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MO PAU

Ty dong trich xuit ddi twong truc tiép tir anh chup ctia may bay khong nguoi lai
(UAV) 1a van dé dang thu hit duoc sy quan tdm 16n khong chi ctia cac nha nghién
clru ma ca cac co s& san xuat trong linh vuc tric dia ban d6. Tu dong trich xuét dbi
tuong trén anh UAV 1a qua trinh nhan dang va véc to héa d6i tuong truc tiép tir anh
chup UAV. Cac dia vat nhu 16p giao thong, thuy hé, dia vat va trong do6 cé doi tuong
nha 12 mot trong nhing ddi twong quan trong can dugc thé hién trong cong tac thanh
lap va cap nhét cac loai ban dd dia hinh, dia chinh va ban dd quy hoach phuc vu cong
tac giam sat xay dung, quan 1y va 1ap ké hoach cac cong trinh néi chung va cong trinh
cang bién néi riéng. Do d6, trich xuat ddi twong trén anh UAV dang 1a nhu ciu can
thiét trong cong tac bién tip ban dd. Hién nay, nhd su phat trién manh mé cua thi giac
may tinh (computer vision) va cong ngh¢ mang no-ron nhan tao hoc sau (deep learning)
da mo ra canh cura cho kha nang hién thuc hoéa viéc trich xuét ddi tugng truc tiép va tu
dong trén anh UAV.

Nhitng nim gin day ¢ Viét nam, céng nghé UAV d3 dan tré thanh mot trong nhitng
cong cu phé bién nhét trong linh vuc do dac ban dd. bic biét ké tir sau thong tu $6
7/2021 cua Bo Tai nguyén va Moi truong ban hanh quy dinh k¥ thuat st dung UAV
dé cap nhat co s& dir liéu nén dia 1y qudc gia va thanh 14p ban d6 dia hinh ti 16 16n .
Boi vi, cong nghé UAV c6 nhiéu wu diém vuot troi so véi cong nghé truyén thong
nhu téc d6 hoan thanh cong viée, giam chi phi gia thanh san phim, d& dang va nhanh
chéng trién khai trong nhitng khu vuc kho tiép can (vi du: khu vuc nti cao, khu vuc
dang tranh chap...). Cho dén nay, da sd cac budc chinh trong quy trinh thanh 14p ban
dd tir anh UAV nhu: thiét ké bay, nén anh, tao md hinh s d6 cao, tao anh truc giao
déu co thé tu dong nho cac phan mém chuyén dung. Tuy nhién, hién nay chwa c6 quy
trinh quy pham va céc tai liéu huéng dan cong tac trich xuat di liéu trén tu liéu anh
su dung mang hoc sdu. Nhan théy duogc van dé ton tai néu trén nodi dung nghién ctru
duoc dé xuat: “Quy trinh trich xuit ddi twong tir anh UAV sir dung mé hinh hoc

sau”.



Chwong 1 XAYDUNG QUY TRINH TRICH XUAT DU LIEU TU ANH UAV

Trich xuét dir liéu tir anh UAV dé duoc cac dbi tuong can thiét va thé hién trén ban
dd dia hinh, ban dd dia chinh can phai thuc hién theo mét quy trinh chat ch€ va phu
hop. Mic du & nuée ta d3 ban hanh thong tu s6 07/2021 vé viée xay dung ban db dia
hinh ti 1€ 16n tir dit liéu UAV tuy nhién cac cong tac trich xuét dit liéu tir anh UAV
phan 16n van phai thuc hién tha cong. K& 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 l1a xu hudéng. Nhiing loi ich to 16n tir viéc trich xuét dit liéu tu
dong nhu giam gia thanh, ting ning suit lao dong va dap tmg kip thoi cho san xudt
14 1y do dé nhiéu nuéc dau tu nghién ctru. Tuy nhién & nudce ta, cong tac trich xuét dit
lidu ty dong tir anh UAV dé thanh 1ap ban dd va cép nhat dit liéu van con 1a mot chi
d& méi. Do @6, viéc nghién ctru dé ban hanh cac huéng din k§ thuat, quy trinh trich
xudt dir lidu tu dong tir thiét bi UAV mét cach chit ch& va phu hop véi diédu kién san

xuat ¢ nudc ta la mot hudng di can thiét.

Trong chuong nay s& gidi thiéu cau tric dit liéu anh UAV va tién hanh d& xuat quy

trinh tu dong trich xuét dir liéu sir dung k¥ thuat cia mang hoc sau tir anh UAV.

Quy trinh duoc dé xuat bao gdm bdn budc co ban: (1) Thu thap dir liéu mat dat tir
anh UAV; (2) Tao mau dir liéu cho mo hinh hoc may; (3) Xay dung mo hinh; va (4)
trich xudt d6i twong tu dong va tryc tiép tir anh UAV.

1.1 Thu thip div liéu ti thiét b bay khéong nguwoi lai UAV

Viéc thu thdp dir li¢u tir &nh UAV phuc vu cho cong tac thanh 13p ban dd da duoc
thuc hién ¢ nude ta tir nhidu nim qua. C6 nhién nghién ciru va cac huéng dan ky
thuat vé quy trinh tao ra anh truc giao (ortho images), mé hinh sé d6 cao (DEM), va
dir liéu dam may diém (point clound) tir anh chup UAV (L&, L& et al. 2020), (Long,
Goyal et al. 2021), (Long and Cuong 2019), (Sy, Quy et al. 2017), (Cuong, Truong
et al. 2019). Tuy nhién, dé thanh 1ap anh tryc giao, mé hinh s6 do cao va dam may
diém tir anh chup UAV c6 thé tom tit lai thong qua cac bude chinh nhu so dd Hinh
1-1.
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Hinh 1-1: So d6 quy trinh x Iy anh UAV

1. Ldp ké hoach bay chup UAV

Duya trén thong tu 07/2021/TT- BTINMT vé “Quy dinh k¥ thuét thu nhan va xt 1y dit
liéu anh sb tir tau bay khong nguoi lai phuc vu xay dung, cap nhat co sé dir liéu nén
dialy quéc gia ty 1¢ 1:2.000, 1:5.000 va thanh 1ap ban dd dja hinh ty 1¢ 1:500, 1:1.000.
Ngoai ra, xem xét cac quy dinh, quy pham trong thanh lap ban do dia hinh véi cac



ddc diém dia 1y, kinh té - xd hoi ctia khu vyc thanh 1ap ban do. Sau d6 tién hanh cac
cong viéc sau dé 1én ké hoach bay chup UAV:

- Lién hé véi cac co quan nha nude, chinh quyén dia phuong lam thi tuc va xin
gidy phép bay

- Chuén bi s6 liéu toa do, d6 cao cac diém khéng ché cac cép

- Khao sat khu do, chon vi tri cit ha canh: Vi tri cat ha canh la cac bai tréng
trong khu vyc dam bao cach xa khu dan cu, cac cong trinh nha cao ting, cac
cOt phat song...

- Chuan bj va kiém tra cac thiét bi may va phuong tién phuc vu cong tac bay
chuyp anh.

2. Thiét ké phwong dn bay chup

Dua trén toa do cac diém ranh gidi1 cua khu vuc khdo sat tién hanh tinh chuyén sang
toa 30 WGS-84 va xuit ra file KML, KMZ va tryc quan hoa khu do trén tng dung
phan mém Google Earth. Tiép theo, tién hanh xac dinh chiéu cao bay va mic do do
chdng phu (doc va ngang) cua anh, tir d6 tinh toan sd ca bay v6i luu y dén thoi lugng
pin/1 ca (trung binh 15phut/1 ca bay dbi voi Phantom 4 RTK).

Hinh 1-2: Xac dinh ranh gigi khu vuc bay chup

3. Thanh Idp cdc diém khong ché anh va diém kiém tra

Tién hanh tim kiém cac diém médc khéng ché tric dja mat b?mg va do cao di ton tai
trong khu virc va dénh gia kha ning str dung cta cac diém nay. Tiép theo, tién hanh
chém day hodc thanh 1ap méi cac diém khong ché va diém kiém tra tuan thu theo céc
quy pham hién hanh. Cac diém khéng ché va diém kiém tra phuc vu cong tic bay



chup can dam bao ca vé do chinh xac ciing nhu sy thong thoang va rd nét cho muc
dich bay chup UAV.

Hinh 1-3: Vi du vé do diém khéng ché toa do va do cao béng cong nghé GNSS tai

khu vyc Binh Son, tinh Quang Ngai

4. Thuyc hién bay chup anh UAV

Sau khi thiét ké ca bay va thanh lap cac diém khéng ché ciing nhu cac diém kiém tra
tién hanh bay chup UAV. Cong tac bay chup UAV can phai dam bao cac yéu cau sau:

Kiém tra day du pin cho thiét bi UAV, bo phan diéu khién tir xa RC va bo may
phat tin hi¢u GNSS tur tram base mat dat.

Cai dat tram Base theo phuong phap PPK dé thu thap dit liéu do tinh tai moc
khéng ché toa d6 va do cao trong khu vuc bay chup.

Kiém tra thé SD va dung lugng bd nhd SD trong thiét bi bay.

Tiép theo tién hanh cong tac bay:

Khoi dong tram diéu khién va phin mém diéu khién thiét bi bay

Kiém tra két ndi gitra tay diéu khién va man hinh kiém soat

Kiém tra tin hiéu GNSS va tin hiéu két ndi véi tram diéu khién

Thuc hién cit canh thiét bj bay

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

Kiém tra dir liéu thu nhan va luu dit liéu tir thé nho sang mdy tinh hodc cac
thiét bi khac.



Hinh 1-4: Tram diéu khién mat dit GNSS (trai); Tién hanh bay UAV (phai)
5. Xue ly dir lieu tir anh chup UAV

Anh sau khi thu nhan dugc bang thiét bi bay khong ngudi 1ai s& phai thyuc hién nan
anh thong qua hai bai toan co ban 1a dinh hudng trong (dinh huéng twong d6i) va
dinh huéng ngoai (dinh hudéng tuyét ddi). Cac anh duoc dinh hudng twong dbi nho
d6 chong phu doc va ngang gitta cac tim anh khi chup. Dé dua toa do mo hinh vé hé
toa do trac dia can st dung céc diém khéng ché anh mat dat hodc st dung toa do tam
chyp anh. Do d6 dé xu 1y dir li€u tr &nh chyp UAV can phai thuc hién hai cong viéc
chinh la xac dinh toa d¢ tdm chup va xur Iy anh dugc trinh bay chi tiét nhu sau:

a) Xac dinh toa do tam chup anh

Déi voi truong hop sir dung thiét bi bay c6 bd dinh vi RTK thi thire hién xac dinh tim
chup anh, truong hop nay sé giam dang ké s luong diém khong ché anh mait dat.
Trudng hop sir dung thiét bi bay Phantom 4 RTK va phan mém CHC CGO 2.0 thi
cac buoc thuc hién theo cac budc sau:

b) Xur ly anh UAV

Anh chup tir thiét bi bay khong nguoi lai duge xtr Iy bang phan mém Agisoft
Metashape Professional.

6 Panh gia do chinh xac

Qua trinh xir Iy anh can phai duoc kiém tra ddnh gia dé bao dam san pham giao nop
dat cac yéu cau nhu di dé ra thong qua cong tac danh gia do chinh xac. Panh gia do
chinh xac dugc thuc hién dua trén nguyén tac so sanh toa do va do cao cua cac diém
dugc do trén anh va thyuc dia. Sau day s€ gioi thi¢u cac bude danh gia dg chinh xéc
d6 cao sir dung phan mém CHCNAV va danh gia do chinh xac vé mat bang sir dung
phan mém Global Mapper.



a. Danh gia 6 chinh xac veé do cao

banh gia d6 chinh xac d0 cao bang phan mém CHCNAYV dua trén nguyén tac so sanh
dd cao cua diém kiém tra do trén thyc dia va cac di€m lan can gan nhat tor ddm may
diém duogc xac dinh trén anh. Sau day la cac bude thuc hién bdi phan mém:

Budc 1: Khai dong phan mém Coprocess (CHCNAV)

C

View 1 [Facus]

Jls6000...125.500, 6,000 Srap Endpoint Sn

B » s 5 De BEBAM®AEO®O B L

Hinh 1-5: Giao dién Coprocess

Budc 2: Pua s6 liéu Point Cloud vao phan mém

HZ sice T (B8 Rasources]
Eovpu| 1w

2071

84 H 4N

View 1 [Facus]

Cutput Windar

(126940223 1034531 Sueceret in i “F:1 CONGTRINH/ 12024 SSHOAPHATICHE, 202401 1B 154 Resus/Frons

©2024-011-10-04457ALITOSOI VEAScan:
[sasaanses

=
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Hinh 1-6: Point cloud khu vuc du an

Budc 3: Pua s6 liéu do béng may GNSS RTK 183 So sanh toa d9, cao do cac diém
kiém tra.

5:. Home Tefra
O O @ B £z 5e D | B Rsoures] D
d B @r @ BEloveu| m
- " Moo 4

33/ 2E 6T aciM.& 4, 'h

€ Height Inspection

Coate || B RSEon NULL RUSEG) N

- DeltaZ ~ | Deltaxy

size (3 3] Calculate Area (m) [1.000 |3 [1] Outputneighbor fas Paint Number 0

[17074-07-23 10:54:531 Stucceret in Inading "F/1 CONGTRINH 10012024 -A5HCOAPHAT/CHC 202401 10163354/Resilts/FYnnrt/@ @2024-01-10-064457 AALTOSOI VEFScan
|-sas2saT,

=

0 04 B R OM®™Ma® o 0 ¢

Hinh 1-7: Cong cu kiém tra d6 cao bang pham mém

C* Height Inspection - %
\E Calculate Export Sort LAS File RMSEQXY) 0,130 RMSE(Z) 0070
AR 5BE0BEG5E 1704524.532 20,390 20472 i
A9 586085.194 20.550 20,629

A10 586043454 220 23.238

Al 586032387 24,670 24.692

Atz 586022.688 25.380 25.456

A13 585961009 26,430 26.484

A4 585945691 25,880

ALS 585044.799 3,240

Ald 585043716 17044230236 21570 27643

AlT 585938.00% 1704459.815 20,670 20,688

ALl SB5974.653 1704459272 26.430 26.485

|A18 586211.527 1704581.097 22350 22430 0.080 0.055

-

.S‘zu 3 (3| Calculate Area (m) [1.000 3 [] Output neighbor las Point Number 19 _10‘C?L
Hinh 1-8: S0 liéu kiém tra do cao cua pham mém

Két qua sai s d6 cao v6i 19 diém dat 7 cm cho thiy cong nghé UAV hoan toan dap
ung duoc yéu cau do chinh xac do cao trong cong tac thanh 1ap ban do ti 1€ 16n.

b. Dénh gid do chinh xac vé toa do

Dénh gia d chinh xac mat bang sir dung phan mém Global Mapper dua trén nguyén
tac so sanh toa do cua cac diém kiém tra c6 hinh ro nét trén anh va da duoc xac dinh
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toa d0 & thuc dia. Viéc danh gia tién hanh bang cach so sanh tao do trén anh va toa
d6 thuc té da xac dinh bang GNSS hodc toan dac dién tir & ngoai thuc dia. Sau day sé
gidi thi€u céc budce cu thé trén phan mém Global Mapper:

Budc 1: Pua anh truc giao Orthomosai vao phan mém Global Mapper

& Global Mapper v22.1 (6021721) [64-bit] [+ OTF] [+LIDAR] - REGISTERED

Fe E4f View Tooks Digtaer Anshiic lager Seach GBS Help

peREAEE. hvaa«cal s x ]l e0alAdramazARE]

B F 94951L 8 ﬁ[ﬁmusnm - B .Qy L setup Favortes List.. - g'--f-;éé-’e’g
A@'é»u b\’"f e it S1 e "'.'wwww‘ NE

[re—— " FHEAALAD S 4 %] Axa®B 1= 2 leumawl
CIOX X" o8
Control Center (1 Layers) ~ — 0 %
fREBGhs
| 1 A Curent Workspace

2% DOM_2024-01-10-170902

e 5 50m 150m 250m 350m 450m

E P search

Hinh 1-9: Puwa anh truec giao trén phan mém Global Mapper

Budc 2: Do toa do cua cac diém ki€ém tra trén anh

B R i ) i =1 (i s

Fle Al NVew Tooh Dighe Anabiv Lmec Semdt GPS Heia

SeREA@alavaacel s leonlaan Ana«:ﬂ?i@l;mé RO 0l e
M;usf,{_ﬁ PRl T Pt Y

Hinh 1-10: Po toa dé ciia cac diém kiém tra
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1.2 Tao méu phuc vu qud trinh dao tao sir dung mang hoc siu

Ttr anh sau khi d3 nén (anh truc giao - othor) s& dugc st dung dé vector héa (sé hoa)
cac ddi tugng nha truc tiép trén anh. Co nhiéu cong cu cho phép sir dung dé sb hoa
16p dbi twong nha nhu AutoCad, Arcgis, QGIS...

@ *Untitled Project — QGIS

- 8 X
Project Edit View Layer Settings Plugins Vector Rester Database Web Mesh Progessing Help

DeBRR® U2L2LRIPRPRAELEOR Th-GeE G E T =

LLAYAY -1 R z = o ® 2a B

9 ¥ [lE I Y ®
Browser =1

gey®o
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» [ Spatial Bookmarks
» (&) Home
» [ €\ (Windows)
Layers e®
AwTi-FR0
v [ KimDinh — Nha KD
>V ¥ ND-2-1
» v ¥ ND-2-0
» v ¥ ND-1-1
» v ¥ ND-1-0
v ¥ ND-0-1

,
» v ¥ ND-0-0

Vertex Editor os @

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

nel, dragging 2 rectangle to select
lect those of the bound feature.

107.164052° | Scale|1:981 | @ Mognifier 100% g jon |0.0° SV Render ®epsciane @

Hinh 1-11: Anh tryc giao sau khi nin trén phin mém QGIS

Str dung phan mém QGIS dé vector hoa 16p ddi twong truc tiép trén anh theo cac
budc sau:

Budce 1: Chon lop ddi tuong dé thuc hién sb hoa

(Q *Untitled Project — QGIS
Project Edit View Layer Settings Plugins Vector Raster Da

NEERRY OPLLARPP]
BEVARBED /. -

New Shapefile = 11, = .
px Y

‘{) “ |Layer... @
Browser e®
Q27T ®™0

'z Favorites -
» " Spatial Bookmarks
» (4] Home
» [] C\ (Windows) —
Layers e®

Hinh 1-12: Tao 16p dit liéu s6 hoa

Budc 2: Chon kiéu geometry cho ddi twong can sé hoa



13

(2 New Shapefile Layer X
File name nha a
File encoding UTF-8 v
Geometry type E No Geometry
Additional dimensions R Lot
MultiPoint
Vv LineString
New Field P polygon
Name
Type | abc Text (string) v
Length 80 Precision
Add to Fields List
Fields List
Name Type Length Precision
id Integer 10

Hinh 1-13: Chon kiéu topology cho dbi twong can sb hoa

Budc 3: Chon hé quy chiéu phi hop véi hé quy chiéu cta khu vuc khao sat

(2 New Shapefile Layer X
File name nha «a
File encoding UTF-8 ~
Geometry type v
Additional dimensions ®) None Z (+ M values) M values
EPSG:4326 - WGS 84 A&
New Field Project CRS: EPSG:4326 - WGS 84
| Default CRS:
Type | abc Text (string) EPSG:9208 - VN-2000 / TM-3 104-45 -
N _' EPSG:9209 - VN-2000 / TM-3 105-30
Length 80 Precisi¢

EPSG:3405 - VN-2000 / UTM zone 48N
EPSG:9218 - VN-2000 / TM-3 108-30
‘ EPSG:9217 - VN-2000 / TM-3 108-15

Hods Lt EPSG:4748 - Vanua Levu 1915
Name Type | ESRI:53048 - Sphere_Times
id Integer | EPSG:3148 - Indian 1960 / UTM zone 48N

EPSG:9216 - VN-2000 / TM-3 107-30
EPSG:6959 - VN-2000 / TM-3 Da Nang zone
EPSG:4979 - WGS 84

Hinh 1-14: Chon hé quy chiéu
Budc 4: Thyc hién sé héa 16p d6i twong Nha

Sau khi d3 s6 hoa cac ddi twong (polygon) trén anh tryc giao nhu cac budc néu & bén
trén s€ dugc cac doi twgng nhu Hinh 1-15.
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Right dick on an editable feature to show is table of vertices.

s panel, dragging a rectangle to select
ly select those of the bound feature.

-~
V7 &

& Magnifer| 100%

Coordinate -88.6°,-88.1° | Scale 161864336 ~ < Rotation |0.0°

Hinh 1-15: Polygon ctia ddi twong nha sau khi sb hoa trén anh UAV
Budc 5: Tién hanh kiém tra topology

Budc nay duoc thyc hién nham kiém tra cac topology bi 1 trong qua trinh sé hoa vi
du bit qua hodc chua t6i diém.

(@ Check Validity X
» - 3=
Parameters | Log Check validity
Input layer = This algorithm performs a validity
== check on the geometries of a vector
(59 KimDinh — Nha_KD [EPSG:5899] Y (:I % =] layer.
Selected features only The geometries are classified in three
groups (valid, invalid and error), and a
Method vector layer is generated with the
The one selected in digitizing settings QGIS (@ GEOS features in each of these categories.
Ignore ring self intersections By default the algorithm uses the strict
OGC definition of polygon validity,
Valid output [optional] where a polygon is marked as invalid
- S if a self-intersecting ring causes an
[Create temporary layer] v interior hole. If the "Ignore ring self
. . intersections” option is checked, then
V| Open output file after running algorithm this rule will be ignored and a more
Invalid output [optional] lenient validity check will be
performed.
| [Create temporary layer] e
V| Open output file after running algorithm
Error output [optional]
- - -
0% Cancel
Advanced ¥ | | Run as Batch Process... Run | Close Help

Hinh 1-16: Kiém tra topology cua di tugng di s6 hoa

V/Render @epsciaie @

Ngoai ra ciing ¢ thé chuyén sang dang shape file 16p ddi tuong di dugc sé hoa bang

cac phan mém khac

nhu AutoCad hoac Microstation. Truong hop nay st dung cong

cu export 16p ddi tugng vao phan mém QGIS nhu trong
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Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processir

|
|
| New from Template

] New

Open...
Open From

{ Open Recent

|i Close

‘ [ save

| B save As...
Save To
Revert..

Ii ¢/ Properties...

Snapping Options...
Import/Export [ =% Export Map to Image...

| 2} New Print Layout...
k New Report...
4 Layout Manager...
Layouts
Models
Exit QGIS

Ctri+N ) RBPPrPPo e gl

Ctrl+O

Ctrl+S
Ctrl+Shift+S e

Ctrl+Shift+P

Ctrl+P /@ Export Map to PDF...

Ctrl+Q

Hinh 1-17: Xuét file dir liéu d4 sé hoa sang dang shapefile st dung phan mém

QGIS

Qua trinh tao mau cho mé hinh hoc sau duoc thyc hién béng cach chi nho anh ortho
dau vao thanh nhidu mau nhé. Vi anh UAV sau khi nan tir nhiéu anh chup s& c6 kich
thudc rat 16n (GiGa Byte nhu di thao luan trong phan anh mau) khong kha thi cho
viéc phat trién md hinh hoc may su dung mang. Viéc doc toan bg hinh anh vao bo
nhd va str dung no6 cho viéc phat trién mé hinh U-Net 1 khong kha thi. Vi thé, dé ting
hiéu suét cua qua trinh huén luyén anh nin s& duoc chia thanh nhiéu mau nho goi la
céc tiles. Kich thudc cua tiles phu thudc vao cach thiét ké mé hinh va thudng c6 kich
thude (256 x 256), (512 x 512) hodc (1024 x1024) pixel.

3

0-10752 0-11264

0-11776 0-12288 0-12800 0-13312

Hinh 1-18: Cac mau tiles duoc chia nho tir mot tim 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 cac “mdt na - mask” v&1 mire do xam 1a 8 bit. Cac mask st dung dé
phan biét doi tugng bdi ma nhi phan. Vi du trong Hinh 1-19 phéan c6 doéi tugng nha



(trong ng voi mau tring) duoc ma 14 1 va phan khong co ddi twong nha (twong tng
véi mau den hay la background) c6 ma 1a 0.

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

Hinh 1-19: Cac mask tuong trng véi cac tiles
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« W n_7680
Vertex Editor

eA
‘

Mk

»

Right click on an editable feature to show its table of vertices. ° O‘

When a feature is bound to this panel, dragging a rectangle to select .’ 1
vertices on the canvas will only select those of the bound feature. Q@ A

Hinh 1-20: Céc doi twong la Nha dwoc vector héa tiwong iing véi cdc tiles
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(a): True ortho- anh tryc giao (b): Vector dbi tuong nha

(c): mdt na cua toa nha

Hinh 1-21: Mgt mdu tir tdp dit liéu trong khu viee nghién civu trong dé (a)-anh truc
giao, (b)- la vector cua toa nha, va (c) la mask duoc raster hoa téa nha.
1.3 Quy trinh trich xudt di¥ ligu dnh siv dung mang hoc siu
Hau hét phurong phap hoc sau tmg dung cho trich xuat 16p nha déu dya trén viéc xay
dung mit na (mask) theo dang raster, dang ma khong thé str dung truc tiép & trong dit

liéu GIS. Vi vay, mo hinh hoc sdu dua trén phan doan ddi tuong (semantic
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segmentation) tap trung vao viéc trich xut truc tiép vét toa nha dudi dang cac dudong
polygon. Tuy nhién, nhitng mé hinh nay gip khé khin vé d6 chinh xac va cac hinh
dang bét thudng cua toa nha. Hién nay, phuong phap trich xuit ddi twong nha dua
trén viéc hoc tir cac khung dé trich xuét footprints cua tda nha bdi cac vector dang
polygon truc tiép tir anh RGB. Phuong phap FCN duogc dao tao dé hoc tir cic mi na

toa nha (mask), dudng dong mirc, va cac khung bai phuong phép polygon hoa.

nDSM

Frame field learning method

Polygon

segmentation vectorization

Hinh 1-22:Trich xudt doi twong nha tiw anh RGB+ nDSM trén mé hinh hoc sau voi

dau ra la cac polygon (Sun 2021)

Ban dau cic mo hinh hoc su ap dung cho anh v¢ tinh voi dau vao chi 1a cac anh véi
ba kénh RGB nhu dugc gidi thidu (Girard, Smirnov et al. 2020). Anh quang hoc bi
gi61 han boi thong tin vé d6 cao nén viéc két hop v61 mo hinh s6 bé mat DSM dé cho
phép trich xuat d6i twong s& gop phan nang cao do chinh xac. So d6 quy trinh trich
xuét dit liéu dua trén mo hinh mang hoc sau tr anh (RGB) két hop mod hinh s6 do
cao/bé mat (DSM) duogc thé hién nhu hinh Hinh 1-22. Baseline duoc tao ra ddi voi
cad anh (RGB) va DSM phuc vu cho viéc so sanh véi cac polygon dugc tao ra tor mo
hinh. P9 chinh xac duoc dénh gia dya trén ba mire pixel, ddi twong va polygon (pixel-
level, object-level, polygon-level). Thém vao d6, phan tich do 1éch vé s6 lugng trén
s6 lwong nha trich xuét béi mé hinh va so sanh vdi cac polygon chuin. Pay ciing 1a
mot tiéu chi khic dé danh gia chét luong trich xuét ciia mo hinh nhung khong phai 13
mot tiéu chuan. Mang hoc sau duoc thiét ké dua trén mang U-Net dugc trinh bay

trong chuong 2.
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Dit liéu dau vao: Anh (RGB) + DSM

g

Thiét ké mang

0

Dao tao mo hinh (Training) 4

Tao
baseline
cho anh
va DSM

!

banh gia mo hinh (Validation)

ﬂ' Sai

banh gia d6 chinh xac

g

Két qua validation tét S—

ﬂ, bung
Kiém tra (testing)

g

banh gia 6 chinh xac

g

> Két qua testing t6t

So sanh

|

Panh gia d6 chinh xac polygon

|

Hinh 1-23: So dé quy trinh trich xudt dir liéu sir dung mang hoc sdu
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Chwong 2 THUC NGHIEM
2.1 Dir liéu khu vue nghién ciru

Dit liéu phuc vu nghién ciru trong dé an t6t nghiép nay 1a 16p ddi tugng nha tai mot
s6 khu vuc dan cu & cang bién tai Ngai Giao, Kim Dinh tinh Ba Ria - Viing Tau va
khu vuc Cam BPurc, Cam Ranh tinh Khanh Hoa. Lép ddi tuong nha dugc s6 hoa truc
tiép tir anh mau UAV (3 kénh phd) voi do phan giai khong gian rit cao tir 5 dén 10cm.
bé thuc hién vi¢c dao tao mo hinh hoc may, bd dir liéu dugc chia thanh ba tap dir licu
doc lap dé phuc vu cho ba muc dich g@)m dao tao (training), danh gid mo hinh
(validation), va kiém ching thuc té (testing). Sau day s& trinh bay cu thé ba tap dit
liéu nay.

2.1.1 Tép di¥ ligu hudn luyén mé hinh (Training data set)

Training data set 1a 1a mot tap dir liéu dung dé huan luyén cho mé hinh cuia thuat toan
hoc may (Machine Learning). Pay thuong la mdt tap dix li¢u c6 kich thude 1on, dugce
dung dé training trong qua trinh huin luyén hoc may. Training data set bao gdm bo
dir liéu dau vao (input) va bd dir liéu dau ra (output) twong ung, trong d6 output
thuong duoc goi 1a nhan (label hodc target). Cac thudt toan hoc may néi chung s€ tim
cach tdi wu sai s6 dy doan trén tdp huin luyén nay dén muc “du” tét theo ting bai

todn va muc ti€u ing dung cu thé.

Trong nghién ctru nay, bd dit liéu phuc vu viéc huan luyén (training) moé hinh duoc
téng hop tir 5 khu vuc khac nhau tai thi tran Ngai Giao, Huyén Chau Duc, tinh Ba
Ria-Viing Tau v6i 2829 mau. Cac file duoc sir dung gdm: Ngdi giao khu vie 1, Ngdi
giao khu vuc 2, Ngadi giao khu vuc 3, Ngadi giao khu viuc 4, Ngai giao khu vuc 5.

2.1.2 Tap dit ligu ddnh gid hi¢u ning mé hinh hoc mdy trong qud trinh hudn luyén
(Validation data set)
Sau khi xay dung mot mo hinh hoc may va huén luyén n6 trén mot tap dir licu huin

luyén (training data set), budc tiép theo 1a danh gia hi¢u niang ctia mo hinh trén tap
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dir liéu mdéi doc lap voi tap dir liéu da phuc vu cho qua trinh huin luyén & trén. Giéng
nhu training data set, validation data set cling bao gom céc cip gid tri input va output
tuong ng. Tuy nhién, input & output cta tap validation data set khong dung dé huan
luyén trong qua trinh hoc may ma chi sir dung dé kiém tra d6 chinh xac ctia mé hinh
hoc may trong qua trinh hun luyén. N6i cach khac, validation data set 1a tap cac gia
tri input di kém véi gia tri output va dugc dung dé kiém thir d6 chinh x4c ctia mé hinh

hoc may trong qué trinh huén luyén (training).

Trong nghién ctru nay, tap dir liéu phuc vu cho vi¢c danh gia hi€u qua cia mo hinh
trong qua trinh huan luyén (validation) mé hinh duoc thu thap tir khu vuc phuong

Kim Dinh tinh Ba Ria-Viing Tau véi 457 mau.

2.1.3 Tép dit liéu ddinh gid hiéu ning mé hinh hoc mdy sau qud trinh huén luyén

(Testing data set)

No6i mot cach dé hiéu, Testing data set 13 tap dit liéu dung dé kiém tra mo hinh sau
khi may tinh d3 hoc xong. Mot mé hinh hoc may sau khi duoc huin luyén s& can phai
duoc kiém chimg xem né cé dat hiéu qua khong théng qua viée danh gia do chinh
xéc. Néu do chinh xac cia mé hinh dap ung duoc yéu cAu thi md hinh duoc coi la dat
yéu cAu. Nguoc lai néu do chinh xéc khong dat yéu cau thi can phai dao tao lai mo
hinh hay x4c dinh lai cac siéu tham s (hyperparameters) ctia mo hinh. Dé kiém tra,
danh gia do chinh x4c ctia mé hinh ddi véi phuong phap hoc may, tap kiém tra (testing
data set) duoc sir dung. Khac v6i training data set, testing data set chi gdbm cac gia tri
input ma khong c6 gia tri output. N6i mot cach ngén gon, testing data set 13 tap cac
gia tri input va dugc dung dé kiém thir d6 chinh x4c ctia nhitng mé hinh hoc méy sau
khi dugc huin luyén. Vay su khac nhau giita cong dung testing data set va validation
data set 1a gi? Testing dugc dung dé kiém mé hinh “sau” qua trinh huén luyén, con
validation set dugc str dung dé kiém mo hinh “trong” qu4 trinh huén luyén.

Trong nghién ctru nay, tap dir liéu phuc vu cho viéc danh gia hiéu ctia mé hinh sau
qua trinh huin luyén (testing) mé hinh dugc thu thap tir khu vuc Cam e, huyén

Cam Lam va thanh phé Cam Ranh tinh Khanh Hoa v6i 538 mau.
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2.3 Phat trién mé hinh Unet dé phan loai déi tweng nha

Kién triic cia mang Unet giéng nhu hinh chit ‘U’ ddc diém nay giai thich cho tén goi
ctia né. Kién trac nay gdm 3 phan: contraction (encoder), bottleneck va expansion
(decoder). Phan contraction duoc tao boi nhiéu khéi (block), mdi khdi gom hai 16p
CNN c6 kernel size 1a 3x3, theo sau bdi mot 16p 2x2 max pooling. S6 luong kernel
hay feature map ting gap doi sau mdi khoi, do d6 kién tric nay c6 thé hoc nhing dic
trung phirc tap mot cach hiéu qua. Lop & vi tri thap nhit (bottleneck) lam trung gian
giita cac 10p & phan contraction va phan expansion. N6 dung 2 16p 3x3 CNN, theo

sau boi 1 véi 2x2 up convolution.

Trai tim cta kién tric ndy nim & phan expansion (decoder). Twong ty nhu
contraction, n6 ciing bao gdom nhiéu khéi, mdi khéi gdm hai 16p 3x3 CNN theo sau
bdi mot 16p upsampling. Sau mdi khéi s6 lugng feature map dugc giam di mot nia
dé dam bao tinh dbi xtng. Tuy nhién dau vao cua mdi khdi expansion s& duoc ndi
thém feature map cta khdi contraction twong tmg. Su két ndi ndy s& dam bao céc
duoc trung duoc hoc trong qua trinh contracting anh s& dugc dung dé tai tao nd. S6
luong khéi expansion bang véi s6 lugng khdi contraction. Sau cuing, két qua sé dugc
dua qua mot 16p 3x3 CNN khac véi sd feature map bang vai so ving mong mudn.

Kién tric caa mang Unet co ban va mang Unet duoc dé xuét thé hién trong.

Trong qué trinh phat trién mo hinh Unet str dung thu vién Pytorch, nghién ciru da
kiém tra do chinh xac cta ca dit liéu dao tao va dam béo rﬁng mo hinh khong bi qua
khit (overfitting) hodc khong khép (underfitting) véi mau dau vao. M hinh Unet tot
nhat s& dugc chon dua trén kha ning du doan chinh xac dbi twong 16p nha va phu hop
v6i cac nhan duoc chi dinh tir dit liéu huén luyén trong tap dir li€u tho. Nghién ctru
d trién khai mé hinh Unet bang thu vién Pytorch, sir dung API mé hinh Segmentation
trong khuoén kho ciia Pytorch. Nghién ctru da lya chon sir dung Pytorch thay vi

Tensorflow trong qua trinh phat trién mé hinh Unet vi mét s 1y do cu thé sau:

Dau tién, Pytorch cung cip mot cach tiép can don gian va tryc quan hon trong qua

trinh xay dung va dao tao md hinh. Ca phép cuiia Pytorch gidng voi viée 1ap trinh
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Python thong thuong, giup lam gidm do phire tap va tang tinh hi€éu qua cia qua trinh

phat trién.

Thit hai, Pytorch c6 mot cong dong 16n va tich hop cac tinh ning méi va cai tién mot
céch linh hoat va nhanh chéng. Piéu nay gifip cho viéc tiép can va tich hgp nhiing

phat trién méi trong linh vuc hoc may va thi gidc may tinh mot cach dé dang hon.

Thu ba, Pytorch thuong cho phép trién khai mo hinh mét cach linh hoat hon, dic biét
1a khi can tich hop mé hinh vao cac Gmg dung thuc té. Pytorch c6 cong dong hd tro

manh mé cho viéc trién khai trén nhiéu nén tdng va thict bi khac nhau.

Toém lai, sy linh hoat, truc quan va tich hgp nhanh chong cua Pytorch da 1am cho né
tré thanh lya chon wa thich trong dy 4n phat trién mé hinh Unet cia nhém nghién
ctru. M6 hinh Unet dugc thiét ké dé phan doan hinh anh va dugc xay dung dua trén
Pytorch thay vi Tensorflow. Chu ky dao tao ciia mo6 hinh Unet duoc gidi han ¢ 200
vong (epoch), tuy nhién, néu hé sb chinh xac trén tap dir liéu thtr nghiém hoi tu, chu

ky c6 thé bi ding lai néu tat ca cac gi tri chinh xac khong thay doi sau 20 chu ky.
2.4 Két qua dy doan (trich xuit) 16p nha tir md hinh

Nhu d trinh bay trong Chuong 1 vé cach ddnh gid mo hinh, theo d6 d6 chinh xé4c cua
mo hinh duoc danh gia thong qua hai budc gdm danh gia trong qua trinh dio tao mo
hinh (validation) va danh gi4 sau qua trinh dao tao mé hinh (testing). Trong d@ tai nay
ba bg dir li¢u sir dung dé dao tao (training) mo hinh, validation va testing dugc st
dung & ba khu vuc c6 dic diém ddi twong can trich xuat (16p nha) tuong ty nhau. Nhur
dda néu & phﬁn 4.1, m6 hinh duogc hoc tir 2829 mau anh c¢6 kich thude 512x512 pixel
tai Ngai Giao, Huyén Chau Puc, tinh Ba Ria-Viing Tau.

Tir cac siéu tham sb (hyperparameters) xac dinh dugc trong qua trinh huin luyén, tién
hanh danh gia do chinh xac mé hinh (validation) thong qua tip miu da duoc chuan
bi. Tap validation ciing 13 cadc mau anh c6 kich ¢& 512x512, trong thuc nghiém nay,
tap validation gdm gdm 457 mau anh tai phuong Kim Dinh tinh Ba Ria-Viing Tau.
Luu y trong chuong trinh may tinh hai budc training va validation dugc thuc hién
lién tiép nhau trong cting mot chwong trinh may tinh. Sau day sé& trinh bay két qua
danh gia do chinh x4c cua hai qua trinh training va validation.

Bang 4-3 trinh bay két qua danh gia d6 chinh xac cua training va validation khi sir

dung ba loai ham loss function gdm CeLoss (cross entropy), DiceLoss, va FocalLoss.
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e Dbi voi training mo hinh:
Do chinh x4c (training accuracy) dao tao mé hinh ctia ham CeLoss dat gi tri tot hon
(0.99) khi so voi truong hop md hinh sir dung ham DiceLoss va FocalLoss 1a 0.96 va
0.97, twong mg. Cac gia tri cia ham mat mat train_loss_epoch va train_loss_step
cling c6 xu hudng tuong tu nhu gia tri do chinh xac training. Gia tri Train_loss_epoch
va train_loss_step khi st dung Celoss 1a 0.003 va 0.004 so v6i khi st dung ham
DiceLoss 12 0.069 va 0.056 va FocalLoss 1a 0.022 va 0.019, twong tng.
e Dbi voi validation mé hinh:

M6 hinh dugc danh gia trong qua trinh dao tao validation accuarcy co6 gia tri hop ly
so véi gia tri khi dao tao training accuracy. Gia tri cua validation accuracy khi ap
dung ca ba ham CeLoss, DiceLoss va FocalLoss déu nhé hon so vé6i gia tri training
accuracy. Trong d6, validation accuracy khi st dung ham mét mat CeLoss ciing c6
do chinh xac cao hon chut it so véi hai ham con lai. Gia tri dat dugc 1a 0.942 (CeLoss)
so voi 0.926 (DiceLoss) va 0.937 (FocalLoss). Tuy nhién gid tri mat mat
val loss_epoch khi str dung CeLoss lai cao bat thudng 0.59 mic du s6 epoch st dung
1én t&i 60 trong khi str dung hai 13 mat mat con lai chi mat 20 epoch cho mé hinh hoi
tu (xem chi tiét trong cac. Do d6 can phai xem xét lai md hinh trong trudng hop nay.
Hai yéu t6 nén phai xem xét dé dao tao mo hinh d6 1a sé lwong mau va do chinh xéac
tao mau. Boi vi hién tai mo hinh méi chi sir dung duéi 3000 mau nén co thé chua
dam bao sy da dang vé miu. Cac mau cling can dugc xem xét lai trong qué trinh
vector hoa dbi tugng nha vi dy trudng hop tao dudng bao gop nhiéu nha lién ké thanh
mot khu nha hodc gdp hinh anh ctia mai hién, nha bép. .. vo1 nha chinh thanh mot doi
tugng nha. Bang 0-1: So sanh két qua danh gia mé hinh vai s6 lugng epoch 14 40 va
60Ngoai chi tiéu danh gia (metrics) theo d6 chinh xac tong thé (accuracy) thi con co
cac thudc do khac dang tin cdy hon d6i voi bai todn phan doan hinh anh
(segmentation) nhu chi s6 IoU (ti s6 ving giao va ving hop) va d6 do Dice nhu da
trinh bay trong Chuong 2. Phan nay sé& tong hop két qua danh gia mo hinh thong qua
chi s6 ToU véi hai 16p nha (building) va 16p background.
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Céc chi s6 do chinh x4c accuracy va theo IoU cua cé 16p building va background déu
tang theo sd luong vong lip epoch ting 1én tir 40 dén 60 va md hinh ¢6 xu hudng hoi
tu. Bo chinh xac téng thé va theo IoU cua 16p nha dat mac 0.99 va 0.97 tai epoch=60
tuong rng voi hai budce training va validation. Bén canh d6 d§ chinh xac cua 16p
background cling dat dugc 0.88 va 0.87 véi budce training va validation tai epoch =60.
Gia tri trung binh mlIoU cua hai 16p building va background cling xac dinh dugc voi
gia tri 1a 0.927 tai epoch =60 cho ca hai budc trén. Gia tri ham mat mat cta budc
training giam tir 0.0057 giam con 0.0099 khi sb vong lip ting 1én tir 40 dén 60. Gia
tri nay 1a phi hop va thé hién ring mo hinh hoi tu v6i cac tham sé dd chon. Tuy nhién
& budc danh gia validation thi gia tri ham mét mat val loss_epoch lai tang tir 0.244
dén 0.484 voi s6 vong lap ting 1én tir 40 1én 60 (c6 thé xem sy thay ddi nay trong
....). Két qua nay cho thidy mé hinh & budc danh gia validation van chua dat yéu cau
vé dao tao md hinh, cho nén can phai tiép tuc diéu chinh lai mau (s6 lwong miu ting
1én hoic cach tao mau) hodc thay doi cac tham s6 cia mé hinh...Tuy nhién trong gi6i
han cua dé tai cac van dé nang cao do chinh xac mé hinh chwa duoc trinh bay & day.
e Dbi voi danh gia mé hinh sau khi dao tao mé hinh (testing)
Panh gia mo hinh sau khi dd dio tao 13 qua trinh testing. Dé thyc hién budc nay dé
tai da sir dung 538 mau anh co kich thudc 512x512 pixel tai khu viee Cam Dric, tinh

Khanh Hoa. Két qua dy doan doi tuong nha b?mg mod hinh Unet da duoc dao tao duogc

thé hién trén Hinh 0-3 va so sanh véi doi tugng thyce trén Hinh 0-4.
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Hinh 0-2: Lép nha dwoc sé héa (vector) sir dung lam doi twong thiee dé testing
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Hinh 0-4: So sanh két qua diw dodn (dwong mau dé) va déi twong thue (mau vang)
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Quié trinh sb hoa tu dong ddi tuong nha bﬁng mé hinh Unet d3 dat duoc mot sb két
qua nhét dinh. M6 hinh d3 phat hién duoc ddi twong nha thé hién bang dudng mau
d6 (du doan) d3 nam trén cac dbi twong nha trén hinh anh UAV va phu hop v6i mau
(mau vang) da s6 hoa. Tuy nhién ti 1& duong mau do6 va vang trung khép nhau van
con thap didu nay cho thay do chinh xac du doan tir mo hinh con thap. Pac biét co
mot sd vi tri c6 mAu nha ma md hinh chua phat hién ra hoac vi tri khong c6 nha mo
hinh lai du do4n sai. Diéu nay cho thiy can phai diéu chinh lai mé hinh va hoc thém
v6i s6 lugng mau 16n hon béi vi mo hinh dang chi st dung dao tao véi dudi 3 nghin

mau.
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KET LUAN VA KIEN NGHI
Quy trinh trich xuat dit liéu tir anh UAV duoc dé xuit trong dé an 13 mot két qua quan
trong nham bo sung thém co s¢ khoa hoc va co ¥ nghia thyc tién trong thong tu
07/2021 ctiia B6 TN&MT vé viée cho phép thanh 1ap ban dd dia hinh ti 18 16n va co
so dir liéu tir thiét bi bay khong ngudi 1ai UAV. Quy trinh dd néu day du cac budc tir
thu thap dit liéu bay UAV, tao mau cho qua trinh hoc sau, danh gia két qua tir bo dir
liéu dao tao va cubi cung la trich xuét dit liéu. Thoéng qua thuc nghiém, két qua trich
xuét dit liéu da bude dau dap tng duoc muc ti€u dé ra vé phan loai ddi tuong nha.
Diéu nay minh chimg cho quy trinh dé ra 13 hop 1y va c6 tinh thuc tién cao. Tuy nhién
van can chil y dn cong tac xdy dung bd miu va cai thién cac mo hinh hoc sau trong

cong tac dao tao mo hinh dé mang lai két qua vadi do chinh xac cao hon.



31

TAI LIEU THAM KHAO

"Thong tu s6 07/2021/tt-btnmt quy dinh k§ thuat thu nhan va xu 1y dit liéu anh s6 tir tau bay
khong ngudi 1ai phuc vu xdy dung, cap nhét co s dir liéu nén dia 1y qudc gia ty 1& 1:2.000,
1:5.000 va thanh 1ap ban db dia hinh ty 1& 1:500, 1:1.000."

Cuong, N. S., T. X. Truong, T. H. Hanh and B. N. J. T. ¢. K. h. K. t. M.-D. c. Vi, 60 (2019).
"Néng cao chét lugng xay dung mé hinh 3d bang két hop cong nghé bay chup uav va quét
laser mit dat." 10.

Girard, N., D. Smirnov, J. Solomon and Y. J. a. p. a. Tarabalka (2020). "Polygonal building
segmentation by frame field learning."

L&, V. C., T. T. H. Lé and X. C. Cao (2020). "Nghién ctru lwa chon vj tri cit canh cho thiét
bi bay khong nguoi 1ai tich hop gnss dong phuc vu do vé thanh 1ap ban do dia hinh ty 1¢ 16n
cho cac md 10 thién= research on optimal takeoff positions of uav integrated gnss-rtk in
producing large scale topological maps for open-pit mines."

Long, N. Q. and C. X. J. T. c. ¢. n. m. Cudng (2019). "Ung dung méy bay khong nguoi lai
(uav) dé xay dung mo hinh s6 bé mit va ban do mo 19 thién khai thac vat liéu xay dung." 1:
21-29.

Long, N. Q., R. Goyal, L. K. Bui, C. X. Cuong, L. V. Canh, N. Q. Minh and X. N. J. A. o.
M. S. Bui (2021). "Optimal choice of the number of ground control points for developing
precise dsm using light-weight uav in small and medium-sized open-pit mine." 66(3).

Sun, X. (2021). Deep learning-based building extraction using aerial images and digital
surface models, University of Twente.

Sy, M. V., B.N. Quy and P. V. J. T. ¢. K. h. B. d. v. B. d. Hiép (2017). "Nghién ctru stt dung
dir liéu anh may bay khong nguoi 1ai (uav) trong thanh 1ap ban dd dia hinh ty 18 16n." (33):
49-57.



