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Chuong 1

XAY DUNG QUY TRINH TRICH XUAT DU LIEU TU ANH UAV
1.1. Tong quan

Tu dong trich xuét va l1ap ban dd cac d6i tuong quan trong trén bé mat Trai Dat,
nhu toa nha, dudng x4, va cdy xanh, tir dnh vién tham d6 phan gidi cao (VHR) va anh
may bay khong nguoi 1ai (UAV) 1a mét linh vire nghién ciru cbt 161 trong linh vuc ban
dd, Vién tham va Hé théng Thong tin Dia Iy (GIS). Cac phuong phap truyén théng,
dura trén phan loai pixel hodc thuit toan dya trén ddi tuong (OBIA), thudng gip nhiéu
han ché trong viéc xur 1y tinh phtrc tap cao ctia hinh hoc d6 thi va su bién doi quang

phé trén quy mo 16m.

Sy xuét hién cua Hoc sau (Deep Learning) trong nhitng nim gan day, dic biét 1a
Mang no-ron tich chap (CNN), da tao ra mdt cudc cach mang trong linh vuc nay.
CNN cho phép cic mé hinh tu dong hoc va trich xuét cac dic trung cép cao (high-
level features) tir ditr liéu anh. Phuong phap nay duoc goi 1a Phan doan Ngir nghia
(Semantic Segmentation), noi muc ti€u la gan nhan 16p chinh xac cho tirng pixel trong

anh, tir d6 xac dinh chinh xéc ranh gidi cia doi tuong.

Céac kién trac mang tién tién nhu U-Net, U-Net++, DeepLabV3+, PSPNet, va
Feature Pyramid Network ctuing v4i cac backbone manh mé nhu ResNet (ResNet-18,
34,50, 101, 152) d4 tré thanh tiéu chuan vang cho muc tiéu trich xuét dit liéu tir hinh
anh. Cac mé hinh nay khong chi cai thién dang ké do chinh xac so véi cac phuong
phap truyén théng ma con cho phép xdy dung mét yuy trinh hoan chinh, tir du doan
pixel tho (Raster) dén tao ra cac 16p dir liéu vector (Shapefile/GeoJSON) sin sang
cho phén tich trén méi trudng GIS. Quy trinh hoan chinh “End-to-End” nay bao gom
cac bude khong thé thiéu nhu gan thong tin dia 1y (Geo-referencing) va vector hoa
(Polygonization), nhim dam bao dit liéu dau ra khong chi chinh xac vé phan loai ma
con hitu ich vé mit dia ly. Su phat trién nay mé ra kha nang l1ap ban dd tu dong, cap
nhat dir li¢u d6 thi nhanh chéng, va hé tro hiéu qua cho quy hoach va quan ly tai

nguyén.



1.2.  Quy trinh trich xuét dit liéu toa nha sit dung mang hoc sau

Quy trinh trich xuat dit liéu toa nha trén anh vién tham, anh UAV c6 thé dugc chia
thanh nam giai doan chinh nhu Hinh 1. Muc dich cia 04 giai doan cua quy trinh c6

thé tom tat nhu sau:

Giai doan 1: Chuan bi Dit liéu, noi dit liéu tho duge thu thap, gan nhan, va tang
cuong. Dir liéu sau do duoc dua vao giai doan 2.

Giai doan 2: Huin luyén Mo hinh dé dao tao mang hoc sau.

Giai doan 3: Panh gia s€ kiém tra hiéu suit ctia mé hinh sau khi huin luyén. Néu
két qua Khong dat yéu cau, quy trinh s& lip lai, c6 thé quay vé Tinh chinh Mb hinh
(vi du: thay d6i kién tric, siéu tham sb) hodc quay vé Tinh chinh Dir li¢u (thu thap
thém/cai thién nhin). Néu két qua C6 dat yéu cau, quy trinh tién dén giai doan 4.

Giai doan 4: Hau xt ly & Vector hoa, noi cac mask du doan (Raster) dugc lam

sach, gan thong tin dia 1y, va chuyén doi thanh dinh dang vector GIS (Shapefile).



BAT DAU DU AN

GIAI DOAN 1
Chuan bi Dir liéu

GIAI DOAN 2
Hudn luyén M8 hinh

GIAI DOAN 3
Danh gia

GIAl DOAN 4
Hau xur ly & Vector héa

GIAl DOAN 5
Ung dung

HOAN THANH

Hinh 1. Quy trinh tong quan trich xudt dit liéu toa nha tiv dit liéu anh sir dung mang

hoc sau



2.1. Giai doan Chuén bi Dit liéu (Data Preparation)

Pay 1a budc nén tang, quyét dinh chit lugng va do chinh x4c cia mé hinh. Chi tiét

ting budc trong giai doan chuan bi dit lidu c6 thé duge néu dudi ddy (xem Hinh 2):

Thu thap Dir liéu (Imagery Acquisition): St dung anh v¢ tinh hodc anh UAV
do phan gidi cao (vi du: Sentinel-2, Landsat-8, WorldView, hoac anh UAV).

Gin nhin (Labeling/Annotation): Tao ra cac mask (mit na) nhi phan (binary
mask) chinh xac cho tirng toa nha trén anh. Trong mask, céc pixel thudc tdoa nha dugc
gan gia tri 1 (hodc 255), va nén duoc gan gi tri 0. Pay 1a cong viéc doi hoi nhiéu thoi

gian va cong strc nhat cua toan bd quy trinh nay.

Ting cuwong Dir liéu (Data Augmentation): Ap dung cac phép bién d6i nhu xoay
(rotation), 1at (flipping), thay d6i d6 sang (radiometric), hoic co gidn (geometric) dé
tang s6 luong dir liéu huan luyén va giup mo hinh tong quat hoa tét hon va ciing dé

tranh hién tuong qué khép (overfitting) khi dao tao moé hinh.
Chia tip Dir liéu: Chia bo dit lidu da gin nhan thanh ba phan, bao gdm:
Tap huan luyén (Training Set): Dung dé dao tao mé hinh.

Tap xac thyc (Validation Set): Dung dé theo ddi hiéu sudt va diéu chinh siéu

tham sd (hyperparameters) trong qu4 trinh huin luyén.
Tap kiém tra (Testing Set): Dung dé danh gia hiéu suat cudi ciing ctia mé hinh.

Viéc chia tdp dir liéu thanh ba bd phai dam bdo ti I¢ tuong ing gilra ba bd
training, validation va testing set. V& nguyén tic chia phai dam bao s lwong mau du
16n cho qué trinh hoc d& mé hinh c6 kha ning tong quat hoa ddi twong can hoc. S6
lurgng mau trong tip validation va testing set cling dam bao nguyén tic du 16n dé co
thé danh gia dugc do chinh xac du doan. Ba bd dir li¢u nay phai thao man ddc 1ap, va
ti 18 ¢ thé chia tir 50%, 60%, 70%, 80% cho bod training tuy vao d¢ lén cua by dir

liéu hién c6 va mirc d§ phurc tap ctia cic tdoa nha can trich xuat.



GIAI DOAN 1
CHUAN BI DU LIEU

Anh Vé tinh Anh UAV
Sentinel-2, Landsat DO phan giai cao

Geometric Radiometric
Rotation, Flip Brightness, Contrast

Train: 70-80% Val: 10-15% Test: 10-15% ‘

S&n sang Hudn luyén

Hinh 2. Giai doan 1- Chudn bi dir liéu
2.2. Giai doan Lua chon va Huin luyén Mé hinh (Model Training)

Giai doan nay tap trung vao viéc lua chon kién trtc mang hoc sau va tién hanh
huén luyén mé hinh. Cac budc chinh trong giai doan 2 (xem Hinh 3) nhu sau:

Lua chon Kién tric (Backbone Selection): Chon mét kién tric mang phan doan
ngir nghia phd bién. Cac lya chon cdc mé hinh hang dau thuong 1a U-Net (va cac bién

thé nhu U-Net++), DeepLabV3/DeepLabV3+, hoic PSPNet.



Luwa chon Backbone: Quyét dinh kién trac mang co so (backbone) dé trich xuit
dac trung (feature extraction), vi du: ResNet50, ResNet101, ResNetl52, hoac
EfficientNet.Viéc lya chon nay phu thudc chinh vao cAu hinh may tinh hién c6 va do
chinh x4c yéu cau.

Huén luyén Mé hinh: Chay thuit toan t6i wu hoa (vi du: Adam, SGD) dé giam
thiéu ham mat mat (loss function) — thudng 1a Binary Cross-Entropy (BCE) Loss két

hop véi Dice Loss hodc Focal Loss.



. GIAIDOANZ
HUAN LUYEN M0 HINH

ResNet
ResNet50/101/152
Phé bién & &n dinh

Hiéu qua
s

Optimizer

Theo doi
Training/Validation Loss
Metrics: loU, F1

M6 hinh d3 huan luyén
san sang Danh gia

Hinh 3. Giai doan 2- Hudn luyén mo hinh
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2.3. Giai doan Panh gia m6 hinh (Model Evaluation)

Hiéu sut ciia cac thuat toan hoc mdy co thé duoc dénh gia bang cac chi sb
theo hai cach chinh. Thir nhat, mé hinh dugc t6i wu hoa thong qua mot ham mat mat
(loss function). Thtr hai, hiéu sudt ctia né dugc xac thuc va danh gia. Trong bai bao
nay, hiéu suit cia mo6 hinh U-Net cho nhiém vu trich xuit tda nha dugce do luong
bang sau chi sd chung: do chinh xac (accuracy), d6 ding (precision), do nhay
(recall), diém F1 (F1-score), chi s6 Jaccard (IoU), va hé sé Dice (Dice coefficient).
Bdn chi sé dau tién dugc suy ra tir ma tran nham lan (confusion matrix), bao gom
duong tinh dtng (TP), duong tinh sai (FP), am tinh sai (FN), va am tinh dung (TN).
Trong bdi canh phan doan hinh anh, TP dé cdp dén s luong pixel ma mé hinh dy
doan dang. FP dai dién cho sb luong pixel ma mé hinh phén loai sai. TN chi ra sb
luong pixel nén (4m tinh) ma mé hinh xac dinh ding, va FN 14 s6 lugng pixel nén ma

md hinh phan loai sai.

Dénh gia hiéu suit ciia mé hinh di huin luyén trén tp miu kiém tra (test set)
(xem Hinh 4). Po luong Hiéu suit sir dung cac chi sb tiéu chuan cho phan doan ngit

nghia, gom co6:

Intersection over Union (IoU) / Jaccard Index: Do ludng su chdng lan giira

mask du doan va mask nhin thyc té. Day 1a chi sb quan trong nhét.

Accuracy (P90 chinh xac), Precision (P¢ dung), Recall (P nhay), F1-Score
dua trén ma tran Confusion matrix. Dudi day 1a phan tich y nghia cia ma tran

Confusion matrix (ng dung trich xuét toa nha trén anh:

1. Accuracy (P§ chinh xac)
Do chinh xac 12 mot chi sb phé bién trong phan doan nglt nghia, dugc dinh
nghia 12 s6 lugng pixel dugc phan doan chinh xac chia cho tong sé pixel:

TP+TN (1)
TP+TN+FP+FN’

Accuracy =

2. Precision (D¢ dung)
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Precision duoc tinh 1a s luwong pixel duoc phin doan chinh xac (True
Positives) chia cho téng sb pixel duoc mé hinh du doan 1a ddi twong (True
Positives + False Positives)::

TP
ision = —— (2
Precision TP+ FP

3. Recall (D9 nhay)
Recall (D9 nhay) do ludng ty 1¢ giita True Positives va tong ciia True Positives

va False Negatives:

TP
Recall = ——. (3)
TP + FN

4. F1-Score
Fl-score 1a sy ddnh dbi (trade-off) giita precision va recall, va dugc tinh bang

cong thirc trung binh diéu hoa cta chung:

F1=2

Precision X Recall ()
(Precision + Recall>'

5. ToU va Dice Score (Chi s6 vu tién)

Bén canh bon chi s6 chung trén, chi s6 Jaccard va Dice dugc vu tién st dung

trong tdc vu phan doan ngtr nghia vi ching thudc loai chi so Intersection over Union

(IoU). Jaccard Index (IoU) (hoic Jaccard Index) dugc dinh nghia 14 ty 18 gitra phan

giao (Intersection) va phan hop (Union) gitra ving du doan (P) va ving thuc té (A):

_|PﬂA|_ |P N A| (5)
I[PUA| |P|+|Al—|PNnA|

Dice Score (F1-Score Tang cwong)

Gibng nhu Jaccard/IoU, Dice score 1a mot chi s6 dang tin cay khac trong phan

doan ngit nghia, duoc tinh dé do luong sy trong ddng giira hai mau (ving dy doan

va ving thyc té):

2|P N A| (6)

Dice = ———.
|P| + |A]
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Bang 1. Y nghia cua ma trdn confusion matrix trong trich xudt toa nha trén anh

Ky hiéu | Téngoi | Tiéng Anh | Y nghia Cu thé trong Nhan dién Toa
(Tiéng Viét) nha
TP Duong tinh True Pixel duoc mo hinh du doan 1a Toa nha,
that Positive | va thuc té n6 1a Toa nha. (Phat hién chinh
X4c)
TN | Am tinh that True Pixel dwgc mo hinh du doan 1a Nén, va
Negative thue té no 1a Nén (dudng, cay cbi, dit
trbng). (Loai trir chinh x4c)
FP Duong tinh False Pixel duoc mo hinh du doan 1a Toa nha,
gia Positive nhung thyc té n6 1a Nén (Vi du: Nhan
dién san hoic bong d6 1a Toa nha).
FN Am tinh gia False Pixel dugc mé hinh dy doan 1a Nén,
Negative nhung thyc té né 1a Toa nha. (Vi du: Bo
sot cac toa nha nho hoac bi che khuét).

Badng 2. Cdc chi sé danh gid d¢ chinh xdc, y nghia va cdch sir dung trong trich xudt

toa nha trén anh

Chi s Y nghia trong Trich xuit Toa St dung
nha
Accuracy Do luong ty 1€ cac pixel dugc ft duoc wu tién so voi IoU/F1.
(P96 chinh phan loai dung (ca Toanha va | Chi dung dé danh gia hiéu suat
X4c) Nén) trén tong s6 pixel. Thudng tong thé cua pixel, nhung
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c6 gia tri cao do sy mat can bang

16p (Nén chiém dién tich 16m).

khong dang tin cay do hién
trong mat can bang 16p.

Precision

(Do dung)

Do luong do tin cay cia mod
hinh: Trong s0 tat ca cac pixel 1a
Toa nha, co6 bao nhiéu phan tram

thuc su 1a Toa nha?

Pé giam thiéu FP (tranh gin
nhin sai cdy cdi/dudong thanh
toa nha). Can thiét cho cac ung

dung yéu cau do tin cay cao.

Recall (D6
nhay)

Do luong kha nang phat hién:
Mo hinh da phat hién dugc bao
nhiéu phan trim cua tong s6 Toa

nha thuce té trong anh?

Dé giam thiéu FN (tranh bo sot
cac toa nha nho hodac bi che
khuét). Can thiét cho (mg dung
1ap ban d6 va quan 1y tai san
khi moi d6i twong can dugc ghi

nhan.

F1-Score

Do ludng su can bang giita

Precision va Recall.

Str dung khi cAn mot mé hinh
vira c6 do tin cay hop ly
(Precision) va vira c6 kha nang

phat hién t6t (Recall).

IoU
(Intersection

over Union)

Chi s6 Vang. Do luong chat
lugng cua ranh giéi ddi twong:
Phén traim chong 14n giira da giac

du doan va da gidc thuc té.

Quan trong nhét trong
GIS/Vién tham. IoU la thude
do chinh x4c vé chat lugng
hinh hoc cua da gidc tdoa nha

duoc trich xuat.

Tuy chinh Mé hinh: Néu hiéu suat khong dat yéu ciu, quay lai Giai doan 1

hodc 2 dé thu thap thém dir lidu, thay doi kién tric hodc tinh chinh siéu tham sb (nhu

toc do hoc, so lugng anh dua vao mo hinh mdi lan batchsize, quan tinh momentum,

).
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GIAI DOAN 3
DANH GIA

Do Wdng Hiéu suat
Performance Metrics

loU / Jaccard Index Accuracy Precision Recall F1-Score
Intersection over Union D0 chinh xac Do dung D6 nhay Trung binh di€u hoa
Chi s6 quan trong nhat Ty 1€ pixel dung TP / TP+FP TP / TP+FN Precision & Recall

—_— ]

Phan tich K&t qua

Hiéu suat
dat yéu cau?

M6 hinh dat yéu cau

Tity chinh M5 hinh Chuy€n sang Hau xUr ly

Thu thap Thay dGi Tinh chinh DiBu chinh
thém dif liéu ki€n trac siéu tham s Data Augmentation
Quay lai
Giai doan 1 hodc 2

Hinh 4. Giai doan 3- Pdanh gia hiéu sudt mo hinh hoc séu
2.4. Giai doan Hau xir ly va Vector Hoa (Post-Processing & Vectorization)

Sau khi ¢6 dugc mask du doan cudi cung, can chuyén ddi chung thanh dir li¢u
vector dé quan 1y va sir dung trén méi truong GIS. Chi tiét cac budc duoc miéu ta

trong Hinh 5 nhu sau:

Du doan (Inference): Chay mé hinh trén anh UAV/vé tinh véi cac anh moi dé

tao ra cac mask nhi phan dau ra.
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Gan Thong tin Pia Iy (Georeferencing): Sir dung cac ham GDAL dé gan thong
tin toa d6 va phép chiéu tr anh gbc sang mask du doan (nhu ham

apply geotransform).

Loc Nhiéu (Sieving/Smoothing): Ap dung cac bo loc dé loai bo cac pixel nhidu
nho hodc céc da giac qua nho (vi du: cac vung chi 1-2 pixel).

Vector Hoa (Polygonization): Su dung cac cong cu GIS nhu gdal.Polygonize
hodc cac thu vién nhu GDAL/OGR hoic Rasterio dé chuyén doi cac pixel c¢6 gia tri

1 (toa nha) thanh cac ddi tugng da giac (Shapefile hoic GeoJSON).

_ GIAIDOAN4
HAU XU LY & VECTOR HOA

DU liéu Vector

san sang Ung dung

Hinh 5. Giai doan 4- Hdau xu Iy va vector hoa toa nha
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Chuong 2

THU'C NGHIEM XAY DUNG QUY TRINH TRiCH XUAT DU LIEU TOA
NHA TREN ANH UAV TAI VIET NAM

Trich xuét dit liéu tir anh UAV dé duoc cac doi tuong can thiét va thé hién trén
ban do6 dia hinh, ban dd dia chinh can phai thuc hién theo mot quy trinh chat ché va
phu hop. Mic du ¢ nude ta dd ban hanh thong tu s6 07/2021 vé viée xdy dung ban d6
dia hinh ti 1€ 16n tir dir liéu UAV tuy nhién cac cong tac trich xuét dit liéu tir anh UAV
phan 16n van phai thuc hién tha cong. Ké thira nhitng thanh tyu phat trién cua cudc
cach mang tri tué nhan tao ma hién nay viéc trich xuét thong tin cac ddi tuong trén
anh da kha thi va dang 1a xu hudéng. Nhiing 1o1 ich to 16n tur viéc trich xuét dix liéu tu
dong nhu giam gia thanh, ting ning suit lao dong va dap tmg kip thoi cho san xudt

1a 1y do dé nhiéu nudc dau tu nghién curu.

Tuy nhién & nudc ta, cong tac trich xuat dir liéu tu dong tr anh UAV dé thanh
1ap ban do va cap nhat dir liéu van con 1a mot chi dé méi. Do d6, viée nghién ciru dé
ban hanh cac huéng dan k§ thuat, quy trinh trich xuét dit liéu ty dong tir thiét bi UAV
mot cach chat ché va phu hop véi diéu kién san xuit & nudce ta 1a mot huong di can

thiét.
2.1. Giai doan 1- Chuén bi dir li¢u
2.1.1. Thu thip di ligu tir thiét bi bay khong nguoi ldi UAV

Viéc thu thap dit liéu tir anh UAV phuc vu cho cong tac thanh 1ap ban d6 da
duoc thuc hién & nude ta tir nhiéu nim qua. Co nhién nghién ctru va cac hudng dan
k¥ thuat vé quy trinh tao ra anh truc giao (ortho images), mé hinh sb d6 cao (DEM),
va dit liéu dam may diém (point clound) tir anh chup UAV (L&, Lé et al. 2020), (Long,
Goyal et al. 2021), (Long and Cuong 2019), (Sy, Quy et al. 2017), (Cudng, Truong
et al. 2019). Tuy nhién, anh tryc giao, md hinh sé d6 cao va ddm may diém tir anh

chup UAV c¢6 thé tom tat lai thong qua cac budc chinh nhu so dd Hinh 6.
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l

Lap ké hoach bay chup UAV

A4

Thiét ké phuong an bay chup

A

A4

Thanh 13p céc diém khéng ché anh va diém kiém tra

Thuc hi¢n bay chup anh UAV

\4

Xu 1y dir liéu tir anh chup UAV

A4

Tao ddm may diém, anh truc giao va md hinh s6 do cao

l

Danh gia d6 chinh xac

l

Hinh 6: So d6 quy trinh xir Iy anh UAV

1. Ldp ké hoach bay chup UAV

N

Dua trén thong tu 07/2021/TT- BTNMT vé “Quy dinh k¥ thuat thu nhén va xur 1y
dir liéu anh s tir tau bay khong ngudi 1ai phuc vu xay dung, cap nhat co so dit lidu

nén dia 1y qudc gia ty 1& 1:2.000, 1:5.000 va thanh 1ap ban d6 dia hinh ty 1& 1:500,
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1:1.000. Ngoai ra, xem xét cic quy dinh, quy pham trong thanh 14p ban dd dia hinh
v6i cac ddc diém dia 1y, kinh té - xd hoi cua khu vuc thanh 1ap ban d6. Sau do tién

hanh cac cong viéc sau dé 1én ké hoach bay chup UAV:
2. Thiét ké phwong én bay chup

Dua trén toa do cac diém ranh gidi cua khu vuc khéo sat tién hanh tinh chuyén
sang toa d0 WGS-84 va xuét ra file KML, KMZ va truc quan hoa khu do trén tng
dung phan mém Google Earth. Tiép theo, tién hanh xac dinh chiéu cao bay va muc
d6 a6 chdng phu (doc va ngang) cua anh, tir d6 tinh toan sb ca bay voi luu ¥ dén thoi

lugng pin/l ca (trung binh 15phut/1 ca bay d6i véi Phantom 4 RTK).
3. Thanh ldp cdc diém khong ché anh va diém kiém tra

Tién hanh tim kiém céc diém mdc khéng ché tric dia mat béng va do cao da
ton tai trong khu vuc va danh gia kha nang sir dung ctia cac diém nay. Tiép theo, tién
hanh chém day hodc thanh 1ap méi cac diém khéng ché va diém kiém tra tuan tha
theo cac quy pham hién hanh. Cac diém khong ché va diém kiém tra phuc vu cong
tac bay chup can dam bao ca vé do chinh xac cling nhu sy thong thoang va rd nét cho

muc dich bay chup UAV.
4. Thuyc hién bay chup anh UAV

Sau khi thiét ké ca bay va thanh lap cac diém khdng ché ciing nhu cac diém kiém
tra tién hanh bay chup UAV. Céong tac bay chup UAV can phai dam béo cac yéu cau

Sau:

- Kiém tra ddy du pin cho thiét bj UAV, b phéan diéu khién tir xa RC va bd may
phat tin hi€¢u GNSS tir tram base mat dat.

- Cai dat tram Base theo phurong phap PPK dé thu thap dir liéu do tinh tai moc
khéng ché toa do va do cao trong khu vuc bay chup.

- Kiém tra thé¢ SD va dung luong bd nhé SD trong thiét bi bay.

- Tiép theo tién hanh cong tac bay:

- Khéi dong tram diéu khién va phan mém diéu khién thiét bi bay
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- Kiém tra két ni gitra tay diéu khién va man hinh kiém soat

- Kiém tra tin hiéu GNSS va tin hiéu két nbi véi tram diéu khién

- Thuc hién cit canh thiét bi bay

- Theo ddi qua trinh hoat dong cua thiét bay nhu: tin hiéu két ndi voi diéu khién,
mirc pin, tdc dd gid va cac canh bao khac dén khi két thic ca bay

- Kiém tra dit liéu thu nhan va luu dit liéu tir thé nhG sang mdy tinh hodc cac

thiét bi khac.

Hinh 7. Tram diéu khién mat ¢it GNSS (trai); Tién hanh bay UAV (phai)
5. Xur ly dir liéu tw anh chup UAV

Anh sau khi thu nhan dugc bang thiét bi bay khong nguoi 1ai s& phai thyuc hién
nan anh thong qua hai bai toan co ban 1a dinh hudng trong (dinh hudng twong d6i) va
dinh hudng ngoai (dinh hudng tuyét dbi). Cac anh duoc dinh hudng twong dbi nhd
d6 chong phu doc va ngang gitta cac tim anh khi chup. Dé dua toa do mo hinh vé hé
toa d0 trac dia can st dung céc diém khéng ché anh mat dat hodc st dung toa do tam
chup anh. Do d6 dé xu 1y dir liéu tir anh chup UAV can phai thuc hién hai cong viéc

chinh 14 xac dinh toa d6 tdm chup va xir 1y anh dugc trinh bay chi tiét nhu sau:
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2.1.2. Tao mdu phuc vu qud trinh dao tao siv dung mang hoc siu
Tu anh sau khi d3 nin (anh tryc giao - othor) s€ dugc st dung dé vector hoa
(s6 hoa) cac ddi twong nha tryc tiép trén anh. Co nhiéu céng cu cho phép sir dung dé

s6 hoa 10p d6i twong nha nhu AutoCad, Arcgis, QGIS...

@ *Untitled Project — QGIS = (=] X
Project Edit View Llayer Settings Plugins Vector Raster Database Web Mesh Progessing Help

DR QrALAIPRPALIEBELEOR RS K EHIT -~

RV Z®RBB s o ® 2a B

Y ®

Browser
gey®e
Favorites
¥ Spatial Bookmarks
» (8] Home
» [ C\ Windows)

Layers

vA®RT I -BAO
' [H KimDinh — Nha_KD

» V¥ ND2-1

» v ¥ ND-2-0

» V¥ ND-1-1

» v ¥ ND-1-0

>V ND-0-1

» v ¥ ND-0-0

Vertex Editor

Right cick on an editable feature to show ts table of vertices.

When a feature Is bot
Vertices on th

und to this panel, dragging a rectangle to select
will only select those of the bound feature.

Hinh 8. Anh truc giao sau khi nén trén ph'?ln mém QGIS

Str dung phan mém QGIS dé vector hoa 16p ddi twong truc tiép trén anh theo cac
budc sau:Qua trinh tao mau cho mé hinh hoc sau duoc thuc hién bang cach chi nho
anh ortho dau vao thanh nhiéu mau nho. Vi anh UAV sau khi nan tir nhiéu anh chup
s& ¢6 kich thudc rat 16n (GiGa Byte nhu da théo luan trong phan anh mau) khong kha
thi cho viéc phat trién mo hinh hoc may su dung mang. Viéc doc toan bo hinh anh
vao bd nhd va s dung n6 cho viéc phat trién mo hinh U-Net 1a khong kha thi. Vi thé,
dé tang hiéu suat ctia qua trinh huan luyén anh nin s& duoc chia thanh nhiéu mau nho
goi 1a cac tiles. Kich thudc cia tiles phu thudc vao cach thiét ké mo hinh va thuong

¢ kich thuée (256 x 256), (512 x 512) hodc (1024 x1024) pixel.
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- L il > z :
0-10240 0-10752 0-11776 0-12288 0-12800 0-13312
Hinh 9. Cac mau tiles dugc chia nho tir mét tam anh UAV ortho 16n

Sau khi di chia toan bd anh thanh cac mau nho sé thuc hién cong viéc rater hoa cac
polygon thanh cic “mit na - mask” v6i mirc d6 xam 1a 8 bit. Cac mask sir dung dé
phan biét ddi twong béi ma nhi phan. Vi du trong Hinh 10 phin c6 d6i tugng nha
(trong ng voi mau tring) duoc ma 14 1 va phan khong c6 ddi twong nha (twong tng

v61 mau den hay 1a background) c6 ma 1a 0.

0-10240 0-10752 0-11264 0-11776 0-12288 0-12800 0-13312

Hinh 10. Cac mask twong trng véi cac tiles



22

(a): True ortho- anh tryc giao (b): Vector d6i twong nha (c): mit na cta toa nha
Hinh 11. Mt mdu tir tdp div liéu trong khu viee nghién ciru trong dé (a)-dnh truc
giao, (b)- la vector cua toa nha, va (c) la mask dwoc raster hoa toa nha.

2.1.3. Tang cwong dir liéu (Data augmentation)
a. Bién doi Hinh hoc (Geometric Transformations)
Céc bién doi Hinh hoc 14 thanh phin quan trong nhit trong chién lugc ting cuong.
Chung gitip md hinh chéng lai cac bién d6i ty nhién vé goc nhin va hudng xay ra
trong anh chup trén khong.

Cac phép bién dbi: Bao gdm thay d6i kich thudc vé do phan giai chudn 512 x
512 pixel, dich chuyén vira phai t6i da 5% kich thudc anh, thay doi ti 1é trong pham
vi 10%, va xoay gidi han trong 15 d9.

Phan chiéu: Lat ngang dugc ap dung vdi xéc suét 50% va lat doc v&i xac suét

30%.



23

Scale (£10%)

Y

Black Border

Yi:fi

Hinh 12. Bién déi hinh hoc
b. Bién doi phé anh (Radiometric Transformations)

Céc bién d6i nay duoc thiét ké dé mo phong cac bién thé vé diéu kién anh sang va
dic tinh cam bién, gitp mo hinh thich tng véi cac méi trudng chup khac nhau.

Cic phép bién d6i: Bao gdm diéu chinh d6 sang va do tuong phan ngiu nhién trong
pham vi 20%, dich chuyén nhé cac kénh RGB 1én t&i 15 don vi cuong dd, va thinh

thoang x40 tron kénh (channel shuffling) véi xac suat 10%.
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RGB Shift (R)

e
Aty b

Channel Shuffle
N L

Hinh 13. Bién doi phé anh
c. Ky thudt Che khudt (Occlusion Techniques)

K§ thuat nay dugc dai dién boi GridDropout trong trién khai, mé phong cac
vat can mot phﬁn hodc cac 16i cam bién. GridDropout tao ra mot mau ludi 5 x 5 va

duoc ap dung voi xac suat 30%.

Original Grid (5x5) Grid (8x8) Grid (5x5 offset) Grid (5x5 aligned)

Hinh 14. Bién déi che khudt
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2.1.4. Chia tgp dit liéu

Dir lidu phuc vu nghién ciru trong dé an t6t nghiép nay 1a 16p dbi tugng nha
tai mot s6 khu vuc dan cu & cang bién tai Ngai Giao, Kim Dinh tinh Ba Ria - Viing
Tau va khu vyc Cam Pirc, Cam Ranh tinh Khanh Hoa. Lop d6i tugng nha duge sb
hoéa truc tiép tir anh mau UAV (3 kénh phd) véi do phan giai khong gian rit cao tir 5
dén 10cm. D¢ thuc hién viéc dao tao md hinh hoc may, b dit liéu duoc chia thanh ba
tap dir liéu doc l1ap dé phuc vu cho ba muc dich gém dao tao (training), danh gia mo
hinh (validation), va kiém chtng thuc té (testing). Sau day sé& trinh bay cu thé ba tap
dir 1iéu nay.

Trong nghién ciru nay, Bo dir liéu Truong Pai hoc Mo - Pia chat Ha Noi
(HUMG) duoc tao ra véi do phan giai khong gian cao nham muc dich kiém tra hiéu
suat cia md hinh dé xuat trong méi truong xay dung dia phuong co tinh da dang va

phtic tap cao.
1. Dic diém Dit ligu
D0 phan giai: 0.1m.
Pham vi: Bao gém hinh anh duogc thu thap trén nhiéu tinh, dai dién cho céc
khu vuc mién Bic, mién Trung va mién Nam Viét Nam.
S6 lugng toa nha: Chia khoang trén 40.000 toa nha da duoc gan nhan.
Tinh da dang: B dir li¢u phan &nh mot phé rong cac loai cAu truc, bao gé)m
khu cong nghiép, nha cao tang hién dai, nha & ndng thon truyén thdng va cac
khu d6 thi dong dan cu.
2. Cau truc dit lidu va Phan chia tap dit liéu
B dit liéu HUMG bao gdm tong cong 6.857 anh c6 kich thude 512x512 pixel.

Dir li€u dugc chia thanh hai tap chinh:
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Tap Huén luyén (Training Set): 5.312 anh (77%). Viéc phan chia tdp huin
luyén 16n nham myc dich dam bao mé hinh c6 thé xur 1y dugc cac loai toa nha

da dang.
Tap Xac thuc (Validation Set): 1.545 anh (23%).
Muc dich: Tap xac thuc dugc str dung dé theo doi qué trinh hoc va danh gia

hi€u suat cua mo hinh, trong khi cac siéu tham so (hyperparameters) dugc gitr

cO dinh

Bdng 3. Pdc diém nha trong bé dit liéu HUMG sir dung dé kiém tra (Testing set)

Loai khu Mo ta Thach thirc phian | Hinh dnh trén anh UAV
vue doan
Khu vue | Kién tric hién dai | Cac bé mat déng
Do thi: v6i hinh dang nhat 16n thuong
Toa nha hinh hoc 1 rang | gy nham l4n véi
Hién dai | va két cAu bé mat cac d6i tuong
(48 mau) | tbithiéu; thuong | khong tham nudc
dugc xdy dung tir | khac nhu duong
bé tong, kinh sa hodc via hé.
hoac kim loai.
Khu vye Moi truong xay | Mat do xay dung
bo thi: Da dung truyén cao va cac ciu
dang cao | thong, mat do day | trac chong lan
(182 mau) | dic véi sy khac | lam ting 16i phan
biét 16n vé kich | loai nham giira
thudce, hinh dang | cac mai nha lién
va vat liu. ke,
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Khu vuc Céc khu vuc dan | Mat do xay dung
Nong thon: | cu thua thét chira | thap dan dén viée
Padang | ittdanha, colap | bo sot ddi tugng
thap (747 giita cac canh (missed
mau) quan thién nhién | detections) va ty
rong lom. 1€ duong tinh sai
(false negatives)
cao hon.
Khu vyc | Mai truong nong | Tinh bién d6i vé
Noéng thon: | thén ndi bat véi | céu tric kiém tra
DPadang | cac loai va kich kha ning tong
trung binh | thudc tdoanhada | quat héa cia mo
(209 mau) | dang dmatdo | hinh va do chinh
vura phai. xac cua ranh gidi.
Khu vuc Cac khu phitc | Cac cau trac 16n,
Chuyén hop cong nghiép | lién ké nhau kho

biét: Cong

quy md lén voi

duoc xac dinh

nghiép hinh dang dac ranh gioi chinh
(159 mau) | trung va mainha | xéc, thudng din
rong. dén phan doan
khong hoan chinh.
Khuvuc | Cackhuvyc ma | Téan cay gy nhiéu
Chuyén | tham thuc vat che | thi gidc, can tré
biét: Che | khudt mot phan viéc phat hién
khuat bdi | hodc toan b tda | chinh x4c céc ciu
Cay cbi nha. tric bi che khuat

(200 mau)
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hodc chi nhin thiy

mot phan.

2.2. Giai doan 2- Huin luyén mé hinh
2.2.1. Lwa chon kién triic mé hinh mang hoc siu

Cac mé hinh dwa trén CNN 14 nhitng mé hinh hoc sau phé bién hién nay cho
linh vuc thi gidc may tinh. Trong trich xuét toa nha trén anh, cac mo hinh U-Net,
DeepLab, PSPNet va FPN la nhitng mo6 hinh da dugc danh gia 1a c6 hiéu qua cao.
Trong chuyén dé nay s& tip trung gi6i thiéu vé hai mé hinh U-Net va DeepLab trong

trich xuét tda nha trén anh UAV va anh vién tham.
a. Mo hinh mang U-Net

Mang U-Net, dugc phét trién bi Ronneberger, Fischer et al. (2015), 1a mot
mo hinh phd bién cho viéc phan doan ngit nghia hinh anh (image semantic
segmentation) do c6 d9 chinh xac va hiéu qua cao. Mang nay la m¢t Mang no-ron
tich chdp hoan toan (FCNN - fully convolutional neural network) st dung cd hai
ludng thu gon (contracting path) va mé rong (expanding path) trong qua trinh tich
chap. U-Net c6 cau triic d6i xing, tao thanh hinh chit U véi cac phan ma hoa (encoder)

va gidi ma (decoder) (xem Hinh 15).



29
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Hinh 15. M6 hinh U-net véi dnh dau vao RGB kich thuée 512 x 512 pixel 3 kénh va
mask ddu ra kich thuéc 512 x512 véi 1 kénh.

b. Mo hinh mang DeepLab

DeepLab 1a mo hinh phan doan ngir nghia duoc phat trién boi Google Research
va duogc biét dén voi kha nang nim bét cac chi tiét trén anh va phan loai d6i tuong
dwa trén pixel anh. Cai tién chinh cia mé hinh nay 1a st dung tich chap gién nd (atrous
convolution hodc dilation convolution). Phién ban dau tién (V1) cua DeepLab duogc
phat trién dua trén ciu trac mang VGG-16 (gém 16 16p) boi nhém Visual Geometry
Group tai dai hoc Oxford (Yu, Yang et al. 2016) tuy nhién c6 thay thé 16p két ndi day

du (Fully connected layer) cudi ciing bai 16p tich chap gidn no.
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Hinh 16. Kién triic mé hinh mang DeepLabV3+(Chen, Zhu et al. 2018).

2.2.2. Lwa chon backbone

Mang ResNet (Residual Network) dugc biét d¢én 1a mang hoc sdu st dung cho

cac bai todn xac dinh doi tugng va phan doan hinh dnh. Hién nay c6 rat nhiéu bién

thé coa mang ResNet v6i s6 16p khac nhau gom 18 16p (ResNetl8), 34 16p
(ResNet34), 50 16p (ResNet50), 101 16p (ResNet101), hoac 152 16p (ResNet152). .

F(x)

x + F(x)

X

h

identity

Hinh 17. So dé néi tdt (skip connection) trong ResNet (He, Zhang et al. 2016)

Bdng 4: So sanh cdc Backbone ResNet sir dung trich xudt toa nha trén anh
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xac.

Pic diém ResNet18 ResNet50 | ResNetl01 | ResNet152
Do Sau (S6 16p) 18 50 101 152
S6 Lugng Tham sb ~11.7M ~25.6M ~44.5M ~60.2M
(Triéu)

Tbc do Xu ly Nhanh nhat Nhanh Trung binh | Cham nhét
Kha ning Trich Thap/Trung Tét RAt Tot Rét tot
xuat Pic trung binh
Yéu cau Bo nhé Thip nhét Thip Trung binh Cao nhét
(RAM/VRAM)

Rui ro Overfitting Thip Thip/Trung Cao R4t Cao
binh (Khi dir ligu
it)
Khuyén nghi cho | Tét cho cac Ly tudng Dung cho Dung cho
Trich xuat Toa nha | tng dung thoi | cho hau hét cac bo dir cac bo dir
gian thuc hodc | cactac vu. | li€u lén hodc | li¢u rat 16n
dir liéu Can bang yéu cau do | hodc yéu cau
nho/vira. gitta tbc @6 | chinh xac | d6 chinh xac
va do chinh cao. rat cao.

2.2.3. Hudn luyén mé hinh

a. Thiét ldp Tinh todn (Computational Setup)
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Framework va Moi trudng: Tat ca qua trinh phat trién va huén luyén mé hinh dugc
thuc hién bang cach sir dung framework hoc sau PyTorch (phién ban 1.11.0) trong

moi truong Google Colaboratory.

Phan ctng: Qué trinh tin dung GPU NVIDIA Tesla T4 véi 16 GB bo nhé GDDR6.
Thiét 1ap tinh toan nay cho phép ting tbc huin luyén va tao diéu kién thuén loi cho
viéc thir nghiém véi cac kién trac, khdi luong dit liéu va chién lugc ting cudong khéc

nhau.

Kich thude Batch: Hudn luyén mini-batch duogc tién hanh véi kich thude batch 1a
bdn anh. Lua chon nay dugc dua ra dya trén cac rang budc vé bd nhd GPU va nham
muc dich t6i da héa viéc sir dung phan cirg ma khong 1am anh huéng dén su 6n dinh

clia qua trinh huan luyén.
b. T6i wu héa M6 hinh (Model Optimization)

B6 tbi uvu hoa (Optimizer): Qua trinh t6i wu hoa md hinh duoc thuc hién béng bo
t6i wu héa AdamW. AdamW duoc chon vi kha nang xu 1y hiéu qua cac mo hinh hoc
sdu phirc tap va co ché diéu chuan Weight Decay tich hop gitp giam thiéu hién tugng

qué khop (overfitting).

Tbc d6 hoc (Learning Rate) va Epoch: Tdc dd hoc tap ban dau duoc dat 12 0.001
va duoc giam dong trong qua trinh huin luyén theo lich trinh Cosine Annealing, dam

béao su hoi tu suon sé va on dinh.

Ding sém (Early Stopping): Qua trinh huin luyén dién ra téi da 100 epochs, voi
co ché dumg sém dugc ap dung dya trén do mat mat (validation loss) dé tranh qua
khép va tinh toan khong can thiét.

c. Ham Mat mat

Ham M4t mat (Loss Function): Dé t6i wu hoa mé hinh, mot ham mét mat két
hop gitta Binary Cross-Entropy (BCE) loss va hé s Dice dugc ap dung. Phuong phap
tiép can muc tiéu kép ndy nham muc dich can bang gitra d6 chinh x4c phan loai pixel

v6i chat lwong chdng 14n ciia cac mask toa nha du doan va thuc té, qua d6 giai quyét
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tryc tiép van dé mat can bang 16p (class imbalance), mot thach thic thuong gip trong
nhiém vu phan doan toda nha do su chiém uu thé cua céac pixel nén trong hau hét cac

canh.
2.3. Giai doan 3- Panh gia mo hinh
2.3.1. Po lwong hiéu suit mé hinh

Dénh gia do chinh xac phan doan toa nha dugc thyc hién trén bd HUMG véi mo

hinh U-Net dugc thuc hi¢n véi 5 thude do trong bang sau:

Badng 5. Két qua danh gid dg chinh xdc sir dung mé hinh U-Net trén b6 HUMG

Loai Khu vue Accuracy/ | Precision | Fl-score |IoU
Recall

D6 thi: Hién dai 0.960 0.952 0.952 0.925
D6 thi: mat do dong dtc 0.933 0.936 0.933 0.878
Néng thon: mat do thap 0.916 0.920 0.906 0.873
Nong thon: méat do trung binh 0.959 0.950 0.953 0.917
Khu Cong nghiép 0.958 0.949 0.947 0.913
Khu vuc che khuit boi cay 0.938 0.942 0.936 0.890

2.3.2. Phan tich két qui

Viéc phan tich bang dir liéu hiéu suét theo timg khu virc cho thdy mé hinh cua
ban hoat dong khac nhau tuy thudc vao dac diém cta moi truong xay dung va thach
thirc vé& hinh anh. D{ liéu cta ban bao gém 5 chi s chinh (Accuracy, Precision,

Recall, F1-score, IoU) dugc do trén 6 loai khu vuc khéac nhau.
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Mo hinh hoat dong tdt nhat & cac khu vuc ¢6 hinh hoc rd rang va mat do khong
qua phtre tap (d& phan biét nén va ddi tuong):

D6 thi: Hién dai (Modern Buildings): Pat IoU cao nhét (0.925). Piéu nay hop ly
vi cac toa nha hién dai thuong c6 hinh dang hinh hoc don gian, sach s&, giip mo hinh
dé dang xac dinh ranh giéi (IoU) va it bo sot (Recall 0.960).

Nong thon: mat do nha & muc trung binh: Pat IoU cao thit hai (0.917) véi F1-
score 12 0.953. Piéu nay cho thdy mat d6 vira phai va kich thuéc da dang khong phai
1a thach thire 16n khi cac dbi twong duoc phan tach rd rang.

Khu cong nghiép: IoU 1a 0.913. Céac khu cong nghi€p du l6n nhung thuong co
hinh dang dong nhét, gitp mé hinh d& dang phan doan (TP cao).

Tuy nhién, hi¢u suét gidm ro rét ¢ hai loai khu vyuc, bao gém:

Nong thon: Pa dang Thép: Maic du dé phan biét, ToU chi dat 0.873 va Fl-score la
0.906. Piéu nay thuong do mat do toa nha qua thip, dan dén ti 1¢ False Negatives
(FN) cao (bo sot cac tda nha co 1ap), 1am giam Recall (0.916) va kéo F1/IoU xudng.

Do thi: mat do cao: IoU dat 0.878. Thach thuc ¢ day 1a mat d day dac va cAu tric
chdng lan. Precision (0.936) va Recall (0.933) gan bang nhau, cho thdy mé hinh vira
gip 16i bao sai (FP) do nham 1an giita cac mai nha lién ké, vira gip 16i bo sot (FN)

cac ranh gidi phuec tap.
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So sénh Hiéu suat Trich xuat Toa nha trén 6 Khu vuc

Precision

&

loU
= |rban area: modern buildings - Rural area: medium diversity
= Urban area: high diversity Specialized Areas: Industrial
= Rural area: low diversity = Specialized Areas: Tree occlusion

Hinh 18. So sanh hiéu sudt trich xudt toa nha & cdc khu viee ¢6 déic diém nha khac

nhau trén bo Testing Set - HUMG
2.4. Giai doan 4- Hau xir ly va vector hoa

Sau khi mé hinh hoc sau (vi du: U-Net hoic DeepLab) hoan tit qua trinh du
doan, tao ra cac mask nhi phan thé hién vi tri cac toa nha, Giai doan Hau xtr ly va
Vector hoa tré nén toi quan trong. Muc tiéu 1a chuyén dbi cac pixel du doan tho thanh
dir liéu vector GIS c6 thé quan 1y va ing dung truc tiép trong cac hé thdng quy hoach

do thi tai Viét Nam. Chi tiét cac budc duoc thuc hién theo trinh tu:
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2.4.1. Dw doan (Prediction)

Chay mé hinh hoc sau (vi du: U-Net véi backbone ResNet) di duoc huan luyén
trén anh UAV moéi (bd mau moi) — thudng 13 anh c¢6 do phan giai rat cao (vi du: 0.1m).
Qua trinh nay tao ra cac mask nhi phan (binary masks) dau ra, trong d6 pixel duoc

phan loai 14 tda nha (gia tri 1 hodc 255) hodc nén (gia tri 0).
2.4.2. Gan Thong tin Dia ly (Georeferencing)

Céac mask nhi phan can dugc dinh vi chinh xac trén ban do. Sir dung cac ham
GDAL (Geospatial Data Abstraction Library) dé sao chép thong tin toa do va phép
chiéu (vi du: VN-2000 hoic WGS84). Str dung ham nhu apply geotransform duoc
dung dé gan thong tin Geotransform va Projection tir anh UAV gbc sang mask du
doan. Nhiém vu nay nhim dam bao rang ranh giéi toa nha trich xuét s& nim ding vi

tri thuc té trén ban dd nén Viét Nam, phuc vu cho cong tac kiém ké, quan ly dét dai.
2.4.3. Vector Hoa (Polygonization)

Chuyén dbi dir liéu tir dinh dang raster (pixel) sang dinh dang vector (da
giac/polygon) dé c6 thé tinh toan dién tich, chu vi, va sir dung trong phan mém GIS.
Str dung cac cong cu GIS manh mé& nhu gdal.Polygonize hoac cac thu vién nhu
GDAL/OGR dé chuyén dbi cac pixel co gia tri 1 (tda nha) thanh cac ddi tuong da
gidc. Két qua 1a cac Shapefile hoic GeoJSON cudi cung chira cac da gidc ranh giGi
clia cac toa nha di dugc trich xuat trén 1anh thé Viét Nam, san sang cho cac ung dung

nhu cap nhat ban dd quy hoach do6 thi.
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Hinh 19: So sanh két qua dw dodn (dwong mau do) va doi twong thie (mau vang)

2.5. Pé xuit quy trinh ing dung cong nghé hoc siu vao sian xuit ban dé dia hinh
va dir liéu nén dia ly

Duya trén cac két qua thuc hién thuc nghiém, nghién ctru dé xuét quy trinh
thanh lap ban d6 chuyén dé tich hop cong nghé hoc sau nham tng dung vao thuc tién
san xuat dir liéu dia 1y. Quy trinh duoc thiét ké trong Hinh 20 dam bao sy lién két
chit ché tir khau ngoai nghiép dén san pham cudi cing. Quy trinh thanh lap ban do
chuyén dé tir anh UAV tich hop cong nghé hoc sau c6 thé duoc tom tit thong qua 5

budc sau:
Buwéc 1: Chudn bi va Thu nhén dii liéu anh UAV
Pay 1a giai doan tién d¢, thuc hién theo quy chuan ngoai nghiép:

Thiét ké bay chup: Xac dinh khu vuc, lua chon thiét bi UAV phu hop va thiét 1ap
thong s6 bay (d6 cao, d6 phu) dé dam bao do phan giai thuc dia theo thiét ké. (vi du
do phan giai 10cm).
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Do dac khdng ché anh (GCP- ground control point): Bé tri va do toa d6 cac diém
khéng ché mit dat bang cong nghé GNSS/RTK dé dam bao do chinh xac hinh hoc
cho anh sb theo Thong tu 07/2021/TT-BTNMT.

Buéc 2: Xir Iy ngi nghiép va Tao binh dé dnh
Chuyén dbi dit liéu anh tho thanh dir liéu khong gian chuén:

Xu ly anh: Nin chinh hinh hoc, binh sai khdi anh dya trén cac diém khéng ché

mat dat hodc st dung tam anh xac dinh béi GNSS-RTK.

San pham trung gian: Xay dung mo hinh sé d6 cao (DEM/DSM) va thanh lap
binh d6 anh tryc giao (Orthophoto). Pay 1a dif liéu dau vao truc tiép cho mé hinh hoc

sau.
Buéc 3: Trich xudt doi twong tw dong (AI Inference)

Pay 14 khau cai tién then chét thay thé cho viéc s6 hoa thu cong: Str dung bd
trong s6 d3 duge dao tao boi mo hinh hoc siu trén bd miu chuin (da néu 6 muc 2.5).
Theo d6 tir anh UAV du vao, mé hinh sé tién hanh khoan ving céc toa nha truc tiép

trén anh.
Buwoc 4: Bién tdp va Hi¢u chinh dir liéu
Chuén hoéa dit liéu tir AT dé dat tiéu chuin ban dd dia hinh:

Nian chinh ranh gi¢i hinh hoc toa nha (Regularization): Str dung cac thuét todn bd
sung dé khtr hién tuong "ring cua" do pixel anh, dwa cc canh toa nha vé dang thing

va vudng goc.

Xtr Iy thu céng: K§ thudt vién dbi soat dé bd sung cac vi tri bi che khuit boi bong

dd, tan cay hoac xo6a bd cac vung mo hinh nhan dién sai.
Buéc 5: Kiém tra chit lwong va Nghiém thu

DPam bao tinh phap 1y va do chinh xac cta san pham:
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Déi soat tiéu chuan: Kiém tra sai sb vi tri mit bang déi twong dia 1y theo Thong

tu 07/2021/TT-BTNMT, 10/2021/TT-BTNMT.

Hoan thién: Trinh bay ban d6 chuyén dé, gan thudc tinh va dong géi co s& dir liéu
nén dia 1y dé nghiém thu theo quy dinh cua Thong tu 10/2017/TT-BTNMT va
24/2024/TT-BTNMT.
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1. Chuén bi & Thu nhan
Bay chup UAV & Khéng ché
mat dat(Theo 10/2017,
07/2021 & 24/2024/TT-BTNMT)

!

2. Xtr ly anh sb
Nén anh & Tao mé hinh s6 do
cao DEM/DSM
(Theo 10/2017, 07/2021 &
24/2024/TT-BTNMT)

TUDONG
HOA BANG
Al

3. Trich xuét Al
St dung két qua ctia Md hinh
hoc sau da dwoc huén luyén
trén bd mau dé trich xuét toa
nha

Dir liéu Vector tho
Lép ranh giéi nha

!

4. Hiéu chinh & Bién tip

Pidu chinh lai cac téa nha bj

sai do che khuét va bi nham

1&n khi giai doan bdi mé hinh
hoc séu

(Hau x ly - Post-processing)

!

5. Kiém tra & Nghiém thu
Déi soat Théng tuTheo
10/2017, 07/2021 &
24/2024/TT-BTNMT
& Quy chuén di liéu

!

San pham

hoan thién

Hinh 20. Quy trinh thanh lip ban do chuyén dé tir anh UAV tich hop céng nghé hoc
sau.
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2.6. Danh gia kha ning thanh 1ap ban do va co sé dit liéu nén dia 1y sir dung cong
nghé trich xuat tw dong Al trén anh UAV

Sau khi da xay dung va thuc hién cac thuc nghiém danh gid mé hinh hoc sau trong
viéc trich xuat d6i tuong toa nha tai Chuong I1, viéc xac 1ap kha nang ung dung thuc
tién cua cong nghé nay vao quy trinh san xuét dir liéu dia 1y 1a mot yéu cau cip thiét.
Dé chuyén doi tir cac chi s6 danh gia cia may hoc sang céc chi tidu ky thuat chuyén
nganh do dac ban d6, cin c6 mot sy dbi soat khach quan dua trén cac quy dinh phap
1y hién hanh. Muc nay s& tip trung phan tich méi lién hé toan hoc gitra do chinh xéc
trich xuat dién tich (IoU) va sai sd vi tri diém, ddng thoi danh gia mirc do dap tng
ctia dit liéu anh UAV ddi véi céc tiéu chuan thanh 1ap ban dd va co so dit liéu nén dia
1y qubc gia theo quy chuan cia Bo Tai nguyén va Mai truong (nay 1a bo Nong nghiép
va Méi truong).

Trong thanh 1ap ban d6 dia hinh tir anh UAV, sai s6 dugc danh gia qua vi tri diém,
trong khi dénh gia d6 chinh x4c md hinh hoc sau trong dé tai sir dung danh gia thong
qua dién tich. Do do, can tién thé thiét lap mbi lién hé gitra sai sb vi tri va sai s6 dién
tich thong qua mo hinh hinh hoc.

Gia st tdoa nha c6 hinh vudng c6 canh chiéu dai L. Néu mo hinh hoc su trich suit co
sai s6 bién (As) (1a @ dich chuyén giita ranh gi6i toa nha trong thuc té va toa nha

duoc trich xuat theo mé hinh), ta c6:

Dién tich vung giao gitra kich thude toa nha thuc (A) va tdoa nha du doan (P) la:
ANP = (L—As)? (1)
Dién tich vung hop:
AUP =1?+1?— (L —As)? =1? + 2LAs — As? (2)

Sai s6 danh gia mé hinh hoc sdu theo cong thirc IoU sé& duoc tinh theo kich thuée toa

nha L va d6 1éch As nhu sau:
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ANnP (L — As)?

— 3
AUP L2 + 2LAs — As? &

IoU=|

Tu d6 thiét 1ap duogc gid tri do 1éch theo vi tri cia toa nha tir gid tri dd chinh xac cua

mo hinh IoU la:

A L<1—10U> @
S¥2\ 1+ 10U

Déi v6i do chinh xac du doan toa nha ddi vai cac dic diém toa nha khac nhau duge
& Viét Nam nhin chung ¢ d6 chinh xéc trén 85%. Vi thé khi 4p dung cong thuc 7 véi
gid su kich thudc toa nha co chiéu ¢6 kich thuge (L=10m) thi d¢ léch vé vi tri ¢6 thé

duoc xac dinh béi:

10
As ~ —

(1 —0.85
2

——] =04

1+ 0.85) (m)

Can cu trén céc tiéu chuan ky thuat tai Piéu 5 va Phu luc cua Thong tu 07/2021/TT-
BTNMT vé sai sb vi tri mat béng doi tuong dia ly, nghién ctru thuc hién ddi soat va

danh gia kha ning ing dung thyc té ciia mo hinh nhur sau:

Vé do chinh x4c hinh hoc: P4i v6i ban d6 dia hinh ty 1& 1:1.000 va 1:2.000, sai sd
vi tri mdt bang cho phép ngoai thyc dia trong tmg 14 0,5m va 1,0m. Két qua phan tich
toan hoc tur thuc nghiém cho théy, vé6i chi s6 ToU dat trén 85%, sai sd dich chuyén
bién trung binh dugc kiém soat trong ngudng 0,4m. Gia tri ndy hoan toan nam trong
gidi han cho phép, dam bao dap tng yéu cau khit khe vé sai s6 vi tri diém cua ban

dd ty 1& 1:1.000.

V& d6 phén giai dir liéu: Theo quy dinh, kich thudc pixel thuc dia (GSD) yéu cau
cho ban do ty 16 1:1.000 va 1:2.000 1an lwgt 1 10cm va 20cm. Nhu viy, dit liéu anh
s6 tir UAV v6i d6 phéan giai 10cm duogc sir dung trong nghién ciru khong chi tdi wu
cho viéc huin luyén mé hinh hoc sdu ma con dap ung dy du tiéu chuan dau vao dé

thanh 1ap ban dd dia hinh va cap nhat co s¢ dit liéu nén dia ly quéc gia ty 1¢ 1:1.000.
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Mic du quy trinh trich xuat d6i trong toa nha di dugc tu dong hoa bang cong
nghé hoc sau, tuy nhién, dé dam bao dd chinh xac hinh hoc va tinh nhét quéan cua dir
liéu theo cac quy chuan k¥ thuat hién hanh, cong tac hiu kiém va hiéu chinh 13 bt
budc. Do anh hudng cia do phan giai khong gian (kich thude pixel), ranh gidi ddi
tuong trich Xuét truc tiép tor mo hinh Al thuong xuét hién hién tuong 'rang cua' tai
cac canh thing. Vi viy, cac da gidc ranh gidi toa nha can dugce chuin hoa théng qua
thuat toan nin thing (Regularization) dé khoi phuc tinh hinh hoc nguyén ban. Bén
canh d6, céc sai s cuc bd do md hinh nhan dién nhidm hodc cac khu vuc toa nha bi
che khuit boi bong dd va tan cay can duoc xir Iy thong qua thao tac bién tap tha cong.
Su két hop gifta nang luc tinh toan tu dong ciia Al va quy trinh kiém soat chat lwong
tir con nguoi dam bao san pham cudi cung dat d tin cy cao, dap tng day du cac sai

s6 cho phép trong thanh 1ap ban dd dia hinh va co sé dit liéu nén dia 1y.
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KET LUAN VA KIEN NGHI
1. Két ludn

Nghién ciru vé viée xay dung quy trinh tu dong trich xuit dbi trong toa nha tir anh
UAV bang phuong phap hoc sau da hoan thanh cac muc tiéu dé ra va dat dugc nhiing

két qua quan trong sau:

Vé quy trinh cong nghé: Nghién ctru da dé xuat thanh cong quy trinh san xuat dir
li¢u dia ly tich hgp hoc sau theo mé6 hinh béac thang. Quy trinh nay khong chi c6 co
s khoa hoc viing chic ma con bam sat cac tiéu chuan ky thuat cia Thong tu
07/2021/TT-BTNMT, 07/2021/TT-BTNMT va Thong tu 24/2024/TT-BTNMT, tao

tién d€ cho viéc chuyén doi so va ty dong hda trong nganh do dac ban do.

Vé tinh chinh xéc va thyc tién: Thong qua viéc thiét 1ap mbi lién hé toan hoc giira
chi s6 dién tich (IoU) va sai s6 vi tri diém, nghién ctru da chimg minh duoc rang véi
muc do chinh xac ToU > 85%, sai s6 vi tri mat béng dat ngudng 0,4m. Két qua nay
khang dinh kha ning tng dung ctia mé hinh trong viéc thanh 1ap ban do dia hinh va

co s dit liéu nén dia 1y ty 1€ 1:1.000 va 1:2.000.

V& hiéu qua san xuat: Quy trinh dé xuit minh chtng tinh vu viét trong viéc giai
quyét bai toan trich xudt dit liéu tr dong, gitip giam dang ké thoi gian lao dong noi
nghiép, gop phan giam gia thanh, ting ning suat va dap ung kip thoi nhu cau dir lidu

dia 1y hién nay.
2. Kién nghi

Dé nang cao hon nita ¢ chinh xac va kha ning téng quat hoa, dua quy trinh vao tng

dung rong rai trong san xuat thyc té, nghién ctru dé xuat mot so dinh hudéng sau:

Vé cong tac xdy dung bd mau: Can md rong va chuan hoa cong tac xdy dung bod
dir liéu mau (Ground Truth), ddm bao tinh déng nhét va dai dién cho su da dang vé
dic diém hinh hoc, quang phd cta cac ving mién khac nhau tai Viét Nam. Day 1a yéu

t then chét dé nang cao kha ning hoc cia mé hinh.
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V& t6i wu hoa cong nghé: Can nghién ctru tich hop thém céc thuat toan hau xir 1y
(Regularization) nang cao dé tu dong hoa hoan toan khau nin thing canh ddi tuong,
giam thiéu sai sb ring cwa do d6 phan giai anh. Pdng thoi, tiép tuc thir nghiém céc
kién trac hoc su tién tién (nhu cac bién thé cua Transformer hoic DeepLabv3+) dé
cai thién d¢ chinh xac tai cac khu vuc c6 mat do nha ¢ phtic tap hodc bi che khuét

cao.
Vé mo rong ddi tuong: Kién nghi mé rong quy trinh trich xuat tu dong cho cac
dbi twong dia 1y khac (giao thong, thuy vin, thuc vat) dé hoan thién hé thdng trich

xuét dir liéu tu dong cho co so dir licu nén dia ly quéc gia.
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