Nghién ciu - Ung dung

XAY DUNG MO HINH SO PIA HINH TAI KHU VUC PO THI
TU DU LIEU ANH DJI PHANTOM 4 RTK

TRAN TRONG PUC
Truong Dai Hoc Bach Khoa - DHOG TP.HCM

Qua trinh xiz Iy dé thanh Idp M6 hinh s¢ bé mdt dia hinh (DTM) tir diz liéu anh chup ciia may
bay khong nguroi lai Phantom 4 RTK dwoc trinh bay trong bai bao nay. Vi tri cua camera ghi lgi
trong nhiém v bay diroc xit 1y két hop Véi 56 liéu do GNSS tai tram tinh trong phirong phdp do dong
hdu xaz Iy d@é dat dieoc vi tri bay chup ¢6 dg chinh xac cao. Md hinh dnh 3D dirot Xy dung tir cac dnh
chup 2D c6 dé phui chung sir dung phwrong phdp Tao Cau trdc tir Chuyén dong (Sfm). Ba diém khong
ché anh dwoc do véi d chinh xdc cao diroc sir dung dé dia tham chiéu chinh xac md hinh dnh 3D.
Sai s6 cdn chinh tong hop cia mé hinh dnh 3D dat xdp xi 2.7 cm. Tir mé hinh 3D, cdc diém chi tiét
bé mat dat da dirot xdc dinh trén co so-két hop phwong phép Classify Points va phwong phdp Classify
Ground Points va duroc sir dung dé tao md hinh DTM. Nam diém dia vt tai cac vi tri knéng bi che
khudt dueoc sir dung dé danh gid dg chinh x&c vi tri cd sai so Vi tri tong hop vé dg lon dat xap xi 2.5
cm. Muweoi bon diém dia vat tai c&c vi tri by che khudt dueoc i dung chi dé danh gid sai sé dé cao co
sai 56 dé léch chudn xap xi 0.147 m. Két qua cho thay i) ti vi tri thdng thoang dnh chup tir Phantom
4 RTK c6 thé cho phép tao ra bé mat 3D véi dg chinh Xac & cdp do centimet i) con tai vi tri bj che
khudt, d chinh xac trong tao DTM 1é thugc vdo phwong phdp phan logi xdic dinh cdc diém thuge bé
mat dat.

Tir khoa: Agisoft Metashape, Mdy bay khéng nguwoi 1ai, Md hinh sé bé mdt dia hinh

1. Pit van dé

Su phat trién ciia cac phuong phap Tao
Céu trac tir Chuyén dong (SfM) tao co hdi cho
viéc thu thap dit liéu ba chiéu véi chi phi rat
thap trong khi su giam sat ciia ngudi ding va
kién thire chuyén mon duogc yéu cau lai giam
manh (Westoby va nnk., 2012). Phuong phap
SfM cung cdp mé hinh dia hinh ba chiéu trén
co so str dung cac hinh anh chdng l4p thu dugc
tir cac goc nhin khac nhau bang méay anh va
thong tin tham chiéu dia 1y.

Véi su tién bo ctia cong nghé bay, da xut
hién ngay cang nhiéu nhitng mé hinh may bay

khong nguoi lai1 (UAV), thuong dugce goi la
Drone. M6t trong nhitng san pham UAV c6
mat va dugc st dung phé bién ¢ Viét Nam la
Phantom 4 RTK (DJI, 2020). Phantom 4 RTK
(DJI-P4RTK) 1a mot may bay khong nguoi 1ai
chup anh va 1ap ban d6 théng minh c6 kha
ning thyc hién chirc ning lap ban dd voi do
chinh xac cao.

Nham danh gia kha nang thu thap dir lidu
dia Iy 3D tur anh chup trén UAV, tac gia st
dung Phan mém Agisoft® Metashape
Professional v.1.7 (Agisoft LLC , 2021), mdt
cong cu SfM va xir Iy anh dé tai tao bé mat do
thi 3D tir mot loat anh chup thuc hién bdi may
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bay khong nguoi 1ai DIJI-PARTK. Muc do tu
dong hoa cao ciia phin mém trong céc tic vu
gitp dinh huéng khéi chum tia va cac budc
trong tao bé mit do thi 3D c6 d6 phan giai cao
tuong d6i thuan tién cho ngudi st dung. Tuy
nhién dé c6 thé tao duge md hinh bé mit dia
hinh (DTM) chinh x&c - khong bi anh hudng
boi 16p phu thuc vat va cac toa nha - doi hoi
ngudi sit dung phai can nhic dén nhiéu yéu t6
anh huong dén két qua xir Iy. P9 chinh xac
cia md hinh bé miat dugc tao theo phuong
phap do anh khong chi phu thude vao thong sd
hinh hoc va théng sb vat 1y khi bay chup ma
con 1€ thudc vao qua trinh xtr ly: SfM, phuong
phap Binh sai khdi, k§ thuat khop anh, thuét
toan loc nhiéu dam may diém... Qua trinh tao
mé hinh bé mat dia hinh do vay la mot qua
trinh twong d6i phtrc tap khi sb bién tham gia
vao qué trinh 13 twong d6i 16n. Nhu 1a mét
dong gép thém vao trong linh vuc nghién cuu
xtr Iy anh chup tir UAV dé tao DTM, bai béo
trinh bay két qua dat dugc trong s dung
phuong phéap phuong phép do dong hau xtr Iy
(Post-Processing Kinematic PPK) va k¥ thuat

SfM trong tai tao mo hinh s6 bé mit dja hinh
tir b dit liéu anh chup thing dimg khu vyc do
thi thu dugc tir Phantom 4 RTK.

2. Dir li¢u va phwong phap

Khu vuc khao sat 1a khu vyc nim ngay nut
giao gitra duong kénh Tan Hoa va duong
Nguyén Trong Quyén thudc phuong Tan Théi
Hoa, quan Tan Phu (10°45'54"N; 106°38'7"E).
Khu vyc nay 1a khu dan cu dong duc véi kha
nhiéu nha cao tang, xen ké 14 cac tham co ciing
nhu cdy bui tim thdp. Bén canh dé con bao
gdm cac loai dia vat ¢d dinh nhu: hd ga, tru
dién, cay xanh do thi,...

Phuong phéap thu thép va xu ly dir li¢u
duoc xdy dung dua trén i) tai liéu hudéng dan
sir dung Phan mém Agisoft® Metashape va ii)
cac nghién ctru cua Cedric Mayer 2018, Yuri
Taddia 2020, va Jin-Si 2021. Phuong phap thu
thap va xt ly dir liéu dugc minh hoa trong
Hinh 1. Noi dung chi tiét vé cac budc trong
phuong phép duoc trinh bay chi tiét ¢ nhiing
phan tiép theo.

Tap tin Dir liéu vi tri

RINEX vitri |—» | anten thu hau |<— %&Nléés“
anten thu xu ly
~3 : : Dit li€u vi tri Céc diém .
i | T B v ! . a z 3

% E__.’fi camera hau xur khong ché Danhsgla sat
o ly anh
v v A

Tao mo hinh danh 3D Tao DTM
Anh chup » | - Can chinh anh —» | - Téi tao bé mit diém chi tiét
- Dia tham chi¢u - Xay dung DTM

- Tbi wu hoa dam may diém

Hinh 1: Phuwong phap thu thap va xu ly dir liéu

2.1. Thu thdp di# ligu ngoai thue dia

Chuyén bay duoc thuc hién véi mot DJI-
P4RTK dugc trang bi 20 Mpix camera va
dugc 1ap ké hoach bay vai tc d6 bay chup 9
m/s, anh duoc chup thing dung véi do pha
ngang 70%, do phu doc 80%, chiéu cao bay

75 m. Piéu ndy nhiam dam bao khoang cach
ldy mau mat dat (GSD) ~ 2.06 cm. Trudc
chuyén bay, mot sé diém da dwoc danh dau
chir thap trén mat dit bang son xit mau do,
kich thudc do rong nét chir thap 5 cm va chiéu
dai nét chir thap 1a 40 cm. Céc diém nay duoc
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str dung nhu 1a diém khdng ché mit dat (GCP)
cho viéc gan md hinh khong anh ti hé toa do
dia ly tham chiéu. Tién hanh dung phuong
phap do dong thoi gian thuc RTK sir dung
maéy thu vé tinh 2 tan s6 GNSS V90 Plus cua
hang HI-TARGET dé do ndi tir méc gbc vé
cac diém GCPs d3 b tri trong khu vuc do. Hé
toa do duoc str dung dé do cac diém GCPs la
hé toa do VN-2000 (mdi chiéu 3°, kinh tuyén
truc TP.HCM 105%5').

2.2. Hau xi¢ ly diz ligu Vi tri dng ten ciia
bg thu RTK cia DII-P4RTK theo phwong
phap PPK

Pé thyuc hién chinh stra vj tri ang ten cua
bo thu theo phuong phap PPK, s& can 3 tap
tin: Tap tin “rover”, 1a dit liéu RINEX dén truc
tiép tor Phantom 4 RTK; Tap tin “tram tinh”,
1a dir liéu quan sat RINEX tai tram tinh cd
dinh; dir liéu ban lich v¢ tinh, 1a dir li¢u dinh
vi vé tinh chinh x4c. Phan mém thuc hién hau
xtr 1y PPK 14 g6i phan mém ngudn mé ding
trong dinh vi GNSS RTKLIB (T.Takasu,
2009). Két qua hau xur 1y 1a tap tin .pos. Téap
tin .pos cung cap tinh toan chinh xac nhat vé
vi tri dng ten cta by thu RTK cliia may bay
khong ngudi 14i trong suét chuyén bay ctia né.
Tuy nhién, n6 khong thyc hién bat ky diéu
chinh nao d6i vi chuyén dong twong ddi cua
may anh, thoi diém may anh chup anh hodc
chuyén d6i hé thong toa do. Tir vi tri chinh xac
ang ten cua bd thu RTK cuia may bay khong
ngudi 1ai, két hop d6 léch da biét giira ang ten
cta bg thu va tdm camera dugc bao céo trong
sd cac thong sé k§ thuat ciia DJI-PARTK (DJI,
2020), vi tri ctia may anh thuc té tai thoi diém
chinh x4c ma may anh da chuyp s€ duoc diéu
chinh theo tuong tng. Qua trinh tinh todn vi
tri diéu chinh nay dugc thuc hién st dung
phin mém GeotagPPK duoc cung cip boi
Cong ty TNHH Thiét Bi Xay Dung Béch

Khoa (Dwong Minh Au, 2021). Tép tin CSV
két qua nhan dugc tir GeotagPPK chira cac vi
tri da chinh stra PPK cho cac vi tri camera cua
tat ca céac blrc anh duoc chup. DU li€u nay s&
duoc nhap vao phin mém cho cac budc xur 1y
tiép theo.

2.3. Tao mod hinh anh 3D

Sau khi xac dinh chinh xac toa d vi tri
may anh thong qua phuong phap PPK, cac mo
hinh do quang tric anh duoc tao cho ca tap dir
liéu anh dugc chup.

Quy trinh xr Iy tao md hinh dugc thuc
hién bao gdm cac budc sau:

i. Can chinh anh: Can chinh anh la qua
trinh tim kiém cac diém dic trung duy nhat,
duogc goi la "diém chinh", trong mdi hinh anh
riéng 1¢ va két hop chung theo timg cdp hinh
anh thanh nhiing diém duogc goi 1 "diém rang
budc"”. Qua trinh nay tinh toan vi tri (X, y, z)
va thé (o, ¢, ) ciia camera, ma no 1a yéu t6
dinh huéng ngodi, cho mdi hinh anh. Sin
pham cta budc cin chinh 1d mot mo hinh may
anh, yéu td dinh huéng ngoai ctia may anh,
mot tap hop cac hé s6 hiéu chuan may anh udc
tinh, mot tdp hop céc diém rang budc duogc
dinh vi dia ly vai cac gia tri do-luc-lam (RGB)
ctia ching (thuong dwoc goi 1a ddm mady diém
thua).

ii. Pia tham chiéu: Tham chiéu dia Iy cta
dam may diém thua dén hé thong toa do trong
thé gidi thuc duoc tién hanh sau khi cin chinh
anh béng cach stir dung toa do cua it nhét ba
diém khéng ché anh (GCP) xac dinh bang
khéo sat tric dia. GCPs cling s¢ dugc su dung
dé tinh chinh yéu té dinh huéng trong va ngoai
ctia anh trong qua trinh téi wu héa & bude tiép
theo.

iii. Toi wu héa dam mdy diém: nham loai
b6 cac bién dang phi tuyén tinh c6 thé co cua
mo hinh béng cach t6i wu hoa ddm may diém
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udc tinh va cac thong sb may anh dua trén toa
d6 tham chiéu da biét. Trong qué trinh t6i wu
héa nay, toa do diém uce tinh va thong ) may
anh duoc didu chinh dé giam thiéu tong sai sb
thé hién su khac biét vi tri gilta cac diém
khéng ché anh va cac diém tuwong ng nhéan
duoc tir md hinh. Quy trinh tdi wu héa bao
gdm i) quy trinh 1: Gidm s lugng diém rang
budc 16i va ii) quy trinh 2: Cai thién cac thong
s6 dinh hudng trong va ngoai. Trong quy trinh
1, cac diém rang budc khong dang tin cay bi
loai bo va trong quy trinh 2, cac théng sb dinh
hudng trong va ngoai dugc tinh chinh. Quy
trinh t6i wu hoa dugc thuc hién theo cach lap
di lap lai trén ddm may diém thwa. Bang cach
nay, cic 16i khép anh cao trong qua trinh cin
chinh anh ban dau - 1am giam chat luong ctia
cac két qua diéu chinh khéi chum tia tiép theo
- s& bj loai bo. Piéu nay ciing dan dén nhanh
hon trong tao dam may diém day dic o budc
tiép theo.

2.4. Tao DTM

Sau khi hoan tt hiéu chuan mé hinh hinh
hoc, thong s6 anh va dam may diém thua da
dugc chinh sira, cic san pham khong gian sau
day co thé duoc tao ra tir md hinh: dam may
diém chi tiét va mo hinh bé mat s6 (DSM)
hoac DTM.

i. Pam may diém chi tiét: Dam may diém
thua dugc st dung dé tim ra cap anh nao
chong 1én nhau. Dya vao cip anh chong lén
nhau, anh do sau dugc tao ra. Mdi pixel trén
anh d6 sau thé hién mic do xa gz‘?m trong
khong gian 3D. Dya trén toa do6 GPS da biét
cua tdm anh (camera), cac pixel dugc dinh vi
chinh xéac trong khdng gian 3D, hinh thanh
nén dam may day dic cac pixel hodc diém chi
tiét. Cac diém chi tiét c6 thé dugc gan mau dua
vao vi tri ctia chiing trén ngudn anh chup.

ii. M6 hinh DTM: M6 hinh DTM dai dién

cho dd cao cua mat dat dugc tao ra tir dam may
diém chi tiét.

3. Két qua

Hinh 2 thé hién anh khu vuc bay chup, do
hinh tuyén bay, vi trf tAm anh chup (diém tron
trang), 3 diém khdng ché anh (1a co voi tén
diém) va ranh khu virc quan tm (nét dut do)

® 0 09

Hinh 2: Anh khu viee bay chup

159 anh da dugc tai vao phan mém va
dugc tién hanh can chinh anh so bo, c6 nghia
1a d6i véi mdi buc anh, vi tri va huéng may
anh gan diing dugc tinh toan va cac diém rang
budc duge trich xuat dudi dang mot dam may
diém thua nhu thé hién trong hinh 3.

Tur két qua can chinh so bd cua tap dir licu
anh, néu dem so sanh vi tri cua cac du chit
thap véi vi tri cac diém kiém tra GCP tuong
mg cho thay sy khac biét vé khoang cach c6
thé 1én dén 1m. Piéu nay di cho thiy sy can
thiét phai sir dung tap cac GCPs dé dam bao
viéc tao ra cac mé hinh do quang trac anh véi
d6 chinh xac cp do centimet.
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Bang 1: Sai s6 xdc dinh diém khong ché
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Hinh 3: Bam may diém thua

Do vy, qua trinh dia tham chiéu dam may
diém thua da dugc tién hanh sau khi can chinh
anh so bo bé“mg cach st dung toa do cua ba
diém khéng ché anh (GCPs) co toa do xac
dinh chinh x4c bang phuong phap do GPS.
Qua trinh dia tham chiéu st dung phuong
phap chuyén d6i tuong ty 7 tham s6 (3 tham
s6 chuyén dich, 3 tham s§ xoay va 1 tham s
ty 18). Phwong phéap chuyén ddi nhu vay chi c¢6
thé bu dap sai 1éch tuyén tinh trong mé hinh.
Céc bién dang phi tuyén tinh c6 thé c¢6 cia mo
hinh s& dugc loai bo bang cach t6i vu hoa dam
may diém udc tinh va thong sb may anh dya
trén toa do cac diém khéng ché anh (Cedric
Mayer va nnk., 2018). Cong viéc t6i vu hoa
duogc thuc hién st dung chirc nang optimize
cua Agisoft Metashape. Muc ti€u la tao ra mot
dam may diém thua chi duoc tao thanh tir cac
diém rang budc chat lugng cao. Cac diém rang
budc chét lugng thép duoc chon valoai bo bao
gém 1.) cac diém duoc tao tir mbi quan h¢ hinh
hoc kém gitta cac may anh; ii) cac diém duoc
cho ¢6 @6 chinh xac d6i sanh kém; va iii) cac
diém duoc cho la khép sai. Qua trinh lya chon
va loai bo diém 1a 1ap di 1ap lai. DG chinh xac
xdy dung mo hinh quan tric anh duoc tinh
thong qua danh gia sai s6 RMSEs cla céc
diém GCPs.

X Y 2 | Tong
Ten (cm) | (cm) (cm) hop
(cm)

gcp2 -0.178 | 0.058 | 0.474 | 0.509

gcp3 -0.250 | -3.158 | 0.251 | 3.178

gcp5 | 2.444 | 2.210 |0.935 | 3.425

RMSE | 1.422 | 2.226 | 0.622 | 2.714

bam may diém chi tiét dugc tai tao nhu
hinh 4 véi cac thong s6 dugc xac 1ap trong
Agisoft bao gdm: chat lugng duogc dit & mirc
trung binh, do cac ddi twong bé mat khong qué
phuc tap; Depth filtering dugc dat & muc
Aggressive.

Hinh 4: Bam mady diém chi tiét

DPam may diém chi tiét ban dau bao gom
tat ca cac diém trén bé mat. Xua 1y thém phai
dugc ap dung dé loai bo cac ddi tuong dia vat
nam phia trén bé mat dia hinh nhu cay xanh,
toa nha,...thong qua cac ky thuat phan loai
diém va chinh sira dé c6 thé tao ra DTM.
Nhiéu nén tang phan mém khac nhau c6 kha
nang thyc hién chirc nang nay, ¢ cac muc do
hoan chinh va chinh xé&c khac nhau.

Agisoft Metashape cung cdp mot bd cong
cu phén loai ¢ddm may diém gitp tao diéu kién
thuan loi cho viée san xudt DTM tir mot tap
hop con cac diém trong mot mo hinh.

i. Phuong phap Classify Points, mot
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phuong phéap phan loai gan nhu hoan toan tu
dong, ap dung cac k¥ thuat may hoc dé tu sip
xép cac diém - dwa vao mau RGB - vao céc
16p sau: Mat d4t, Tham thyc vat cao, Toa nha,
Puong, Xe hoi va cac dbi tugng nhan tao. Dya
trén cac diém thudc 16p mat dat va 16p duong,
bé mit DTM duoc tao nhu hinh 5. Quan sat
trén hinh 5 c6 thé thdy mot s6 nha dugc phan
loai nhdm vao 16p mét duong hoac dat do co
dac tinh phé phan xa hodc mau RGB cua
chung gan gidng nhau.

ZZ.ZmI

11.7m

1.15m

Hinh 5: DTM tir phuwong phap Classify Points

ii. Phuong phap Classify Ground Points:
Trong phuong phép nay, qué trinh phan loai
bao gom hai bude. O bude dau tién, ddm may
diém day dic duoc chia theo 6 c6 kich thudce
nhét dinh bang 50 m. Trong mdi 6, diém thap
nhét duoc cho 1a thudc mat dat duoc phat hién.
Mang lu6i tam giac xay dung tir nhimng diém
nay tao nén bé mit gan ding ciia mat dat. O
budc thi hai, mdi diém day dic co trong mdi
0 duogc xem xét va chi dugc thém vao 16p mat
dat khi né théa man hai diéu kién: né6 nim
cach nho hon 0.3 m tir bé mit dia hinh va goc
giita bé mit dija hinh va duong thang két ndi
diém méi nay véi mot diém tir 16p mat dat nho
hon mét goc 5°. Bude thir hai lip lai trong khi
van con diém day dic can kiém tra. Cac thong
s6 da dugc chon & trén s& thay ddi tuy theo su

hién dién cua cac d6i twong mat dat co tai khu
vuc bay chup va mang tinh thuc nghiém lap di
lip lai dé tim ra thong s6 t6i wu. Sau khi cac
diém thudc bé mat dat duge xac dinh, tir cac
diém nay bé mat DTM c6 thé duge tao nhu
hinh 7.

4.36mI

2.76m

1.15m

Hinh 6: DTM tir phuwong phap Classify
Ground Points

Han ché cua tao DTM khi ap dung
phuong phép nay trong khu vuc dd thi phirc
tap hodc ken day la c6 kha nang trong 6 co
kich thuéc nhit dinh da chon bang 50m c6 thé
chi chtra méi nha hodc cay, do vay diém duoc
chon dé tao ludi tam gidc nén mat dau thip
nhat nhung c6 thé khong phai 1a diém mait dat.

Do vay dé khic phuc han ché cua ting
phuong phap dong thoi tan dung dugc thé
manh cta ca 2 phuong phap trén, tac gia dé
Xuat phuong phéap tao DTM st dung ca théng
tin mau RGB ciing nhu d6 cao cua diém.
Phuong phap bao gdm 4 budc: i) Busc 1 sir
dung Phuong phap Classify Points dé phan
loai dam may diém day dic vao cac lop Mat
dat, Tham thuc vat cao, Toa nha, Puong, Xe
hoi va cac ddi tuong nhan tao. ii) Budc 2 chon
git lai chi cac diém thuoc 16p Mat dat va
Puong; iii) Budc 3 st dung phuong phap
Classify Ground Points dé phan loai ra céac
diém thuoc va khong thudc mat dat tir cac
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diém nhan dugc tir bude 2; va iv) Budc 4 tao
bé mat DTM tir cac diém bé mat dat (hinh 7.)

4.3ml

2.72m

Hinh 7: DTM tir phwong phdp dé xudt

Két qua nghién ctru cho thiy c6 sy khac
biét vé do cao dang ké gitra bé mat DTM tao
tir phuong phép st dung chi do cao diém va
bé mit DTM tao tir phuong phap dé xuét (hinh
8). PO cao cua bé mit dia hinh tai nhiéu noi
giam xudng va c6 thé giam dén 0.75 m.

2]

M High: 0.748917

Low: 0848231
Hinh 8: Su khac biét do cao giira 2 phwong phap

Dé kiém tra két qua xay dung mo hinh DTM,
toa do va do cao ctia 5 diém kiém tra duoc dit tai
cac hd ga 6 vi tri thong thoang va dugc do bang
cong nghé RTK véi do chinh xac cao duoc so
sanh vdi toa @6 va do cao rat trich tr mo hinh
DTM va anh truc giao. Két qua tinh toan sai sb
duoc tong hop trong bang 2.

Bang 2: Sai $6 xdc dinh cdce diem dia vt tai
vi tri thong thoang

. X Y z | Tong
en (cm) (cm) (cm) hop
(cm)
Hogal [0.536 |[-1.373 |1.200 1.901
Hoga2 |0.925 [0.315 0.500 1.098
Hoga3 [1.281 |-2.409 |-2.400 |3.634
Hoga4 |-0.981 |-0.823 |-0.300 |1.315
Hoga5 |0.148 |1.632 2.900 3.331
RMSE [0.868 [1.492 1.786 2.484

Két qua cho thdy phuong phap khao sat
DJI-P4RTK dua trén viéc thu thap hinh anh tur
trén khong c6 thé cho phép tao ra cac mo hinh
DTM tai khu vyc nam trong pham vi khong
ché cta cac diém kiém soat va trén khu vuc
thong thoang khong bi che khuét boi thuc vat
hodc cac chudng ngai khac co6 thé dat duoc do
chinh xac & cép do centimet.

Bén canh céc vi tri théng thoang, trong
khu vuc nghién ctru cling c¢6 nhirng vi tri che
phu boi dia vat, dé danh gia kha ning phan
loai chinh x4c cac diém thuoc bé mit dat tai
khu vuc ndy trong tao DTM, 14 diém tai khu
vuc thuc vat che phu dugc do trén mit dat
bang cdng nghé RTK véi d6 chinh xac cao.

Tur két qua danh gia sai s6 mo hinh -
RMSE theo huéng x, y trong qué trinh can
chinh mé hinh x4p xi 1.4 cm va 2.2 cm, va sai
s6 RMSE theo hudng x, y cia md hinh DTM
va anh tryc giao x4p xi 0.9 cm va 1.5 cm - ¢6
thé néi rang mdi diém trong s6 14 diém kiém
tra dwa vao mé hinh néu c6 sai 1éch vj tri mat
bang so véi vi tri thuc cta ching thi ciing chi
trong khoang xdp xi 2 cm. Do mdi 6 raster
trong md hinh DTM c¢6 kich thudc xép xi 7
cm, nén d6 sai 1éch vi tri ®2 cm cua diém kiém
tra so voi vi tri thuc nhu trinh bay & trén s€
khéng 1am anh huong dén két qua trich xut
d6 cao cta cac diém nay tir mé hinh DTM. Két
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qua tinh toan sai s6 do cao duoc tong hop

trong bang 3.

Bang 3: Sai 6 xdc dinh cdc diém dia vt tai
Vi tri ¢ thue vt che khudt

V1 |V2 V3 V4 V5
h bang
RTK (m) |3.70[3.70 |3.46 |3.55 |3.51
h trén
DTM (m) [3.69 [3.41 |3.35 |3.44 |[3.51
Ah (m) 0.01 |0.29 (0.112 |0.112 |0.00
V6 |V7 V8 V9 V10
h bang
RTK (m) |350(3.11 |3.45 [3.78 |3.85
h trén
DTM (m) [3.48 |3.07 |3.22 [3.48 |3.74
Ah (m) 002 [0.04 [024 [030 [0.11
V11l |V12 |Vv13 (V14
h bang
RTK (m) [3.94 [3.73 [3.12 [3.53
h trén
DTM (m) |350 |3.49 |3.08 |(3.14
Ah(m)  [0.44 [024 [004 [0.39

Két qua cho thay do cao bé mat dat dugc
x4c dinh tr mo hinh tai cac diém kiém tra
trong khu vuc c6 thuc vat che phu déu co do
cao cao hon do cao do thuc té, ly do 1a bén
dudi cac tan cay van con thyc vat tim thap nhu
bui ¢d cao hon mat dit nhung van duoc giai
doan nhu thudc bé mat dat. Tuy nhién sai s6
d6 cao chi bién thién trong khoang tir 0.033 m
dén 0.44 m v6i RMSE x4p xi 0.147 m. Két qua
thuc hién trong khu vuc nay 1€ thudc vao thuat
toan phan loai va cac tham sé chon phi hop
trong xac dinh céc diém thudc bé mat dat.

4. Két luan

Nghién ctru d3 duoc tién hanh nham dénh
gia kha nang xay dung DTM tur b anh chup
nhan dugc tir thiét bi bay khong nguoi lai
Phantom 4 RTK. Pé hiéu chinh va nang cao

dd chinh xé4c vé vi tri, cac vi tri cia camera ghi
lai trong nhiém vu bay, s& duoc xir Iy két hop
v6i s liéu tram tinh trong phuong phap do
dong hau xu 1y. Sir dung 3 diém khéng ché,
md hinh do quang tric anh duogc xac 1ap véi
sai s6 RMSE xap xi 2.7cm. Toan bd qua trinh
xay dung mo hinh anh 3D ttir bd anh chup, tao
dam may diém chi tiét va phan loai cac diém
thudc bé mit dat tir d6 lam co sd dé tao DTM
da duogc thuc hién trén phén mém Agisoft
Metashape. Day 1a mot goi phan mém manh
dugc sir dung rong rai dé phat trién cac mo
hinh SfM; tuy nhién, ban chat doc quyén cua
phan mém khién nguoi sir dung khé co thé
hiéu sau vé cac chire nang xu 1y ciia no. Bé tao
duoc mo hinh anh 3D chinh xé4c, can thiét loai
bo cac diém thude dam may diém thua c6 do
tin cy thap hodc sai s6 16n. Qua trinh x4c dinh
céc tham s6 bai ngudi st dung khi tién hanh
phan loai ddm may diém chi tiét dé nhan dugc
cac diém thudc bé mat dat luén 1a mot qua
trinh ddy thach thic. Dé nang cao do tin cay
trong phan loai, chon ra cac diém thé hién bé
mat dét, tac gia da dé xuat sir dung két hop
phuong phap Classify Points va phuong phap
Classify Ground Points nhim tan dung ca
thong tin mau RGB va ca thong tin d§ cao cua
cac diém trong qua trinh phén loai.Q
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Summary
Building Digital Terrain Model In Urban Area From DJI Phantom 4 RTK Image Data
Tran Trong Duc, Ho Chi Minh City University Of Technology-VNU

The processing process to create a Digital Terrain Model (DTM) from image data of DJI
Phantom 4 RTK is presented in this paper. The position of the camera recorded during the flight
mission is processed in conjunction with the GNSS measurement data at the stationary station
in the post-processing kinematic technique to achieve a highly accurate captured flight position.
The 3D image model is built from Overlapping 2D images using the Structure from motion
(SFM) technique. Three highly accurate measured ground control points are used to accurately
georeference the 3D image model. The overall alignment error of the 3D model is
approximately 2.7 cm. From the 3D model, the dense ground points were determined based on
the combination of Classify Points technique and Classify Ground Points technique and used
to create the DTM model. Five feature points at unobstructed locations were used to evaluate
positional accuracy having an overall position error of approximately 2.5 cm. Fourteen feature
points at occluded locations were used only for elevation error estimation having a standard
deviation error of approximately 0.147 m. The results show that i) at an unobstructed location,
the images taken from the Phantom 4 RTK can enable the creation of 3D surfaces with
centimetre-level accuracy, and ii) at the obscured location, the accuracy in DTM generation
depends on the classification method that identifies points belong to terrain surface.O
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