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Tém tit

Hién nay, trong tinh toan khdi luong xtic bdc tai cac mé than 16 thién sir dung anh may bay khong ngudi lai
UAV, mit cit dugc thanh 14p tir mé hinh sé bé mat DSM, sau d6 méi tinh toan khéi lvong bang phuong phap
mit cit theo TCVN 10673:2015. Cach tinh toan nhu vay khong hidu qua vé thoi gian, va lam giam d¢ chinh
x4c bé mit thu thap duoc. Vi muc dich khéc phuc nhuogc diém trén, nghién curu nay ing dung dam may diém
3D dé tinh khdi lugng xtc boc. Bé danh gia do chinh xac cta phwong phap, dir liéu kiém nghiém 1a mé hinh
dia hinh dugc thiét ké dudi dang ting bac tuong ddng voi bo mo 16 thién thuce té dé tinh toan khdi lugng xuc
bdc theo phuong phap toan hoc (TH), mat cit song song (MC) va dam may diém 3D (PC), két qua cho thiy do
léch TH-MC 14 0% va TH-PC 14 0,03%. Tinh toan thyc t& khéi lvong xtic bbc tai mé than Coc Sau cho thiy do
léch MC-PC 14 1,3%. Nhu vy, tinh khéi lugng truc tiép trén mo hinh dam may diém PC hoan toan dép tmg
dugc yéu cau ciia TCVN 10673:2015. Két qua nghién ctru ciing gop phan khing dinh hiéu qué cta cong nghé
UAYV trong thu thdp dir li¢u tai cac mo 19 thién, ddm bao cac cong viéc yéu cau do chinh xac cao.

T Lt’ k‘hod: may bay khong nguoi 1ai; tinh khéi lugng; dam may diém; mo 10 thién; mo hinh ) d0 cao; mo hinh
sO bé mat.

STUDY ON CALCULATING THE EXCAVATION VOLUME AT OPEN-PIT MINES USING 3D POINT
CLOUD GENERATED FROM UAV IMAGERY

Abstract

Currently, the calculation of excavation volumes in open-pit mines using unmanned aerial vehicle (UAV) data,
where cross-sections are generated by establishing from the Digital Surface Model (DSM), and subsequently
computing excavation volumes as prescribed by TCVN 10673:2015. This approach reduces the accuracy of the
collected surface data, while also consuming considerable time for accurate terrain digitization from the DSM
and cross-section generation, thereby introducing errors in this process. To address these limitations, this study
employs 3D point clouds derived from UAV imagery to compute excavation volumes. Additionally, to assess
the accuracy of this method, test data consists of a terrain model designed to mimic the terraced morphology
of actual open-pit mines for excavation volume calculations using mathematical (TH), cross-sectional (MC),
and 3D point cloud (PC) methods. The results reveal a deviation of 0% between TH and MC, and 0.03%
between TH and PC. Practical volume calculations at Coc Sau coal mine exhibit a 1.3% discrepancy between
MC and PC methods. Thus, direct excavation volume calculation on the PC point cloud model fully meets the
technical requirements according to TCVN 10673:2015. The research outcomes also contribute to affirming
the effectiveness of UAV technology in data collection at open-pit mines, ensuring the completion of tasks that
require high precision.

Keywords: UAV; excavation volume calculation; point cloud; open-pit mine; DEM; DSM.
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1. Gioi thiéu

Cong ngh¢ UAV (Unmanned Aerial Vehicle) ngay cang dugc ung dung rong rai trong cong tac
do dac khao sat thu thap dir liéu bé mat dit do tinh linh hoat, dd chinh xac dat dugc ngay cang cao, chi
phi thdp va an toan. Vi nhitng khu viyc ¢6 dia hinh phirc tap, khé tiép can nhu ddi nui [1], khu vuc
khai thac mo 16 thién [2],... cong nghé UAV khic phuc duoc hau hét cac nhuge diém cua cong nghé
do dac truyén thong [3, 4]. Dit liéu anh thu thap dwugc bang UAV cho phép xay dung thanh lap duoc
nhiéu san pham mo ta khong gian, bé mit dia hinh nhu dam may diém 3D (3D point cloud), mé hinh
s6 bé mat DSM (Digital Surface Model), mé hinh sé d6 cao DEM (Digital Elevation Model), ban d6
dia hinh, anh tryc giao [4-6].

Trén thé gidi, cong nghé UAV duoc tmg dung phd bién trong cong tac khao sat tinh toan khoi
lugng khai théc, trir lugng tai cdc moé [7-11]. Tac gia Hugenholtz cuing nhom nghién ctru [12] da so
sanh két qua tinh khéi luong da thanh phdm tai bai chira dé tir anh bay chup UAV véi khéi lugng da
dugc tinh theo tai trong can xe ctia mo. Két qua cho thdy do léch vé khdi luong tinh toan 1a 2,5%.
Trong mdt nghién ctru khéc, tac gia Ajayi va cs. [13] dé tinh toan khéi lwong da thanh pham tir anh
bay chup UAV va so sanh v6i khdi lwong da tinh toan dugc tir cong xuét thong ké tai may nghién.
Két quéa cho thay do 1éch vé khéi lugng 14 2,94%. Cac nghién ciru chi ra ring tmg dung UAV trong
cong tac do v& tinh khdi lugng tai mo dap ing dugc yéu cau vé do chinh xac, giam thoi gian va cong
stre lao dong. O nudc ta, cac nghién ctru ing dung UAV trong do dac khao sat mo ciing dd duoc quan
tam. Céc nghién ctru [2, 14] cho thay viéc img dung cong nghé UAV hiéu qua cao vé thoi gian do dac
va do chinh x4c dam bao yéu cau.

Trong khai tac mo6 than 16 thién, cong tac xuc bdc dat d4, khoang san 1a mot trong nhitng cong
doan san xuét chinh, lién quan t6i nhiéu cong doan nhu chuéan bi dat da, cong nghé, phuong tién van
tai,... cho qua trinh khai thac. O cac mo tai Viét Nam, viéc tinh khéi lwong xuc boc dat da hay khdi
lugng khoang san tai cic mo 1a cong tac trac dia quan trong nham kiém tra mirc d6 hoan thanh ké
hoach xuc bdc [15]. Chu ky tinh toan khéi lugng dai hay ngin phu thudc vao loai khoang san, qui mé
ctia m6 va tién d6 khai thac. Tai cdc mo khai thac than khéi lugng xtic bdc dugc tinh thuong xuyén,
c6 thé theo ngay, tuan, thang hodc theo qui. Khéi lugng chu yéu dugce tinh toan dwa trén nguyén ly
ctia phuong phap mit cit trén phan mém chuyén dung [16]. Do vdy, trong cac nghién ciru [2, 14],
trtt luvgng khong dugc tinh truc tiép tor mO hinh ddm may diém 3D ma dugc tinh tir cac diém toa do
(x,y,h) dugc xuét ra tir mo hinh s6 bé mat DSM véi mat do diém twong duong véi diém do chi tiét
bang may toan dac hay bang may dinh vi thoi gian thuc RTK (Real-Time Kinematic) ctia cong nghé
dinh vi toan cau GNSS (Global Navigation Satellite System), titc 1a mat do diém mé ta bé mat thua,
lam mat di dit liéu dy du chi tiét cua dia hinh ma cong nghé UAV thu thap dugc. Viée chuyén vé tinh
theo phwong phap mit cat, theo yéu cau caa TCVN 10673:2015 [16], da lam giam d6 chinh xac do
anh huong sai s6 khai quét dia hinh, ting thém thoi gian xtr 1y ni nghiép. Cac nghién ciru [12, 13]
da chimg minh rang sai s6 tinh toan khdi luong xuc bdc tai cac mé dé tir dir liéu ddm may diém 3D
so v6i khdi lugng xtic bbe thyc té 1a nho hon 3%, dap tmg yéu cau vé d chinh xac. Tuy nhién, cac
nghién ctru nay dugc thyc hién tinh toan da thanh phém trong kho, chua c6 nghién ctru thuc hién tai
cac mo than, noi ¢ dia hinh ting bac, phtc tap, chénh cao thay ddi 16n, dong thoi chua d& cap t6i
phuong phép mat cit, 1a phuong phap hién dugc ding phd bién ¢ nude ta.

Trong bai bao nay, chiing t6i nghién ctru tinh toan khdi lugng xuc bdc tryuc tiép tir dam may diém
3D, mét phuong phap khic phuc dugc nhuge diém ciia cach tinh toan hién nay theo phuong phap mat
cit tir dit litu UAV trong khai thac mo 19 thién. Dir li¢u st dung gém dit liéu kiém nghiém va dit liéu
thuc té. Trong 0, dir liéu kiém nghiém 1a mé hinh dia hinh duoc thiét ké dudi dang ting bac tuong
ddng v6i by mo 16 thién thyc té, dit liéu thuc té 1a dit liéu thu thap bang UAV va do dac truc tiép
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ctia khu vuc khai thac tai mé than Coc Séu, 13 mé than 1au doi nhat & Quang Ninh v¢i muc khai thac
-300 m. Trong nghién ctru, chiing t6i cling stt dung phuong phap mat cat (phuong phap duoc quy dinh
trong TCVN 10673:2015), va phuong phép toan hoc (phuong phép tinh theo mé hinh toan hoc) dé so
sanh, danh gia két qua tinh toan khoéi lvgng xuc boc véi phuong phap tinh toan tir ddm may diém trén
cung céc dit liéu su dung.
2. Co sé toan hoc tinh khoi lwgng
2.1. Dir lidu can thiét phuc vu tinh khéi lwong xuc béc tai mé

Tinh khéi luong xuc boc dat da trong tric dia thuc chét 13 viéc tinh thé tich khdi dat da trong ranh
gidi can tinh toan, dugc gidi han bé mat dia hinh trudc va sau khi xtic boc (Hinh 1). Do vay, dé tinh
duogc khoi lugng xtic boc can cé dir liéu cua hai bé mét dia hinh néu trén va ranh gidi tinh khoi luong.

Ranh gi6i
% < tinh xtc boc

Ranh giéi
Pia hinh trude xac bde tinh xte boc
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Hinh 1. Mat cit dung thé hién khéi luong xtc bdc cén tinh toan

B& mat dia hinh trong tinh khdi lwong chinh dugc thé hién bing mé hinh sé do cao cua dia hinh
DEM (Digital Elevation Model). Thong thuong DEM dugc biéu dién bing mé hinh tam giac khong
déu TIN (Triangular Irregular Network) voi cac dinh tam giéc 13 cac diém do chi tiét c6 toa do (x, y, ).
Céc diém chi tiét d6 thuong duoc do bang phuong phap toan dac, hoac phuong phéap dinh vi dong
thoi gian thyc RTK (Real Time Kinematic) ctia cong nghé dinh vi toan cau GNSS (Global Navigation
Satellite System). Mirc do chi tiét do vé dia hinh phu thuoc vao ddi tuong tinh toan, tai cac mé khai
thac than do vé chi tiét tai cac moong phai dat ty 1& 1:1.000 [14].

2.2. Tinh khoi heong bang phwong phdp

DEM cua dia hinh trudc va sau khi xtc bde duoc thanh 1ap tir s6 liéu do chi tiét va dugc chong
xép (ghép md hinh). Hé thng cac mat cit song song va cach déu nhau dugc thanh lap (Hinh 2(a)).
Tai mdi mat cat tinh duoc dién tich dat da can xtc boc (Hinh 2(b)).
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(a) Cac mat cit song song (b) Mit cit 1-1

Hinh 2. Tinh khéi lugng xtc bbc dit da bang mat cét song song [13]
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Khéi lugng dit da xac bdc nam trong ranh gidi tinh toan duoc tinh theo cong thire (1) [13].

S1+S,
V=L
(3

+S2+S3+...+S,,_1} (1)

trong d6 L 1a khoang cach gitra cac mat cét, S; 1a dién tich bé mat dat da trén mat cit i (Hinh 2(b)).
2.3. Tinh khoi herong bang phwong phdp mdt cdt 6 ludi tiw dam may diém points cloud

Bé mat khu vuc can tinh toan dugc chia thanh cac 6 vudng c6 canh déu nhau (Hinh 3(a)). Mdi 6
vuodng sé cét ca bé mat dia hinh trude va sau xtc bdc, tao thanh cac khéi hinh hop (Hinh 3(b)). Do cao
ctia bé mat dia hinh giéi han boi mdi 6 vudng duoc lay 1 do cao tai tAm 6 vudng, d6 cao niy dugc
tinh 1a trung binh d¢ cao cta 4 diém dinh cua 6 vuéng d6. Bd cao mdi dinh duoc ndi suy tir bé mat
dia hinh theo m6 hinh TIN.

Py e

SN R

(a) Ludi 6 vudng (b) Thé tich 1 6 ludi
Hinh 3. Tinh khéi lugng theo phuong phap ludi 6 vudng

Khéi lugng xiic bde duoc tinh theo cong thirc (2).

v:ivi:ﬁ;s,-hi ©)

trong d6 S; 14 dién tich 6 lui i; h; 1a chénh cao dia hinh tai 6 luéi tha i, h; = HS — H'; H', H’ 1a 6
cao dia hinh trudc va sau xtc bdc tai tim 6 1udi i.

3. Thwe nghiém tinh toan Kkhéi lwgng

3.1. Tinh todn khéi lwong trén mé hinh kiém nghiém

Khdi lwong xtic bdc dugc tinh toan trén dir liéu mo hinh kiém nghiém bang 3 phuong phap: phuong
phap toan hoc (TH), phuong phap mit cit (MC) va tinh tryc tiép trén dam may diém 3D (PC).

Mé hinh kiém nghiém dwoc chung t6i thiét ké voi dia hinh twong ddng voi bo ting moé 16 thién.
Dé loai trir anh hudng do sai sé khai quat dia hinh, bé mat dia hinh duoc thiét ké mat tAng bing phing
¢6 cung d6 cao, suon tang doc déu (Hinh 4(b)). Pia hinh trudc va sau xic bdc song song cach déu
nhau phuong do cao la 10 m (Hinh 4(a)).

Cac duong dic trung cho dia hinh (chan va mép ting) dugc thiét ké trén phan mém Autocad dudi
dang duong da tuyén c6 gan cao do (3D polyline). Vi truong hop tinh theo phuwong phap TH va MC,
cac duong 3D polyline cia dia hinh thiét ké duoc dira vao phian mém Topo-Hsmo, duoc ding phd bién
trong xur 1y s6 liéu ciia cac mo [2], dé thanh 1ap DEM cua bé mat dia hinh mé trudc va sau xuc béc.
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Hinh 4. Dia hinh thiét k& kiém nghiém

Truong hop tinh khéi luong theo PC, dia hinh thiét ké trén Autocad duoc dwa vao phan mém QGIS
[17], st dung phwong phap ndi suy tam giac khong déu TIN dé tao DEM cua bé mit dia hinh mé trude
va sau xtc boc. DEM sau khi ndi suy duoc sir dung dé xudt ddm may diém 3D sang dinh dang (*.¢57)
véi d6 chinh x4c 0,1 m va dugc dua vao phdn mém CloudCompare [18] dé tinh khéi lwong.

Tinh khéi luong bang cong thirc toan hoc (TH): Hai bé mat dia hinh duoc thiét ké song song cach
déu nhau 10 m. Trén Hinh 4(b) tinh duoc dién tich mat cit gitra hai bé matdiahinh1a $ =1.327,75 m>.
Do rong khu vuc tinh toan theo phuong song song phuong cta bo tﬁng 1a L = 85,096 m. Thé tich khdi
dAt da gifra hai bé mit dia hinh tinh dwoc 1a V = SL = 112.986,85 m?.

Tinh khéi luong bang phuO’ng phap mat cat (MC): St dung phan mém Topo-Hsmo [2] dé tinh
toan khoi lugng. Truc mat cit duoc bd tri vudng gdc voi phuong bo tang, khoang cach gitta cac mat
cit 12 5 m (Hinh 5). Khdi luong xtic bde dugc tinh theo cong thirc (1).

v NI
\
\\
\\
X
%,\_\
\, |
Mt cdt 2-2
Tdng D.tich ddo: 1327.75, D.tich ddp: 0.00 cdia 18 Thucnghiem
(a) Thiét k& vi tri cic mat cét (b) Dién tich ddo ctia mit cit 2-2

Hinh 5. Mat cit tinh khdi lwong

Tinh khéi lwong bing phwong phap luéi 6 vudng tir dir liéu dam may diém 3D (PC): Dam may
diém 3D cua bé mat dia hinh mé trudc xtc boc (Hinh 6(a)) va sau xuc bde (Hinh 6(b)), xuit ra tir
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DEM trén phan mém QGIS [17] duoc dua vao phan mém CloudCompare va chdng ghép (Hinh 6(c))
[18]. Khéi lugng duoc tinh voi 6 ludi (step_Grid) (Hinh 6(d)) va theo cong thire (2).

(a) Dia hinh trudc xtc bbe (b) Pia hinh sau xiic bbc
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(c) Chdng ghép (d) Tinh khdi lugng trén phan mém CloudCompare

Hinh 6. DAm may diém 3D ctia mé hinh thiét ké

3.2. Tinh toan trén dir liéu thuc té tai mé than Coc Sau
a. Gidi thiéu vé khu viyc nghién ciru va dir liéu sir dung

Mo than Coc Sau 1a mo than 16 thién 1au doi nhat Quang Ninh, bt ddu duoc khai thac tir ndm
1888, hién nay khai truong & mirc do sau -300 m, murc khai thac sdu nhit trong cac don vi nganh
than va ciing 1 kha hiém trén thé gi6i, voi nhiéu ting bac chénh cao 16n. Khu vuc thuc nghiém duoc
chon tai bo ting cong tac phia Pong cia mo than Coc Sau, chénh cao 16n nhét cia dia hinh 1a 190 m
(Hinh 7(a)).

Thiét bi bay khong luéi lai DJI Phantom4 RTK dugc sir dung dé bay chup anh khu vuc thuc
nghiém. Chiéu cao bay chup 100m, d phan giai anh khong gian GSD = 2,76 cm, do phu doc va phu
ngang anh 75%. Trudc khi bay chup anh, diém khéng ché anh duoc thanh 1ap 05 diém trén bé mat
dia hinh va do ndi toa do dat 46 chinh xac dudng chuyén cip 2. Tam chup anh UAV duoc thyc hién
theo phuong phap do dong st 1y sau (GNSS/PPK), tram co s& duoc dat tai mbc giai tich 1 di duoc
lap trudc d6 ctia Mo [14].

Dir liéu anh UAV duoc xur 1y trén phdn mém AgiSoft Metashape, str dung 02 diém diém khéng
ché dé nén anh va 03 diém kiém tra mé hinh. Két qua ¢dm may diém 3D va mé hinh s bé mat DSM
dugc danh gia do chinh xac voi sai s6 mat béng 3,7 cm va sai s6 do cao dat 6,4 cm [14]. Véi két qua
nay, do chinh xac dap ing dugc yéu cau thanh 1ap ban d6 dia hinh ty 1& 1:1.000 [19], va dam béo tinh
khéi lugng xtic boc dit d4 tai mo theo quy dinh [16].
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Dé so sanh, danh gia d6 két qua ctia phuong phap tinh khdi lugng tir ddm may diém 3D, chung toi
da do dac bé mat dia hinh theo cac mat cét cua khu vuc thye nghi€ém mo than Coc Sau b:ling phuong
phap do dac truc tiép sir dung may toan dac dién tir Leica TS09, muc d chi tiét dat ty 1& 1:1.000 [14],
va sau do tinh toan khdi luong theo phuong phap mat cit, mot phuong phap duoc quy dinh theo [16].

LR |\ Y -
BT RN
| \ Sy

"
{ III

&
(b) bam may diém 3D dja hinh hién trang duoc
f thanh lap tir anh bay chup UAV
(a) Vi tri khu vuc thyc nghiém tai mé Coc Sau (c) Dia hinh thiét ké sau xtc bbc

Hinh 7. Vi tri va ddm may diém 3D khu vuc thuc nghiém tai md than Coc Sau

b. Tinh toan khdi lwong

Dia hinh
hién trang

Pia hinh
thiét ké

110 12G 130 140 150 160 170

16 Toandac_TK

Hinh 8. Mat cit tinh khdi luong theo s6 lidu do chi tiét bang may toan dac dién tir
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DPam may diém 3D cua hién trang dia hinh tai khu vuc nghién ctru duoc thanh 1ap bang phin mém
AgiSoft Metashape va dugc giit nguyén mat do diém. Trén phin mém CloudCompare loc bo cac dia
vat nhu xe van tai trén mo, két qua dugc dam may diém trén Hinh 7(b). Pia hinh sau xuc bdc duogc
coi 1a dia hinh thiét ké (Hinh 7(c)), dugc thanh 1ap twong tu tai muc 3.1. Sau d6 thyc hién chdng ghép
dam may diém trudc va sau xuc bdc, va tinh khéi lvong xuc bdc trén phin mém CloudCompare.

Dbi véi s6 licu do truc tiép dé kiém chimg, dir liéu do chi tiét bing may toan dac dién tir duoc dua
vao phan mém Topo — Hsmo va tién hanh thanh 1ap DEM hién trang, sau d6 chong xép lén DEM cua
dia hinh sau xtic béc. Tinh khéi lugng theo phwong phap mat cit (theo quy dinh cia TCVN 10673:2015
[16]) v6i truc mat cdt co phuong vudng goc voi phuong ctia bo ting, cac mat cit thyc cach déu nhau
5 m. Vi du két qua tinh khéi luong mat cét 1-1 dugc thé hién trén Hinh 8.

4. Két qua va thdo luan
Két qua tinh toan khéi luong theo dir liéu trén mé hinh kiém nghiém duogc téng hop trén Bang 1.

Bang 1. Két qua tinh khdi lvong trén mé hinh kiém nghiém

Phuong phap tinh Sai 1&ch (%)
Toan hoc (TH) ~ Mat cat (MC)  Points cloud (PC) MC-TH PC-TH
Khdi lugng (m?) 112.986,850 112.986,820 112.954,398 0,00 0,03

Tu két qua Bang 1 cho thay, trén mo hinh 1a khu vuc co dla hinh thiét ké dang tang bac twong dbi
bang phang, d6 déc déu, cac diém do coi nhu’ khong co sai s6 khai quét dia hinh thi khdi luong xtic
béc tinh bang phuong phap mat cit MC gan nhu khong sai léch, ¢ 0%, so voi phuong phap toan hoc
TH (coi phuong phép toan hoc tinh tir mé hinh thiét k& lam chuan). Trong khi d6, khdi lugng tinh tir
dam may diém 3D (PC) theo ludi 6 vudng cho sai sb ciing rit nho (sai 1éch 0,03%). Nhu vay, voi dia
hinh chénh cao it thay d6i, khong c6 sai s6 khai quat dia hinh, phwong phap PC cho d6 chinh xéc tinh
khéi luong rét cao.

Két qua tinh toan khdi luong xtc bée tir ddm may diém 3D (PC) cua khu vuc thue nghiém tai mo
than Coc Sau, 1a khu vuc c6 chénh cao 10n, dia hinh thay dbi, duoc tong hop trong Bang 2.

Béng 2. Két qua tinh khoi lugng xtc boc dat d4 tai mo Coc Sau

Phuong phap tinh Sai léch
Mit cét (MC) Points cloud (PC) (m®) (%)
Khéi lugng (m*) 3.883.292,25 3.834.473,26 48.818,99 1,3

Bang 2 cho thay khéi luong xtic bdc tinh theo phuong phap mat cit MC (s6 liéu do do bang may
toan dac dién tir) va phuong phap tinh tir ddm may diém 3D PC (Point cloud duoc thanh 1ap tir anh
UAV) theo luéi 6 vudng, c6 gia tri 1éch nhau 14 48.818,99 m?, trong dwong v6i 1,3%. Theo tiéu chuin
k¥ thuat vé tric dia mo TCVN 10673:2015 [16], sai 1éch tinh toan khdi lugng xtic bc dat da cho phép
14 3%, thi tinh toan khdi lwong theo phuwong phap PC c6 do chinh xac dat yéu cau.

Nhu vay, tinh toan khdi lugng tryc tiép trén dam may diém 3D trén ca sé liéu mé hinh kiém
nghiém va s6 liéu thuc té cia mo than Coc Sau so vai phuong phép quy dinh theo TCVN 10673:2015
[16] c6 su sai 1éch rat nho, nho hon sai s6 cho phép. Do vay, hoan toan ¢ thé ap dung rong rai trong
nganh cong nghiép khai thac mé dé khéc phuc nhuoc diém cua cac phuong phéap truyén théng, phat
huy vu diém vé tinh linh hoat, nhanh chdéng va chinh xac trong viéc thu thap dur liéu thuc té tr UAV.
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5. Két luan

Trong nghién ctru nay, ching t6i d nghién ciru ing dung phuong phép tinh khéi lugng xtic boc
tir dam may diém 3D trong khai thac mé cua dir liéu kiém nghiém va dir liéu thyc t& ciia mé than Coc
Sau (Quang Ninh), két qua duoc so sanh v6i phuong phép toan hoc va phuong phap mat cat. Qua
trinh xtr 1y dit liéu, tinh toan khdi lugng duoc thuc hién nho cac phan mém chuyén dung AutoCAD,
Topo-Hsmo, AgiSoft Metashape, QGIS, va CloudCompare.

Trén dit liéu kiém nghiém, 1a ddm may diém 3D duoc thiét ké twong ddng voi bo ting mo 16 thién,
loai trir anh hudng do sai sé khai quat dia hinh. Két qua cho thiy phuwong phap tinh tir ddm may diém
va phuong phap mat cit déu cho d6 chinh xéac cao, coi nhu khong sai 1éch so voi phuong phap toan
hoc (sai léch 1an luot 1a 0% va 0,03%), 1a phuong phap chudn tinh tir mé hinh thiét ké. Trén dir liéu
thuc té, 1a dam may diém 3D duoc thanh 1ap tir anh UAV cta mo than Coc Sau, véi dia hinh chénh
cao 16n va thay dbi, phuong phap tinh tor dam may diém 3D cho thdy do 1ech rat nho (1,3%) so voi
phuong phap mat cat tinh tir s6 lidu do truc tiép bang toan dac dién tir. Sai s nay nho hon gidi han
cho phép theo TCVN 10673:2015.

Cac két qua cho thiy phwong phap tinh toan trén dam may diém 3D 1a mot giai phap hiéu qua va
chinh xac trong viéc tinh toan khéi lugng xuc bdc trong khai thac mo. Ngoai ra, viéc sir dung dir liéu
dam may diém 3D tir cong nghé UAV cho phép phat huy duoc hiéu qua ciia viéc thu thap dir liéu khu
vuc dia hinh kho khin cia UAV va cua dir liéu biéu dién dia hinh & muc do chi tiét cao trong linh vuc
khao sat dia hinh mé o nuoc ta.
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