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KHA NANG UNG DUNG THIET BI BAY
KHONG NGUO1 LAI (UAV) KINH PHI THAP DE BO VE
KIEM K€ TRU LUONG KHOANG SAN MO LO THIEN

NGUYEN QUOC LONG, LE VAN CANH

san la cong tac dwgc thyc hién thwdng

xuyén. Trir lwvgng khoang san la co s& dir liéu
can thiét phuc vu cdng tac danh gia, quan ly va
thiét ké mé rong khai thac mé [3]. Theo quy dinh
hién hanh, trong cac mé khai thac da vat liéu xay
dung, cong tac tinh toan kiém ké trir lwong md
duoc thwe hién it nhat 1 1an/1 nadm [4]. Hién nay,
cong tac do dac phuc vu tinh toan kiém ké triy
lwong tai cac md khai thac 16 thién noi chung va
khai thac da vat liéu xay dwng ndi riéng dang dwoc
thwe hién chd yéu bang phwong phap toan dac s
dung may toan dac dién t&. Tuy nhién, phuwong
phap nay duwgc danh gia la c6 chi phi cao, tén
nhiéu thoi gian va cong strc; gdp kho khan khi thuc
hién trong diéu kién dia hinh va méi trwdng phirc
tap, c6 thé gay mat an toan lao déng [1].

Gan day, mot sé céng nghé méi da va dang
duoc ng dung trong mét sb néi dung cong tac
trdc dia mo 16 thién Viét Nam nhw quét laser mat
dat, UAV, lidar, CORS [12], [14], [15], trong do,
UAV kinh phi thdp dang la mét trong nhitng céng
nghé dwoc dac biét quan tam.

Coéng nghé UAV da dwoc &ng dung trong do
dac dia hinh va cong trinh [1], [6], [8] va ngay cang
phd bién trong do vé thanh lap ban db dia hinh mé
16 thién [2], [7], [10], [9], [11]. Cac két qua nghién
clvu ng dung cla cac tac gid da khang dinh kha
nang ap dung céng nghé UAV trong do dac thanh
Iap md hinh s6 3D cho c&c mé 16 thién vé&i cac wu
diém ndi tréi nhw bdo dam d6 chinh xac cao, qui
trinh thwc hién don gian, an toan, tiét kiem thoi
gian va cong suc [2], [5], [13]. Po dac phuc vu tinh
toan, kiém ké trir lwong khai thac tai cac mé khai
thac 16 thién 1a nghién ctru va thir nghiém tiép theo
clia cong nghé UAV - déac biét dbi voi cac dia hinh
md 16 thién phirc tap & Viét Nam.

‘r rong khai thac mé, kiém ké trir lwgng khoang

Trwong Pai hoc Mé-Bia chat

Email: nguyenquoclong@humg.edu.vn

1. Khu vwec nghién ciru

M0 khai thac da vat liéu xay dwng Tuf-Andezit cé
trlr lwgng Ion nam trén khu viee NUi Dai, thudc xa Chi
Lang, huyén Tri Ton, tinh An Giang. Md da nay cé vi
tri tai khu vire di nui, dia hinh phirc tap. Mé da Tuf-
Andezit @3 dwoc phé duyét thiét ké gidi han két thuc
khai thac mo, thuan tién cho viéc tinh toan trir lvgng
mé khi da cé dia hinh két thic khai thac.

2. Phwong phap nghién ciru

2.1. Phwong phap thanh Iap mé hinh DEM

M6 hinh sé d6 cao DEM ctia mé dugc thanh lap
tr d¥ liéu do vé bang hai phwong phép trong cling
moét thoi gian: Bay chup thu nhan dir liéu anh béng
thiét bay khéng ngudi lai UAV Phantom 4 Pro va
do truc tiép bang may toan dac dién t& TS09. Khu
vic do v& ndm trong ranh gidi tinh triy lwong hau
nhw khong cé I&p phl. Chi c6 mot khu vwe nhé &
phia déng béc cé cay cbi bao phu, va mét s may
mac, xe 6 t& dang hoat dong trén bé mat md. Khi
thanh l1ap DEM ti» anh UAV, cac déi twong nay sé
duwoc loai bd, khu vwe co dd pha Ion dwoc do bd
sung bang may toan dac dién t&r. Mat dd diém do
dia hinh béng phuong phap toan dac dién t&r dam
bdo d6 chinh xac tinh tri» lwgng va thanh lap ban
dd dia hinh ty & 1/1000.

2.2. Co s& phwong phdp tinh tré lwvong

Cac phwong phap tinh toan trir lwgng khoang san
nhw phwong phap hinh tam giac, hinh da giac, khéi
dia chat, trung binh cong, phwong phap dwong dang
tri, phwong phap luwdi & vudng theo ly thuyét
Sébdlévski thwong dwge ap dung khi tinh toan bd
khoang san trong long dat tai giai doan tham do [3].
Khi cac mé d di vao khai thac, tinh toan kiém ké tri
lwong khoang sén & cac mé 19 thién thwdong sir dung
phwong phap mat cat dirng song song, phwong phap
nay phu hop véi dac diém dia hinh tang bac & cac mé
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16 thién néi chung va mé da vat liéu xay dwng n@i
riéng. Trong nghién cru nay, phwong phap mat cat

dirng song song da dwoc lwa chon dé tinh trir lwong
con lai cho mé da Tuf-Andezit.
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H.2. Tinh tri¥ lvong bdng mét cét dirng song song

Pé tinh trir lwong theo phwong phap mét cat
dirng song song, di¥ liéu dau vao can phai cé gdm
3 yéu tb: md hinh s dd cao dia hinh thoi diém tinh
tr& lweng, md hinh sé dd cao dia hinh thiét ké két
thic khai thac va ranh gi&i tinh trlr lwgng da duoc
cép phép. Khi hai dia hinh nay dwgc chéng ghép,
cac mat cat dirng song song cach déu nhau dwoc
dwng (hinh H.2). Dién tich khoang san trén tirng
mat cat nay dwoc tinh va tlr d6 triv lwong khoéi
khoang san duwgc tinh nhw sau:

v=|.(s1*32+32+33+Si+si+1]. (1)

2 2 2
Trong d6: | - Khodng cach gitra cac mét cat, s; -
Dién tich khoang san trén mét cét the “I”.

2.3. banh gia do chinh xac

Noi dung danh gia do chinh xac bao gdm danh
gia db chinh xac cia mé hinh DEM dwgrc thanh lap
bang cong nghé UAV va dd chinh xac tinh triy
lwong. D& danh gia d6 chinh xac md hinh DEM,
toa dd va dd cao cac diém trén md hinh b& mat
thanh lap bang céng nghé UAV duwoc so sanh tryc
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tiép voi cac diém khéng ché anh twong ng thanh
lap bang thiét bi toan dac dién tir theo cac cong
thirc sau:

AX=Xpsm-Xacp; (2)
AY=Ypsu-Yacp; (3)
AZ=Zpsw-Zacp; (4)
12 2
Xy = X
RMSE, =\/Z.=1( DC: ccp,) ' (5)
> (Yoou = Yeor )
RMSE, =& DC:]” = (6)
212 (Z .7 )2
RMSE, = <= DC: b (7)

RMSE,,, =/RMSEZ +RMSEZ +RMSEZ.  (8)
Trong déi AX, AY, AZ - Cac gig’\ tri chénh léch cég
thanh phan toa d6 va vi tri diém; RMSE - Sai so
trung phuong; n - Téng s6 diém kiém tra; Xacei Va
Xpsm, Yacpi Va Ypsw, Zecpi Va Zpsm - Thanh phan
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toa d6 twong (rng theo hwéng truc X, Y, Z cla
diém khéng ché anh va diém twong (ng trén mo
hinh DSM.

Pé danh gia d6 chinh xac tinh trir lwong, két
qua tinh trir lwgng khoang san dwgc tinh tir DEM
thanh 1ap bang cong nghé UAV dugc so sanh Vi
tr lvong khoang san dwoc tinh toan tir DEM
thanh lap bang do toan dac dién tlr. Chénh léch vé
thé tich thanh Iap b&i hai cong nghé trén dwoc tinh
theo cdng thirc sau:

8V=(Vuav-Vro). 9)
Trong dé: Vyav - Thé tich khoang san tinh dwa
trén DEM thanh 1ap tr anh UAV; Vip - Thé tich
khodng san tinh dwa trén DEM thanh lap ti sé
liéu do toan dac.

Gia tri chénh léch d6 cao trung binh gitra hai bé
mat dwoc thanh 1ap tir cdng nghé UAV va toan dac
dién t&r dworc tinh theo céng thirc sau:

8S=(8V/S). (10)
Trong dd: 8V - Sai sb tinh trlr lwong; S - Dién tich
nam trong ranh gi@i tinh trir lvong

3. Po dac thwc nghiém

3.1. Thiét bj UAV

Céc thiét bi sir dung bao gébm: mét may bay
khéng ngwoi lai Phantom 4 Pro do hdng DJI san
xuét phuc vu bay chup thu nhan di liéu anh dia
hinh md. May bay cé camera tiéu cy 8.8 mm, do
phan gidi khéng gian anh 20 MP, d6 réng anh
4864x3648 pixel; 01 may tinh cai dat phan mém
Agisoft phuc vu xtr ly anh bay chup UAV (hinh H.3);
02 may toan dac dién t& TS09 va cac thiét bi kem
theo phuc vu do ndi toa dd cac diém khéng ché
anh va do vé chi tiét dia hinh md. Cac thiét bj st
dung da dwoc kiém dinh cac thong sé ky thuéat
trwdre khi str dung.

H.3. Thiét bi bay Phantom 4 pro va may tinh cai phdn mém xw ly di liéu

3.2. May toan dac dién tor TS09

Do dién tich mé kha lon va dé dam bao DEM
thanh 1ap dwoc khéng cé sw sai khac do hoat déng
xuc bbc clia mé. St dung 02 t& do dé tién hanh do
chi tiét, tbng thoi gian do trong 3 ngay. Cac khu
virc dién ra hoat déng khai thac dwoc wu tién do
trwéc va cung thdi diém may bay bay chup anh,
cac vlng con lai sé do ngay sau dé. Cac diém do
bao gébm cac diém dac trung cla dia hinh mé nhuw
diém chan tang, mép tang, mat tang, va cac diém
dac biét xuat hién trén khu vuc thuc nghiém.
Khoang cach trung binh gitra cac diém chi tiét I1a
khoang 15 m.

3.3. Po dac thanh Iap mé hinh DEM bang
céng nghé UAV

3.3.1. Thanh Iap mang Iwéi khéng ché énh

T dia hinh thyc té khu vuc do vé, mang lwdi
diém khdéng ché anh (GCP) dwoc tinh toan va
thiét ké vj tri trén phan mém Google Earth (hinh
H.5).

Tdng sb diém GCP dugc thiét ké 1a 16 diém.
Cac diém nay dwoc dwoc phan bd déu trén toan
khu vwec thuc nghiém va dwoc danh dau trén mat
dat bang cac tiéu khéng ché anh, tiéu dwoc thiét
ké kich thwdc 60x60 cm, in trén gidy bat cé do
phan xa cao. Toa d6 céac diém GCP dwoc do ndi
véi diém khdng ché co s& st dung may toan dac
dién t&, trong qua trinh do dung kep gwong dé
dam bao 6n dinh, mdi diém dwoc do 03 lan va
két qua lay gié tri trung binh.
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3.3.2. Bay chup UAV

Dién tich khu vyc do vé trong ranh gi¢i la 38 ha,
téng dién tich do vé theo yéu ciu bao gdm ca phan
do do phl bién la 40 ha, dién tich thwc bay vao
khoang 62 ha, lich bay UAV dwoc thiét ké 02 ca
bay, thwc hién trén phan mém Pix4d Capture. Vi tri
cét, ha canh clia may bay dwoc chon & vi tri c6 do
cao trung binh cla md nham gidm thiéu sy anh
hwéng cla sw thay déi dia hinh mé dén dd chinh
xac md hinh thanh 1ap dwoc. B4 cao bay chup 170
m. D6 phl trum doc va ngang déu la 80 %, do
phan gidi anh thu dwoc 14 5.01 cmi/pixcel. Tong
thdi gian cho ca qua trinh thanh 1ap diém khéng
ché anh va bay chup UAV Ia 4 tiéng.

4
H.5. Vi tri cac diém GCP thiét ké trén google earth
4. X ly két qua va danh gia doé chinh xac
ctia mo hinh DEM
Trong sb 16 diém GCP, 10 diém dwoc chon lam
diém khéng ché nén anh, 06 méc con lai lam diém
kiém tra do chinh xac ctia md hinh thanh lap duoc.
Céac diém kiém tra mo hinh dwoc phan bd déu trén
dia hinh khu do, & cac vi tri phan anh dwoc sy thay
ddi clia d6 cao dia hinh mé. Dam bdo phan anh
chinh xac cia md hinh thanh lap dwoc ca vé toa do
mat bang va dd cao dia hinh. K&t qua danh gia do
chinh xac nhw trén cac Bang 3 va Bang 4.

= -
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H.4. Po dac chi tiét trén thurc dia ban

o -

g may toan dac dién to
Bang 3. P6 chinh xéc nén anh

2 Sai s6
Diem - em) T dy (om) dz (cm)
GCP1 | 2.8 15 1.2
GCP2 | .1 04 05
GCP3 2.4 0.0 24
GCP4 15 22 16
GCP5 | 2.8 1.0 0.4
GCP6 14 23 04
GCP7 0.8 0.9 3.8
GCP8 0.0 0.7 0.0
GCP9 0.0 0.0 0.1
GCP10 | 0.0 0.0 0.0
RMSE 13 0.9 1.0

Bang 4. B chinh xac mé hinh thoéng qua cac
diém kiém tra

.z Sai so
Diem dx (cm) dy (cm) dz (cm)
GCP11 1.3 -0.1 -2.6
GCP12 0.8 2.3 4.0
GCP13 -0.4 0.6 -3.4
GCP14 -0.1 -0.1 -1.9
GCP15 -0.6 -0.7 1.8
GCP16 -0.5 0.4 -3.2
RMSE 0.6 0.7 2.8

T két qua trén Bang 3 va Bang 4 cho thay sai
sb trung binh cac thanh phan X, Y, Z cla céc diém
nan anh twong &ng la 1,3 cm, 0,9 cm va 1,0 cm.
Trong khi d6, sai s6 trung binh cac thanh phan X,
Y, Z cla cac diém kiém tra twong ng la 0,6 cm,
0,7 cm va 2,8 cm. T& két qua danh gia cho thay,
mé hinh hoan toan c6 thé st dung trong cong tac
tinh tr&r lwvgng ma.

Viéc xt ly anh bay chup UAV va thanh lap
cac md hinh dwoc thwc hién trén phan mém
Agisoft Metashape Professional 1.5.4. Mot sb
san pham thanh lap tir anh bay chup UAV nhw
hinh H.6.
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H.6. Mot sé sén phdm ttr dnh bay chup UAV: a - M6 hinh 3D; b - Mé hinh sé dia hinh (DSM); ¢ - Anh truc giao

5. So sanh két qua tinh trir lwong tlr cac mé
hinh DEM

Trong ranh gi&i tinh trir lwvgng khai thac mé, dia
hinh thwc t& mé dang khai thac, do vay hau nhuw
khéng cé 1&p phi bé mat. Do vay, trong ranh gidi
nghién ctru mé hinh s6 bé mat (DSM) ciing chinh
l& mé hinh sé d6 cao ctia mé (DEM) do vay cé thé
st dung mé hinh nay dé tinh tri lwong.

Trir lwgng dwoc tinh theo ranh gidi nhw hinh
7d, b& mét hién trang cda mé dwoc Iéy theo céac
md hinh DEM da thanh lap dwoc, ranh gi¢i khai
thac dwdi dwoc lay theo thét ké két thac khai thac
cla mdé da dwgc phé duyét. Tinh toan trir lweng
duoc thyc hién theo phuwong phap méat cat ding
song song, khoang cach gira cac mat cat tinh 10
m va cong tac nay dwoc thwc hién trén phan mém
Topo-HSmo.

Tri¢ lwgng moé tinh theo dia hinh trén mo6 hinh
3D UAV: 11 728 888.46 m>. Triv lwgng mod tinh
theo dia hinh trén md hinh 3D Toan dac: 11 703

267.25 m® Chénh léch tri lwong md gitra hai
phuong phap: 25621.21 m>. U'éc tinh l1éch 0,22 %
téng tri» lwong theo ranh gidi tinh toan.

Trl lwgng clia mé tinh toan dwoc khoang trén
11 triéu m3, theo qui pham hién hanh do chinh xac
tinh trlr lwgng, khi trir lwgng mo I1&n hon 2 triéu m®
thi sai sb gitra tinh toan va kiém tra khéng dwoc
vuot qua 1 % tong triv lwong khai thac [4]. Trén
thuc té thi sai sb tinh triy lwong ludn t6n tai méc du
st dung cung phuwong phap tinh toan trir lwvgng, do
vay sy sai léch trlr lwong tinh toan gitra hai
phwong phap tinh toan la khéng thé tranh khoi.
Theo két qua tinh toan sw khac biét vé triv lwong
tinh toan tr DEM cua hai phwong phap la
25621,21 m°, trir lwong tinh t& 3D UAV I&n hon trip
Iwong tinh tir 3D toan dac. Trong khi & don vi m®
sw khac biét 1a con sé 1&n nhwng khi tinh phan
tram so vé&i téng trir lwong, né chi chiém 0,22 %.
Néu qui chuyén vé sy khac biét dd cao gitra hai bé
mat do bang UAV va bé mat do bang toan dac dién
tlr dwoc tinh theo céng thirc (10) s€ la 3,7 cm.
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H.7. M6 hinh sé dé cao va ranh gidi tinh trir ltrong: a - DEM Iap tor sé liéu do toan dac;
b - DEM I4p tir di¥ liéu UAV: ¢ - DEM dia hinh thiét ké két thic khai thac; d - Ranh gi6i tinh triv luong

8. Két luan

T két qua thwe nghiém tinh toan trir lwvgng cho
md da vat lieu xay dwng Tuf-Andezit trén mc“)lhinh
DEM dugc thanh 1ap tir di liéu UAV va tlr soO liéu
do bang may toan dac dién tlr cho thay rang:

> Két qua tinh trir lwong tir di¥ liéu do bang céng
nghé UAV léch so v&i két qua tinh triv lwong twr di
liéu dg toan dac dién tl la 0,22 %. Diéu‘ dé khéng
dinh rang: cong nghé UAV dap trng yeu cau ky thuat
do tinh kiém tra trir lwong khoang san mé 16 thién
theo Tiéu chuan Viét Nam nganh Trac dia mé.

> So voi cac phuong phap truyen thong, cbng
nghé UAV ¢6 nhiéu wu diém ndi trdi nhw: td chirc
ngoai nghiép don gian, tw déng hoa qua trinh tinh
todn va hién thj két qua; giam thoi gian, cong strc
va an toan lao déng dac biét doi voi khu vyc dia
hinh phic tap.d
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T khéa: thiét bj bay khéng ngudi lai, triv lvong
khoéang sén, mé da 16 thién

Trach nhiém phap ly cua cac tac gia bai bao:
céc tac gid hoan toan chju trach nhiém vé cac sé
liéu, néi dung céng bé trong bai bao theo Luét Bao
chi Viét Nam

Tém tat: Bai béo trinh bay két qué ung dung thiét
bi bay khéng nguoi lai (UAV) kinh phi thép trong
céng téc do dac thanh Iap mé hinh s6 do cao (DEM)
phuc vu tinh toan kiém ké tri¥ luong mé. Trong
nghién ctru nay, thiét bi bay Phantom 4 pro da duoc
sty dung dé bay chup bé mét dia hinh mé dé Tuf-An-
dezit, huyén Tri Tén, tinh An Giang. DEM duoc
thanh Iap ttr anh bay chup dwoc so sanh véi DEM do
truc tiép bdng méy toan dac dién t Leica TS09
trong cuing thoi diém. D6 Iéch chénh cao trung binh
gitka hai mé hinh DEM la 3,7 cm, d6 léch vé trip
luvong la 0,22%; Thoi gian do dac ngoai nghiép
bang may Leica TS09 la 18 tiéng véi 2 t6 may, trong
khi chi mét 5 tiéng cho toan b quy trinh do dac bang
thiét bi UAV. Céac két qua nay chung té hiéu qua cta
viéc (g dung thiét bj UAV kinh phi thap trong céng
tac do dac phuc vu kiém ké triv lugng khoang sén
céc mé khai théc dé bang phuong phap 16 thién.

The ability to use low-cost unmanned aerial
vehicles (UAV) to measure inventory of open-
cast mineral reserves

SUMMARY

This paper presents the result of applying
the low cost UAV based method in generating
Digital elevation model (DEM) which in turn
are used to calculate the reserve of mine. In
this study, a DJI Phantom 4 professional was
employed to capture images over a Tuf-
Andezit quarry in Tri Tén, An Giang province.
The acquired images are used to build DEM.
In order to evaluate the accuracy of the
resulting DEM, another DEM generated from
the measurement data by a TS09 Leica was
used to compare with the UAV generated
DEM. The difference between two models
was 3.7 cm in average and 0.22% in the
calculating reserve. In term of measurement
time, it took 18 hours with two groups of
surveyors using TS09 Leica total stations
compared to 5 hours by the UAV method.
These results proved the effectiveness of the
UAV method in measurement and calculating
the reserve of open-pit mines.
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