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TOM TAT

Muc dich ciia nghién ciru nay 1a xac dinh duoc s lugng diém khéng ché anh mat dat (GCP) t6i uu khi do
vé& thanh 1ap ban d6 dia hinh ty 1& 16n cho mo 16 thién bang may bay khong nguoi 1ai ¢6 tich hop thiét bi
dinh vi vé tinh (UAV/RTK). Bé dat muc dich nay, ngay 21 thang 5 nam 2020, khu vuc dia hinh dién tich
70 ha tai mo than Déo Nai da duoc chup anh bang may bay DJI Phantom 4 RTK ¢ d6 cao 100 m, 50 diém
da duoc thanh 1ap dé nan anh va dénh gia ¢6 chinh xac mé hinh s6 bé mat (DSM). Cac DSM dugc thanh
lap va danh gia do chinh x4c twong ng Véi cac trudng hop: sir dung anh UAV/RTK ma khong c6 thém bat
ctr diém GCP nao, sir dung anh UAV/RTK két hop véi 1, 2, 3, 4 va 5 diém GCP. Két qua cho thiy DSM
dugc thanh 1ap véi UAV/RTK khong str dung diém GCP cho sai s6 trung phuong mit bang 12 6.8 cm va
d6 cao 12 34.3 cm, do d6 khong déap (mg duoc yéu cau vé do chinh xac. Tuy nhién, khi két hop véi 1 diém
GCP thi sai s6 v& d6 cao ciia DSM da duogc cai thién 79% va 86% néu co 2 diém GCP. Néu st dung 3, 4
va 5 diém GCP thi d6 chinh xac dwoc cai thién hon nhung khong déng ké so vai sir dung 2 diém GCP. Do
vay, sir dung anh UAV/RTK két hop véi 02 diém khdng ché anh mat dat cho DSM dép ung yéu cau do
chinh xac thanh 1ap ban d6 dia hinh ty I¢ 16n cho cac mo 19 thién.

Tur khéa: UAV/RTK; DSM; GCP; mé 16 thién; ban do dia hinh.

1. Pit vén dé

Trong nhitng nam gan day, thiét bi bay khong nguoi 1ai (UAV) dwoc tng dung rong réi trong nhiéu linh
vue nhu khao sat dich chuyén va bién dang bé mat dinh ndi lira (Derrien, Villeneuve et al. 2015), khao sat
dia chit, danh gia nhanh cc tham hoa truot I dat (Dugonji¢ Jovandevié, Peranié et al. 2016, Tziavou,
Pytharouli et al. 2017, Rossi, Tanteri et al. 2018). Pay ciing la giai phap hitu hiéu trong khao sat va thanh
lap ban d6 dia hinh (Carrivick, Smith et al. 2016, Wiacek and Pyka 2019) dic biét 1a cho khu vuc c6 dia
hinh phirc tap nhu cac mé 16 thién khai thac quang hoac khai thac than (Sayab, Aerden et al. 2018, Nguyen
Quoc Long, Bui Xuan Nam et al. 2019, Le Van Canh, Cao Xuan Cuong et al. 2020, Nguy&n Quéc Long
and Lé Van Canh 2020). Khi 4p dung cong nghé UAV, viéc sir dung cac diém khdng ché anh mat dat
(GCPs) ludn rat can thiét dé dinh vi khéi anh vé hé toa d6 dia phuong va dam bao do chinh xac caa mé hinh
s6 bé mat (DSM) (Taddia, Stecchi et al. 2020), tuy nhién, d6 ciing 1a cong viéc thuc dia tbn nhiéu thoi gian
va cdng stc, tao 1én nhuoc diém 16n nhit cho cong nghé nay (Forlani, Dall’ Asta et al. 2018). Biéu nay cang
tré 1én 13 rang di véi mot sé dia hinh phuc tap nhu cac dia hinh ndi lira, khu vie truot 16, hodc do dac &
cac ving sau xa (Tomastik, Mokros et al. 2019) noi ma viéc thanh lap diém GCP rat kho khan, tham chi
khong thé thuc hién duoc.

Gan day, may bay khong ngudi lai c6 tich hop thiét bi dinh vi vé tinh GNSS da duoc biét dén nhu mot
giai phép hiru ich dé giam thiéu viéc sir dung cac diém GCPs (Helliguy 2020). Véi thiét bi dinh vi vé tinh
GNSSS cho phép do dinh vi theo thoi gian thuc (RTK) dat do chinh xac ¢& cm, cd thé thay thé GCPs (Zhang,
Aldana Jague et al. 2019) nén dugc goi la UAV/RTK. Viéc danh gia d6 chinh xac DSM dugc thanh 14ap tir
thiét bi nay da duoc thyc hién trong nhidu nghién ciru gan day. Tac gia Fazeli va cong sy di thanh 1ap 12
diém khéng ché va 20 diém kiém tra trén mot khu vuc thyc nghiém thanh lap DSM bing cong nghé
UAV/RTK (Fazeli, Samadzadegan et al. 2016) két qua cho thdy d6 chinh xac DSM dat murc dé xi mét.

*Tac gia lién h¢
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Nghién ctru cua tac gia Ekaco va cong su ciing cho két luan tuong tu khi danh gia d6 chinh xac md hinh
thanh lap duoc tir anh bay chup baoi may bay Matric pro c6 tich hop RTK (Ekaso, Nex et al. 2020). Ca hai
nghién ctru nay da cho thiy ring do chinh xac DSM

khong cao do tdn tai d6 tré tin hiéu gitra thoi diém chup cua may anh va thoi diém do RTK trén mit dét.
Tuy nhién, nhuoc diém nay da nhanh chong duoc khic phuc khi may bay UAV/RTK thé hé méi nhu DJI
Phantom 4 RTK (P4K) ra doi, do su ddng bo giita hé théng chup anh véi module RTK dan téi d6 tré chi ¢
muc mm (DJ1 2020). Khao sét kha nang sir dung P4K thanh lap ban db dia hinh viing ven b bién, téc gia
Taddia va cong sy da khang dinh tmg dung P4K cho phép do dac dat d6 chinh xac dén cm (Taddia, Stecchi
et al. 2020).

Céc diém GCPs c6 can thiét hay khong khi sir dung UAV/RTK d3 dwoc tra 1oi trong cac nghién ciu
(Forlani, Dall’ Asta et al. 2018, Stroner, Urban et al. 2020), c4c tAc gia nay da tién hanh bay chup anh UAV
v6i 3 truong hop: chi sir dung diém khdng ché anh, chi sir dung UAV/RTK va két hop ca hai, sau d6 so
sanh do chinh x4c cac mé hinh DSMs thanh lap dugc. Két qua ca hai nghién ciru déu két luan rang sir dung
UAV/RTK va UAV/RTK két hop vai 01 diém khdng ché anh mit dt cho mé hinh DSMs ¢ d6 chinh xac
cao hon khi chi sir dung GCPs. Tuy nhién, cac nghién ctru néu trén da sé duoc thuc hién & khu vuc dia hinh
kha bang phang va chua c6 nghién ctru nao &p dung cho dia hinh phuc tap nhu ¢ cac mo 16 thién. Do vay,
can c6 nghién ctru dé danh gia kha nang tng dung UAV/RTK trong cong tac thanh 1ap ban do dia hinh mo
1 thién, trong d6, viéc xac dinh duoc s6 lugng mdce khdng ché anh t6i wru 1a mot khau quan trong, dé c6 the
dua phuong phap ndy vao thyc té san xuat dat hiéu qua cao.

2. Khu vec nghién ciu

Khu vyc thuc nghiém c6 vi tri nam tai bo khai truong phia dong cua mo than Béo Nai, Cam Pha, Quang
Ninh. Khu vuc do vé& c6 dia hinh tang bac dic trung cho mo khai thac than 16 thién tai bé than Quang Ninh,
d6 sau khai thac va goc doc suon tang Ién, dién tich khoang 70ha, chénh cao dia hinh tir diém thap nhat
(day moong) téi diém cao nhat (b mo) vao khoang 300 m (Hinh 1). Khu vuc nghién ctru khdng c6 16p phit
nén mo hinh DSM thanh lap dugc ciing chinh 1a md hinh DEM (Nguyén Qudc Long and Lé Van Canh 2020).
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Hinh 1. V; tri khu vic thuc nghiém tai mo Péo Nai.

3. Do dac thuc nghiém

Thanh Binh sai )
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Khao GCP toa A cac truong hop ap chon
it va Bay dé K'J:p PPK +0 GCP DM trudmg
thiét ké chup | va [ ik [ PPK+1GCP | V& L hop ¢
phuong anh ghép : PPK +2 GCP ‘?ﬁ‘"h‘ diém
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Base

Hinh Qui trinh xdc dinh sé lrong diém khong ché anh can thiét

10



3.1. Thiét bj si dung

My bay khong nguoi lai PAK d3 duoc sir dung dé bay chup anh dia hinh mé. Tam anh dwoc dinh vi
theo phuong thirc do dong dong thoi gian thuc (GNSS/PPK) str dung may GNSS Comnav T300 lam tram co
s& mat dat (Base). May toan dac dién tir Topcon ES105 duoc st dung dé do ndi toa do dén cac diém khong
ché anh mat dét va cac diém kiém tra.

Bang 1. Thiét b; sir dung

- a”
—— " S 1 %'
Thiét bi "‘1 A
Sy
DJI Phantom 4 RTK GNSS Comnav T300 Topcon ES 105
Thong |- My anh: 20mb/pixcel - May do GNSS 2 tan sb A e o
s6k |- Dinh vi tim anh: GNSS dong |- Do chinh xac: mat bing|” DO chinh xdc do gbe: £57
. LA ias . h « - Do chinh x4c do chiéu dai:
thuat |- Do phan giai anh 2.74cm/pixcel|10mm+ 0.5 ppm; d6 cao 20mm+ 2 MM + 2 oom
chinh |& chiéu cao bay 100m 0.5 ppm PP

3.2. Bay chup UAV thu nhdn dnh

Ké& hoach bay chup duoc thiét ké bay truée khi ra thuc dia, dam bao cac tiéu chi an toan va dap wng yéu
cdu d6 chinh x4c. Do cao bay chup duoc thiét ké & mac 100 m so véi mat dat va cho do phan giai anh 2.74
cm/pix. Vi tri cit va ha canh cua may bay c6 d6 cao trung binh xét trén toan khu do dé dam bao an toan cho
may bay va cho d phan giai anh tét nhat & cac vi tri co d6 sau lén. Bo phu doc va phii ngang cua cac birc
anh lién ké 1a 75 %, toc d6 bay trung binh cua may bay 7 m/s. Téng sb ca bay cho toan khu vuc 1a 4 ca,
tong sb anh chup dwoc 1a 892 anh. TAm chup anh duoc dinh vi theo phwong thirc do dong xu ly sau
GNSS/PPK véi tram base mat dat dwoc dat vao mdc giai tich 1 caa mo.

Hinh 3. Mgt s¢ hinh dnh do dac thue dia tai mé Péo Nai.
3.3. Thanh Igp mé hinh sé dé cao DSM va dinh gid d¢ chinh xac md hinh

3.3.1. Phuong phap

Toa d6 tdm chup cua anh dugc do theo phuong thirc GSS/PPK, sau khi bay chup tdm anh duoc xir ly
trén phan mém RTKIib 2.4.3 va Aerotas PARTK PPK Adjustments V1.0. C4c tam anh dugc ghép lai tam
chinh xéac va xtr ly trén phan mém Agisoft Metashape Professional.

M6 hinh sé bé mat cia khu vyc nghién ctru duoc xay dung véi 6 truong hop nhu sau: chi dung anh bay
chup UAV/RTK (PPK); két hop anh bay chup UAV/RTK véi cac diém khéng ché anh véi sb lugng tang
dan (ttr 1 t6i 5) twong tng véi PPK + 1 GCP; PPK + 2 GCP; PPK + 3 GCP; PPK + 4 GCP va PPK + 5 GCP.

Dé c6 co so kiém tra do chinh x4c md hinh DSM thanh 1ap duoc tir anh bay chup UAV, trén khu vuc
thuc nghiém thanh lap 50 diém khdng ché anh mat dat, cac diém nay dugc danh dau bang cac tiéu khong
ché anh, dwoc in mau vang - den trén gidy bat (co do phan xa tét) kich thude 60 x 60 cm. Trudc khi sir dung
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céc diém GCP da duoc kiém tra vé do chinh xéc, trong d6 4 diém GCP khong dam bao d¢ chinh xéac da
dugc loai bo, 46 diém GCP con lai da dung dé nan anh va danh gia do chinh xéac cac DSM.

3.3.2. Padnh gia d¢ chinh xac

Dé danh gia do chinh xac mé hinh DSM thanh lap duoc, sir dung sai s trung phuong (RMSE), tinh toan
cho sai s6 toa do X, Y, Z, XY va XYZ véi cac tong thirc tinh toan nhu sau:

2

RMSE, = \/Zi:1(XDSI\Z_XGCPi) )
Siea(os—Yace,)

RMSE, = |==2 ’”Z GCPy (2)
N

RMSE, = |==2 D”: 6Py (3)

RMSEyy,; = /RMSEZ + RMSE? + RMSE? 4)

Trong d6: RMSE - sai sb trung phuong; n tong sé diém kiém tra; Xecei Va Xpsm, Yaecri VA Yosm, Zecpi
va Zpsm - thanh phan toa d6 twong ung theo hudng truc X, Y, Z cua diém khong ché anh va diém tuong
ung trén mé hinh DSM.

4. Két qua va thao luan

Két qua duoc thé hién trong Bang 2, ta c6 thé thiy rang truong hop chi sir dung PPK cho sai s6 trung
phwong vi tri diém (mat bang) 12 6.8 cm, sai s6 d6 cao la 34.3 cm. Khi sir dung thém 01 diém khdng ché
anh (PPK +1 GCP), sai s6 mat bang cac diém trén mé hinh thay d6i khdng I6n, nhung d6 chinh xac vé do
cao ciia mo hinh dugc cai thién dang ké (79%). So véi truong hop sir dung 01 GCP, truong hop PPK + 2
GCP cho sai s6 trung phuwong ca vé mat bang va do cao nho hon 8%, sai sé nay duoc cai thién thém 3% khi
sir dung 3 diém GCP, sir dung 4, hodc 5 GCP déu c6 do chinh xdc DSM dugc cai thién nhung khong dang
ké (khoang 0.5%). Nhu vay, xét dén sai sé trung phuong cua ca md hinh (Bang 1) thi chi can sir dung 01
diém GCP di cho do chinh xac mé hinh dén cm.

Bdng 2. Sai 6 trung phuong X, Y, Z, XY va XYZ ciia cac diém kiém tra

Truong hop Sai 56 trung phwong (cm)
j RMSEx RMSE, RMSE; RMSE,y RMSEyy,

PPK 51 4.5 34.3 6.8 35.0
PPK+1GCP 4.7 4.2 7.3 6.3 9.7
PPK+2GCP 3.7 2.5 4.7 4.5 6.5
PPK+3GCP 4.0 2.3 3.7 4.6 5.9
PPK+4GCP 3.4 2.0 3.8 3.9 55
PPK+5GCP 2.9 2.0 3.6 35 5.0

Néu viéc danh gia d6 chinh xac DSM duoc thyc hién duya trén sai s6 vi tri diém yéu nhit trén mé hinh.
Hinh 4a cho thay khi khong st dung diém khdng ché anh, sai s6 I6n nhat cia mé hinh tap trung tai cac vi
tri ¢6 d6 séu 1én va ¢ khu vuc xa tram base (khOang céch tir base t6i diém GCP xa nhit 1a 1.5 km) Khi sur
dung 01 diém khdng ché anh (Hinh 4b), phan bé sai s6 trén mé hinh c6 su thay dbi rd rét, khu vuc gan diém
khdng ché anh s& c6 sai s6 nho hon va cang xa diém nay d6 chinh xac mé hinh cang giam.
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Hinh 4. Vi tri cac diém khong ché anh va elip sai sé.
a. Truong hop PPK; b. Truong hop PPK + 1 GCP
Bang 3 thé hién sai 6 vi tri diém lon nhat trén md hinh DSM cua ca 6 truong hop. Qua do c6 thé thay ring
sai s6 vi tri mat bang cuia DSM tham chi ting 1én khi ting s6 lwong diém khéng ché anh. Trai nguoc véi diéu do,
sai s6 do cao ciia cac diém trén md hinh lai giam xudng khi s6 luong cac diém khdng ché anh ting 1én. Cu thé,
khi str dung 01 GCP sai s6 I6n nhit vé d6 cao van & muc -14.2 cm, tuy nhién, khi st dung 2 diém GCP sai s6
nay chi con -5.9 cm. Khi lan luot sir dung 3, 4 va 5 diém GCP, sai 6 vé do cao duoc cai thién chua dén 1.5 cm
S0 Vi st dung 2 GCP.

Bang 3. Cdc diém kiém tra c6 sai so lon nhat

] Sai s6 (cm)

Phuong phdp axX aY 4z aXY aXYZ

PPK 6.3 14 54.7 6.4 55.1
PPK+1GCP 46 43 4.2 6.3 156
PPK+2GCP 76 31 5.9 8.2 101
PPK+3GCP 78 3.9 5.2 8.7 10.1
PPK+4GCP 6.6 31 45 73 8.6
PPK+5GCP 6.2 2.9 4.9 6.8 8.4

5. Két luan

Trong nghién ciru ndy, véi muc tidu xac dinh dugc s6 luong diém khéng ché anh mat dat can thiét khi
thanh 1ap ban d6 dia hinh ty I¢ 1on cho cac mo 16 thién biang cong nghé¢ UAV/RTK. May bay DJI Phantom4 RTK
da duoc sir dung dé bay chup dia hinh mé 16 thién, diém GCP duogc thanh lap va do ndi toa d6 bang may
toan dac dién tir. Danh gia do chinh xac DSM & céc truong hop khac nhau cho thay:

M6 hinh s bé mat dugc thanh lap tir anh bay chup bang thiét bi bay khéng nguoi 14i co tich hop
GNSS/RTK c6 toa 6 mat bang dat do chinh xé4c thanh 1ap ban d6 dia hinh ty 1& 16n mo 16 thién theo qui
pham (Bo Cong Thuong 2015), tuy nhién, d¢ cao c6 sai s6 I6n va khong dép tng dugc yéu cau.

Can thiét phai sir dung cac diém khdng ché anh mit dat dé cai thién do chinh xac DSM, sir dung 01 diém
cho d6 chinh xac dé xi mét, sir dung tir 2 diém khéng ché anh tré 1én cho sai s6 xang ti mét. Sir dung
UAV/RTK két hop véi 02 diém GCP cho DSM dam bao d6 chinh xac thanh lap ban do dia hinh ty I& I6n
cho mo 16 thién theo qui pham tric dia mo.

Loi cam on
Bai béo nay la san pham nghién ctru ciia dé tai ma s6 T20 - 06, nhdm nghén ciru xin chan thanh cam on

su hd trg kinh phi tir truong Dai hoc Mé - Dia chat, cam on Cong ty than Péo Nai da phdi hop va tao diéu
kién cho nhdm nghién ciru trong qua trinh do dac thuc nghiém.
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ABSTRACT

Determination of the number of ground control points required when
creating large scale terrain mapping of open-pit mines using
Unmanned Aerial Vehicles with integrated kinematic GNSS

Le Van Canh !, Cao Xuan Cuong *, Le Thi Thu Ha %, Nguyen Ngoc Anh 2
1Hanoi University of Mining and Geology, Vietnam
2VegaStar Technology Company, Vietnam

The objective of this study is to determine the optimal number of ground control points (GCPs) when
measuring and creating a large scale topographic map for open - pit mines by an Unmanned aerial vehicles
with a RTK onboard (UAV / RTK). To achieve this goal, on the 21st of May 2020, a 70-hectare area of
Deo Nai coal mine was photographed by UAV Phantom4 RTK aircraft at an altitude of 100m and 50 GCPs
have been established to capture the image and evaluate the accuracy of the digital surface model (DSM).
The DSMs were established and assessed for accuracy in the following cases: using UAV / RTK images
without GCPs and using UAV / RTK images in combination with 1, 2, 3, 4 and 5 GCPs. The results show
that the horizontal and vertical accuracy of DSM given by PPK only were 6.8 and 34.3 cm, respectively.
However, when adding one GCP, the vertical accuracy was improved 79% and 86% with two GCPs. In
addition, combination with 3, 4 and 5 GCPs, the error was improved but not significantly compared with 2
GCPs. Therefore, using UAV / RTK images in combination with 2 GCPs for DSM meets the accuracy
requirements for creating large scale topographic maps of Open - pit mines.

Keywords: UAV/RTK; DSM; GCP; Open - pit mine; terrain mapping.
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