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Mé hinh s6 bé mét (Digital Surface Model-DSM) la dau vao quan trong trong khai théc ma 16 thién.
D6 chinh xéc thanh 1ap DSM bang cong nghé may bay khéng nguoi lai - UAV (Unmanned Aerial
Vehicle) thay déi khi sé luong diém khdéng ché mét déat (Ground Control Points - GCPs) khac nhau.
Trong nghién ctru nay ching téi khdo sét dnh hudng cta sé lwong diém khéng ché dén dé chinh xac
thanh Iap mé hinh DSM tai mé da Nui S&m tinh Khénh Hoa. Ba tién thanh Iap 13 diém khbng ché trong
khu vire mé, sau dé bay chup mé da vao thang 4/2021 bang thiét bi DJI Phantom 4 Pro. Anh duoc xt
ly bang phédn mém Agisoft Photoscan. Danh gia dé chinh xac ctia mé hinh DSM théng qua céc gia tri
sai sé trung phuwong mét bang va dé cao cla céc diém khbng ché va céac diém kiém tra. Két qua chi ra
rang, véi trrong hop chi cé 3 diém khéng ché thi sai sé trung phuwong tai céc diém kiém tra cao nhét va
thap nhét Ian luot la 27,1 cm va 16,4 cm. Sai s6 ctia mé hinh giam dan khi téng sé luong diém khéng
ché. Qua két qua khdo sét cé thé két luén véi sé lrong diém khong ché tor 06 diém thi do chinh xac cua

mé hinh DSM ¢6 thé dat dwoc la 7 cm.

T Khéa: may bay khéng ngudi lai UAV, mé hinh sé dia hinh, diém khéng ché anh, diém kiém tra,

mo 16 thién.

1. DAT VAN BE

Su phat trién nhanh choéng cla céng nghé may
bay khéng ngui lai (UAV) da mang lai nhiéu loi ich
cho nganh coéng nghiép khai thac khoang san nhw
tang do an toan trong cong tac do dac, nang cao
hiéu qua trong hoat déng khai thac mé va dam bao
doé chinh xac theo quy dinh. Gan day, cong nghé
UAV duwoc st dung rong rai & cac md khai thac
16 thién v&i nhiéu tng dung nhw: quén ly bai thai,
quan ly kho chtra, quan tréc bui khu v khai thac,
danh gia sut Itn & mo, vv...

Hau hét cac irng dung dé cap & trén doi hoi phai
cé md hinh DSM c¢é dd phan giadi cao va trong thuc
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té da c6 mot sb6 nghién clru vé viéc xay dwng mo
hinh DSM s dung céng nghé UAV cho khu vwc
khai thac md. Khai thac mé la qua trinh dién ra lién
tuc theo thoi gian, va do dé, viéc thanh 1ap ban doé
phai dwoc thuwc hién dinh ky thwong xuyén. Néu
viéc khdo sat chi dwa trén UAV thi do chinh xac
khéng cao vi thiét bi GNSS tich hop trén cac loai
UAV gia ré c6 do chinh xac chwa dap trng dwoc yéu
cau. Tuy nhién, khi c6 s lién két gitra UAV v&i cac
diém khdng ché mat dét, thi s& nang cao do chinh
xac trong cdng tac khao sat theo yéu cau dét ra.
D6 chinh xac thanh 1ap mé hinh DSM béng cng
nghé UAV phu thudc vao sb lwong, mat do va sw
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phan bd cia diém khéng ché mat dat. RS rang la
khi sb lwong diém khdng ché tang lén va mat do
diém phan b ddng déu thi sé l1am giam sai s6 dinh
vi tdm anh va do d6 lam tang d6 chinh xac thanh
lap m6 hinh DSM. Mét trong nhitng yéu té quan
trong nhat d& ng dung UAV vao linh vwc khai
thac mé |a gidm chi phi, tdng nang suét va an toan,
do dé, viéc nghién ciru téi wu cac sb lwong diém
khéng ché mat dat khi thuc hién khdo dé dat duwoc
dd chinh xac can thiét khi s dung UAV sé giam
dwoc rat nhiéu chi phi va nang cao do an toan tai
cac dw an khai thac mo.

D4 cé mot sb nghién clru vé viéc phan tich anh
hwéng cta sb lwong va mat do diém khdng ché
trong xay dwng mo hinh DSM c¢6 dé chinh xac cao.
Tuy nhién, chi cé moét sb it nghién clru duwgc trng
dung cho mé 16 thién. Tac gid Shahbazi da phan
tich s6 lwong va mat dé diém khdng ché trong viéc
xay dwng moé hinh DSM & md, ho da khao sat 6
trwdng hop trong dé chi cé6 mét trwong hop st
dung 22 diém khdng ché, cac truéng hop khac
chi st dung 3 diém. Tac gid da chi ra viéc tang sb
lwong diém khdng ché va bé tri d hinh diém khéng
ché déu trén khu vuwc can nghién clru sé cho do
chinh xac cang cao. Tac gid Villanueva va Blanco
st dung 4 d6 hinh phan b cta tap hop bao gébm
4,6, 8,12, 16, va 20 diém khbéng ché nhdm phan
tich &nh hwédng cda chung t&i do chinh xac thanh
lap ban dd bai chira. Chwa c6 nghién clru nao dé
cap chi tiét t&i anh hwdng cla mat d6 diém ciing
nhw phan bd t&i dd chinh xac & cac ma vat liéu xay
dwng cla Viét Nam.

Trong bai bao nay, tac gia sé dat trong tam vao
viéc nghién ctru lya chon tdi wu diém khdng ché
dé c6 dwoc mod hinh DSM cho mé khai thac vat
liéu xay dwng Nui S&m, tinh Khanh Hoa. Viéc tbi
wu theo huéng dé xuat sé lwong diém it nhat tai
cac diém &n dinh thuan lgi do vé&. Nghién clru nay
la can thiét bai tai Viét Nam co rat nhiéu cac méd co
diéu kién dia hinh, dién tich twong tw nhw mé da
Nui Sam.

2. NOI DUNG NGHIEN clU

2.1. Khu vwe thwe nghiém

Thwc nghiém bay chup dwoc tién hanh tai mé
da Nui Sam, thudc thj xa Ninh Hoa, tinh Khanh Hoa
(hinh H.1). Dién tich ctia khu mé tién hanh thuc
nghiém tinh toan khoang 20 ha (dién tich thuwc té
bay chup bao trum ca khu vwc khodng 40 ha) véi
san lwgng khai thac dwoc phé duyét la khoang 2,5
trieu m3, san lwong khai thac hang nam khoang
70.000 m?. Tai thoi diém bay chup, mé dang khai
thac &@ mdrc +13 m..

2.2. Thu thap dir liéu

Dir liéu thu thap béng cac thiét bi GNSS va UAV.
Anh dworc thu thap bang thiét bi DJI Phantom 4 Pro
tich hop may anh 20-megapixel (RGB) v&i tiéu cw
la 8,8 mm, cdm bién anh c¢& 13,2 mm x 8,8 mm,
kich thwéc anh chup (4:3) 4868x3648 pixcel, do
phan gidi 5,45cm / pixcel khi bay cao 200m (https://
www.dxomark.com)..

May bay duwoc diéu khién tw dong thdng qua
trng dung Pix4Dcapture dwoc cai dat trén dién

Kilometers

0.13

H.1. M6 da Nui Sam, tinh Khanh Hoa
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thoai Iphone 12 Promax. Khi st dung ché do tu
dong thi cac théng sb dwoc nhap vao phan mém
diéu khién Ia dién tich bay chup khoang 40 ha, d6
cao bay chup & 200 m, d6 chdng pht doc va ngang
I& 80%. Vi tri tdm chup anh dwoc xac dinh b&i dau
thu GNSS/INS gan trén UAV véi sai s6 trung binh
khoang 2,5 m. Céac théng sé nay dwoc luu trong
anh va duoc st dung trong qua trinh xt ly anh.

Trong nghién ctu nay, ching téi tién thanh thanh
lap 13 diém khéng ché anh, céac tiéu dung lam diém
khéng ché anh dwoc lam bang bang vat liéu phan
quang tét cé kich thwéc 60 x 60 cm (hinh H.2). Toa
dd tam clia cac diém khdng ché anh nay dwoc xac
dinh trong mang lwéi toa do6 qubc gia (hé toa dd
VN2000) bang phwong phap GNSS/RTK. St dung
03 May thu GNSS RTK T30 cho muc dich xac dinh
toa dd va dd cao cac diém khéng ché anh, trong doé
02 may thu co s& (tram base) dwoc |&p dat tai 02
diém mbc (923427 va 923440) thudc mang luéi toa
dod qudc gia déat tai khu vwc Ninh Hoa, tinh Khanh
Hoa, 01 may dwoc s dung trong xac dinh toa do
va do cao diém khdng ché anh.

Phan mém tinh toan, xt ly di¥ liéu dwoc st dung
dé nghién ctu 1a phdn mém Agisoft Metashape
Professional, version 1.5.2 Build 7838 (64 bit). Hé
diéu hanh may tinh xt& ly Windows 10 Pro, 64 bit,
Computer chip Intel ® Core ™ i9-10900 2,80GHz,
Ram 16GB; Card d6 hoa NVIDIA Geforce GTX
1660, Ram 6Gb.

Viéc thanh 1ap cac mo hinh DSMs tir cac anh
chup va diém khéng ché mét dat: Sau khi nhap anh
vao phan mém Agisoft, cac blrc anh dwoc ghép voi
tam chup chinh xac da tinh toan dwoc. Anh dwoc
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H.2. Diém khéng ché anh, do toa dd va d6 cao cac GCPsva Ch

eck points bang thiét bi GNSS/RTK.

tw dong ghép trén phan mém véi thuat toan SFM
(Structure From Motion). Khéi anh da ghép dwoc
binh sai (Optimize) so' bd ngay dé biét dwoc sai sbé vi
tri cGia cac tam chup. Tién hanh loc bé cac tam chup
c6 sai sb I&n khdi phép binh sai, cac tam chup c6 sai
sb6 dén Dm dwoc loai bd. Tién hanh nhap toa do cac
diém khdng ché anh va tién hanh nan anh theo cac
GCPs. Thuc hién binh sai khéi anh sau khi nan anh
va thanh 1ap cac mé hinh DSM dé tién hanh khao
sat dé chinh xac dwa trén cac moé hinh nay.

2.3. Phwong phap

2.3.1 Phurong an khao sat

Dé& phan tich anh hwéng clia sb lwong diém khéng
ché dén dd chinh xac thanh 1ap mé hinh DSM, ching
t6i da khao sat 6 trwong hop thay doi sé lwong diém
khéng ché, cu thé 1a cac trudng hop véi cac cap
diém (khdng ché - kiém tra) bao gdm: 3-10; 4-9; 5-8;
6-7; 7-6; 8-5. Trong d6 sb th&r nhat 1a sb lwong diém
khéng ché, sé thir 2 la sb lwong diém kiém tra dung
dé danh gia mé hinh. Trong méi trwérng hop ching
t6i thay d6i 03 dd hinh diém khdng ché va gia tri trung
binh ctia 03 d6 hinh nay dwoc st dung dé danh gia
dd chinh xac. Gia tri cGia tirng dd hinh clia 6 trudng
hop dwoc trinh bay theo Bang 1.

2.3.2. Phuwong phap danh gia do chinh xac

D6 chinh xac ciia moé hinh DSM mo duwoc danh
gia trén co s& so sanh toa do va dé cao cla cac
diém trén mo hinh (cac diém Check points) vé&i cac
diém khdng ché mat dat (GCPs), do chinh xac cta
md hinh DSM dwoc danh gia theo cac céng thic
tw (1) dén (3).
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RMSExy = \/(%) I [(Xpsm—Xeep)? + (Yosm—Yocr)?] (1)
RMSE, = \/(1)2'.1 (Zosm—Zacp.)? 2)
4 n i=1\#DSM GCP;
RMSEyy, = (1) Y Xpsm—Xecr )2 + Yosu—Yecr)? + (Zosu—Zocp. )
xvz = J\;) Li=1(Xpsm—Xacp,)* + (Yosm—Yeep,) + (Zpsm—Zgcp,) (3)

RMSEyy, RMSEz, RMSEyxy7 twong trng la sai sb trung phuong theo mat bang, dé cao va sai s6 téng hop 3

chiéu; n tbng sb diém kiém tra; X ., va Xy, Yoo
VaY, g, Zopm V@ Zpg,- TwONg ng la thanh phan
toa dd theo truc X, truc Y va truc Z ctia diém khéng
ché va mé hinh DSM.

Pé& danh gia anh hwéng cta dd hinh khi gitr
nguyén sb lwong diém khéng ché, chung t6i st
dung thém céac chi sb vé do léch gitra cac sai s
trung phwong phan toa d8, dé cao cling nhu sai s6
tbng hop. Cu thé cac cong thire tr (4) dén (6) dwoc
st dung.

RMSExy= RMSExy max-RMSExy min (4)
RMSE;= RMSE; 1nax-RMSE; min (5)
RMSExyz= RMSExyz max-RMSExyz min (6)

3. KET QUA VA THAO LUAN

Két qua danh gia dd chinh xac cla cac trwong
hop dwoc mo ta trong Bang 1 va hinh H.3 thé hién
trwc quan sai s6 vé mat bang va do cao cla cac
diém khéng ché anh, trong dé mau cula elip sai s6
biéu thi sai s& do cao ctia diém khdng ché, trong
khi hinh dang elip biéu thi sai s6 thanh phan toa do
Xvay.

Bang 1. D chinh xac cia mé hinh trong cac truong hop.
Diém khéng ché (m) (m) (m)

Truong hop 1: (3-10)

1-5-10 0,039 0,216 0,219
3-7-12 0,044 0,267 0,271
4-8-13 0,034 0,161 0,164
(m) 0,039 0,215 0,218
(m) 0,010 0,107 0,107
Truong hop 2: (4-9)

1-5-9-13 0,050 0,239 0,244
2-6-10-12 0,028 0,128 0,131
2-5-8-12 0,037 0,139 0,144
(m) 0,038 0,169 0,173

Diém khéng ché
(m)
Truéng hap 3: (5-8)
2-4-8-11-12
1-3-6-10-13
1-3-4-7-9
(m)
(m)
Trudng hgp 4: (6-7)
2-5-6-7-11-12
2-3-4-8-9-10
3-5-7-9-11-13
(m)

(m)
Trudng hgp 5: (7-6)

1-3-4-8-9-12-13
2-3-4-7-8-9-13
1-3-4-6-7-10-11
(m)

(m)

Trudng hgp 6: (8-5)
1-2-3-6-7-8-12-13
1-2-5-6-7-10-11-12
1-2-3-7-8-11-12-13
(m)

(m)

(m)
0,022

0,032
0,025
0,037
0,031

0,012

0,027
0,034
0,029
0,030
0,007

0,025
0,027
0,021
0,024

0,007

0,024
0,022
0,025
0,023

0,002

(m)
0,111

0,079
0,132
0,175
0,129

0,096

0,029
0,086
0,072
0,062
0,057

0,090
0,052
0,034
0,059

0,056

0,045
0,037
0,072
0,051

0,035

(m)
0,113

0,086
0,135
0,179
0,133

0,093

0,040
0,092
0,077
0,070
0,052

0,093
0,059
0,040
0,064

0,053

0,051
0,043
0,076
0,057

0,033
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Trwong hop 5 RMSxyz nhd nhéat
H.3. Vj tri diém khéng ché anh va sai sb ctia ching.

Trworng hop 6 RMSxyz nhd nhét
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T Bang 1 co thé thay rang, dbi véi cac trudng
hop 1, 2 va 3, cac gia tri kha nhé cho ca 3 trwdng
hop véi gia tri trung binh ctia 3 dd hinh twong (ng
lan lwot 1a 0,039; 0,022 va 0.031 m. Céac gia tri nay
dadm béo d6 chinh xac vé& méat bang déi véi quy
pham thanh 1ap ban db ty 1& I&n. Tuy nhién, sai sb
vé dod cao lai kha lon, gia tri RMSE,,, trung binh
lan lwot voi trwdng hop 1, 2 va 3 1a 0.215, 0.169
va 0.129 m. Chinh vi sai sé theo truc Z I&n nén sai
sb tébng hop cla cac trudng hop nay kha lén, voi
cac gia tri lan lwot 14 0,173; 0,218; 0,133 m. Ca 3
trvdng hop déu cé sai sb6 1&n hon 10 cm. T két
qua trén cho thay, véi cac trwong hop st dung 3,
4 va 5 diém khéng ché kho tao ra mét mé hinh
DSM c6 dd chinh xac cao. Hon nira, cac gia tri 1&n
cho thay rang dé chinh xac ctia md hinh DSM phu
thudc dang ké vao dé hinh néu s dung rét it diém
khéng ché anh. Mdrc gidm gia tri RMSE,,, trung
binh t&r 0.133 m doi voi trwdng hop 3 xudng con
0.070 m déi vé&i trwerng hop 4 la do viéc bd sung
thém mot diém khéng ché anh niva dé& x& ly anh
tao DSM. Sy phu thudc cta sai sb vao dd hinh cé
thé dwoc quan sat trong Bang 1, trong d6 da thé
hién gia tri trung binh ciia 3 d hinh diém khéng
ché. Viéc tang do chinh xac bang cach tang GCPs
dwoc mé ta tir trwong hop 1 dén trwong hop 3
trong Bang 1, tr 46 nhan thay khéng nén sir dung
it hon 05 diém khdéng ché anh dé tao DSM. Viéc
st dung it diém khéng ché sé& khoéng dap tng do
chinh xac can thiét cho mét dy an khai thac va rét
dé bi anh huéng bdi dd hinh khac nhau ngay ca khi
chung dwoc phan bb déng déu.

Ciing tlr Bang 1 cho thay, v&i sy gia tang sb
lwong diém khdéng ché anh thi: (1) d& chinh xac
cla DSM duwgc cai thién va (2) sy phu thudc vao
dd hinh giadm. Sai s6 téng hop RMSE,, trung binh
cho trwdng hop 4, 5 va 6 lan lwot la 0,070; 0,064;
va 0,057 m. R rang sai s6 tbng hop gidm dan khi
s6 lwong diém khdng ché anh tang 1én va duoc cai
thién dang ké so véi 3 trwdng hop dau. Do chinh
xac cai thién manh mé khi s lwong diém khdng
ché anh tang to 3 1&n tdi 6, v&i 6 diém khdng ché
anh thi dd chinh xac cai thién xap xi 50% so véi 5
diém khéng ché (0,070 va 0,132 cm) va xap xi 80%
so v&i 3 diém khéng ché (0,070 va 0,218 cm). Tuy
nhién, khi tiép tuc tang sb lwong diém khdng ché ti
6 1én 7 va 8 thi sy cai thién khong dang ké (0,070;
0,064; 0057 cm) dwoc thé hién tai hinh H.4. Vi vay,
chung téi dé xuét st dung 6 diém khéng ché phan
bd déu cho khu vuec do vé cac md 10 thién cé dién
tich twong tw.

0.30

0.20

E/ 0.15 RMSz
= —e—RMSxy
& 010 ——RMSxyz

0.05 R~

0.00
2 3 4 5 6 7 8 9

S6 diém khéng ché

H.4. Biéu do thé hién su thay ddi sai so
khi tang diém khdng ché mat dat

4. KET LUAN

1) Déi v&i viéc khao sat, bay chup tai d6 cao 200
m (c6 thé thanh 1ap ban db dia hinh ty 18 1/2000) d&
thanh 1ap mé hinh DSM cho cac cbng trinh dw an
khai thac mé cé quy mé tor khoang 20-40 ha thi can
thiét 1ap khoang 6 diém khéng ché phan bd déu trén
mat dat Ia da dé vira ddm bao dd chinh xac va vira
tiét kiém, an toan trong céng tac do dac, cdm méc
diém khéng ché &nh mét dat tai khu vuc Dy an;

2) Két qua, phwong phap khéo sat thanh 1ap md
hinh DSM tai khdo sat nay ciing cé thé nghién ciru
thém dé thanh 1ap cac ban dé dia hinh ty 1& phu
hop, tinh toan khéi lwong cla cac mé khai thac
c6 quy md twong tw, cling nhw cé thé st dung dé
khao sat 4y dir liéu tham khao tai cac mé dét, da
dang dwoc dwa vao khai thac lam dw an Cao téc
Bé&c Nam dang dwoc khan truong thwe hién trén
dia ban ca nuwéc, tinh toan lay sb liéu tai cac khu
vuc dat, da bi sat 1& thwerng xuyén xuét hién trong
mua muwa |t & Mién Trung dé& phuc vu cong tac chi
dao, diéu hanh trong cong tac phong chéng lut bao
cla cac co quan chlrc nang.

3) Viéc st dung céac thiét bi hién dai hon (nhw
Phantom 4 RTK) dé& thanh 1ap mé hinh DSM déi
v&i cac md dat cd quy mé twong tw thi dé dat duwoc
dd chinh xac twong tw sé& can it diém khbng ché
mat dat hon. Tuy nhién véi loi thé vé gia ca thap
(Phantom 4 Pro c6 gia thap chi bang 1/5 Phantom
4 RTK) thi viéc str dung UAV gia ré sé phu hop
v&i rat nhidu muc dich va nhiéu doanh nghiép &
Viét Nam c6 thé dau tw va nghién ciru s dung
phwong phéap néu trén. Bén canh d6, dbi véi cac
khu vuc cé dién tich twong déng néu trén thi viéc
st¢ dung Phantom 4 RTK va Phantom 4 pro dé lap
mo hinh DSM 1a khoéng c6 sy khac biét dang ké.
Do vay, viéc nghién ciru, r’ng dung UAV gia ré dé
lap mé hinh DSM két hop véi hiéu chinh bang mét
s6 lwong mbc khéng ché anh mat dat tdi thiéu sé
mang tinh kha thi, mang lai nhiéu hiéu qua kinh té,
tiét kiém thoi gian va mang tinh an toan cao
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LOI CAM ON

Xin c&m on Lanh dao cac doanh nghiép dang thwc hién khai thac tai mé da Nui Sam, tinh Khanh Hoa,
gdm: Cong ty Cb phan Vat tw thiét bi va Xay dwng giao théng Khanh Hoa, Cong ty TNHH Xay I&p sb 1 va
Doanh nghiép tw nhan Thanh An, da tao diéu kién bd tri mat bang va dadm béo cong tac an toan khi nhém
tac nghiép thu thap sb lidu thuc nghiém tai Dy an dé hoan thanh nghién ctru nay.

DETERMINING THE OPTIMAL NUMBER OF GROUND CONTROL POINTS
FOR ESTABLISHING THE DIGITAL SURFACE MODEL OF NUI SAM QUARRY
KHANH HOA PROVINCE
Nguyen Huu Ninh, Tran Thi Phuong Thao, Le Van Thanh, Nguyen Huu Tam,
Nguyen Van Vinh

ABSTRACT
The Digital Surface Model (DSM) is an important input in open-pit mining. The accuracy of DSM

established by Unmanned Aerial Vehicle - UAV technology depends on the number of ground control
points (GCPs). In this study, we investigated the influence of the number of GCPs on the accuracy of DSM
of Nui Sam quarry (Khanh Hoa province). For this purpose, we established 13 GCPs over the surface, then
using the DJI Phantom 4 Pro to capture the quarry surface in 20 April, 2021. The images were processed
to creat DSM by using Agisoft Photoscan software. The accuracy of established DSMs is defined by Root
Mean Square error (RMS) in the XY, Z and XYZ directions. The results show that, in case of 3 control
points, the maximum and minimum RMSzyx error is 27.1 cm and 16.4 cm, respectively. Increasing in the
number of GCPs results in the improvement in the accuracy of DSMs and decreases the dependency on
the network configuration of the GCPs. It is concluded from experiments that with the number of control
points from 06 points, it is possible that the accuracy of the DSM model can be achieved at 7 cm.

Keywords: unmanned aerial vehicle, digital surface model, control point, checkpoint, open-pit mine.
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