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Tém tit
May bay khéng ngwoi ldi la moét trong nhitng cong nghé méi dé thanh lgp mé
hinh 3D ciia trdi dat. Muc tiéu cia nghién ciu ndy la nghién civu xay dung mé hinh sé
bé mat tir dir liéu anh thu dwoc tir thiét bi bay DJI Inspire 2 va cong nghé GNSS. Két
qud ciia nghién ciru dwoc tao ra bang phan mém Agisoft Photoscan. Bé chinh xdc vé
mdt bang va dé cao ciia san pham dwoc ddnh gid diea vdo sai s trung phirong. Sai s6
trung phirong tong thé ciia cdc diém khong ché la 6.108 cm va ciia cdc diém kiém tra
mé hinh la 8.718 cm. Két qua thu dwge chi ra rang phép do anh UAV ¢é thé dwoc sir
dung nhw mét gidi phdp thay thé cho cdc phirong phdp truyén thong, ddc biét la cdc
phuong phap sir dung nhiéu nhdn lwc va cdc thiét bi dat tién.
Tir khéa: May bay khong nguoi 1ai (UAV); M6 hinh s6 bé mit (DSM).
Abstract
Application of Unmanned Aerial Vehicle for generating a Digital Surface Model of
the mineral mining area
Unmanned Aerial Vehicles are one of the new technologies to establish 3D models
of the earth. The goal of this research is to generate a digital surface model from image
data obtained from the DJI Inspire 2 and GNSS technology. The results of the study were
created using Agisoft Photoscan software. The accuracy of results is evaluated based
on the Root Mean Squared Error (RMSE). The RMSE of the ground control points and
checkpoints is 6.108 cm and 8.718 cm respectively. The obtained findings indicate that
UAV photogrammetry can be used as an alternative to traditional methods, especially
those that use a lot of manpower and expensive equipment.
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1. Mé& dau

Thanh 14p mé hinh sb bé mit (Digital
Surface Model - DSM) va binh dd anh
bang anh chup tir thiét bi bay khong nguoi
lai (Unmanned Aerial Vehicles - UAV) la
phuong phap hiéu qua, dac biét ap dung
cho cac khu vuc nho vo1 @6 chinh xac va
d6 phan giai dat dugc & mirc cm. Trén thé
gidi, nhiéu nghién ctru di s dung cong
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nghé nay dé xay dung mé hinh DSM. Mot
phuong phap méi dé tao ra DSM dang tin
cay dua trén anh UAV c6 d6 phan gidi cao
da dugc trinh bay trong nghién clru cia
tac gid Li va cong su (2014) [11]. Cong
nghé¢ UAV tiét kiém chi phi, tu dong va
c6 tiém niang dé tao ra DSM c6 do phan
giai cao da dugc chung minh trong nghién
ciru cua tac gia Hassan va cong su [10].
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Tac gia Ruzgiene va cong su (2015) da
danh gia chat lugng cia DSM tao bang
anh UAV dua vao s6 luong diém khdng
ché [12]. Bhandari va cong su (2018) da
chirng minh tinh kha thi cta viéc tao ra
DSM ¢6 do phan gidi cao tur cac anh chup
tr UAV [9]. Ngoai ra, Uysal va cong su
da sir dung may bay UAV gia ré trong bay
chup thanh 14p mé hinh sé d6 cao cho mot
khu vuc ¢6 dién tich rong 5 ha, két qua thu
duoc so sanh vo1 mo hinh lam tir dir li€u
do RTK 1a twong d6i gidng nhau, tir d6
cho tac gia khang dinh c6 thé sir dung dir
liéu UAV trong cong tac khao sat, thanh
lap DSM, m6 hinh s6 do cao, ban dd va
mot s6 tng dung k¥ thuat khac voi loi thé
ctia chi phi thap, giam thoi gian va cong
stic lao dong [14]. Gan day, mot thiét bi
UAV tu ché gia ré c¢6 trang bi camera chi
dong dé tang goc chup anh khi may bay &
d6 cao thip da duoc sir dung trong thanh
14p mé hinh 3D mo 16 thién. Khéi lugng
khai thac mé tinh tir mo6 hinh 3D nay duoc
so sanh véi khdi luong tinh tir sb liéu do
GNSS/RTK cho d¢ Iéch dudi 1 % [15].
Nhitng nim gan diy, viéc st dung
anh chup tir UAV dé tao ra DSM, DEM
(Digital Elevation Model) va mot sb
dang ban d6 khac trd nén pho bién ¢ Viét
Nam. Cac quy trinh bay chyp va thanh
1ap cac san pham trén da dugc dé xuat
va tién hanh thyc nghiém & cac dia diém
khac nhau [13]. V&i muc tiéu tong quét
hoa quy trinh thanh 1ap DSM va binh d6
anh, tac gia Lan va cong su (2022) da
tién hanh bay thr nghiém va danh gia
d6 chinh xac DSM duoc xay dung bang
cong nghé UAV cua thanh phé Ha Long,
Quang Ninh. Két qua thu duoc cho thay
san pham dap Gmg duogc yéu cau cua viée
thanh 1ap ban db ty 18 1/500 [2]. Két luan
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nay cling phu hop voi danh gia cua tac
gia Thao va cong su (2017) trong nghién
ctru danh gia do chinh xac DSM thanh lap
tir anh UAV ctia khu vuc Béc Tur Liém,
Ha Noi [8]. Bén canh do, cong ngh¢ UAV
cling da dugc ching minh tinh hi¢u qua
va dép ung dugc do chinh xac thanh 1ap
cac mo hinh 3D va ban d6 ty 1& 16n & cac
khu vuc khai thac mé ¢ Viét Nam. Nhom
tac gia Bui Ngoc Quy va Pham Van Hi¢p
cling da cong bd két qua thanh 1ap ban dd
3D bang cong nghé UAV khu vic dong
bang [6]. Ngoai ra, dé tao mo hinh bé
mat k¥ thuat s6 cho khu vuc mo than 1o
thién va danh gia @6 chinh xéac cua no, tac
gia Diéu va cong sy da su dung phuong
tién bay khong nguoi lai hang nhe va ky
thuat Structure from Motion (SfM) cho
nghién ctru cta ho [13]. Cung muyc dich
nhu trén, nhom tac gia Long va Cuodng
(2019) cting da ung dung cong nghé UAV
dé xay dyng mé hinh s6 bé mat va ban db
mo 16 thién khai thac vat liéu xay dung
[3]. Ngoai ra, tinh hi¢u qua cling nhu do
chinh xac cia DSM tao ra tir anh chup
UAV/RTK v6i phuong thuce dinh vi tam
chup anh xu 1y sau GNSS/PPK (Post-
Processing Kinematic) da dugc danh gia
trong nghién ctru cua tac gia Long (2021)
[4]. Trong mot nghién ctru nam 2016, tac
gia Bui Tién Diéu va cong sy dd xdy dung
thanh cong quy trinh cong nghé¢ su dung
anh UAV dé thanh 1ap cac san phiam ban
dd nhu md hinh sb bé mat, mé hinh sb do
cao, ban do truc anh, ban do 3D [1]. Gan
day (2019), Cong ty TNHH MGt thanh
vién Tric dia Ban d6 - Cuc Ban d6 (Bo
Tong tham muu - B6 Qubc phong Viét
Nam) da nghién ctru thyc hién thanh cong
tmg dung coéng nghé bay chup anh bang
thiét bi UAV vao du an “Khéo sat tuyén
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duong day 500 KV Quang Trach (Quang
Binh) - Dbc S6i (Quang Ngai). Két qua
thu duoc cho théy, cac san phém DSM,
DEM,... d3 dap tung cong tac thiét ké cong
trinh tuyén duong day tai dién. Tuy nhién,
hau hét cac nghién ctru nay chi ap dung
cho cac khu vuc c¢6 dia hinh bang phang,
it phuc tap. Nghién cuu nay dugc thuc
hién nham khang dinh hiéu qua cua viéc
thanh 1ap DSM tir &nh chyp UAYV cho khu
vuc c6 dia hinh phtc tap.
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2. Dir liéu va phwong phap

Hinh 1 1 so d6 thé hién phuong
phap str dung trong nghién ctru dé thanh
1ap DSM dua vao anh chuyp UAV. Quy
trinh thue hién bao gém hai budc chinh:
(1) Thu thap di liéu & thuc dia bang thiét
bi bay khong ngudi 1ai va hé thong GNSS
va (2) Xt Iy dir liéu trong phong bang
phan mém dé xay dyng DSM.

Thiét k& bay chup
Tién hanh bay chup UAV |
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Hinh 1: Quy trinh xdy dwng mé hinh sé bé mdt

2.1. Thu thap dir li¢u

2.1.1. Thiét bi UAV va camera

Dir liu thuc hién cho nghién ctru dugc
thu thap bang thiét bi GNSS va may bay
khong nguoi lai DIT Inspire 2. Hinh 2 13 hinh
anh ctia mot bo thiét bj bay khong nguoi lai
hoan chinh dugc sir dung cho nghién clru
nay. Cac bd phan chinh gan trén thin may
bao gdbm: 4 mo to, 4 canh quat c6 thé thio
101, cam bién tranh va dép theo 5 hudng va
chan ha canh c6 dinh phia bén dudi. Ngoai
ra, may bay duoc diéu khién bang cac nat
bam cua b diéu khién tir xa c6 tich hop 2
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ang ten va co cong két ndi véi may tinh bang
hodc dién thoai thong minh, gitip nguoi dung
thiét 1ap cac thong sO cho viéc chup anh hoac
hién thi tryc tiép hinh anh tir may bay. Thiét
bi tich hop voi camera c6 kha nang quay
video v&1 do phan gidi 4K va chup anh tinh
v6i dO phan giai 24 MP ¢ dinh dang JPEG
hodic DNG RAW. Ong kinh ctia camera dugc
thiét ké dac biét dé chéng méo ¢ ving ria anh
va c6 khau do 16n nhét F/2.8 dong thoi cho
goc nhin rong 94 d6 (Hinh 3). M6t sb tinh
nang chinh ciia may bay khong nguoi 141 DJI
Inspire 2 va camera thé hién ¢ Bang 1.
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Hinh 2: Bj thiét bi bay Inspire 2
Nguon: https://www.dji.com/global/inspire-2/features

Bing 1. Thong sé ky thudt

Thiét bi bay khong nguoi 14i DJI Inspire 2

Trong lugng 4.250 g
Thc do toi da 58 dam/ gio
Thoi gian bay 16n nhét 27 phut
Tan sb ang ten 2,4va 5,8 GHz

D0 chinh xac khi di chudt (P-mode vai GPS)

Doc: £0,5 m; ngang: = 1,5 m

Tan so hoat dong

2.400 - 2.483 GHz, 5.725 - 5.850 GHz

Dung lugng pin, di¢n ap, cong sudt, nguon dién

Model TB50, 4.280 mAh, 22,8 V, 97,58 Wh, 180 W

Loai Camera

Zenmuse X4S va Zenmuse X5S

D¢ phan giai 24 MP
Dinh dang dir ligu JPEG hoac DNG RAW
Goc chup (FoV) 94 46

Nguon: https://www.dji.com/global/inspire-2/features

Hinh 3: Camera ciia thiét

bi bay khong ngwoi ldi Inspire 2

Nguon: https://www.dji.com/global/inspire-2/features

2.1.2 Xac dinh diém khong ché anh

Trude khi tién hanh bay chup can
phai chon diém khéng ché anh, mot sb
diém nay dung dé x4y dung mé hinh DSM
va cac diém con lai dung dé dénh gia do
chinh x4c ctia mé hinh DSM. Sé luong
diém khdng ché ciia khu vuc nghién ctru

bao gdom 62 diém khdng ché rai déu trong
khu do, cac diém nay duoc do truyén tur
02 diém géc toa do Nha nudc trong h¢ toa
d6 VN2000. Tuy nhién, sau khi kiém tra
¢6 01 diém khong dat do chinh xac yéu
cau nén di duoc loai bo, do d6 chi con lai
61 diém GCPs (dung dé nan anh va kiém
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tra). Nghién ctru da st dung may thu RTK
ComNav T300 va phuong phép do tinh dé
do lu6i khdng ché anh. Cac diém khéng
ché dugc danh diu bang vat lidu co do
phan chiéu cao dé ting d6 twong phan. Vi
tri cac diém duoc phan bd déu trén toan bd
khu do va bd tri tai cac khu vuc c6 do cao
khac nhau. Hinh 4 14 so d6 cac diém khéng
ché anh cua khu vuc nghién ciru. Bang 2
1a toa do do duoc cua cac diém khéng ché
trong hé toa d0 VN2000, mui 48.

2.1.3. Thu thdp dir liéu

Nghién ctru str dung phan mém chuyén
dung Map Pilot dé thiét ké tuyén bay tich
hop véi nén ban d6 Google map. Qud trinh
bay chup dugc tién hanh véi ché d6 bay an
toan (safe mode), do d6 UAV c6 thé tu dong
di chuyén theo chuong trinh da thiét ké. Tuy

thudc vao murc d6 an toan cua thiét bi bay
nhu tinh trang cta pin, nguy co va cham
v6i chuéng ngai vét trén khong, nguoi diéu
khién c6 thé quyét dinh dimg qua trinh bay
tir dong dé UAV ha céanh [8]. Cac thong sb
lién quan dén qua trinh bay chup duoc tinh
toan phu hop voi dia hinh nghién ctru véi
10 dai bay, do phu cua anh la 75 - 80 %, d6
cao bay chup 100 m va téc do bay khoang 5
m/s. Ngoai ra, hé théng UAV va khong gian
xung quanh vi tri cit, ha canh nhu nha cao
tng, dudng day dién, cdy, cot ang ten, cc
tram thu phat song,... dugc kiém tra trudc
khi tién hanh bay chup dé dam bao an toan
va thu dugc tin hiéu GNSS 6t nhat. Két qua
1a tong cong 411 anh da duoc chyp bao phu
khu vire ¢6 dién tich 0,191 km?, cac anh nay
dugc sir dung dé xay dung DSM.

Bing 2. Toa d¢ cdc diém khéong ché danh ciia khu viee nghién civu

STT| Diém | X(m) | Y(m) | Z(m) |STT| Piém | X(m) | Y(m) | Z(m)
I | GeP2 | 2392731 | 504184,7 | 121,863 | 32 | GCP33 | 2392814 | 504397,6 | 113,806
2 | GCP3 [ 2392814 | 504328,7 | 115,799 | 33 | GCP34 [ 2392792 | 504377 [ 120,643
3 | GCP4 | 2392848 | 504436,5 | 121,255 | 34 | GCP35 | 2392795 | 504416,7 | 125,033
4 | GCP5 | 2392819 | 504469,7 | 107,365 | 35 | GCP36 | 2392867 | 504625,5 | 117,968
5 | GCP6 | 2392783 | 504298,5 | 108,914 | 36 | GCP37 | 2392875 | 504561,7 | 119,292
6 | GCP7 | 2392752 | 504242,1 | 109,008 | 37 | GCP38 | 2392868 | 504513.4 | 119,308
7 | GCP8 | 2392772 | 5045204 | 102,346 | 38 | GCP39 | 2392886 | 5044652 | 121,075
8 | GCP9 | 2392846 | 504405 | 121,29 | 39 | GCP40 | 2392903 | 504436.6 | 123,348
9 | GCP10 | 2392881 | 504414 | 123,716 | 40 | GCP4l | 2392898 | 504341,4 | 129,93
10 | GCP11 | 2392727 | 504599,5 | 93,876 | 41 | GCP42 | 2392920 | 504302,2 | 142,566
11 | GCP12 | 2392757 | 504607,9 | 93,81 | 42 | GCP43 | 2392915 | 504248,8 | 147,621
12 | GCP13 | 2392793 | 504589.1 | 93,938 | 43 | GCP44 | 2392869 | 5042074 | 140,417
13 | GCP14 | 2392803 | 504549.1 | 94,608 | 44 | GCP45 | 2392829 | 5041949 | 124,947
14 | GCP15 | 2392814 | 5045123 | 99.419 | 45 | GCP46 | 2392849 | 504207 | 134,861
15 | GCP16 | 2392666 | 5043162 | 137,099 | 46 | GCP47 | 2392826 | 504241,7 | 129,474
16 | GCP17 | 2392624 | 504541,7 | 9042 | 47 | GCP48 | 2392799 | 504244.6 | 117,191
17 | GCPI18 | 2392632 | 504432,7 | 106,294 | 49 | GCP50 | 2392794 | 504157,8 | 108,346
18 | GCP19 | 2392831 | 504546,6 | 105,345 | 50 | GCP51 | 2392768 | 504653,6 | 78,705
19 | GCP20 | 2392688 | 504232,3 | 142,342 | 51 | GCP52 | 2392698 | 504637,5 | 82,054
20 | GCP21 | 2392960 | 504349,7 | 114,589 | 52 | GCP53 | 2392711 | 504609.9 | 85,326
21 | GCP22 | 2392779 | 504398,6 | 121,067 | 53 | GCPs54 | 2392701 | 504580 | 92,781
22 | GCP23 | 2392808 | 504349,1 | 110,241 | 54 | GCP55 | 2392698 | 504545,1 | 93,238
23 | GCP24 | 2392779 | 504333 | 110,611 | 55 | GCP56 | 2392730 | 504523,1 | 102,096
24 | GCP25 | 2392755 | 504339,5 | 110,238 | 56 | GCP57 | 2392716 | 5044971 | 103,295
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STT | Piém | X (m) Ym) | Z@m) [STT| Piém | X(m) | Y(m) | Z(m)
25 | GCP26 | 2392753 | 504364,6 | 111,105 | 57 | GCP58 | 2392725 | 504465.6 | 104,459
26 | GCP27 | 2392752 | 504400,7 | 109,595 | 58 | GCP59 | 2392742 | 504436,1 | 106,283
27 | GCP28 | 2392759 | 504431,4 | 109,491 | 59 | GCP60 | 2392734 | 504390,7 | 111,191
28 | GCP29 | 2392779 | 504449,5 | 111,318 | 60 | GCP61 | 2392676 | 504350,3 | 120,293
29 | GCP30 | 2392806 | 504457,7 | 110,827 | 61 | GCP62 | 2392706 | 504305,7 | 111,994
30 | GCP31 | 2392819 | 504434 | 112,926 | 62 | GCP63 | 2392711 |504259,2 | 123,172
31 | GCP32 | 2392727 | 504599,5 | 93,876

2.2. Xir Iy dit ligu 1ap binh d6 anh. Phan mém nay véi cong

C6 nhiéu phan mém xu 1y anh
UAV nhu AgiSoft PhotoScan, PIX4D,
Trimple Business Center, Erdas Leica
Photogrammetry suite,... Nghién clru nay su
dung phan mém AgiSoft PhotoScan phién
ban 1.2 (Hinh 4) dé thuc hién khép anh, tao
dam may diém, xdy dung DSM va thanh

nghé Multi-View tai ciu triic 3D 1a mot
trong nhiing giai phdp hiru ich trong viéc
tao ra anh 3D chét luong cao tir anh tinh,
hoat dong hiéu qua trong ca hai diéu kién c6
va khong c6 kiém soat. Qué trinh can chinh
hinh anh va tai tao mé hinh 3D déu hoan
toan ty dong trong phan mém nay [5].

T NS e
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=] B
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Build Orthomosaic...
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Batch Process..,
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|[oo
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Hinh 4: Giao dién phin mém AgiSoft PhotoScan phién bin 1.2

2.3. Danh gia dp chinh xdc

Day 1a budc can thiét va quan trong
khi thanh 1ap DSM tur anh UAV. Trong
nghién cuu nay, d§ chinh xac cia DSM
duoc danh gia bang cach so sanh cac diém
trén moé hinh DSM véi cac diém khéng
ché twong ung ngoai mat dat. Cac diém
khéng ché nay khong tham gia vao qua
trinh xu ly anh va da dugc xac dinh toa
do, do cao. Cac cong thic sau day duoc
st dung trong qua trinh danh gia dé chinh
xac cua DSM [4]:

AX; = Xpsmi — Xeepi (D
AY; = Ypsmi — Yecpi (2)
AZ; = Zpsmi — Zgcpi (3)
rusEr = J[(Z)EL, ax} (4)
rusEy = J[(2)Zr, 4% (5)
rMsEy = [[(Z) 22, azf (6)

RMSEre = [(2)E2,100F + 8571 (7
BUSErry = J(E)VER [AXF + a2 +47F] (8)
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trong do:
XDSM[ va XGCPi; YDSMi va YGCPi" ZDSMi va

Z.cp Cac thanh phan toa d6 twong Ung
cia X, Y, Z cua cac diém khéng ché anh
trén mo6 hinh DSM va do ngoai thuc dia.
AX, AY, AZ: Cac gia tri chénh l¢ch
thanh phan toa do.
RMSE , RMSE,, RMSE_ ., RMSE_,
RMSE

XYZ:
theo cac hudng truc toa do X, Y, mat b?mg,

Sai s6 trung phuong tuong tmg

d6 cao va tong hop.

n: Tong sé diém khong ché anh.
3. Két qua nghién cu va thio ludn
3.1. Khu vwc thuc nghiém

Pia diém tién hanh thuc nghiém
1a khu ché bién va khai thac khoang san
quiang sit thudc quan 1y cua Cong ty
TNHH Tan Tién, tinh Yén Béi (Hinh 5).
Dién tich cua khu vuc nay tuy khong 16n
(khoang 0,191 km?) nhung kha phirc tap
véi nhiéu dia vat va chénh cao tuong doi
16m (khoang 86 m) (Hinh 6).

130m —|

10m —

Om

50m 100m 150m  200m  250m

Hinh 5: Khu vwc nghién cuu

3.2. Két qud nghién ciru va théo ludn

Nghién ctru sir dung 30 diém khéng
ché anh (GCPs - diém tiéu mau vang) dé
nan anh va 31 diém kiém tra (CPs - diém
tiéu mau do) dé kiém tra mo hinh (Hinh
7). Két qua xir Iy cho thay cac diém khdng
ché anh duoc tinh toan dua vao binh sai
khdi anh dat do chinh xac cao. Chénh léch
toa do cta cac GCPs do thuc té va léy trén
mo hinh DSM thé hién trén Bang 3. Theo
d6, cac sai s6 cac diém khong ché 16n
nhét: Theo truc X 12 6,892 cm, theo truc Y

Hinh 6: Mé hinh s6 dp cao khu vwe nghién civu

14 5,535 cm, sai s6 d0 cao 1a 8,490 cm, sai
s6 tong hop vi tri diém (mit bang va do
cao) la 12,228 cm. Ngoai ra, DSM dugc
kiém tra va danh gia do chinh xac dua vao
31 diém CPs. Két qua danh gia cho thay,
sai s6 thanh phén truc X 16n nhat 14 8,101
cm tai diém GCP 10; Truc Y 14 7,110 cm
tai diém CP 43; D0 cao 1a 12,865 cm tai
diém CP 62 va sai sb tong hop 1a 14,819
cm tai diém CP62. Hinh 8 thé hién sai s6
vi tri cac diém GCPs va CPs sir dung cho
nén anh va kiém tra mo hinh.
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.
3

Hinh 7: So dé cdc diém khéng ché anh (mau vang) va diém kiém tra (mau do)

Sau khi binh sai khdi anh chinh xac, diém cta khu vuc thuc nghiém véi tong
mo hinh dam may diém duoc xay dung s6 diém 1a 317.789 diém. Dya vao dam
véi chét luong chay mo6 hinh & muc d0 may diém 3D, m6 hinh sd bé mit dugc
cao (high). Két qua thu dugc dam may thanh lap (Hinh 9).

Bdng 3. Sai so ciia cdc diem khong ché anh va diém kiém tra mé hinh

Piém khong ché anh Piém kiém tra md hinh

Tén | Saisé | Saisd | Saiso m m Tén | Saisd | Saisé | Saisd
diem | X (cm) | Y (cm) | Z (cm) xy w | diém | X (cm)|Y (cm) | Z (cm) Xy xyz

GCP2 | 3,177 | 0,713 | -5,829 |3,256| 6,677 | GCP3 | -7918 | 2,342 | 7,047 | 8257 | 10,856

GCP7 |-5546 | 2,278 | 3,143 |5,995]| 6,769 | GCP4 | -5,605 | 5,013 | 10,136 | 7,520 | 12,621

GCP8 | -3,732 | 1,809 | 1,982 |4,148| 4,597 | GCP5 | -7,307 | 3,716 | 5,938 | 8,197 | 10,122

GCPY9 | 6,892 | 5471 | 8,490 |8,800] 12,228 | GCP6 | -7,617 | 2,150 | 7,384 | 7,914 | 10,824

GCP 11| -1,850 | 5,535 | 5,629 |5,836| 8,108 |GCP 10| -8,101 | 4,061 | 0,609 | 9,062 | 9,082

GCP 15| -1,170 | 0,469 | -1,547 [ 1,261 ] 1,996 |GCP 12| -1,848 | 5,692 | 5,052 | 5,985 | 7,832

GCP16]| 0,170 | -0,237 | -1,101 | 0,292 | 1,139 |GCP 13| -0,989 | 2,180 | 0,184 | 2,394 | 2,401

GCP17| -1,312 | 1,002 | 1,768 | 1,651 | 2,419 |GCP 14| -1,486 | 1,188 | 1,196 | 1,903 | 2,248

GCP 18| 0,256 | 0,278 | 5,715 10,378 | 5,727 | GCP 19| -2,725 | -2,841 | -10,576 | 3,937 | 11,285

GCP20| -0,642 | -0,380 | 3,609 | 0,746 | 3,685 |GCP25| 1,473 | 2,658 | 5,662 | 3,039 | 6,426

GCP21| -5,027 | -0,480 | 5,256 |5,050 | 7,289 | GCP26 | 2,236 | -1,298 | 3,574 | 2,586 | 4411

GCP22| 1,803 | 1,327 | -1,202 | 2,239 | 2,541 | GCP27| 1,205 | -0,630 | -0,181 | 1,360 | 1,372

GCP23| 1,644 | -0,225 | -0,220 | 1,660 | 1,674 | GCP28 | 0,279 | -0,994 | -0,792 | 1,032 | 1,301

GCP24| 1,826 | 1,385 | -5,191 [2,292| 5,674 | GCP29 | -0,095 | -2,417 | -5324 | 2,419 | 5,848

GCP 31| -0,206 | -3,652 | -4,232 | 3,658 | 5,593 | GCP 30| -0,486 | -3,259 | -5,806 | 3,295 | 6,676

GCP35|-1,419 | 2,866 | 1,465 |3,198| 3,517 |GCP32| 4,276 | -5,257 | -7,426 | 6,777 | 10,053

GCP37|-0,162 | 3,953 | 1,340 |3,957| 4,177 |GCP33 | 2,950 | -3,233 | -1,346 | 4,377 | 4,579

GCP 39| -5,226 | 5,606 | -5,230 | 7,664 | 9,278 | GCP34 | 2,085 | 6,086 | -2,543 | 6,433 | 6,918
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Nghién curu

Piém khong ché anh Piém kiém tra md hinh
Te}n Sai s6 | Saisé | Saiso m m Tfn Sai s6 | Sais6 | Saisd m m
diem | X (cm)|Y (cm) | Z (cm) Xy w2 | diém | X (cm)|Y (cm) | Z (cm) Xy xyz
GCP40| 1,104 | 4,486 | -4,138 | 4,620 | 6,202 | GCP36| 0,157 | 4,161 | 3,311 | 4,164 | 5,320
GCP42| 1,622 | 2,495 | 5375 [2,975| 6,143 | GCP38 | -2,420 | 7,237 | 5,146 | 7,631 | 9,204
GCP45| 3,346 | -3,368 | -1,446 | 4,747 | 4,962 | GCP41 | 0,204 | 4,715 | -0,765 | 4,720 | 4,781
GCP46 | 5,019 | -2,165 | -3,638 | 5,466 | 6,566 | GCP43 | 7,171 | 7,110 | 6,195 | 10,098 | 11,847
GCP47| 1,193 | -1,935 | -1,081 | 2,273 | 2,517 | GCP44 | -0,622 | 6,228 | -5277 | 6,259 | 8,187
GCP 48| -3,230 | -3,240 | -7,256 |4,575| 8,578 | GCP 52| 1,436 | -4,065 | -7,452 | 4,311 | 8,609
GCP 50| -2,575 | 4,193 | -5,870 | 4,920 | 7,660 | GCP 53| 1,926 | -3,652 | -7,273 | 4,129 | 8,363
GCP51| 1,131 | -2,980 | -4,597 | 3,187 | 5,594 | GCP56 | 2,490 | -3,161 | 3,433 | 4,024 | 5,290
GCP54| 1,341 | 4,680 | -3,790 | 4,869 | 6,170 | GCP58 | 0,267 | 0,134 | 4,812 | 0,298 | 4,821
GCP55| 1,910 | -4,821 | -5,272 | 5,186 | 7,395 | GCP 60 | -0,025 | 1,590 | 15,941 | 1,590 | 16,020
GCP 57| 3,012 | -3,962 | -4,317 |4,977| 6,588 | GCP 61 | 1,001 | -0,298 | 6,675 | 1,044 | 6,756
GCP 59| 5,001 | -1,048 | -4,149 | 5,109 | 6,581 | GCP62 | -5,154 | 5,247 | 12,865 | 7,355 | 14,819
GCP 63 | -6,029 | -4,206 | -12,245 | 7,351 | 14,282
Bing 4. Sai 56 trung phwong ciia cdc diém khong ché va diém kiém tra
.Sxo Sai s0 trung phwong RMSE (cm) Ghi chi
diém m, m, m, m,, m,, .,
30 3,015 3,102 4313 4,326 6,108 | Piém khdng ché nin anh
31 3,848 3,947 6,754 5,512 8,718 | Diém kiém tra mé hinh
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Hinh 8: Sai 56 vi tri cdc diém GCP va CP
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Bén canh vi¢c danh gia mo6 hinh dua
vao cac diém khong ché GCPs va diém
kiém tra CPs, d6 chinh xé4c tong thé cua
DSM con duge danh gia bang sai sb trung
phuong RMSE theo cac cong thuc tur (4)
dén (8) (Bang 4). Véi sai s6 trung phuong
téng thé 1a 6,108 cm cho cac diém GCPs
va 8,718 cm cho cac diém kiém tra mo
hinh cho thay, cac két qua nay déu dap
g yéu cau vé d6 chinh xac dé thanh lap
ban dd 1:1.000 cho cac du 4n vé khai thac

Nghién ciru

mo. Ngoai ra, cac sai sb thu duoc chi ra
rang mo hinh DSM tao ra tir anh UAV ¢6
d6 trung khop cao so voi dia hinh thuc té
cua khu vuc thuc nghiém. Két qua kiém
tra khiang dinh phuong phap st dung UAV
dé thanh 1ap mo hinh s6 bé mit 1a hoan
toan kha thi va dam bao dugc do chinh
xac yéu cau. Cong nghé niy c6 thé ap
dung ¢ nhitng khu vuc c6 dién tich va dia
hinh tuong ty nhu khu vuc thuc nghiém
cua nghién ctru nay.

Hinh 9: DSM khu vuc thuc nghiém

4. Két luan

Nghién ctru da sit dung anh chup tu
thiét bi bay khong nguoi lai DJI Inspire
2 va phan mém xur Iy anh Agisoft dé xay
dung mo hinh s6 bé mat khu vuc mé khai
thac khoang san Yén Béi. B9 chinh xac
dugc danh gia bang cach so sanh véi cac
diém khéng ché trén md hinh DSM va
ngoai thuc té. Két qua thuc nghiém cho
thy tiém ning ctia cong nghé UAV trong
viéc thu thap dir liéu dia hinh phuc vu viéc
tao ra cac mo hinh 3D c¢6 do chinh xac cao,
ty 1€ 16n cho nhitng khu vuc c6 dién tich
nho. Phuong phap dé xuét c6 thé duoc ap

dung cho céc khu vuc c6 dac diém va dia
hinh tuong tg nhu khu vuc nghién ctru.
Mic du con ton tai mot s6 han ché nhu thoi
gian bay chup khong dai do dung lugng
ctia pin thap, phu thudc vao diéu kién thoi
tiét,... nhung hé théng UAV c6 thé thuc
hién cong tac thu thap dir li€u trén moi dia
hinh khac nhau, dac biét 1a nhirng khu vuc
kho tiép can hodc khong an toan. Ngoai
ra, khi str dung thiét bi bay UAV gia thanh
thdp dé chup anh cac khu vuc khai thac
khoang san can phai quan tim dén do cao
bay chup, méy bay phai bay cao hon dinh
cao nhét ctia khu vuc d6 dé tranh va cham.
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Nghién ciru

Trong cac nghién ctu tiép theo, tac gia s&
tap trung nghién ctru sau hon vé cac yéu to
anh huong dén d6 chinh xac cia DSM.

Loi cam on: Bai bao hoan thanh dua
vao két qua cua dé tai cap co s& “Nghién
ctru danh gia anh hudng cua sb luong va
phan b diém khdng ché anh dén d6 chinh
xac xay dung mé hinh s6 bé mat tir dit liéu
anh UAV (thuc nghiém tai mdt mo khai
thac khoang san 19 thién)”. Truong Dai
hoc Thuy loi, ma s6: CS2024-06.
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