segmentation). Khac v&i bai toan xac
dinh ddi twong (Object detection) 13 tao khung
hinh bao quanh déi twong can xac dinh, phin doan
ngit nghia xac dinh déi twong thong qua nhan
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trén tirng pixel ciia anh. Hién nay, mang hoc sau
tich chdp CNN la mang phé bién nhit trong linh
virc thi gidc may tinh va dworc ap dung cho bai toan
phan doan hinh anh. Cac mang CNN dworc st dung
pho bién hién nay cho tac vu phin doan hinh dnh
c6 thé ké dén gom: VGG, UNet, ResNet, SegNet,
DeepLab,... (Luo vannk., 2021). Trong phan nay sé
tom tit ndi dung vé kién tric co ban clia mang
DeepLab va y twéng co ban clia ciu tric mang
ResNet.

2.1. Cdu triic mé hinh DeepLab

DeepLab 1a mé hinh phan doan ngit nghia
dwoc phat trién bdi Google Research va dwoc
biét d&€n v&i kha nang ndm bt cac chi tiét trén
anh va phéan loai d6i twong dwa trén pixel anh.
Cai tién chinh cia mé hinh nay la st dung tich
chap gidn né (atrous convolution hoac dilation
convolution). Phién ban diu tién (V1) cua
DeepLab dwgc phat trién dwa trén ciu tric
mang VGG-16 (gobm 16 1ép) bdi nhém Visual
Geometry Group tai Pai hoc Oxford (Yu va nnk.,
2016). Tuy nhién c6 thay thé 16p két noi day du
(Fully connected layer) cu6i cung bédi 16p tich
chéap gidn né.

Dai véi cac bai toan phan doan ngir nghia, s6
lwong tham s6 st dung thwong rat 1ém so véi cac
bai todn phan loai khac, vi thé toc do tinh toan
thudng sé chdm. Do d6, cai tién quan trong nhit
trong mang DeepLab la st dung tich chap gidn n&
dé cho phép tang s6 lwong tham s6 ma khéng lam
gidm toc do tinh toan. Tich chip gidn n& dwoc phat
trién tir mang tich chip chuin trong dé bé loc
dwoc chinh stra d€ ting do 1én cha truong tiép
nhin (receptive field) ma khong lam ting sé

lwong tham s6. Tich chip gidn n& hoat dong theo
nguyén tic tao ra cac khoang tréng ‘atrous’ con
dwoc biét 1a ti 1& gidn no. Ti 1€ gidn né (rate) dwoc
ky hiéu (r) dé kiém soat khoang cach giira cac gia
tri trong b loc. Ti 1€ gidn né cang cao thé hién s6
khoang tréng cang 16 va ngworc lai, ti 1é r =1 téc
b6 loc chuén (khong c6 khodng trong). Do d6, bang
cach tao khoang tréng trong bd loc, tich chap gidn
n& gitip khéng lam ting tham s6 hay thai gian tinh
to4an ma con cho phép nidm bat dwoc trrong thong
tin 16n hon so véi tich chip chuln. Viéc ndm bat
doi twong xung quanh (hay ngit canh) gitp né tré
nén phu hop véi mang phan doan ngir nghia. bé
tranh mat théng tin do khoang tréng ctia bo loc
DeepLab phién ban V2 da tich hop nhiéu bd loc
véi cac gia tri rate khac nhau con goi la mo6 dun
kim tw thap khéng gian (Atrous Spatial Pyramid
Pooling ASPP) (Hinh 1). ASPP ciing la cu tric néi
bat dworc str dung trong mang SPPNet (He va nnk,,
2015).

Nguyén tic hoat dong ctia ASPP 1a cac tich
chip gidn n& dwoc van hanh song song véi nhiéu
ti 1& gian n& khac nhau dé trich xuit dic trung dau
vao cda anh. Sau d6, hgp nhit tit ca cic ddura &
cac ti 1& khac nhau lai. Uu diém ctia ASPP 1a méi
phép tich chap v&i ti 18 cu thé sé thu dwoc théng
tin & mot ti 1é xac dinh. Trong dé, ti 1é thip sé tip
trung vao viéc thu thap cac chi tiét nho (vat thé
nhd) trong khi ti 1€ cao sé sé thu thap thong tin
trén khu vuec 16m hon (vt thé16m). Vi vy, str dung
nhiéu ti 1& gitip mang c6 thé ndm bét t6t hon cac
vét thé c6 kich thuéc khac nhau trong hinh anh vi
thé giup cai thién d6 chinh xac phin doan hinh

anh.

rate = 12 rate = 18 ity

rate = 6 — o o Y
S
oo

Oomd 0 ® | 5] O
O0.0.0

- R R

i -
—_——

Atrous Spatial Pyramid Pooling

Input Feature Map

Nhém kim tw thap khong gian Atrous (ASPP)

Hinh 1. Nhém kim tw thdp khéng gian ASPP la sw két hop nhiéu atrous convolution véi cdc ti 1¢ khdc
nhau gdém rate=6, 12, 18 va 24 str dung trong DeepLab V2 (Chen va nnk., 2017a).
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Mo hinh DeepLab phién ban V3 diéu chinh lai
mo dun ASPP trong phién ban DeepLabV2 dé dat
hiéu suit cao hon. Theo d6 ASPP c6 mot kénh
riéng biét cho nhém hinh anh tong thé cho phép
nam bat dwoc toan bd dic tinh téng thé, sau do
tébng hop lai véi véc to dic diém da trich xuit
théng qua tich chap ASPP. Tiép theo, két qua cho
qua lép tich chap c6 dau vao 1x1 dé thu dwoc cac
chi tiét t6t hon. Mot thay doi khac doi véi mé-dun
ASPP 1a str dung ky thuat BatchNormalization sau
tich chip va truéc ReLU dé giip mo hinh hdi tu
nhanh hon. BatchNormalization 1a mot ki thuat
chuin hoéa dac biét dwoc giGi thiéu tir nam 2015
(Ioffe, 2015). Ky thuat nay gitup cac ban d6 dic
trwng (feature map) dau ra dugc chuin héa vé
mat phan phdi xac suit tir d6 gitip md hinh héi tu
nhanh hon.

Nguyén ly cda tich chdp gidn n& (Atrous
convolution) trong khéng gian mét chiéu véi dau
vao x va dau ra y tai phén tir thir i dwoc dinh nghia
theo céng thirc sau:

K

ylil = ) xli+rklwlk] e
k=1

Trong do6: w - bd loc tich chap véi d6 dai k.

Ngoai viéc str dung tich chip gidn né thay thé
cho phép tich chip chuyén vi ‘transposed
convolution’ clia cac mé hinh khac, DeepLab con
st dung trudmg ngau nhién cé diéu kién
‘Conditional Random Field (CRF)’ dé gidap cho dw
doan tét hon & 16p cudi. CRF dw doan nhan dwa
theo mirc xac suit theo céng thirc sau:

EG) =) 0,00+ ) 05(xx) ()
i ij

Trong d6: x - nhan dworc gan cho cac pixels.

Hé s6 dau tiéu trong cong thirc (2) str dung dé
do mirc d6 gidng nhau gitra pixel anh dwoc phan
doan va anh that twong trng cia nd. Pay la 1ép ban
dau do mang tich chip hoc sdu DCNN dy doan cho
moi pixel thudc 1ép twong ng dugc dinh nghia
bdi 6;(x;) = —logP(x;) v&i P(x;) 1a xac suét tai
pixel thit i dwgc tinh bdi DCNN str dung ham méit
mat (loss function). Hé sé thir hai trong cong thirc
(2) st dung dé tim mai quan hé gitra hai pixels bat
ky trong &nh. Dwa trén nguyén tic cac pixel ¢ dic
diém twong tw hoic c6 khoang cach lan cin sé
dwoc wu tién gan nhin giong nhau. Trong do6
thanh phan 6;(x;, x;) dwoc dinh nghia béi:

0:j (xi, %))
2
p. — p.
= ,u(xi,xj) [Wlexp <—%
a
. u) 3)
205

lp: = o,
+erxp<_—29126¥2’} )]
1%

Trong cong thirc (3), u(xi, xj)=1 néu x; # xj,
va ,u(xl-, xj)=0 néu x; = x;. Cac gia triwy, w,, 0, a,
B,y dwoc goila cac siéu tham s6. Khoang cach gitra
p; va p; dwoc coi la khodng cach gitra hai pixels.
Ngoai ra, khodng cach giita I; va I; biéu dién
khoang cach Euclidean gitra hai gia tri cwong do
cia pixel twong (rng. C6 nghia la néu hai pixel c6
mau sic cang khac nhau thi sé c6 khoang cach 16m
hon. Tuy nhién, "khoang cach" c6 diu trir & phia
trwde, do do tac dong 16m nhit trong ham s6 nay
chi khi ca vi trf 1an mau sic twong tw nhau. Do d6,
cac pixel 14n cdn c6 mau twong tw sé bi “phat” rat
nang néu ching thudc cac 16p nhan khac nhau. Néi
cach khéc, cac pixel canh nhau va c6 mau sic giong
nhau sé wu tién c6 cung nhan. Thanh phan thi 2
trong cong thirc (3) dwoc thiét ké dé kiém soat do
min ctia ham s6 va chi xem xét dén khoang cach
gitra cac pixel.

Mo hinh mang DeepLabV3+ dwoc phét trién
dwa trén phién ban DeepLabV3 va y twdng cia
mang Encoder-Decoder (vi du mang UNet
(Ronneberger va nnk,, 2015)) bang cach thém vao
moOt mé dun upsample v&i output stride (0S=4)
trong phin decoder dé gidm bd nhé ctia may tinh.
C6 thé miéu ta khai quat ciu tric cia mang thong
qua bd ma héa va bd giai ma nhw sau (Hinh 2).

B6 ma héa (Encoder): Mang DeepLabV3+ st
dung lai m6 hinh DeepLabV3 lam bé ma héa
(encoder). Pau ra tir 1&p cudi ciia bd ma héa dworc
str dung nhw dau vao cho ciu triic mang Encoder-
Decoder & khdi tiép theo.

BO giai ma (Decoder): DeepLabV3 thwong
trich xuit dic tinh dau ra st dung output stride
(0S=16). Cac dic tinh dwoc trich xuat nay giau
théng tin ngir nghia vé mat hinh anh. Mot ban do
déc tinh khac dwoc trich xuit tir mot 16p nong
(Low-level features) gin véi dau vao cua
backbone v&i phép tich chip (1x1) dé gidm sé
lwong kénh va chira thong tin vé mat khong gian.
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Hinh 2. Kién triic m6 hinh mang DeepLabV3+(Chen va nnk., 2018]

Cung véi d6, dau ra dau tién tir b Encoder dwoc
14y mAu song tuyén véi hé sé 4. Tiép theo, két qua
nay cung v&i ban d6 dic trung chira thong tin
khéng gian (chira ranh gi¢i cia doi twong) dwoc
gop lai (Concat) va dwa qua 16p tich chap (3x3) va
sau d6 dwgc dwoc 14y miu song tuyén véi hé s6 4
l4n thit hai d€ dwa ra dw doan. Két qua la doi twong
dwoc dw doan sé c6 ddy da dac tinh kém theo ranh
gi¢i ctia doi twong.

2.2. Mang phdn dw (ResNet)

Mang ResNet (Residual Network) dwoc biét
dén la mang hoc sau str dung cho cac bai todn xac
dinh déi twong va phan doan hinh anh. Hién nay
6 rat nhiéu bién thé cia mang ResNet v&i so 16p
khac nhau gom 18 16p (ResNet18), 34 16p
(ResNet34), 50 16p (ResNet50), 101 Iop
(ResNet101), hoac 152 1&p (ResNet152).

Trong qua trinh phat trién cdc mang hoc siu,
s6 16p mang ngay cang c6 xu hwéng ting 1én
(mang sdu hon) d€ mo hinh c6 kha nang tong quat
héa dir liéu t6t hon. Vi du: Cac mang hoc sau ban
d4u nhw AlexNet véi chi 5 16p cho dén cac VGGNet
c6 16,19 16p. Van dé gap phai cia cic mang khi ¢
nhiéu 16p 1a hién twong ‘vanishing gradient’. Ban
chit ctia hién twong nay 1a gia tri dao ham ‘d6 doc’
rat nho dan dén hiéu suit ciia mang bi gidm nhanh
chéng hodc tham chi la bi bao hoa. Chinh vi vay
mang phin dw ra doi d€ gidi quyét vin dé
vanishing gradient dwa trén y twdng cac két noi

“tt” (skip connection) dé c6 thé bd qua dwgc mot
hodc nhiéu lép trong mang (mot cach glam dd sau
bang phép ndi tit). Y twdng ndi tit (skip
connection) ma ResNet st dung dwoc dya trén y
twdng trong mang Highway Network (Srivastava
va nnk, 2015) hay trong Long Short Term
Memory LSTM (Hochreiter, 1997). Hinh 3 miéu ta
so @6 phép ndi tit duwgc st dung trong mang
ResNet trong do6 cac 16p mang (layer) van twong
tw nhw cic mang khac gom lép tich chip
(convolution), 16p tdng quat héa (pooling), 16p
kich hoat (activation) va 16p két noi day du (fully
connected layer). Miii tén bén phai hinh vé thé
hién phép ndi tat dé b6 sung mot gia tri x vao ham
F(x) hay con goi 1a ‘phén dv’ ciing la tén goi cia
mang ‘phin du- residual network’. Chinh vi bé
sung gia tri x ma tranh dwoc gia tri dao ham bang
‘khong’ hay hién twong ‘vanishing gradient” khi
mang c6 nhiéu 16p.

2.3. Panh gia két quad

X

F(x) identity

x+Fx) §

Hinh 3. So db néi tdt (skip connection) trong
mang ResNet (He va nnk., 2016).
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Trong qua trinh xay dung md hinh phan doan
hinh anh, céng tac danh gia két qua dw doan cia
moé hinh 13 bwéc quan trong dé biét duoc chit
lwgng ctia mo hinh. Panh gia mo hinh gitip ching
talwa chon dwoc ding mé hinh va cac tham s6 phu
hop doi véi doi twong nghién cliru. Trong bai toan
phan doan hinh anh chi s6 IoU, Dice 1a nhitng
thwédc do dugc tin dung dé danh gia do chinh xac
mo hinh (Jadon, 2020), (Punn va nnk, 2020).

Chi s6 IoU ‘hay Jaccard’ dworc tinh bai ty 18
gitta dién tich vung giao va dién tich ving hop gitra
déi twgng dw dodn ‘P-predicted’ va doi twong thue
té ‘A-actual’ dwoc mé ta nhw sau:

_PnAl TP
" |[PUA| TP+FP+FN

Giéng nhu Jaccard/IoU, chi s6 Dice (con biét
la Sgrensen-Dice) cling 1a mot thwéc do dang tin
ciy trong phan doan ngtr nghia. Hé s6 Dice duoc
tinh bang cach nhan déi dién tich chdng phu gitra
phan doan du doan va thuc té, sau d6 chia cho
téng sO pixel trong ca hai phin doan theo cong
thirc:

IoU

(4)

_2[PnA| 2TP
“|P|+]4] 2TP+FP+FN

Trong cong thirc (4) va (5) cac gia tri TP, FP,
TN va FN dwoc dinh nghia nhw sau (Hinh 4).

- True Positive (TP): mé hinh dy doan déi
twong 12 nha va thuce té déi twong ding 1a nha.

- False Positive (FP): m6 hinh dw doan déi
twong la nha nhwng thuc té€ khong phai nha.

- True Negative (TN): m6 hinh dy doan déi
twong khong phai la nha va thuc té€ d6i twong
khong phai la nha.

Dice

(0

Hinh 4. B6n khd ndng dw dodn toa nha.

- False Negative (FN): m6 hinh dw doan déi
twong khong phai la nha nhung thuec té déi twong
lai dung la nha.

Hé s6 IoU va Dice bang 1 biéu thi sw chdng
pht gitta nha dy doan va nha thyec té€ la hoan hao
hay dy doan tuyét déi chinh xac. Néu IoU va Dice
bang 0 c6 nghia la dw doan khong chinh xéc. Chi s&
nay dac biét htru ich trong cac tinh hudéng cin xac
dinh chinh xac cic vung dwgoc phan doan ma
khong quan tAm dén cic viung khong dwoc phin
doan.
3.Dir liéu

B6 mau dir liéu toa nha phuc vu qué trinh dao
tao mo hinh phai ddm bao tinh da dang va phu hop
véi ddc diém toa nha & nwéce ta. Pac diém cda toa
nha trong trich xuat dit liéu tir anh thwong phu
thudc vao hinh dang, kich thwérc, kién tric, do cao
tda nha va mau sac mai (Li va nnk, 2022). Ngoai
ra, cac vat xung quanh tda nha nhw tuyén dwong,
sin va ciy c6i bao quanh toa nha cé thé c6 anh
hwéng dén qua trinh trich xuit dit liéu toa nha.
Trong nghién ctru nay, bd miu nha dwoc tién hanh
phén loai toa nha theo bén khu vuc gom: khu do
thi cii, d6 thi md&i, khu cdng nghiép, khu ngoai 6
(Hinh 5).

Dai véi cac toa nha trong khu d6 thi ci, dic
diém chung cta ching 1a c6 mat do xiy dung cao,
dién tich nho va thwong bi che phu béi cay coi
xung quanh hodc b&i bong ctia nha lién ké.

I
Khu cong nghiép

Hinh 5. Bdc diém toa nha st dung trong bd
mdu dao tao mé hinh.
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Déi véi khu @6 thi mdéi, toa nha thudong dwoc
quy hoach c6 khoang khong gian xung quanh va
mat dé thwa. Trong cac khu cdng nghiép, cac toa
nha thwong cé dién tich rit 1én, mau mai thwong
dbéng nhit va it cdy xanh xung quanh. Khu vuc
ngoai 6 c6 mat dé6 xay dung thip, cic toa nha
thwong bo tri c6 nha chinh va cac céng trinh phy,
c6 khoang sin va xen 1an 1a cay xanh. Ngoai ra, dic
diém va mit d6 toa nha & nwdc ta con thay doi tuy
phu thudc vao vi tri dia ly va theo viing mién (B,
Trung, Nam).

Do d6 trong nghién ctru ndy, bd mau dir liéu
toa nha phuc vu cho cong tac dao tao mé hinh
dwoc thu thip gbm 25 nghin toa nha tai cac khu
khu do thi ci, khu dé thi m&i, khu cong nghiép va
ngoai 6 nhim tao nén bd miu nha cé su da dang,
day dd va ddm bao mirc d6 phirc tap. Ngoai ra, khi
xay dung bd mau dir liéu phuc vu dao tao mé hinh,
vi tri dia ly va yéu t6 viing mién ciing dwoc xem xét
dén. Vi vay, bd mau anh UAV dwoc chon tai nhiéu
tinh, thanh phé bao gom: Ba Ria-Viing Tau, Dong
Nai, Lao Cai, Ha N6i, Hai Phong, Khanh Hoa, Quang
Ninh d€ dam bao tinh phan bo theo viing mién

Cong tac tao mAu dir liéu dwoc thirc hién bang
phan mém QGIS, theo d6 cac toa nha dugc s6 hda
truc tiép trén anh UAV. D€ phu hop vai tai nguyén
tinh todn cia may tinh, &nh dworc chia thanh cac
mau anh c6 kich thwéc 512x512 pixels véi do
phén giai mat dat cta anh la 10 cm. Tiép theo, vi
may tinh lam viéc trong hé nhi phan nén cac anh
sau s6 hoa ciing cin dugc chuyén sang dang ma
nhi phan. Theo dé cac tda nha twong trng véi ma 1
va nhitng khu virc khong ¢ nha twong tng véi ma
0 (Hinh 6).

Do s6 lwong bd miu nhd nén trong thuc
nghiém nay chi chia thanh hai bé mau phuc vu dao
tao md hinh (training dataset) va kiém tra mo
hinh (testing dataset). Muc dich dé gianh t6i da

pixels (trdi) va mdt na twong trng (phdi).

mAu cho cong tac dao tao mo hinh va bd qua bwdc
ki€m thtr m6 hinh trén tip validation. B6 mau dao
tao md hinh gobm 5300 mAu anh va 1200 mau cho
b6 kiém tra. Ca hai b6 mau déu dam bao c6 di bén
loai nha thudc cac khu d6 thi méi, do thi cii, ngoai
0 va khu cong nghiép.

4. Két qua va thao ludn

Thwc nghiém dao tao m6 hinh dworc thuc hién
trén bo x ly d6 hoa (GPU) va nén tang dién toan
song song CUDA dwoc cung cip mién phi trén
Colaboratory. Cau hinh T4 dwoc cung cip trén
Colaboratory la card d6 hoa chuyén nghiép cta
NVIDIA véi cdu hinh bé nhé GDDR6 16 GB va c6
32016i tensor giup ting tdc trong dao tao mo hinh.
M6 hinh DeepLabV3+ trong thwc nghiém nay
duoc xay dung trén framework PyTorch 1.11.0.
PyTorch hién nay 1a mét thw vién phé bién trong
nghién ctru mang hoc sau vi kha ning hd tro ctia
b6 xtt Iy GPU va c6 sw hd trg clia mot cong dong
nghién ctru dong dao. Trong qua trinh dao tao mo
hinh da st dung (pre-trained model) c6 bd trong
s6 da dugc dao tao trén bd ImageNet gom 14 triéu
btrc anh cho phép phén loai 1000 1ép doi twong.

Qua trinh dao tao mé hinh DeepLabV3+ duwoc
thuc hién vGi bon backbone ResNet ¢6 do sau 18,
34,50, 101 l6p twong trng véi cac mang ResNet18,
ResNet34, ResNet50, va ResNet101. Vai tro caa
cac backbone nay 1a thay thé nhanh encoder cta
mo hinh DeepLabV3+. S§ lwgng anh cho méi lan
14y mAu (batch_size=16) dé phu hop véi bd nhé
GPU Ram cung cip béi Colaboratory. Trong thuc
nghiém str dung ham Stochastic Gradient Descent
(SGD) dé t6i wu héa ham mat mat véi toc do hoc
learning rate 1a Ir=10-4. Téng s6 vong ldp cho ca
bén 1an thuwe nghiém néu trén déu giéng nhau va
bang 100 epoch.

4.1. Két qua dinh tinh

Két qua dw doan toa nha st dung cac tham sd
dwgc huln luyén trén tip kiém tra (testing
dataset) v6i 1200 mAu anh. Trong Hinh 7 tir trai
qua phai, cot (a) thé hién hinh anh toa nha, cét (b)
la mat na toa nha thuc t€, cac hinh (c), (d), (e), va
(f) 1a cAc mat na toa nha dwoc dw doan ttr mo hinh
DeepLabV3+ st dung backbone ResNet18,
ResNet34, ResNet50, va ResNet101, twong tng.

Két qua danh gia dinh tinh thy rang mo hinh
da phat hién twong déi day du cac doi twongla toa
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(b) (<)
Hinh 7. So sdnh két qud trich xudt toa nha str dung cdc backbone ResNet. Trong dé (a)- dnh mdu
RGB, (b) mdt na toa nha thwe, két qud dw dodn nha véi backbone (c)ResNet18, (d) ResNet34, (e)
ResNet50, va (f) ResNet101.

nha. S sai sot trong dy doan cia m6 hinh thuwong
do mot trong cac nguyén nhan nhu: (1) mé hinh
nhin nham cac d6i twong c6 hinh dang giong nha,
(2) khong nhan ra cac d6i twong nha c6 mau sic
mai giong twong tw véi mau cta doi twong xung
quanh (nha bilan véi ddi twong khac), hodc (3) toa
nha bi cdy che phti mot phan mai cling bi mé hinh
dan sai nhan.

Cu thé, mdé hinh s dung cic backbone
ResNet50 va ResNet101 cot (e) va (f), twong trng
da trich xuit dworc cac toa nha twong ddi giong voi
mat na toa nha thuc & cot (b). Ngwore lai, mo hinh
str dung backbone ResNet18 va ResNet34 c6 mat
na dy doan toa nha & cot (c) va (d) cé sw khac biét
twong ddi 1o so véi mét na toa nha thuce & cot (b).

@ @ O

biéu nay thé hién do chinh xac dw doan toa nha
cia cac backbone la mé hinh ResNet50 va
ResNet101 tot hon so véi hai backbone con lai.
Két qua nay c6 thé duorc giai thich bdi do sau (s6
16p) cila md hinh resnet dwoc st dung. M6 hinh c6
d6 sau 1ém hon cho phép trich xuit tot hon cac dac
trung ciia doi twgng va nguwoc lai mo hinh nong sé
trich xuit kém hon.

4.2. Két qud dinh lwong

Két qua dy doan toa nha trén tip testing
dataset dworc tinh béi hai chi s6 IoU va Dice dwoc
tong hop trong Bang 1. P chinh xac ¢ xu hwdng
tang vé&i do sdu cia mang ResNet st dung. Doi véi
mang ResNet18 gia tri loU = 0,730 va tang 1én
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khoang 0,3%, 1,0% va 4,4% twong (ng véi mang
ResNet34 (IoU=0,733), ResNet50 (IoU=0,740), va
ResNet101 (IoU = 0,774). P chinh xac dy doan
toa nha dat dwoc trén mirc 70% do bédi chi s6 IoU
1a hoan toan phu hop véi nghién ctru (Atik va nnk.,
2022).

Bdng 1. B6 chinh xdc dw dodn toa nha véi
Deeplabv3+ st dung cdc backbone ResNet
trénbé 1200 mdu goém khu dé thi cii, dé thi mdi,
khu céng nghiép va ngoai 6 (thoi gian dwoc
tinh trén 1 epoch).

" . Do chinh xac
Backbone | Tham so | Thoi gian IoU Dice
ResNet18 | 11 Mb 4'18” 0,730 | 0,822
ResNet34 | 21 Mb 434" 0,733 | 0,829
ResNet50 | 23 Mb 4’45” 0,740 | 0,832
ResNet101 | 42 Mb 9'08” 0,774 | 0,843

Twong tw nhw chi IoU, chi s6 Dice ciing ghi
nhan xu hwéng tang tir Dice=0,822 khi st dung
ResNet18 dén Dice = 0,843 khi s dung
ResNet101. Gia tri Dice tang khoang 2% khi st
dung mang ResNet c6 d0 sduléon hon tir 18 16p 1én
101 16p.

Mac du do chinh xac dw doan cda mo hinh
DeeplabV3+ tang véi do sdu cia backbone ResNet
str dung, tuy nhién thoi gian thuwce hién dao tao mé
hinh lai ting 1én ti 1& thuén vé&i s6 lwong tham s6
ctia m6 hinh nhw biéu dién trong cot 2 va 3 cla
Bang 1. Chi s6 vé thoi gian va dé chinh xac ciia mo
hinh la hai yéu t6 quan trong trong quyét dinh lua
chon mo hinh. Tuy thudc vao muc dich st dung ma
wu tién do chinh xac mo hinh (vi du trong trwong
hop tdi wu héa mo hinh vé do chinh xac) hoac can
mo hinh “nhe” véi thoi gian tinh todn nhanh.
Trong nhiéu trwong hop nguwoi ta can c vao ca
hai chi tiéu do chinh xac va thoi gian dé chon ra
md hinh “can bang” gitta dd chinh xac va thoi gian
tinh toan.

Tirbo diliéu trén tién hanh danh gia d6 chinh
xac tda nha theo tirng khu vuc dua theo dac diém
kién tric va mat do toa nha. Theo dé bo mau dit
liéu gdbm 1200 mau dwgrc chia ra véi 940 mau khu
d6 thi cfi, 50 mau khu d6 thi méi, 160 mau khu
cong nghiép va 50 mau khu virc ngoai o.

So sanh do chinh xac dw doan toa nha dwa
theo cac khu do thi cfi, do thi m&i, khu cong nghiép
vangoai 6 dwoc miéu ta trong cac Bang 2+ 5 twong
trng. K&t qua chi rarang, do chinh xac dw doan nha
ciing phu thudc vao dic diém cia toa nha tai tirng

khu vyc. Trong do, do chinh xac dy doan tda nha
& khu d6 thi méi dat do chinh xac cao nhit va theo
sau la khu vuwc ngoai 6 v&i chi s6 twong Ung la
[oU=0,874 va 0,857 st dung backbone ResNet
101. Két qua nay ciing phtt hop v&i nghién ctru clia
(Chen va nnk., 2017b) khi sir dung bd miu nha
trong khu quy hoach. b6 chinh xac dw dodn nha tai
khu d6 thi cii dat do chinh xac thidp nhit véi
[oU=0,673 v&i cung backbone ResNet101. Do
chinh x4c tinh theo chi s6 Dice ciing c6 xu huéng
twong tw nhw chi s6 IoU da phén tich & trén.

Bdng 2. Dj chinh xdc dw dodn toa nha voi
Deeplabv3+ str dung cdc backbone ResNet trén
bé 940 mau tai khu dé thi cii.

Backbone Panh gia d6 chinh xac
IoU Dice
ResNet18 0,664 0,857
ResNet34 0,664 0,858
ResNet50 0,667 0,861
ResNet101 0,673 0,861

Bdng 3. D6 chinh xdc dw dodn toa nha véi
Deeplabv3+ st dung cdc backbone ResNet trén
b6 50 mdu tai khu dé thi méi.

Backbone Panh gia d6 chinh xac
IoU Dice
ResNet18 0,872 0,961
ResNet34 0,871 0,960
ResNet50 0,874 0,962
ResNet101 0,874 0,962

Bdng 4. g chinh xdc dw dodn toa nha véi
Deeplabv3+ str dung cdc backbone ResNet trén
bé 160 mdu tai khu céng nghiép.

Backbone Panh gia d6 chinh xac
loU Dice
ResNet18 0,762 0,852
ResNet34 0,701 0,812
ResNet50 0,695 0,809
ResNet101 0,750 0,844

Bdng 5. D6 chinh xdc dw dodn toa nha véi
Deeplabv3+ str dung cdc backbone ResNet trén
bé 50 mau khu vuec ngoai é.

Backbone Panh gia do chinh xac
IoU Dice
ResNet18 0,842 0,948
ResNet34 0,842 0,948
ResNet50 0,847 0,950
ResNet101 0,857 0,953
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Két qua nay phu hop véi diac diém va mic d6
phirc tap ctia cac toa nha tai bén khu vire khao sat.
Dai véi khu do thi méi, toa nha thwong cé tinh
dbéng nhit va c6 khodng khéng gian xung quanh
tach biét v&i cac toa nha khac nén mo hinh c6 thé
dé dang dv doan chinh x4c. Twong tw nhu vy, doi
v&i khu vure ngoai 6, mat do xay dung thwa va toa
nha thwong cé khoang khong gian xung quanh
ciing 1a nhitng diéu kién thuit loi d€ mo hinh dw
doan ding toa nha. Ngworc lai, khu d6 thi cii c6 mat
do6 xay dung cao, cac tdoa nha dwgc xay lién nhau
va it khoang khong gian sé kh6 khan cho mé hinh
dy doan ddng.

bai véi khu cong nghiép, dé chinh xac dw
doan toa nha cao nhiat & mic (IoU = 0,762 va
Dice=0,852) str dung backbone ResNet18. Mac du
ddc diém nha cda khu céng nghiép kha twong
dong vé mau sic va it bi 1an béi ciy cdi va vat xung
quanh, tuy nhién do chinh xac dy doan tda nha lai
khong cao. Két qua nay c6 thé dwoc giai thich boi
kich thwéc toa nha thwong qua 16m so véi mau anh
str dung dé dao tao mé hinh. Trong thuc nghiém
ndy mau anh c6 kich thwéc (512 x 512 pixel) véi
d6 phan giai mit dit la 10 cm nén trong nhiéu
treong hop mot miu anh chi cé thé biéu dién
dwoc mot phan cda toa nha trén dnh ma khong
day da hinh dang toa nha. Giai phap trong trwong
hop toa nha 1én va rit 1én cé thé sir dung kich
thwére anh 16m hon & mirc 1024 x1024 pixel hoac
tham chi 2048 x 2048 pixels. Bén canh d6, do
chinh xac du doan toa nha & khu céng nghiép co
xu huwdéng khong phu thudc vao do sau cta 16p
mang backbone ResNet st dung. Két qua nay chwa
thé dworc gidi thich trong nghién ctiru nay.

5.Kétluin

Trich xuat toa nha tir anh UAV st dung mang
hoc sdu di dat dwoc nhirng két qua trién vong.
Nghién ctru nay tién hanh danh gia kha nang trich
xudt toa nha tir anh UAV do phén gidi cao st dung
mang DeepLabV3+ v&i cac backbone ResNet khac
nhau. Két qua dw doan tda nha tir bd mau dir liéu
nho duwoc thanh 14p tir &nh UAV & mot s6 khu vuee
& nuwéc ta chirarang do chinh xac dw doan toa nha
c6 thé dat dwoc trén 70% tinh theo chi s6 IoU va
80% theo chi s6 Dice. Ngoai ra, do chinh xac dw
doan toa nha phu thudc rat 1ém va dic diém cia
toa nha, mat do xay dung ciing nhw béi cdnh xung
quanh cda toa nha. Déi véi khu viee ¢ mat do xay

dung thip, hinh dang tda nha dong nhit, mau sic
mai twong dong, c6 khoang tréng xung quanh toa
nha thi mé hinh cé xu hwéng dw doan chinh xac
hon. Nguoec lai, d6i voi khu vee ¢6 mat do xay
dung cao, hinh dang nha da dang vé kich c& va
mau sic mai, cac d6i twong xung quanh c6 hinh
anh 1an véi tdoa nha hodc mot phan mai bi che phu
béi cdy mo hinh dy doan toa nha thwong c6 do
chinh xac thip.

Mac du m6 hinh da dw doan dwoc tdoa nha
twong ddi chinh x4c, tuy nhién van con hién twong
dw doan qua mirc (phat hién sai nhirng vat c6 hinh
dang giong nha) hoic hién twong dw doan dwdi
murc hay duw doan thiéu (dw doan dwoc mot phan
cia ngdi nha) con biét dén la hién twong
overfitting. Piéu nay dwocly giai bdi mo hinh chwa
c6 kha nang tong quat tat ca cac yéu t6 cuia toa nha
tir bo dit liéu st dung dao tao. Do dé khi dy doan
con thiéu s6t mot so dic tinh cua toa nha trén bd
ki€m tra (testing). Diéu nay c6 thé dwoc khac phuc
béi ting s6 lwong miu dao tao va giam sai sét
trong qua trinh tao nhan trong b6 dao tao.

Ngoai ra, trong gi¢i han ciia nghién ctru nay
anh hudng ctia siéu tham s6 (hyperparameter) t&i
d6 chinh xac dy dodn mé hinh chwa dwogc phan
tich.

Tl cac phan tich vé giGi han cda bai bao, cac
nghién ctru vé chuin héa bd mau va ap dung cac
mo hinh hoc mdy tién tién déng vai tro quan trong
trong viéc nang cao do chinh xac ctia dw doan toa
nha. Hon nira, d€ cai thién hiéu qua mo hinh, cin
ting cwong sd lwong va da dang hoa cac miu nha
trong bo dit liéu dao tao. Bén canh do, kich thwéc
anh ciing nén dwoc xem xét ky lwdong, dac biét doi
v&i cac toa nha c6 quy mo 16n va rat1ém. Ngoai ra,
viéc ap dung cac mo hinh hoc sdu méi véi kha
nang t6i wu ca vé do chinh xac 1an téc dd xtt ly sé
la hwéng nghién cliu can thiét. Cudi cung, cac
thu4t toan cho phép nang cao dé chi tiét va chinh
xac clia dwong bao toa nha cling nén dwgc nghién
ctru sdu hon trong cac cong trinh tiép theo.
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