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TOM TAT

N6 min trén cac mo 16 thién 1a mot trong nhing khau cong ngh¢ dong vai tro quan trong trong viéc lam toi
dat da va quing phuc vu cho cac khau cong nghé tiép theo. Viéc nang cao chat luong cong tac nd min co y
nghia quan trong nhung kho thyc hién néu khong danh gia mot so chi tieu vé két qua nd. Bai bao nay trinh
bay phuong phap st dung cong nghé may bay UAV thu thép cac dir liéu Ve hinh dang dbng da nd min trude
khi no, sau khi nd, qua d6 xay dung mé hinh 3D dung cho danh gia mét s6 chi tiéu két qua nd. Két quacia
cac mo hinh cho phep xdc dinh chi tiéu thuoc nd thuc té, hé sé no roi cua dong d4 dé 1am co so didu chinh
cac théng s6 nd min nang cao higu qué nd.

Tur khoa: chi ti€u thude no; cong nghé UAV; hé sO no roi dong d4 nd min

1. Dit van dé

Viéc x4c dinh hé sé no roi cua déng d4 nd min, xac dinh chi tiéu thude nd thue té so véi chi tidu thude
nb so véi thiét ké 13 mot cong viée tén kém thoi gian va chi phi néu khong c6 su hd tro cua cac cong nghé
tién tién. Po xéac dinh thé tich cua bai min trudc va sau khi nd, thé tich ddng da nd min 1a cac cong viée
quyét dinh dén viéc xac dinh chi tiéu thudc nd thuc té va hé sé no roi ciia déng da nd min. Hé sé no roi dé
cap dén sy tang 1én vé thé tich cua khdi da sau khi nd min so véi thé tich khéi da nguyén khbi. Day 1a hé
sO str dung nhiéu trong khai thac 16 thién va hé s6 nay anh huéng dén hiéu qua cong tac xuc boc dat da nd
min. Du6i tdc dung cua nang luong nd, khdi d4 bi pha v s& nd rong, tao thanh cac khoang tréng gitra cac
cuc da. Hé s6 no roi danh gia dinh luong su né rong nay va su dung hé sd nay trong viéc lap ké hoach xtic
boc, Van tai, luu kho (hoac thal) d4t d4 nd min. Chi tiéu thude nd thiét ké duoc xac dinh thong qua tinh toan
ty s6 gitra khoi lugng thude nd va thé tich khdi da phé ra theo tinh toan. Chi tidu thude nd thuc té duoce xac
dinh thong qua ty s6 gitta luong thude nd thuc té sir dung va thé tich da pha ra thyc té. Néu hai gia tri nay
bang nhau thi két qua thiét ké va két nd dat dugc theo mong mudn. Tuy nhién, néu chi tiéu thude nd thuc
té 1on hon hodc nho hon chi ti€u thude nd thiét ké thi can ¢6 sy diéu chinh thiét ké nd nhém t61 wu hoa cac
thong so nd min. i v6i cac phuong phap truyén théng, ngudi thu thap dir liéu do phai tién hanh do dac
truc tiép tai hién truong. O c4c khu vuc hién truong bai nd c¢6 dia hinh phtre tap, kho tiép can thi phuong
phép nay c6 nguy co mét an toan cao. Bén canh d6, do do dac thu cong, rat kho khao sat toan bo dbng da
do dia hinh phtc tap, két qua do dac kho dam bao do chinh xac cao. Vi su phat trién ctia cong nghé, cac
phwong phap do dac hién dai va chinh x4c da bét diu xuat hién va ung dung phé bién hon trong nganh moé.
Khoang 15 nam trudce, hé¢ théng quét laser mat dat da duogc sur dung cho muc dich nay. H¢ théng quét laser
thu nhan thong tin 3D ctia dia hinh bé mit bang cach giri hang nghin ty photon dnh sang vé phia mot d6i
tugng va chi nhan mot ty 1¢ phan tram nho cdc photon anh sang nay phan xa lai qua quang hoc ma ching
sir dung. Thiét bi quét laser mat dat thu thap cac thong tin khoang cach vé cac bé mat trong trudng quan sat
clia no ¢ dang anh 3D mot cach nhanh chéng va chinh xac. Cac anh 3D nay sau d6 s& dugc xir Iy dé cho ra
cac két qua tinh toan tir m6 hinh 3D thu duogc. bé dat dugc do chinh x4c, mot hé théng cac moc do duge
thiét 1ap theo hé toa do quéc gia dé dam bao tinh toan chinh xac cac két qua trén cung mot h¢ toa do (Pham
Van Hoa va nnk, 2009). Néu nhu trudce ddy, cac thiét bi quét laser mat dat kho c6 diéu kién v Umng dung rong
rdi cho cac mo, ma chi ap dung cho cac nghién ctru, khao sat chuyén sau, thi hién nay vdi sy phat trién ctia
khoa hoc cong nghé, gia thanh thiét b ciing da twong d6i phu hop dé nhiéu don vi c6 thé du tu sir dung.
Tuy nhién, mot thiét bi khac cling c6 kha nang rat manh va kha thi trong thuc hién céc cong viéc néu trén
chinh 1a viéc ing dung cac thiét bi UAV trong linh vuc nay. Sir dung UAV ciing gitip giam thiéu chi phi

* Tac gia lién hé
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va thoi gian so véi cac phwong phéap do dac truyén théng. UAV c6 thé thu thap dit liéu nhanh chong va
hoan thanh cong viéc trong thoi gian ngén, tiét kiém chi phi nhan cong va thiét bi. UAV ciing c6 loi thé vé
kha ning tich hop véi cac cong nghé nhu GIS, LiDAR dé cai thién d¢ chinh x4c va hiéu qua tmg dung cho
cac du an khai thac md. Bao cao trinh bay kha nang tng dung cong nghé UAV trong viéc danh chi tiéu
thudc nd thuc t& va hé sé ng roi cuia déng da nd min trong linh vuc khai thac mo.

2. Sy phat trién ciia UAV iing dung trong nganh mé

Trong nhimng nam gan day, cling v&i su phat trién nhanh chong ctia khoa hoc k¥ thuat, nhiéu cong nghé
tién tién da duoc ap dung trong nganh mé nhiam dap tmg xu huéng chuyén ddi s6 cua nganh, trong dé
khong thé khong ké dén cong nghé UAV. Tiém ning img dung UAV trong nganh cong nghiép mo, dic biét
trong khai thac 16 thién 1a rat 16n, chi phi thiét bi, thoi gian thu thap dit liéu, xir 1y dit liéu, d6 chinh xac
ciing dugc cai thién dn dén xu hudng tng dung céc thiét bi nay ngay cang trd nén phd bién (Dang Tuyet
Minh va Nguyen Ba Dung, 2023; T. Bamford va nnk 2016). UAV c6 tiém nang to 16n dé giam dén muc
thap nhét cic cong viéc thu cong lién quan dén thu thap dir lidu, khao sat, v& ban do, theo dbi an toan, theo
ddi may moc, theo ddi co so ha tang,..(I. Rathore va nnk, 2015). Nhimg vu diém ctia UAV nhu: kha ning
tiép can cac khu vue nguy hiém va kho tiép can cho nguoi cong nhan.

Hinh 1. M6 hinh dia hinh mo xay dung tir anh chup UAV ¢ do cao 80m (J. M.L. C. Neto, 2020)

Ung dung UAV trong cong tac khao sat cho mé duge sir dung phd bién. Phé bién nhét 1a sir dung cho
cong tac lap ké hoach khai thac mé, tinh toan khdi lugng khoang san, khéi lugng dét d4 khai thac, giam sat
tién do va hiéu qua cong viéc, sir dung UAV dé danh gia cac khu vuc nguy hiém, giam thiéu rui ro cho
nguoi lao dong, UAV ciing c6 thé dugc sir dung dé theo ddi va danh gia tic dong cua nd min dén moi
truong xung quanh nhu: bién ddi dia hinh, tac dong dén hé sinh thai va 6 nhiém khong khi. Cac mo6 hinh
3D dia hinh mé dugc thanh 1ap trén co so sir dung UAV ngay cang tré nén quan trong. Cong nghé UAV
¢6 thé thu nhan cac anh chup c6 d6 phan giai cao, sau d6 cac anh nay dwoc chuyén dbi thanh cac mé hinh
dia hinh bé mit 3D ¢ dang mé hinh s6 d¢ cao (DEM, m6 hinh s6 bé mat (DSM) m6 hinh s6 dia hinh (DTM).
Céac mo hinh nay dugc st dung dé tao ra cac ban dd dia hinh, dé tinh toan thé tich dao d.'flp, biéu dién dia
hinh dang 3D ctia m6é (Pham Van Hoa va nnk, 2009). Bén canh d06, cac ung dung cia UAV trong khao dia
hinh mé ciing dugc sit dung phé bién. Khi so sanh véi cac phuong phéap vé chi phi va hidu qua thi UAV cé
nhiing loi thé dang ké trong viéc x4y dung mé hinh dia hinh bé mat va danh gia do chinh xac, mot s6 nghién
ctru di gidi thidu cac két qua xay dyng mé hinh DEM cho cac mo 19 thién sir dung UAV (Dang Tuyet Minh
va Nguyen Ba Dung, 2023; T. Bamford va nnk 2016). pé nang cao do chinh xac trong do dac dia hinh, cac
UAV hoat dong dua trén mot s6 nguyén Iy co ban nhu: chyp anh bé mit mo bang cac may anh c6 d6 phan
gidi cao va xtr ly anh bang cac phan mém do anh dé tao ra cac mo hinh DEM va anh tryc giao; str dung cac
diém kiém soat mat dat (GCP) dé hiéu chinh va nang cao do chinh xac ciia md hinh 3D va DSM; tich hop
cac hé thong dinh vi (GPS) va cam bién quéan tinh dé dam bao do 6n dinh va chinh xac ctia quy dao bay dé
thu thap dir lidu chinh xac; xir Iy va phén tich dit liéu 3D bang cac phan mém chuyén dung dé tao ra cac
mé hinh 3D chi tiét phuc vu cho cac muc dich danh gia sy thay d6i cua dia hinh, do én dinh cua bo dbc,
danh gia khéi lugng dat d4 nb min; va danh gia kiém tra do chinh x4c cua cdc md hinh tao ra tir UAV khi
so sanh v&i cac phuong phap truyén thong. Nhiéu nghién ctru da chi ra UAV ¢6 thé cung cip dit liéu voi
d6 chinh x4c cao va it nhiéu hon so voi cac phuong phap khac (I. Rathore va nnk, 2015). Viéc str dung
cong nghé¢ UAV ung dung trong do xac dinh khéi lwong nhiam danh gia chi tiéu thube nd thuce té va hé sb
né roi cia bii nd giap khic phuc duoc han ché cua cac phuong phap truyen thong, cung cap dir li¢u toan
dién, nhanh chéng va chinh xac, gop phan cung cip cac thong tin nhanh chong phuc vu cho viéc tbi wu hoa
cac thiét ké nd mang lai hi¢u qua cho mo.

Ca hai thong s6 chi tiéu thude nd thyc t& va hé sé né roi déu can xac dinh thé tich khdi da trude khi nd,
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the tich vung dap vd sau khi n6 (d6i véi chi ti€u thuoc nod thuc té), va xéac dinh thé tich dong d4 nd min (doi
v6i hé sO nd roi).

Hinh 2. Anh 3D déng dd né min dwoc xdy dung tiv anh UAV dg phén gidi cao (N. J. M.L. Correia,
2020)

3. Ung dung cong ngh¢ UAV trong danh gia chi tiéu thudc nd thue té

Chi tiéu thudc nd dwoc xac dinh thong qua ty sé gitra khéi lugng chit nd yéu cau dé dap v& mot don vi
thé tich dat da thanh cac cyc ¢6 kich thude yéu cau. Pay la thong sé quan trong dugc su dung trong thiét
Kké va tdi uu hoa cong tac nd min, va thong s6 nay anh hudng tryc t1ep dén chi phi, hiéu suat, hiéu qua cua
cong tac nd min. Chi tiéu thudc nd cao thuong xac dinh cho cac vu né manh, nguoc lai, chi tiéu thube nd
thap c6 thé dan dén niang lwong thudc nd khong du dé pha v& dat da hiéu qua. Viéc xac dinh chi tiéu thude
nd phu thudc vao nhiéu yéu t6 nhu: tinh chét co ly cua dét da, loai thudc nd sir dung, kich thudc c& hat da
yéu cau. Chi tiéu thudc nd thiét ké, dugc xac dinh khi thiét ké bii nd, 1a ty s6 giita khéi luong thude nd tinh
toan va thé tich dat da phat v theo thiét ké. Chi tiéu thudc nd thyc té 1a ty sb giira khdi lugng thude nd sur
dung thyc té va thé tich da phé v& theo thuc té. Néu chi tiéu thude nd thiét ké va chi tiéu thude nd thuc té
béng nhau, c6 nghia bai nd d3 dugce thiét ké dat muc dich. Néu chi tiéu thudce nd thuc té cao hon chi tiéu
thude no thiét ké thi bai nd pha dugc thé tich da it hon so véi thiét ké. Khi chi tiéu thude nd thuc té thip
hon chi tiéu thudc no thiét ké thi bai nd pha dugc thé tich da Ion hon so véi thiét ké. Dya trén két qua danh
gia chi tiéu thuoc nd thuc te ngudi k§ su nd c6 thé diéu chinh thiét ké va ning lugng nd phu hop dé dat
duge ket qua nd mong mudn.

Pé tién hanh xac dinh chi tiéu thude nd thuc té, UAV duoc st dung dé thu théap dir liéu dia hinh bai nd
trude khi nd. Sau khi nd s& tiép tuc sir dung UAV dé thu thap dir lidu dia hinh ddng d4 nd min dé xac dinh
thé tich dong da nd min. P& xac dinh chinh xac thé tich d4 nguyén khdi pha v&, sau khi xtic boc xong dong
da, tiép tuc st dung UAV tién hanh bay thu thap dit liéu dia hinh khu vyc déng d4 nd min da xuc boc xong.
Tir céc dir liéu dia hinh thu thap duoc, sit dung cic phan mém xir Iy anh dé tién hanh xac dinh thé tich da
nguyén khéi pha v thuc té dé sir dung xac dinh chi tiéu thude nd thye té. Khi xac dinh dwoc thé tich dong
da nd min, s& d& dang xac dinh dwoc hé s6 né roi ciia déng da nd min khi tién hanh so sanh thé tich nay vai
thé tich d4 nguyén khéi cua bai nd. Nhu vy, cong viée quan trong nhét ctia viéc danh gia chi tiéu thude nd
thuc té va hé s6 no rdi 1a thu thap dir liéu dia hinh bai n6 va dbng d4 nd min da duoc UAV dam nhiém mot
cach nhanh chéng va d& dang hon rét nhidu so véi cac phuong phap truyén thong (Hinh 2).

Hinh 2. Str dung UAV do thé tich khéi dé truwée khi né va sau khi né min (T.Camara va nnk, 2013)
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4. Ung dung cong nghé UAV trong danh gia hé s6 né roi

Hé sb no roi (f) duoc xéc dinh gitra ty s6 thé tich khdi da bi pha v ting 1én so véi thé tich ban dau cua
n6. Khi dat da bi pha vd, cac cuc da v ¢6 xu hudng chiém mot thé tich 16n hon thé tich ciia khdi d4 dic do
su tao khoang trong giira cac cuc da. Hé s6 no roi 16n co nghia 1a thé tich da pha va tang 1én 16n hon va c6
thé anh huong dén cong tac xtic boc, van tai. Thong s6 nay gitp cac ky su ti wu hoa viée su dung thudc
nd, giam cac chi phi va dat dwoc mirc 6 dap v dat da mong mubn. Bén canh do, hé s6 no roi cling gitp
cac ky su quan ly hinh dang, kich thugc va sy dich chuyén cia dong da nd min, dam bao hiéu qua xuc boc
va van tai cua mo. H¢ so no roi dugce xac dinh theo cong thirc (Sang Ho Cho va nnk, 2003):

fi=3 (M

Trong do: V; thé tich bai nd sau khi nd, m’

V, thé tich ban du cua bii nd, m?

Dé do danh gia thé tich ban dau cua bii nd, UAV duoc sir dung dé bay chup thu thap dit liéu dia hinh
clia bdi nd da duoc thiét ké. Dé dam bao d6 chinh xac cia phuong phap, dat da d nd min tir cdc bai nd
trude d6 can duge xuc don sach nhim dam bao thu dugce dy lidu dia hinh ban dau cua bii nd chinh xac
nhit. Thé tich bai nd sau khi n (thé tich khéi da nguyén khéi bi pha v thyc té) va thé tich dong da nd min
ciing dugc UAV thu thap. Cac dit liéu thu thap sau d6 dugc cac phan mém xtr 1y anh s6 chuyén dung, xay
dung mo6 hinh dia hinh khu vyc khao sat, qua d6 xac dinh dugc cac thong s6 hinh hoc ctia khbi da, dong da
nd min lam co so cho viée tinh toan xac dinh hé sb nd roi (Hinh 3).

Blastholes Design
Preblast [EM
0 10 20m

Muckpile
~ Posthlast DEM
0 10 20m

(b)
Hinh 2. Thu thdp dir liéu dia hinh ban dau bdi né, dia hinh dong da né min bang UAV
(T. Bamford va nnk, 2020)

g

A Blasted rock throw A

Bench Height=12 m

Vartical
Height{m]

Horizontal Distance {m)

Hinh 3. Mt cat qua dong dé biéu dién dia hinh DEM truée khi né va sau khi né trong hinh 2
(T. Bamford va nnk, 2020)

5. Két luan

Viée xdc dinh chi tiéu thudc nd thyc té va hé sé nd roi ciia ddng da nd min 1a mot trong nhirng cong viéc
khé khan, ton kém thoi gian, chi phi dbi v0i ca cong tac nghién clru va cong tac danh gia chat lwong nd
thuong xuyén 6 mo. Cac phuong phap truyén théng hoan toan c6 tinh kha thi nhung khé ap dung, d6 chinh
xéc chua cao. V6i sy phat trién nhanh chong cua cac cong nghé do dac moi trong nhitng nam qua, dic biét
su xuat hién nhanh chong va hiéu qua ing dung UAV trong linh vyre mo, viée s dung UAV trong do danh
gi4 x4c dinh chi tiéu thudc nd thyc té va hé sb nd roi hoan toan ¢ thé dwoc thyc hién nhanh chéng, chinh
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Xac, tin cdy voi chi phi ré, ¢6 thé dp dung phd bién cho cac mo, nhat 1a cac mo 16 thién.

Tuong lai ciia viée tmg dung UAV hira hen nhiéu trién vong. Cac xu hudng phat trién trong linh vuc nay
nhu: nang cao do chinh xac va chi tiét, tich hgp xtr Iy va phan tich dir liéu tu dong, giam sat toan dién va
lién tuc, cai thién do an toan va tiét kiém chi phi,... s& nhanh chéng tao diéu kién cho cong tac chuyén ddi
s6 trong quan 1y mé nhan chong hon.

Loi cam on

_Cac tac gia xin cam on dé tai ma s6 011.2023 DT.CNKK.QG/HPKHCN do B6 Cong thuong quan 1y da
ho tr¢ kinh phi gitip ching t6i thuc hi¢n nghién ctru nay.

Tai liéu tham khao

Pham Van Hoa, C. Drebenstedt, and J. Ortuta, 2009. “Advanced technologies in monitoring blast results
in surface mines,” in Resource and Environmental Technologies Chances of German Vietnamese
Cooperation, pp. 70-76.

Dang Tuyet Minh and Nguyen Ba Dung, 2023. “Applications of UAVs in mine industry: A scoping
review,” J. Sustain. Min., vol. 22, no. 2.

Bamford. T., Esmaeili. K., and Shoellig. A. P., 2016. “A real-time analysis of rock fragmentation using
UAYV tehnology”, Engineering, Environmental Science.

Rathore. T and Kumar NP, 2015. “Unlocking the potentiality of uavs in mining industry and its
implications,” J Innov Res Sci Eng Technol, vol. 4, no. 3, pp. 852—-855.

N. J. M. L. Correia, M. J. L. Valenga, S. J. César, and Rocha Suelen, 2020. “Elaboration of planimetric
model of open pit with multiple benchs through the conventional methodology and the use of unmanned
aerial vehicles (UAV)”, Tecnol. em Metal. Mater. e Mineragdo, vol. 16, pp. 439-446.

Camara. T, L. RS, P. R, and Capponi L., 2013. “Controlling dilution and mine planning”

Sang Ho Cho, M. Nishi, M. Yamamoto, and Katshuhiko Kaneko, 2003. “Fragment size distribution in
Blasting,” Mater. Trans., vol. 44, no. 5, pp. 951-956.

Nguyen Viet Nghia, 2020.“Building DEM for deep open-pit coal mines using DJI Inspire 2,” J Min
Earth Sci, vol. 61, no. 1, pp. 1-10.

EquipmentGuide.com Construction, 2024. “BMX Fragmenter Delivers 3D Muckpile Fragmentation
Analysis From Drone Imagery for Greater Accuracy”.

Strayos, 2024. “After The Blast: Measuring Blast Performance with Drones and Al
https://blog.strayos.com/webinar-summary-after-the-blast-measuring-blast-performance-with-drones-and-
ai/.

W. A. Hustrulid, 1999. Blasting Principles for Open Pit Mining: TheoreticalFoundation Vol.2.

T. Bamford, F. Medinac, and K. Esmae, 2020. “Continuous Monitoring and Improvement of the Blasting
Process in Open Pit Mines Using Unmanned Aerial Vehicle Techniques,” Remote Sesning, vol. 12, no. 17.

ABSTRACT
Application of UAV in estimating practical powder factor and
swelling fator of muckpile

Pham Van Hoa'?3*, Duong Thanh Trung' Pham Van Viet'?® Tran Quang Hieu'?
'Hanoi University of Mining and Geology
2Center for Science and Technology of Mining and Environment
SInnovations for Sustainable and Responsible Mining (ISRM)

Blasting in surface mines is one of technological stage that plays an important role in breaking rocks and
ore for the nextr downstream procedures. Improving the quality blasting is important but difficult to do
without evaluating several blasting results criteria. This paper presents the methods of using UAV
technology for collecting the information of geometry of muckpile before and after the blasts, then
establishing 3D model used for estimating practical powder factor and swelling factor. These parameters
then will be used for ajusting blasting parameters for increase the blasting efficiency.

Keywords: practical powder factor; swelling factor; UAV technology
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