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The main objective of this study is to evaluate the accuracy of volumetric
measurements carried out with the unmanned aerial vehicle (UAV) data
in quarries in Vietnam. To accomplish this goal, GNSS/RTK and UAV
technologies were employed to collect data at the same time in the Long
Son quarry in Thanh Hoa. The data was used to establish DEMs, which
were used to calculate the reserve of the quarry. The results of calculating
the mine reserves showed that the difference between the two methods
was 0,07%; Also, the difference in the height between the two average
models was 3,5 cm. This result satisfies the requirements in the
Vietnamese standards for mine surveying.
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Ung dung cong nghé bay khong ngwoi lai (UAV) trong do dac
phuc vu cong tac tinh trit lwong cadc mo da tai Viét Nam
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Muc tiéu chinh cua nghién ctru nay la ddnh gid dwoc khd ndng trng dung
céng nghé bay khéng nguwoi ldi (UAV) gid ré trong cong tdc do vé thanh Idp
mé hinh s6 do cao (DEM) dia hinh mé 16 thién phuc vu cong tdc tinh todn va
kiém ké triv Iwong cho cdc mé dd tai Viét Nam. Két qud thuc nghiém do dac
thanh Idp mé hinh DEM tai khu vwc khai thdc thudéc mo dd Long Son, Bim
Son, Thanh Héa bing cdng nghé UAV va so sdnh véi mé hinh DEM dworc xdy
dung bdng céng nghé hé théng vé tinh dan dwing toan cdu - do dong thoi
gian thuc (GNSS/RTK) dd xdc dinh dwoc mirc dd chénh léch gitva hai mé hinh
la 0.07 %; dd léch chénh cao giiva hai mé hinh trung binh la 3,5 cm. Két qud
ndy nam trong giéi han cho phép theo tiéu chudn Viét Nam vé Trdc dia mé.

© 2020 Trwong Dai hoc M6 - Bia chat. T4t ca cic quyén dwoc bdo dam.

1. Mé dau

Trong nghién ctru va danh gia cac moé khoang
san, tinh trit lwrgng khoang san 1a cong viéc quan
trong. Trit lwong 1a co s& d€ danh gia va thiét ké
khai thac, 14p dw toan kinh phi, xac dinh von dau
tw, 1p ké hoach phat trién mo trong twong lai (Lé
Van Canh & Nguyén Qudc Long, 2015). Trong qua
trinh khai thac md, cong tac tinh toan kiém keé tri
lwong mo dworc thue hién thwong xuyén, it nhatla
1 I4n trong nam déi véi cac mo khai thac da, vat
liéu xay dwng, con tai cic mo than, cong tac kiém
ké dwoc yéu cau thuc hién theo quy. Céng tac nay
gitp quan ly khoang san tot hon, hoach dinh ké
hoach khai thac mé trong nam tiép theo. Xuit phat
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tr vai tro quan trong ctia cong tac tinh toan trir
lwong mo, yéu ciu vé do chinh xac cta né vi thé
cling dwoc nang cao. Thong thwong, viéc tinh toan
kiém ké trit lwong dwoc thue hién dwa trén sé liéu
do dac bang cac phwong phap tric dia. Tuy nhién,
v&i cac cong nghé do dac hién nay, cong tac do dac
phuc vu danh gia trit lwong cé chi phi con cao, ton
nhiéu thoi gian va strc lao dong, gap kho khan khi
thuc hién trong diéu kién dia hinh va moéi trueong
phitc tap, c6 thé giy mit an toan lao dong (Bui et
al, 2017).

Trong nhirng ndm gan diy, cong nghé bay chup
khéng nguwoi lai (UAV) da dwoc rng dung kha pho
bién trong nhiéu linh vwrc khic nhau nhw khao cd
vabdo ton di san vin hda, quan trac va bao vé moi
tredng (Alvarado et al, 2015; Feng et al, 2015;
Mourato et al, 2017; Oleire-Oltmanns et al,
2012), giam sat nong lam nghiép (Berie & Burud,
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2018; Panequeet al., 2014; Rokhmana, 2015) va
do dac dia hinh va céng trinh (Barry & Coakley,
2013; T. D. Bui et al, 2016; Cryderman et al,
2014). Cac nghién ctru rng dung cong nghé UAV
trong trac dia mo 16 thién ciing da dwgc thuc hién
bé&i cac nhém tac gid (Bui et al, 2017; Lee & Choi,
2015, 2016; Nguyen Qudc Long, 2019). Cac
nghién ctru da khang dinh cong nghé UAV hoan
toan dap ing dworc cac yéu cau vé do chinh xac xay
dung cdc mo hinh s6 d6 cao (DEM) cho cac mo 16
thién. Mic du cac nghién ctru ndy da khang dinh
cac wu diém cda cong nghé UAV trong xiy dung
DEM nhu tinh don gian trong qui trinh thuc hién,
an toan, tiét kiém thoi gian va strc lao dong ngoai
thwc dia, d0 chinh xac cac ban d6 dia hinh thanh
lap tir DEM va anh truc giao thdo man cac qui
pham hién hanh ctia Viét Nam. Tuy nhién, chwa c6
nghién ctru ndo dugc thwe hién nham danh gia do
chinh xac tinh toan tri¥ lwong khai thac & mo 16
thién tir cic md hinh thanh 14p bang céng nghé
UAV. Do d6, nghién ctru nay dwoc thuc hién nham
danh gia do chinh xac tinh toan triv lwong & mo 16
thién.

2. Khu vire nghién ciru

Khu virc thwe nghiém c6 vi tri nam & phia Tay
Béc cia m6 da Long Son, xa Ha Vinh, huyén Ha
Trung, tinh Thanh Hda, la khu virc d6i nti, dia hinh
phirc tap, kho tiép cin dé do vé truc tiép. Day la
khu vure da xay dung co ban xong, vao thoi diém
do vé khéng c6 hoat dong n6 min, xdc boc dat da.
Do vay, khéng c6 su thay d6i bé mat dia hinh mé
trong sudt qua trinh do vé.

3. Phwrong phap nghién ciru

3.1. Phwong phdp thanh Idp mé hinh DEM

M6 hinh DEM dia hinh mé phuc vu tinh trir
lwong dwgc thanh 14p dong thoi bang hai phwong
phép: bay chup UAV va do truc tiép bang GNSS-
RTK. M4t do diém dia hinh do bang phwong phap
GNSS-RTK dam bao thanh 14p ban d6 dia hinh
1:1000. Tt d6 tién hanh so sanh trir lwong khai
thac tir 2 loai ban do nay.

Ban chit cua phwong phap thanh 1p mo hinh
DEM tlr anh UAV la phwong phap tam giac khong
gian anh (Aerial Triangulation) trong do anh
(Photogrammetry). Theo phwong phap nay, toa
dd va do cao cia mot diém dworc tinh dwa vao cac
diém anh cung tén ctia diém dé dworc chup tir cac
vi tri khac nhau. Qua trinh xir ly ctia phwong phap
nay cin cc tham s6 dinh huéng trong (Internal
Orientation), tham sé dinh hwéng ngoai (External
Orientation), va cic diém khdng ché anh (Ground
Control Points). Do mdi diém c6 s§ lwong diém
anh cung tén rat 1én nén phwong phap binh sai da
tia (Bundle Adjustment) dworc st dung.

3.2. Phwong phap tinh trir lwong

Cac phwong phap khoi trung binh céng, khéi
dia chit, khoi khai thac, hinh da gidc, hinh tam giac,
mait cit dirng va dudng ding tri, Xobolépxki duwoc
biét dén trong tinh trit lwong khoang san. Méi
phwong phap déu c6 nhirng wu nhwoc diém riéng,
tuy thudc dir liéu, diéu kién dia chit tai cic md
khoang san ma ta lwa chon phwong phap cho phu
hop. Tuy nhién, trong ki€ém ké trir lwong khoang
san & cac mo tai Viét Nam, véi dic diém dia hinh &
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Hinh 1. Khu virc nghién cteu - M6 dd véi Long Son.
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cac mo 10 thién ndi chung va mé da néi riéng
thuong & dang ting bac, do d6 phwong phap mat
cat thuong hay dwoc st dung. Trong nghién ctiru
nay, khu vure thue nghiém c6 ting khai thac twong
doi thang va song song, vi vdy phwong phap mit
cat ding song song dwoc lwa chon.

Phuong phap mit cit ding song song, trit
lwong dwgc tinh gitta bé mat dia hinh mo véi bé
mat gi¢i han dia hinh két thic khai thac mo. Khi
hai dia hinh nay dwoc chdng ghép, cac mit cat
ding song song cach déu nhau dwgc dung (Hinh
2). Dién tich khoang san trén cac mit cit va trix
lwong khoi khoang san dwoc tinh nhw sau:

S1+ S,
2

Trong do: I 1a khoang cach giita cAc mit cit, S;
12 dién tich khodng san trén mat cit i.

sz{ +52+S3++Sn_1}(1)

3.3. bdnh gia do6 chinh xdc

N6i dung danh gia do chinh xac bao gom danh
gia do chinh xac cia mo6 hinh DEM va dé chinh xac
tinh trir lwong. D€ tinh d6 chinh xac mo hinh DEM,
cac cong thirc sau dworc st dung:

AX=Xpsu - Xecp (2)
AY=Ypsm - Yecr (3)
AZ=Zpsw - Zicp (4)
AXYZ=XYZpiu - XY Zccr (5)

RMSEy =\/[(1/n)2?=1(XDEM — Xecri)?] (6)

RMSEy = J [(1/m) ¥ (Yoem — Yocr)?]  (7)

RMSE, = [[(1/m) 31 Zoess — Zocr?] (8)

1 2 3 4 5

1 2 3 4 5

I
T LTI T T St

RMSEXYZ =
(Xpem — Xgepi)? + 9
/M) Xy | Vpem — Yecpi)? + 9)

(ZDEM - ZGCPi)2

Trong d6: AX, AY, AZ, AXYZ - Cac gia tri chénh
1éch c4c thanh phan toa do va vi tri diém; RMSE -
Sai s6 trung phwong; n tong s6 diém kiém tra; Xecer
va XDE1|4, Yecri va YDEM, ZGCPi, va ZpEM TLro'ng L'rng la
thanh phan toa do theo truc X, truc Y va truc Z ctia
diém khéng ché va mo hinh DEM.

Két qua tinh trir lwong khoang san tinh tir DEM
14p tir anh bay chup UAV dwoc so sanh véi tri
lwgng khoang san dwoc tinh toan tir DEM dwoc
thanh lap tir s6 liéu do RTK. Sai s6 tinh trit lwgng
dwoc tinh theo cong thirc sau:

8V = Vyav — Vrrk (10)

Trong do: Vy 4y - Thé tich khoang san tinh dwa
trén DEM thanh 14p tir anh UAV; Vgpk - Thé tich
khodng san tinh dwa trén DEM thanh l4p tir s6 liéu
do RTK

Ngoai ra, gia tri chénh léch dd cao trung binh
gitra hai bé mit duwgc thanh 14p tir cong nghé UAV
va cong nghé RTK tinh theo cong thirc sau:

14

Trong d6: 6V - Sai s6 tinh trit lwong va S1a dién

tich ndm trong ranh giéi tinh trit lwong

4. Thiét bi do dac thwc nghiém

4.1. Thiét bi bay UAV va phdn mém xw ly

Hién nay, thi trwong thiét bi bay UAV twong doi
phét trién, cung cip nhiéu loai may bay khong
nguoi lai voi sw da dang vé kich thwérc, va chiing
loai phuc vu cac rng dung khac nhau. Tuy nhién,
dva trén dic diém ciu tao va nguyén ly vin hanh,

T T T T e e 127202 —

Hinh 2. Tinh triv lwong bdng mdt cdt ditng song song.
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c6 thé chia thanh hai loai chinh: UAV canh bang
gan c8 dinh vao thAn mdy bay, va UAV canh quay
(Colomina & Molina, 2014). Trong khi UAV canh
bang c6 dinh cAn duwdng bay hoic bé phong khi cat
va ha canh, tinh co ddng ctia thiét bi nay thip trong
diéu kién khong gian nho hep va dia hinh phic tap
nhw mo 16 thién vira va nhé. Trong khi d6, may bay
canh quay c6 thé citva ha canh trong cac diéu kién
nay (Nguyen Quoc Long, 2019). Bén canh d¢, gia
thanh cda loai may bay nay ciing thip hon rit
nhiéu so véi may bay canh bang gin cd dinh. Xuit
phét tir cic wu diém nay, may bay canh quat duoc
lwa chon phuc vu bay chup thuc nghiém. May bay
Phantom 4 Pro la dong may bay canh quat do hdang
DJI san xuit. Mot bd thiét bi Phantom 4 pro bao
gom than may va bo diéu khién. Cc bd phan chinh
gan trén thAn may bao gdm cac cdm bién tranh va
dap theo 5 hwdng (trai, phai, trwedc, sau, dwdi), bon
mo to, 4 cAnh quat cé thé thdo roi, chin ha canh c6
dinh phia bén dwi. Bd diéu khién tir xa gom cac
nat bAm diéu khién qua trinh bay, diéu khién c6
tich hop 2 dng ten véi 2 tan sé: 2,4 va 5,8 GHz (DJI,
2017), c6 cong két ndi véi may tinh bang hodc dién
thoai thong minh dé cai dit cac thong s6 bay chup
hodc hinh hién thi anh chup truc tiép tir may bay.
Hinh &nh ctia b thiét bi Phantom 4 pro nhw Hinh
3. Cac thong s6 ki thuit cia thiét bi dwoc thé hién
trong Bang 1 (D]I, 2017).

Bdng 1. Théng s6 chinh ctia Phantom 4 Pro (D], 2017).

Trong luvgng 1280 (g)
Cao; dai; rong 18,5; 28,9; 28.9 (cm)
Toc do bay 1én tdi da 5 (m/s)
Toc do bay xudng toi da 3 (m/s)
Toc do bay ngang toi da 16 (m/s)
Thoi gian bay 23 (phut)
Tam bay cao nhit 6000 (m)
Nhiét d6 hoat dong 0+ 40 (do C)
Pinh vi GPS/GLONAS
Cac thong s6 vé may anh nhw sau:
Pictinh| Cam p’ﬁgn Ty oy | Kich thuzde
ki thuat| bién 2 : anh
gii
P4P |1” CMOS| 20 MP | 8.8 mm |4864x3648

Phin mém x ly: Hién nay, cadc phan mém xtr ly
anh UAV dwoc st dung rong rai bao gom: Agisoft
Photoscan, ENVI, Trimple Business Center, Erdas
Leica Photogrammetry Suite, PhotoModeler
Scanner, Pix4UAV Desktop. M6i phAn mém cé wu

nhwoc diém khac nhau. Tuy nhién, trong mét
nghién ctru cia nhém tac gia (Sona et al,, 2014),
phan mém Agisoft Photoscan dwoc danh gia la t6t
nhit. Chinh vi viy, trong nghién ctru nay, phin
mém Agisoft Photoscan dworc lwa chon dé xi ly
anh UAV chup tir khu vye thye nghiém. Cac phan
tich danh gia phdn mém nay cé thé tham khao
trong (Sona et al,, 2014).

-

. d1
(S

-
7' I

Hinh 3. Thiét bi bay Phantom 4 pro va bé diéu khién.

4.2. Thiét bi GNSS-RTK

Trong nghién ctru nay, thiét bi GNSS-RTK dwoc
str dung dé do diém khéng ché anh va do chi tiét
dia hinh mo dala may CHC X91B do hang CHCNAV
san xuit (Bang 2).

Bdng 2. Théng s6 chinh ctia mdy CHC X91B.
GPS:L1,L2,L5; GLONASS: L1, L2.
BDS: B1, B2, B3; SBAS: WAAS,
EGNOS, MSAS.

Loai trir nhiéu da duong,

Do pha sang mang it nhiéu.

Do ddng | Mt biing: 8 mm + 1 ppm RMS.
thoi gian (Do cao: 15 mm + 1 ppm RMS.

Tin | Thunhén

hiéu | vaxily
vé |dongthoi

tinh | 254 kénh

Db
h'oh thuwc |Thoi gian do: <10s; D6 tin cay:
A RTK) [99.9%.

Xac

bPotinh |Mitbang: 3 mm + 0.1 ppm RMS.
xtr ly sau |P9 cao: 5 mm + 0.4 ppm RMS.

5.Po dac thwc nghiém

5.1. Do GNSS-RTK thanh lap mé hinh DEM

Céc diém khéng ché anh phuc vu cho bay chup
UAV va cac diém do vé chi tiét & mo déu thwe hién
bang phwong phap do GNSS-RTK. May c¢d dinh
(Base) dworc két ndi véi diém goc gidi tich 1 da
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dworc thanh lap tai mé. Cong tac do dac GNSS-RTK
dwoc thue hién ngay sau khi bay chup UAV. Téng
s6 diém RTK la 1625 diém. Cac diém do bao gom
cac diém ddc trung cta dia hinh mé nhw diém
chin ting, mép ting, mat tang, va cac diém dac
biét xuit hién trén khu virc thuwe nghiém. Khoang
cach trung binh gitra cac diém chi tiétla 15+20 m
mot diém.

5.2. Thanh ldp mé hinh DEM bdng phwong
phdp bay chup UAV

5.2.1. Thanh lgp cdc diém khéng ché dnh

Tir dia hinh thuc t€ khu vwc do vé, cac diém
khong ché dnh dwoc tinh toan 1a 12 diém, trong dé
07 diém nan anh (diém mau do trén Hinh 5a), va
05 diém lam diém kiém tra (diém mau vang trén
Hinh 5a). Diém khong ché anh duorc thiét ké kich
thudc 60x60 cm, in trén gidy bat c6 dd phan xa cao
(Hinh 5b).

Tao do diém khong ché anh dwgc do bing
phwong phap GNSS-RTK, trong qua trinh do dung
kep gwong d&€ ddm bao 6n dinh va mdi diém duoc
do 3 lan.

5.2.2. Bay chup UAV

Qua trinh bay chup dwogc thiét ké trén phin
mém Pix4D Capture, cac théng s6 can thiét1ap bao
gom do cao bay, toc dé bay, ddo chéng pht theo
hwéng doc va ngang, géc chup anh. Sau khi khai
bao cac thong s trén phan mém, cac dai bay sé
dwoc tw déng tinh toan va thiét ké. Véi dia hinh
khu thyc nghiém c6 dién tich 15 ha, lich bay UAV
dwoc thiét ké trong 01 ca bay. P06 cao bay chup
150 m, vi tri may bay cit cAnh & d6 cao +100 m.
PO phi trum doc va ngang déu la 80%. Toéng so
anh thu dwoc la 120, do phan giai anh la 4,09
cm/pixcel.

5.3. Thanh Idgp mé hinh s6 dé cao DEM tir dnh
bay chup UAV

5.3.1. Thanh ldp mé hinh DEM

Anh bay chup UAV dwoc xtt Iy trén phin mém
Agisoft Professional 1.5.4. Day la phin mém duworc
str dung rong rii trong thwc té san xuit.

Trong tong s6 12 mdéc khdng ché anh, chon 07
mdc 1am diém khéng ché nan anh (GCP), 05 mdc
con lai lam diém khong ché kiém tra (GCP). Cac
GCP va GCCP dugc chon phan b déu trén dia hinh
khu do, & cac mirc do cao khac nhau dam bao phan

anh dwoc sy anh hwdng cta thay déi dia hinh téi
md hinh thanh 1ap duorc.

Do khu vyc thwc nghiém cia mé la khu vuc
dang khai thac, khong c6 16p pht bé mat. Do vy,
trong ranh gi¢i nghién ctru mé hinh s6 bé mat
cting chinh 1a mé hinh s d6 cao cia mé (Hinh 6c).

5.3.2. Ddnh gid dé chinh xdc mé hinh

Tlr két qua trén Bang 3, Bang 4 cho thiy sai s6
trung binh cac thanh phan X, Y, Z, XY cta cic diém
nan anh twong tng1a 0,3 cm, 0,2 cm, 0,1 cm va 0,4
cm. Trong khi d6, sai s6 trung binh cac thanh phin
X, Y, Z, XY cta cac diém kiém tra twong rng 1a 1,3
cm, 0,9 cm, 2,1 cm va 1,5 cm. Tir két qua danh gia
cho thiy, mé hinh hoan toan c6 thé st dung trong
cong tac tinh trit lwong mo va thanh 14p ban do ty
18 1:1000.

Hinh 5. Diém khéng ché dnh. (a) Vi tri diém khéng
ché dnh trén thuc dia; (b) Tiéu khéng ché dnh.
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6. Tinh trir lrgng khai thac

Bdng 4. DY chinh xdc mé hinh théng qua cdc diém

Trir lwong dwoc tinh theo ranh gi¢i cho truéc kiém tra
va gitta bé mat hién trang do dwoc véi mirc két —
thic cia mé (mic +20 m). Cong tac tinh trit lwong Diém Sai sb
khai thac dwoc thuc hién trén phan mém Topo- Ax (cm) | Ay (cm) | AZ(cm) |AXY (cm)
HSmo. Tinh toan tri* lwvong dwoc thwc hién theo 11 -1,9 -1,1 2,1 2,2
phwong phap mat ,cét dirng song song, khoang 3 08 11 13 14
cach gitra cac mat cat tinh 10 m. . . . .
6 0,0 -0,8 -1,6 0,8
Bdng 3. D4 chinh xdc ndn dnh. 4 0,2 0,7 -3,2 0,7
Didm Sai s6 2 -2,2 -0,9 -1,3 2,4
Ax (cm) | Ay (cm) | AZ (cm) | AXY (cm) RMSE 1,3 0,9 2,1 1,5
10 0,3 0,0 -0,2 0,3
12 -0,3 0,1 01 0,3 Trit lwong mo tinh theo dia hinh trén mé hinh
7 | 02 | 01 | -01 0,2 3D UAV: 7 619 225,86 m?
5 0,6 0,3 0,2 0,7 Trit lwvgng mo tinh theo dia hinh trén mo6 hinh
1 01 | 01 | -01 0,2 3D GNSS-RTK: 7 613 711,57 m3
3 -0,3 -0,2 -0,2 0,4 Chénh léch trit lwong mo gitta hai phuwong
9 -0,1 0,1 0,2 0,2 phap: 5514,29 m3; Wéc tinh 1éch 0,07% tdng trit
RMSE 0,3 0,2 0,1 0,4 lwgng toan mo.

Hinh 6. Mét s sdn phdm thanh ldp tir dnh bay chup UAV.
(a) M6 hinh 3D; (b) Anh truc giao; (c) M6 hinh s6 bé mdt (DSM).
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7. So sanh két qua tinh trir wong dwa trén mo
hinh UAV va mé hinh GNSS-RTK

Theo Qui pham Trac dia mo Viét Nam, do chinh
xac tinh trir lwgng, khi trir lwvong mo 16n hon 2
triéu m3 thi sai s0 gitra tinh to4an va kiém tra khong
dwoc vwrot qua 1% tong triv lwgng khai thac (Vién
tiéu chuin quéc gia Viét Nam, 2015). Mac du st
dung cung phwong phép tinh todn trir lwong,
nhung viéc ky vong khong c6 sai s6 la diéu khong
thuc t€ do sw khac biét vé phwong phap do dac.
Bén canh d6, mat d6 diém xiy dung mé hinh DEM
tir dit liéu UAV 1én hon rat nhiéu so véi mat do
diém ctia m6 hinh DEM tir GNSS/RTK. Tt d6, sai
s0 khai quat dia hinh ctia UAV nhé hon sai s6 khai
quat dia hinh cia GNSS/RTK. Sw khac biét gitra trir
lwong tinh tir dir liéu do dac bang hai phwong
phap la 5514,29 m3 (chiém 0,07%) v6i trit lwong
tinh tir 3D UAV lén hon trit lwgng tinh tir 3D
GNSS-RTK. Néu qui chuyén vé sw khac biét do cao

gitra hai bé mat do bang UAV va bé mit do bang
GNSS-RTK dworc tinh theo cong thirc (11) séla 3,5
cm.

8.Kétluian

Trong nghién cttu nay, véi muc tiéu danh gia do
chinh xac tinh trir lwgng khai thac mé 10 thién twr
mo hinh s6 d6 cao thanh lap tir cong nghé bay
chup khong nguwai 1ai UAV, cong nghé GNSS-RTK
da dwoc st dung dé do chi tiét khu vuc thuc
nghiém. Phwong phap tinh trir lwong dwoc lua
chon 1a phwong phap mit cit dimg song song.

Két qua do dac thuc nghiém va tinh toan trir
lwong cho thiy:

- K&t qua tinh trir lwong tir dit liéu do bang
cong nghé UAV 1éch so véi két qua tinh trit lwong
tir dit liéu do GNSS-RTK 1a 0,07%,

- Két qua dap (ng dwoc yéu cau vé do tin ciy
trong Qui pham Trac dia mé Viét Nam.

i@ Hién thi 3D
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Hinh 7. M6 hinh s6 dé cao (DEM). (a). Ldp tir dir liéu UAV; (b). Ldp tir s liéu do RTK.
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