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developing 3D models for deep open - pit mines from UAV image data. To
accomplish this goal, DJI's Inspire 2 flying device is used to take the photo
at Coc Sau coal mine. The flying area is 4 km?, the flight altitude compared
to the takeoff point on the mine surface is 250 m, the overlaying coverage
is both horizontal and vertical is 70%. The average errors of the
horizontal and height elements of the reference points photo correlates
are 0.011 m, 0.017 m, 0.016 m, 0.049 m, and 0.051 m. The maximum error
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horizontal error is 0.034 m, the maximum error on the Z-axis is 0.095 m,
and the position error is 0.095 m. These results show that the 3D model
established from photographic data by Inspire 2 device has satisfied the
requirements of the accuracy of establishing the mining terrain map 1:
1000 scale.
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Inspire 2,

M4y bay khong nguoi 14i,
M6 hinh s6 d6 cao,

M0 16 thién sau.

St dyng tw liéu mdy bay khéng ngwoi ldi (1 UAV] trong thanh Idp mé hinh 3D
dworc st dung rong rdi trong nhitng ndm gan day Tuy nhién, xay dwng mé
hinh 3D cho cdc mé 16 thién khai thdc xubng sdu c6 chénh cao gitra | bé mdt
va day mé Ién dén trén 500 m thi van chua cé nghzen ctbu nao dé cap Muc
tiéu cua bai bdo la ddnh gid khd ndng xdy dwng md hinh 3D cho cdc mé 16
thién khai thdc xudéng sdu tir die liéu dnh UAV. D€ thwc hién muc tiéu nay,
thiét bi bay Inspire 2 ctia hdng DJI dwoc stv dung dé bay chup mé khai thdc
than Coc Sdu. Dién tich bay chup la 4 km2, dj cao bay chup so voi diém cdt
cdnh trén bé mat mé la 250m, dé chong phti dnh theo cd chiéu ngang va doc
la 70%. Sai s6 trung binh cdc thanh phdn mdt bdng va do cao ctia cdc diém
ndn dnh twong tng la 0,011 m, 0,017 m, 0,016 m, 0,049 m, va 0,051 m. Sai s6
Ién nhdt theo truc X la - 0,025 m va truc Y la 0,028 m, sai s6 tdng hop mdt
bang theo ca truc Xva Y 1ém nhdt 0,034 m, sai s6 16n nhdt theo truc Z 1 0,095
m va sai s6 tong hop theo vi tri diém XYZ la 0,095 m. Cdc két qud nay cho
thdy mé hinh 3D d‘u'o'c thanh Idp tir div lidu dnh chup bang thiét bi Inspire 2
ddp ting tot yéu cdu vé dé chinh xdc thanh Idp ban do dia hinh khai thdc ty
l1é 1:1000.

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

1.M¢& dau

nhién, cic cong nghé nay cé cac nhwgc diém nhw
gia thanh thiét bi cao, qua trinh do dac tiéu ton

Mo hinh 3D 1a dit liéu quan trong trong nhiéu
linh virc. M6 hinh ndy thudng dwoc thanh 1ap bang
nhiéu céng nghé khac nhau nhw do dac truec tiép
bing may toan dac dién ti, dinh vi vé tinh GNSS,
quét laser mat dat va cdng nghé bay quét - Lidar
(Stal, Nuttens et al, 2011, Stempfhuber 2013,
Beumier Charles and Mahamadou 2016). Tuy
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thoi gian va stre lao dong. Kho thyce hién trong cac
diéu kién dia hinh va méi trweong phitc tap va co
thé gy mat an toan lao déng (Bui Tién Diéu va
nnk.,, 2016). Ngay nay, sw xuat hién cta cac thiét bi
bay khong nguwoi lai thue sy la cudc cach mang
gitip cho céng tac khao sat do vé thanh 1ap ban do,
giam sat va theo doi sy bién déng cac thanh phan
va cac doi twong trén bé mat Trai dat ngay cang
hiéu qua (Razi et al, 2018). Trén thé gidi, da cé
nhiéu nghién ctru rng dung UAV trong xay dung
mo hinh 3D cac cong trinh (Irschara et al,, 2010,
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Nex and Remondino, 2014) va trong do dac dia
hinh va cong trinh (Maza et al,, 2011, Liu et al,
2014, Sona Giovanna et al,, 2014).

(' Viét Nam, viéc trng dung cong nghé bay chup
UAV trong cong tac xay dwng md hinh sé bé mat
(Digital Surface Model - DSM) va ban do6 dia hinh
da duogc thuc hién trong mét sé nghién ctru. May
bay khéng nguwdi 1ai MD - 1000 da dwoge Xi nghiép
bay chup anh hang khéng - Cuc ban d6 Bo tong
tham mwu st dung trong cong tac thanh 1ap ban
d6 3D cho khu vuc My Dinh va Thai Nguyén (Xi
nghiép bay chup anh hang khéng, 2011). Nam
2014, cac tac gia Vi Phan Long & Lé Thing thong
qua két qua thir nghiém rng dung két hop giira hé
théng UAV Swinglet CAM (Sensfly - Thuy sy) va
UX5 (Trimble - M§y) trong thanh lap ban d6 3D
hanh lang tuyén dién, da dwa ra khang dinh rang:
UAV hoan toan c6 thé str dung trong giam sat
pham vi hep, 1ap ban d6 3D va thanh 14p ban d6
dia hinh 1:2000 (V@i Phan Long va Lé Thing,
2014). Trong mot nghién ciru nam 2016, tac gia
Bui Tién Diéu va dong nghiép da xay dwng quy
trinh cong nghé st dung dnh may bay khong
nguoi lai, xy dung cac sdn phdm ban d6 (mé hinh
s6 bé mat, mé hinh sd do cao, ban d6 trwc anh, ban
d6 3D) (Bui Tién Diéu va nnk., 2016). Cac tac gia
Bui Ngoc Quy va Pham Van Hiép ciling da thanh 1ap
ban d6 3D bang cong nghé UAV khu vuc dong
bang (Bui Ngoc Quy, Pham Van Hiép, 2017). Tac
gid Mai Van Sy va cong sw da nghién ctru thanh lap
ban do ty 1& 1ém tir di liéu anh bay chup UAV (Mai
Van Sy va nnk,, 2017). Tuy nhién, cac nghién cttu
nay chi gi¢i han trong khu vuc c6 diéu kién dia
hinh don gian va bang phang.

Cac nghién ctru tng dung UAV trong thanh lap
ban d6 khai thdc mé & Viét Nam chwa nhiéu. Nam
2014 cac tac gia Vo Chi My, Robert Duda da thw
nghiém rng dung UAV UX - 5 cta hdng Trimble
trong do vé khu vuc mé 16 thién va giam sat sw
bién dong méi trwong mo (Vo Chi My, Robert
Dudek, 2015). Trong mét nghién ctru khac cua tac
gid Bui Tién Diéu va cac cong sw nam 2017, thiét
bi UAV dugc stt dung bay chup xay dung mo hinh
s6 bé mat khu vwc bo mo 16 thién (Dieu Tien Bui
va nnk,, 2017). Tuy nhién trong nghién ctru nay,
bén canh cac danh gia vé d6 chinh xac khi thay doi
d6 hinh va s6 diém khéng ché anh, cac tic gia chwa
khao sat d6 cao bay chup, chwa dwa ra dwoc mot
quy trinh bay chup day du va ré rang cho mé 16
thién cé kich thwéc va cong nghé khai thac khac

nhau. Bén canh d6, véi dic diém dia hinh bién
dongnhanh valén & cac mé 10 thién, kha nang (g
dung UAV cin dwoc danh gia chi tiét va toan dién.
PAu ndm 2019, tic gid Nguyén Qudc Long da trng
dung cong nghé UAV trong xay dung mé hinh sé
bé mat va ban d6 dia hinh mo 16 thién khai thac vat
liéu xay dwng. K&t qua thwc nghiém cho d6 chinh
xac dat yéu ciu thanh lap ban do ty 1é 16n. Tw
nghién ctru nay, cc tac gia da két ludn UAV c6 qui
trinh bay chup don gian, an toan khi do dac tai cac
ving c6 dia hinh phtrc tap (Nguyén Qudc Long,
Cao Xuan Cuwong, 2019). Trong mot nghién ctru
khac (Nguyen Quoc Long et al,, 2019), nhém tac
gia da danh gia kha nang st dung clia may bay
khong nguoi lai gid ré trong viéc xay dung mo
hinh sé dia hinh va ban do, thwc nghiém dworc tién
hanh tai 4 mé khai thac da c6 dac diém dia hinh
khac nhau, trong ca bon truweong hop déu sir dung
may bay Phantom 4 Pro.

Hién nay, van chua c6 mét nghién ctru ndo vé
tng dung cong nghé nay trong thanh lap DEM &
cac mo 16 thién khai thac sau, chénh cao dia hinh
trén bé mat mo va diy moong 16n tai Viét Nam. Do
dé, muc tiéu chinh cta nghién ctru nay la danh gia
dd chinh xac DEM thanh 1dp tir phwong phap do
anh may bay khong ngwai 1ai UAV cho dia hinh mé
16 thién Khai thac sau.

2. Thiét bi bay va phan mém xtr ly

2.1. Thiét bi bay Inspire 2

Trong bo thiét bi Inspire 2 bao gom than may
va b diéu khién. Cac b phan chinh gin trén than
may bao gbm cac cam bién tranh va dip theo 5
hwéng (trai, phai, trwde, sau, dwdi), bon mo to, 4
canh quat c6 thé thao roi, chan ha canh c6 dinh
phia bén dwdi. BO diéu khién tir xa gbm cac nut
bam diéu khién qua trinh bay, diéu khién c6 tich
hop 2 ang ten véi 2 tan so: 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 dnh chup truc tiép tir may bay.
Hinh &nh ctia b6 thiét bi Inspire 2 nhw Hinh 1.

2.2. B6 phdn chup dnh (camera)

Camera cuta Inspire 2 ¢ thé tuy bién, c6 thé
dung cac camera c6 cung mot kiéu ngam két noi
véi than may bay. Thong thwong hay str dung 2
loai camera la Zenmuse X4S va Zenmuse X5S
(Hinh 2). Cacloai camera nay c6 thé chup anh tinh
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véi do phan giai 24 MP & dinh dang JPEG hoac
DNG RAW. C6 kha nang quay video véi do phan
gidi 4K. Cam bién camera c6 kich thuwéc 16n hon
cac thé hé trwdrc né nén trong diéu kién thiéu sang
cho raanh/video chit lwong t6t hon. Ong kinh ctia
camera c6 khau do lén nhat F/2.8, cho gbc nhin
rong 94 do. DJI cho biét 6ng kinh ctia camera dwoc
thiét ké dic biét dé chong méo & vung ria anh.
Camera dwoc n6i véi bo chdng rung 3 chiéu gitp
cho anh chup 6n dinh (DJI, 2017). Cac thong s6
chup anh cé thé dat & ché do tw dong hoac diéu
khién thong qua bo diéu khién mat dat.

2.3. Phdn mém xir ly adnh chup tir UAV

Hién nay c6 nhiéu phan mém x ly anh UAV
khac nhau nhw Agisoft Photoscan, ENVI, Trimple
Business Center, Erdas Leica Photogrammetry
¢6 d6 sau - 250 m, chénh cao 1én bé mitmaola 500
m, dién tich bay chup 1a 400 ha. C6 thé coi mé nay

Suite, PhotoModeler Scanner, Pix4UAV Desktop,...

Trong nghién ctru nay, nhdm tic gia sir dung phan
mém Agisoft Photoscan phién ban 1.42 dé xir ly
toan bd quy trinh tir khép anh, tao ddm may diém,
xay dwng mo hinh s6 bé mat (DSM), va thanh 1ap
binh d6 anh. Theo két qua nghién ctu (Sona
Giovanna, et al., 2014) thi day 1a phan mém xir ly
anh UAV t6t nhat. Giao dién phdn mém Agisoft
Photoscan nhw Hinh 3.

3. Thwc nghiém xay dwng mo hinh DSM cho mé
16 thién sau

3.1. Dia diém thwc nghiém bay chup

Phan thuc nghiém dwoc tién hanh tai mo 16
thién Coc Sau. Pay la mé 16 thién khai thac than
xudng sau nhit tai Viét Nam, hién tai ddy moong
la cAc mo tiéu biéu cho cac mé khai thac than
xudng siu tai Viét Nam.

Hinh 1. B thiét bi bay Inspire 2.
(http://blog.geekbuying.com/2016 /11/dji - inspire - 2 - release - date - price - and - specifications).

Zenmuse X4S

Zenmuse X5S

Hinh 2. Camera ctia Inspire 2.
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3.2. Xdy dwng diém khéng ché'va kiém tra

Diém khéng ché anh dwoc do dac bang cong
nghé dinh vi vé tinh (GNSS) xtt ly thirc thoi (Real
Time Kinematic - RTK). Nhirng diém nay duworc st
dung cho hai muc dich 12 nn anh vé hé toa d6 VN
- 2000 va danh gia do chinh xac cia mé hinh DSM.
Cac tiéu danh diu diém khong ché anh c6 duwong
kinh 50 cm, dwoc lam bang vatliéu phan chiéu cao

dé ting cwdng do twong phan, dé dang phat hién
trén anh (Hinh 4).

Trong nghién ctru nay, tong sd diém khdng ché
va kiém tra la 35 diém, trong d6 17 diém dung dé
nan anh va 8 diém con lai dung dé danh gia do
chinh x4c mo hinh, cac diém dung dé€ danh gia do
chinh xac dwoc phin b6 déu trén khu vuc bay
chup va ndm & cac dd cao khac nhau, ddm bdo tinh
khach quan trong danh gia két qua (Hinh 5).

L4 ngay 31.8.psx — Agisoft Metashape Professional
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Hinh 4. Thiét bi do GNSS/RTK va tiéu ddnh ddu diém khéng ché.
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3.3. Thiét ké va thwc hién bay chup

Qua trinh bay chup dwogc thiét ké trén phin
mém Pix4D Capture (Hinh 6), c6 thé thiét ké do
cao bay, t6c d6 bay, d6 chong phu theo hwéng doc
va ngang, goc chup anh,... Khi cai dit & ché do bay
an toan (Safe mode), UAV sé ty dong bay theo cac
dai da thiét ké bao gom tw dong cit canh, bay 1én
do cao thiét ké, sau d6 bay dén cac diém thiét ké
dé dirng va chup anh nhw d thiét 1ap trong phan
mém. Khi anh cudi cing dwoc chup xong, UAV sé
tw dong bay vé va ha canh tai diém xuat phat.
Trong qua trinh bay chup, trang thai hoat dong
cta UAV va may anh dwoc hién thi lién tuc trén
may tinh bang hodc dién thoai thong minh. Tuy
vao do an toan ctia UAV (vi du tinh trang nang
lwong cta pin, nguy co va cham véi vat thé, dong
vat trén khoéng,...), ngwoi diéu khién cé thé dirng
qua trinh bay tw dong dé diéu khién UAV ha canh.
D& dam bdo an toan cho may bay, tranh va dap vao
cac ngon nui thi do cao bay chup dwoc Iwa chon
sao cho ludn cao hon diém cao nhat cia khu vire

bay. Do han ché vé dung lwong pin nén thoi gian
bay moi ca chi xap xi 20 phut. Vi thé dé hoan thanh
dwoc dién tich bay chup 16n, can thiét ké nhiéu dai
bay lién ti€p. P6 phu ngang va phu doc cta cac
tuyén bay thiét ké 1a 70%.

3.4. Panh gia dé chinh xdc ctia mé hinh sé bé
mqt (DSM)

b6 chinh x4c cia mo hinh DSM mé dwoc danh
gia trén co s& so sanh toa do va do cao cua cac
diém trén mo hinh v&i cac diém khdng ché mat
dat, o chinh xac ctia mo hinh 3D dwgc danh gia
theo cac cong thirc sau:

AX=Xpsum - Xccp
AY=Ypsm - Yecp 1)
AZ=Zpsm - Zccp

AXYZ=XYZpsm - XY Zccp 2)

n
RMSEy = SQRT [(1/n) Z(XDSM — Xgcpi)®
i=1

Hinh 5. Phdn b6 diém ndan dnh va diém ddnh gid do chinh xdc.
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472x872 m
14min:00s

L C 3 wa

Hinh 6. Thiét ké ddi bay tai cum mé Coc Sdu.

RMSEy = SQRT[(1/n) Z?:l(YDSM - YGCPi)Z]‘

RMSE, = SQRT [(1/71) Z(ZDSM - ZGCPi)Zl
i=1

RMSEXYZ =
SQRT{(1/n) X7 1[(Xpsm — Xgepi)? +
(Ypsm — Yocri)* + (Zpsm — Zocpi)*13-

Trong do6: AX, AY, AX, AZ, AXYZ - Cac gia tri chénh
1éch cac thanh phan toa do, do cao va vi tri diém;
RMSE - Sai s6 trung phwong; n tong s6 diém kiém
tra; Xeceiva Xpsm, Yecriva Yopsm, Zecriva Zpsm-
Twong &ng 1a thanh phan toa do theo truc X, truc
Y va truc Z cta diém khdng ché va m6 hinh DSM.

- (3)

4.Két qua va thao luan

Sau khi xtr ly ghép 4nh bing phan mém Agisoft
Photoscan, sai s6 trung phwong cta tit ca cac
diém nan anh nhw trong Bang 1. Cu thé, sai s6 cua
cac diém dung dé€ nan anh nhw sau: sai s6 trung
binh cac thanh phén X, Y, XY, Z, XYZ twong &ng la
0,011 m, 0,017 m, 0.016 m, 0,049 m va 0,051 m.
Sai sO 16n nhit theo truc X 1a- 0,025 mva truc Yla
0,028 m, sai s6 tong hop mit bang theo ca truc X
va Y 16n nhat 0,034 m, sai s0 1é6m nhit theo truc Z
12 0,095 m va sai s tdng hop theo vi tri diém XYZ
1a 0,095 m.

Sai s6 trung phwong cla cac thanh phian X, Y,
XY, Z, XYZ cia tit ca cac diém ki€ém tra do chinh
xac mo hinh s6 dia hinh (DTM) twong tngla 0,011
m, 0,017 m, 0,016 m, 0,049 m, va 0,051 m (Bang
2). Sai s6 1én nhét theo truc X 1a - 0,120 m va truc
Y12 0,166 m, sai s6 tdng hop mit bang theo ca truc
X va Y lén nhat 0,205 m, sai sd 16n nhit theo truc
Z1a 0,255 m va sai s6 tong hop theo vi tri diém XYZ
12 0,309 m. M6 hinh DTM ctia mé Coc Sau nhw trén
Hinh 7.

Tl két qua danh gia do chinh xac & trén cho
thdy mé hinh DTM c6 d6 trung khép cao véi dia
hinh thuc t&€ véi mé hinh 3D ctia mo6 Coc Sdu nhw
Hinh 7. Theo qui pham Viét Nam nganh Tric dia
moé (Bd Cong Thwong 2015) va théng tu so
68/2015/TT - BTNMT (Bd Tai Nguyén va Mbi
Trwong 2015), d0 chinh xac cia ca hai mé6 hinh &
trén la dap &ng dwgc yéu cau thanh 1ap ban do dia
hinh ty 1é 16n 1:1000.

T mé hinh 3D, st dung cac phadn mém do hoa
nhw Autocad, Microstation d€ bién tip cac ban do
dia hinh, ban d6 hién trang st dung dat cta cac
mo,... Nh& mo hinh c6 do phan giai cao, hinh anh
truc quan, chan thuec, rd nét va chinh xac, qua trinh
bién tip ban do thuin lgi.
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Bdng 1. Toa dé va do cao cdc diém ndn dnh va dé chinh xdc.

Tén diém Sai s6 AX (m) | Sais6 AY (m) | Saisd AXY (m) | Sais6AZ(m) | Saisd AXYZ (m)
GCPO1 0,003 0,002 0,004 0,011 0,012
GCPO02 danho - 0,004 -0,014 0,015 -0,02 0,058
GCP04 -0,012 0,001 0,012 0,021 0,016
T2 - 0,004 0,013 0,014 0,013 0,019
T5 0,007 0,007 0,010 -0,016 0,019
T7 0,005 - 0,002 0,005 - 0,054 0,054
T8 -0,02 - 0,028 0,034 - 0,063 0,072
T14 0,015 -0,012 0,019 - 0,054 0,057
T18 0,004 - 0,007 0,008 -0,025 0,026
T19 - 0,008 0,001 0,008 0,095 0,095
T20 - 0,007 - 0,003 0,008 -0,014 0,016
T21 - 0,007 -0,011 0,013 0,091 0,092
T22 0,006 - 0,008 0,010 0,004 0,011
T27 - 0,025 -0,017 0,030 0,063 0,070
T29 -0,016 0,012 0,020 0,079 0,081
T30 - 0,007 -0,013 0,015 -0,028 0,032
T1 - 0,004 - 0,008 0,009 -0,017 0,019
RMSE 0,011 0,017 0,016 0,049 0,051
Bdng 2. Toa dé va dé cao cdc diém kiém tra va do chinh xdc.
Tén diém Saisd AX (m) | Sais6 AY (m) | Sais6 AXY (m) | Saisé AZ (m) | Saisd AXYZ (m)

GCPO3 0,120 0,166 0,205 - 0,195 0,283
T3 - 0,060 - 0,020 0,063 - 0,080 0,102
T4 - 0,098 0,000 0,098 0,128 0,161
Té6 - 0,005 - 0,032 0,032 - 0,207 0,210
T9 0,053 - 0,003 0,053 - 0,204 0,309
T10 0,069 0,037 0,078 0,255 0,267
T11 0,094 - 0,094 0,133 0,148 0,199
T12 0,022 0,003 0,022 - 0,148 0,150
T15 0,035 -0,011 0,037 0,090 0,097
T16 0,044 - 0,032 0,054 - 0,035 0,065
T17 0,033 - 0,089 0,095 - 0,081 0,125
T23 -0,016 - 0,064 0,066 -0,075 0,068
T24 0,006 - 0,058 0,058 -0,071 0,059
T25 0,070 0,077 0,136 0,085 0,144
T26 - 0,079 0,002 0,079 -0,071 0,079
T28 -0,108 -0,017 0,169 0,159 0,232
T31 0,082 - 0,062 0,128 0,068 0,145
GCPO02 dato 0,006 0,015 0,016 0,138 0,139
RMSE 0,066 0,061 0,090 0,138 0,164
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Trong nghién ctru nay, d6 chinh xac dat dwoc
c6 thé dung dé thanh 1ap ban do ty 1& 1:1000.
Trong cac nghién ctru tiép theo, tic gia sé tip trung
theo hwéng diéu chinh do cao bay chup, ting ty 1&
chong phu doc va ngang, ciing nhw thay doi goc
chup ctia camera ddi vdi cac swon tAng déc nham
dat dwoc db chinh xac cao hon.
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