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TOM TAT

Nghién ctru trinh bay vé phédn mém tinh toén va quan ly khoi lurong khai théc ma 16 thién néi chung va
ma khai thac dé néi riéng ter dir liéu UAV va quét Lidar. Phdn mém duoc thiét ké véi chire ndng tinh toéan
khéi long khai théc tir dédm may diém, quan ly di liéu va tao bao cdo véi thuét toan chia lwdi va ndi suy,
giup tw déng héa trong céng tac tinh toén va han ché sai sb. Phdn mém duoc phét trién trén nén tang
Matlab, framework Django va hé quan tri co s& dir liéu PostgreSQL. Két qua kiém thir cho thdy phédn mém
dat do chinh xac cao, ap dung phu hop trong thuc té. Phdn mém duoc thiét ké cé tinh mé, dé dang tich
hop vao céc hé théng I16n hon. Két qué nghién ciru sé duoc chuyén giao cho Céng ty Cé phan Xi mang

Vicem But Son.

Tir khéa: tinh toan thé tich, khbi lwong khai thac, UAV, dam may diém

1.DAT VAN BE

Trong céng tac diéu hanh san xuét tai cac md
khai thac 10 thién, viéc tinh khdi lwong moé (bao
gdm dat d& va khoang san) 1a mét trong nhirng
cong viéc rat quan trong. Trong qua trinh khai thac
ma, cdng tac tinh toan kiém ké khéi lwong khai thac
md duwoc thwe hién thwong xuyén, theo chu ky thoi
gian (thang, quy, nam hoac theo cac th&i gian “dac
biét”) dwgc dat ra trong cong tac quan ly.

Hién nay dé tinh toan khéi lwong khai thac md
c6 thé dwoc thuc hién bang nhiéu phwong phap
do dac trac dia khac nhau. Trong nhitng ndm gan
day, cong nghé UAV néi lén va dwoc st dung trong
cong tac thu thap div liéu dé tinh toan khéi lwong
khai thac véi nhiéu wu diém ndi bat.

Bai bao nay sé trinh bay vé& qua trinh phat trién
phan mém tinh toan khéi lwong khai thac tir div liéu
UAV, két hop voi viec quan ly cac div lieu do dé
phuc vu cho cdng tac nghiém thu, kiém ké va bao
cao khdi lwong mé hang thang, quy, nam, ...

2. DI LIEU VA PHUONG PHAP NGHIEN CUrU
2.1. Co s& ly thuyét
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2.1.1. Céng nghé UAV

Thiét bi bay khéng nguwdi lai UAV (Unmanned
Aerial Vehicles) dwoc (rng dung trong rat nhiéu linh
vuc khac nhau, tr linh vee quan sy dén céc linh
vire dan sw. Trong linh vwe khai thac mé, cong
nghé UAV duwgc rng dung trong viéc xay dwng cac
san pham trung gian nhw mé hinh sé dia hinh, mé
hinh sb bé mat, binh d& anh truc giao. Tl nhirng
san pham trung gian nay, cé thé dwoc ap dung vao
céac cong tac lién quan truc tiép dén hoat déng cla
mé khai thac 16 thién nhw: giam sat &n dinh bd mé,
tinh toan khéi lwong khai thac, ... [1], [2].

Theo gbc nhin vé thu thap di liéu tw UAV, thiét
bi UAV cd thé dwoc chia lam 2 loai: thiét bji UAV
thu thap di liéu théng qua may chup anh sb va
thiét bi UAV thu thap dir liéu théng qua thiét bi quét
Lidar.

2.1.2. Cdc phwong phdp tinh todn khéi lwong
khai thac cho cdc moé I thién

Hién nay viéc tinh toan khéi lwong khai thac cho
cac mé 16 thién co thé dwoc thwe hién bang cac
phuwong phap khac nhau, bao gém: phuwong phap
mat cat thang dirng song song, phwong phap mét
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cat ngang, phwong phap dudng dong mlc,
phuwong phap dwa trén diém do cao lwéi 6 vudng
va phuwong phap dwa trén dam may diém.

Uu, nhwoc diém cha cac phuwong phap nhw
sau:

- Phuwong phap theo mat cét thang ding song
song phu hop véi viéc tinh toan khdi lwgng cho cac
mo co dia hinh dang tuyen cong thire don gian;

- Phuwong phap mét cat ngang can co sw ph0|
hop voi ky suw dia chét, thich hop cho tinh cac khdi
dia chat, phwong phap nay tinh tw dong héa khéng
cao;

- Phuwong phap tinh thé tich theo dwdng ddng
murc, dd chinh xac cla két qua tinh toan phu thudc
rat|&n vao do chinh xac dwng dwong ddéng murc va
phuwong phap nay chiu sai s6 ndi suy dwérng dong
muc;

- Phwong phap tinh thé tich theo lu6i 6 vudng
c6 tinh tw dong hdéa cao. Tuy nhién phwong phap

M& dun phan mém

nay chiu sai sb ndi suy tao DEM tlr cac diém dia
hinh;

- Phuong phap tinh tir dam may diém st dung
tinh toan khéi lwong theo phwong phéap truc tiép
véi phwong phap Voxel két hop véi ndi suy theo
lwéi 6 vudng [3], phwong phap nay cé wu diém 1a
tinh tw ddng héa cao va han ché sai sb noi suy.

2.2, Phat trién phan mém tinh toan va quan ly
khoi lwong khai thac

2.2.1. So' d6 phéan ra chirc ndng ctia phan mém

Phan mém tinh toan va quan ly khdi lwong khai
thac c¢é 3 chlrc nang chinh: tinh toan khéi lvong
khai thac mé tlr di¥ li&u dam may diém, quan ly cac
di liéu tinh toan dwoc va bao céo thdng ké. So dd
phan ra chirc ndng phan mém duwoc thé hién &
Hinh 1.

I
Tinh toan khoi
lwong khai thac tw
dir liéu UAV va
Lidar

Quan ly di¥ liéu da
tinh toan

Tinh toan khoi

|| lwong con lai cua
khu v khai thac
dwa trén cao trinh

Quan ly di liéu
dam may diém twr
UAV va khéi
lwong tinh toan

bao cao thong ké
khoi lwong tinh
toan tir dir liéu
UAV va Lidar

Tinh toan khéi
lwong khai thac
gitra 02 chu ky do

| | Thém méi, stra,
x0a dir lieu UAV

Bao cao khdi
lwong khai thac
theo cac thang

| _|Hién thi cac théng
tin di¥ liéu UAV

Bao cao khdi
lwong khai thac
theo cac quy

Trwe quan héa div
liéu dam may
diém UAV

Bao cao khéi
lwong khai thac
theo cac nam

Hinh 1. So d6 phan ra chirc nang phan mém tinh toan va quan ly khéi lweng khai thac

2.2.2. Xay dwng mé dun tinh toan khéi lwong
khai thac (VolMining)

Nhw da trinh bay trong muc 2.1.2, hién nay co
nhiéu phwong phap khac nhau co thé ap dung dé
tinh toan khéi lwong khai thac, méi phwong phap
déu c6 wu nhwoc diém cia minh va phu hop véi
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tirng trwng hop cu thé. D& xay dwng mé dun tinh
toan khdi lwong khai thac, nghién ciu nay da lya
chon phwong phap tinh toan khéi lwong theo
phuwong phap truc tiép tir ddm may diém [3]. So do
khéi tbng quat cla thuat toan xem Hinh 2.
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Poc dam may diém
hién trang

Boc ving bao tinh khéi
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Poc dam may diém
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/ /

N&i suy dé cao Linear cho

/ /

¥ N&i suy dé cao Linear cho

cac mat Irdi cla dam may
diém hién trang

Chia & ludi trong ving bao
tinh khéi ltong thé tich

cac mat ludi cia dam may
diém tham chiéu

¥

" Tinh khéi Ivgng thé tich

Y

A

Xuét két qua

Y

Két thuc

Hinh 2. So d6 khéi tong quat cta thuat toan

Trong so db khdi & trén, dam may diém hién
trang la san phdm clia céng nghé UAV va quét
Lidar mat dat da béc tach dia vat (nha ctra, cay cbi,
xe ¢0, ...) 1a dam may diém cla cac diém dia hinh
trén mat dat [4]. Pam may diém tham chiéu la dam
may diém mat d4t ctia chu ky trwdc hoac tinh dén
cao trinh tinh toan (cac diém c6 do cao gibng
nhau). Vung bao tinh toan la tap hop toa dé
polygon khép kin clia vung can tinh khéi luwong.
Kich thuwdc 6 lwdi la kich thwdc chia viung bao
thanh cac 6 vuong (1 m, 2 m ...). Vung bao dwoc
chia thanh cac 6 vudng, c6 gan toa dd clia tam 6
vudng. Tién hanh ndi suy dd cao cho cac tam 6
lwdi theo thuat toan Linear. Viéc tinh toan ndi suy
cho lwdi 6 vubng dwoc thyc hién cho dam may
diém hién trang d& dwoc d6 cao Zht cha ludi 6
vudng tai vi tri (x, y) cia dam may diém hién trang
va dam may diém tham chiéu dé dwoc dd cao Ztc
cla lwdi 6 vudng tai vi tri twong (rng clla dam may
diém tham chiéu. Sau d6 sé tinh toan khéi lwong
cho tirng mét lwéi Grid theo coéng thive:

Vi = (thl - ZtCi)GTidz

Trong d6: Vi — Khbi lwong cha mét lwdi thi i,
m3; Zht,— D6 cao hién trang clia mét luwéi th i, m;
Ztci — D6 cao tham chiéu ctia mét lwéi thir i, m.

Khéi lwong thé tich tdng thé trong ving bao sé&
lav =%V
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M6 dun tinh toan khdi lwong khai thac trong
nghién ctru nay dugce dat tén la mé dun VolMining.
M6 dun nay dwoc phat trién trén nén tang Matlab.

2.2.3. Phét trién mé dun quan ly khéi lwong tinh
toan

Sau khi tinh toan dwoc khdi lwong khai thac
gitra cac lan thu thap di liéu, mét trong nhivng viéc
quan trong can giai quyét la quan ly dwoc cac div
liéu do va thiét Iap cac bao cao thdng ké dé phuc
vu cho viéc nghiém thu, quan ly va giam sat khoi
lwong khai thac cho cac mé 16 thién. M6 dun quan
ly d@ liéu va khéi lwgng tinh toan duwoc xay dwng
st dung framework Django két hop v&i hé quan tri
co s& di¥ liéu PostgreSQL.

3. KET QUA VA THAO LUAN

M6 dun phan mém VolMining d& dwoc xay
dwng v6i giao dién nhw Hinh 3a. Bé kiém thir do
chinh xac cta phan mém va thuat toan, Nghién
ctu da tién hanh tao ra 2 bd di liéu dam may diém
mau (Hinh 3b va Hinh 3c) v&i cac két qua duwoc
biét trwérc dé kiém thir vé chirc nang tinh toan cla
moé dun phan mém va doé chinh xac ctia phuong
phap tinh da lwa chon.
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6: DT.ONKK.QG.004/23
4 00 14p trung hoat dong sdn xudt cho md

ang sd
m 0é tak: TS Nguyén Hoang Long

500]2 Cin tinh: 2084 &"771807m2" ~>D3 tinh: “2884 6" 71380m2"

7| DG1780291m3 Ddp Om3", Téng “1780281m3" +1-sai 26 (.64%)

(a) (b) (©)

Hinh 3. (a) - Giao dién mé dun chirc nang VolMining; (b) va (c) - B6 dir liéu kiém thu

12344

Két qua cta viéc kiém thir cho thay, véi di liéu Nghién ctu ciing da ap dung phdn mém vao
& Hinh 3-b, phdn mém cho két qua tinh todn chinh  tinh toan khéi lwong khai thac clia mé da Hong
xac 100% so v6&i két qua biét trwdc. Voi dir liéu  Son - Coéng ty CP xi mang VICEM Buat Son tai
hinh ciu (Hinh 3-c), sai l&ch gitra gia tri tinh toan  huyén Kim Bang, tinh Ha Nam va dwoc két qua &
dwoc ttr mo hinh va gia tri tinh toan theo cong thi’c  Hinh 4.
Ia 0,007%. Bay la mbt gia tri sai léch rat nhé so voi
téng dién tich tinh toan.

@ D tai DT.CNKK.QG.004/23 - VolMining Tinh khéi luong khai thac md 16 thién x

San pham clia é tai Khoa hoc cap QG ma s6: DT.CNKK.QG.004/23

“Nghién ciru xay dung hé thong giam sat diéu do tap trung hoat dong san xuat cho mo
16 thién khal thac khoang san"

Chd nhiém aé tai: TS Nguyén Hoang Long

Ddm mdy diém hign trang (*LAS, *LAZ, " PLY)
G:DodacihanamiButSoniLidarUAVIGround.1as
W& hinh Tham chiéu

®) Tinh khéi uong dén cao trinh (m) 300/ 5

Dam may diém tham chiéu (* LAS, * LAZ.*PLY) | -

Tinh khéi luong

Vang tinh khéi lugng khai thie (x y: ..x y)

DALAP xt

Tepkitqui: (s (es ()b

DALAS igsm.xis:

© luti Grid (m) | 5.00/->| Cin tinh: “2854 6"71807m2" ->Da tinh: “2854 6""71350m2"
Chay tinh khél luong | D30™1750291m3", Dip "Om3", Téng "1750281m3" +/- 5ai 36 (-0.64%)

A A
4 1:35:48->11:34:01

(b)

Hinh 4. a) di¥ liéu dam may diém dau vao ctiia mé da Hong Son; b) két qua tinh toan tir VolMining

Két QUé dU’Q’C tinh toan ra tw phén mém xlémscinsimLuquanualmi;:a:ﬂunvvi\.lDARMﬂBmsan.znzd
VolMining chi tinh toan dwoc thé tich dwa vao bé
mat dia hinh (dam may diém) dwoc thu thap tw
cbng nghé UAV hay Lidar, chwa dwa vao tinh toan
dwoc cac khu vwc ndm an dwédi bé mét dia hinh
hay cac vét nirt gdy nam bén dudi bé mét dia hinh.

Sau khi tinh toan thanh cong khéi lwong khai

San Lugng khai thac theo thang Bidu g4 san lirong hang thang

thac, cac sb liéu nay cung véi div liéu dam may Sin Ligrg bhlthic thea i 6 sén kngmg hing Gy
diém do dwoc sé dwoc quan ly thdng qua mé dun S

phan mém quan ly di¥ liéu da tinh toan phuc vu e e

cong tac quan ly va bao céo. Sau khi d¥ liéu dwoc I I I
nhap vao hé thdng, phan mém sé cho phép nguoi e Te T

dung xuét ra cac bao cao dwdi dang bang va biéu S4n Lirgmg khl thec nam 2024 Bid 6 s g Kt rosg b

dd & Hinh 5. s ]

Hinh 5. Giao dién chirc ning bao cao khoi
Iwong khai thac theo ké hoach
va theo tinh toan tir div liéu dam may diém
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4. KET LUAN quan ly khéi lwong khai thac cho cac doanh nghiép
mé. Hé thdng duoc thiét ké véi tinh mé, cho phép
tich hop vao cac hé théng I&n hon hodc mé rong
béng céach tich hop véi cac hé théng khac. Thanh
qua cula nghién clru sé dwoc thlr nghiém va trng
dung cho Cong ty C6 phan Xi méng Vicem But Son
dé trién khai va ap dungd

Phan mém tinh toan va quan ly khéi lwong khai
thac cho mé khai thac 16 thién néi chung va mo khai
thac da ndi rieng da dwoc phat trién thanh cong va
tién hanh chay tht nghiém cho két qua tin cay.
Phan mém nay sé hd tro cong tac tinh toan va
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ABSTRACT

The study presents an application for calculating and managing open-pit mining volumes from UAV data
and Lidar scanning. The aims of the application is calculating mining volumes from point clouds, managing
the calculated data, and generating reports. The volume calculation process employs meshing and
interpolation algorithms to automate processes and minimize errors. The calculation module is developed by
using Matlab platform, while Django framework, and PostgreSQL are used to develop the managing and
reporting parts. Test results demonstrate that the application achieves high accuracy, making it suitable for
practical applications. The software is designed to be open and easily integrated into larger systems. The
research outcomes will be transferred to Vicem But Son Cement Joint Stock Company.

Keywords: calculation, volume, mining volume, UAV, point cloud
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