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Shiy rllg dung ddng bo cong nghé UAV, xur ly anh trong kiém g,
Tong va an toan nd min tai mo da voi Hong Son, tinh Hy ;
Ph; 3 sall D e
M Van vigeh2*, Nguyén Anh Tuén' %, Pham Van Hoa' 2, Tran Dinh Bdo' %, Lé Thj Thy, He
2Nhe . ’7'I'mi71g DPai hoc M6 - Pja chat
Nfom Nghién ciiu manh ISRM (Innovations for Sustainable and Responsible Mining)

TOM TAT

Cong tdc Khoan
min thé hién ch
nhimg tic dong
Phap cong ngh}

N6 min 1 khau ddu tién trong hoat dong khai théac khoang san. Chét luong con
at luong ddng da, kich c& da sau nd min. Ngoai ra, cong tac khoan né min cop oi

Xau &1 mai truomg xung quanh, dic bi¢t 1a séng chan dong n6 min. Do d6, cip, c?c')yirﬁ
nham kiém soat dong bo chét lugng va anh huong xdu ctia cong tac khoan né mip, vgig?cl

ac khoan nd min tir cic sé lidu 1ap ho chiéu né min toi trién khai céng tac khoan kié
1 M8 1A nd min cing nhu kiém soét chat lugng nd min va kiém soat song chan dong nd min, By b;n
3:”\:‘1\& n:ﬂ\ ‘dl_!i;lg dong bo cac cong ngh¢ mai trong lkiém soat ghér}g s()~dz"1u vao lgp ho Chiéu: trién kha(;
3 1o chicu nd ra lhug dia, klén} soat chat luwong dat da sau nd min, ciling nhu kiém soat chin dong ng
! umg dung dong bo thiét bi dinh vi GPS RTK, may bay khong nguoi lai (UAV), cong néhé do

min bang chup anh va xir Iy bang phan mém Rockimage va may do chin dong nd miy

£ tac pg

Kiém sodt cong t
S0at cong

‘o). Vice st dung ddng bo cong nghé méi nay da duoc tmg dung tai mo da voi Hong Som, tinh

“m kiém soat hiéu qua né min va an toan cho mé.

‘02 NO min, GPS RTK, UAV, Rockimage, Micromate, Ha Nam.

N& min l1a mét khau céng nghé dau tién trong hoat dong khai thac mo, co6 anh huong dén cac khay
cOng nghé tiep theo. Cong tac nd min trai qua céc giai doan do v& cép nhat vi tri bii khoan né min, 1ap ho
chiéu khoan né min, trién khai dua 15 khoan da dugc thiét ké ra bii nd thue t&, tién hanh cong tac khoan,
nghiém thu bai khoan, diéu chinh hd chiéu khoan né min, cong tac nap min, diu ghép mang n6 va nd min.
Trong qua trinh cong tac né min can thiét phai kiém tra danh gia cong tac nd min théng qua hinh dang
dong da nd min, kich thuéc dit da pha v& va kiém soat tac dong xau cua cong tic nd min gdm c6 chan
déng né min, song dap khong khi va da bay (Chu Thi Thily Dung va nnk., 2016; D Ngoc Tudc va nnk.,
2014 Hieu, 2020). Viéc cap nhat chinh xac kich thuéc hinh dang bai nd gép phin gitip k¥ su khai thic
mo 1ap hé chiéu khoan né min chinh xé4c nhu xac dinh chinh xéc duong can chan tang (day la mot thong
sé quan trong quyét dinh mét s6 théng sb khoan nd min con lai). Hon nita, sau khi cong tac 1ap ho chicu
khoan né min xong thi viéc trién khai dua vj tri 16 khoan ra thuc dia chinh xéac cling gép phan trién khai
diang cac thong sb khoan nd \min trong ho chiéu ra ttlluc dia nhdm dam péo chét lugng cong tac no6 min
nhu thiét ké. Tir nhimg yéu cau trén gitp dam bao chit lugng cong tac nd min va kiém soat an toan trong
cong tac nd min. Sy tién bQ cua khoa’ hoc k¥ thudt trong viéc cip nhat nhanh chinh xac thong tin dau Vfi‘?
va dau ra trong cong tdc nd min la rat quan trong. Hién nay, vi¢c img dung cong nghé dinh vi theo lh(fl
gian thuc GPS RTK da dugc phat trién va da ap dung vao mot s0 linh vyc do dac, cap nhat dia hmh rat
nhanh, vdi d6 sai s6 cho phép (Cao Minh Thuy va nnk., 2020; Tran Ngoc Pong va nnk., 2020). Cz}c thlfI
bi bay khong nguai lai (UAV) ciing da duge nghién ctru va phat trién img dung vao viéc do dac cap “{“‘“
dia hinh, tinh toan khéi lugng v.é kjém ’soét moi t‘ruc‘mg cho céc hoat ddng xdy dyng, khai thac mo, la“}
nghiép va nong nghi¢p dem lai do chinh xac va nang suat cao (Nguyén Tam Tinh, 2022; V%E@EE
Phuong, 2022; Ha Thj Hang va nnk., 2022; T‘\Jguyen Van Thé va nnk., 2018; Tran Vian Thgng, 20"'/‘0
Minh Hué, 2022; Pham Tién‘Dﬁng, 2029; ICan;h, %020}. Ng?z‘n ra, vai cong ngh¢ xur ly fmh trong ng
danh gia kich thudc co hat dat da sau n6 da n6 min ciing da dugc sur dung nhu phin mém Rockimag

(Pham Van Viét, 2019).

* Tac gia lién hé .
Email: phamvanvnet(tghumg.edu.vn
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Céc thiéE bi glém ?m ?han‘ d?ng h‘ﬁ“' Ggn oy ¢ nphien el dira vao sir dung trong cong tac

gim 4t chan dgpg no m“l"“ 780(;1{: d‘."vr‘ | ' mo 16 thién ¢ Viét Nam (Tran Quang Hiéu,
2020). Nhumg hi¢n nay, vice St dung ¢ bo cic cong nghé dinh vi theo thoi gian thue GPS
RTK, tl}iet‘b! bay khong nguoi lai (U/\" ) Gy rphe i 19 anh trong do ooy hat va thiét bj giam st chén
dong no min cho. féc vuno Enin fhll‘:l duoc thye mcén Do do, bai bao nghién ciru 4p dung dong bo cong
pgh¢ ndy trong vige kiém sodt chat hr‘,“"f'i vil i oin cong tac no min trén mo 19 thién, trién khai thuc hién
kiém sodt chat lugng va an toan @i mo di vor Hong Son, Ha Nam.

2. Noi dung nghién ciru

2.1 Cong ngh¢ dinh vi GPS RTK ,

Hién nay, cong nghé do GPS RTK ket hop vai tram Cors (tram chi) duge dat tai céc diém da biét toa
46 thu, thu tin hi¢u v¢ tinh lién tye 24/24h v guri dir ligu chuyén v& may chu thong qua hé thong mang
3G, trung tam d l_léu xir ly va chuyén dir ligu cho cac tram di dong ngay Iap tirc thong qua hé thong
truyén tin bang radio hofic mang 3G (Cao Minh Thuy, 2020).

Trong hoat dong nd min trén mé, cong ngh¢ GPS RTK dugc sir dung trong viéc cap nhat dir liéu bai nd
nin, két hop vi cong ngh¢ may bay khong nguoi 14i (UAV) dé dinh v xay dyng mé hinh bé mat, dinh vi
vi tri cdc 16 min dua ra ngodi thye dia, xéc dinh chinh x4c c4c vi tri giam sét chan dong no min (Hinh 1).

2.2. Cong ngh¢ mady bay khong nguwoi ldi (UAV)

My bay khong ngudi léi (UAV) 1 thiét bi gom 2 phan may bay vé bd phan diéu khién. Thiét bi UAV
¢6 cac cam bien dicu khién chéng va dap theo cdc huéng, dugc trang bi bon motor, bon canh quat c6 thé

A

théo rdi va chan ha cnh co dinh bén dudi. Bo diéu khién c6 hai antenna, truyén tin hiéu trén hai tan sO
2.4va 5,8 GHz. Bo dicu khién c6 the ket noi vdi dién thoai thong minh dé cai dat thong so bay chup cing
phu gidm sit Tong hoat dong bay, UAV c6 thé mang méay dnh dé chup céc buc anh dinh dang JPEG

Hinh 1. Cong nghé dinh vi vé tinh GPS RTK Hinh 2. Thiét bi bay khong nguoi lai UAV hang DJI

Qué trinh thanh 13p ban dd bing cong nghé UAV bao gdm 4 giai doan chinh: giai doan chun bi, giai
doan chup anh, giai doan xir Iy dnh UAV va giai doan thanh 1ap ban do. Trong giai doan chuén bi bao
gdm tinh toan phuong phap bay chyp, thiét ké tuyen bay, cao do bay nhim dép (mg yéu cau vé do chi tiét
ban d6 (Canh, 2020; Nguyén Tam Tinh, 2022). Trong khi d6, giai doan bay chup theo tuyén da dugc thiét
ké, giai doan xir 1y anh UAV bao gom tao lgp dém méy diém, ndn chinh hinh hoc anh va gdp anh nhim
loai trir sai sé trong qué trinh bay chup gy ra (Hinh 3). ’

Trong céong tac khoan nd min trén mo, cong nghé UAV ket hop v6i cong ngh¢ dinh vi GPS RTK trong
viéc do cap nhat dir li¢u bai nd min trude, sau khi nd nham xay dyng ban do khu vye nd min phuc vu
cong tac 1ap ho chiéu khoan nd va danh gia khoi lugng, chit lugng dé sau nd min. Cong nghé UAV con
duge sir dyng chyp céc birc dnh chit lugng déng da nham danh gid c& hat dat da sau nd min.

2.3. Mdy gidm sdt chin djng no min

Thiét bj chuyén dyng Blastmate 111, Micromate cua hing INSTANTEL (Canada) dé do cac thong sd vé
song chén dong, song va dap khong khi do n0 min gdy ra (Hinh 4).

"Thong s thiét bj o thé hign o dii thn 0 tir 2 Hz t6i 200 Hz, thang do van toc phan tir t5i thidu tir 0,5
dén 254 mmy/s, thang do 4m tur 100-148 dB. Giam sat chén dong nd min thiét bj s dung dau thu tin hiéu,3
trgc (Hinh 5) ¢6 bién o dao dong 254 mm's, 40 phan g tw 0,127 mm/s, o chinh xéc (ISEE/DIN +/-5
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0 ‘ ’ . ~ - h 3. -
/(l, lmac 0.5 mm/s, mat d9 truyén din 2,13 g/cc, dai tan s6 (ISEE/DIN) tir 2-250 Hz, chiéu da; da
n 3at (ISEE / DIN) 75/1000 1

O chinh xa¢ 4/

. : =10 % hogc +/-1dB, tan sb phan hdi tir 2-250 Hz.
Song dija chy

‘ an truyén dén dau. cac phan tir dit da o d6 sé dao dong tuong (mg, khi cac phj
ddng dén mire

! dd vuot n
M.lrc do tac ddng cu
ddng phan ur dit d
hai d

guong cho phép sé xay ra su pha hiy moi truomg va cac cau tric dai

Al lugng trén da duge quy dinh tai QCVN 01:2019/BCT (Bang 1).

I Céng tac chuan bj

E 3

I Tao méce khéng ché ﬁ

T |
| Bay chup anh —H Thiét ké tuyén bay |

i o . - a2 < ‘"——— =
Khép finthd nan Tao dam may dicm

v chinh anh S0

=T ¥

Tao Orthomosaic

Sé héa bién tap ‘H Kiém tra, chinh siz=

Hinh 3. Quy

a. May do Micomate b. May do Blasmate 111

Hinh 4. Thié: bi giam sat chin dong né min

Bang 1. Ngueong dao déng cho phép (OCVN 0

1:2019/BCT)
Khoang cach tir vj tri n6 min dén Van toc dao dgng cue tri
cong trinh gin nhit cho phé .

Tir 0 dén dudi 92 m
Tir 92 m dén 1524 m
1524 m tro lén
Song dap khong khi néu du 16m s& 1am chin dong nha clra, v

; s 0 kinh va gay t6n thuong cho ngudi. dong
vat. Do lon cua song khong khi dugc thé hién theo don vi dB. Theo QCVN 01:2019/BCT quy dinh 210
VG nguoi va cong trinh thé hién Bang 2.

han cho phép cua tac dong song chan dong khéng khi déi

. Gidm sét song dép khong khi sir dung Micro thang do theo d 1,

A séng dia chan dén cong trinh dugc dénh gia thong qua hai dai luong: bic;, 4
a (van toc dao dong - mm/s) va tin sé dao dong cua chang (Hz). Ngudmg ch, Phép cig

trinh bay thanh Igp ban @6 bang cong nghé UAV (Nguyén Van Thé, 2018,

§f'}n

"ia(,
ng,

6 dag
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B6 chuydn abi

\
Song chin ddng
V- Dao dong theo phurong dimg
T- Dao déng theo phirong ngang
L - Dao 8ong theo phiromg truyén séng
Vi tri nd min

Hinh 5. Dau thu nhan tin higu (Gwp/wne)
~ Bang 2. Gidi han (hu)h_q song dap khong khi doi voi nguroi va cong trinh.

{ Khi giéi han tin sb dwdi ciia h¢ thong do | Mirc tbidacho phép
| ' Hz (= 3‘de dB(L)
| 0,1 Hz hoge thap hon - dai tan so d4p tmg phing. 134 Dinh
[2;9 Hz hodic thap hon - dai tan s dap img phing 133 Dinh
; 6,0 Hz hodc thap hon - dai tn s dap img phing 129 Binh

Dai tan s6 dac tinh C - Dc tinh thoi gian “S”.* 105 dB (C) binh
e (nam sat theo yéu cau clia co quan ¢ tham quyen

_
Thiét bi omm sat chan dong, song dap khong khi dugc dit tai cac cong trinh can bao vé vé huéng cua bai

16 min nhim danh gia anh hudng chan dong va song dap khong khi tdi cong trinh. Do d6 viéc xéc dinh vi tri
chmh xac cua vi tri do gidm sat nd min 14 rét quan trong. Viéc x4c dinh vi tri gidm sat no min chinh xéc,
thiét bi dinh vi GPS RTK duoc dua sir dung dé kiém soat do chinh xac khoang cach ti vu nd min.

2.4. Cong nghé ddnh gid cd hat dét dd né min

Cong nghé dénh gid c& hat dat da nd min thuong sir dung cong nghé xur 1y anh bang viéc chup cac bic
anh ddng d4 no min sau d6 phén mém tién hanh phan tich theo cap c& hat dat d4 trong dong da nd min,
cach danh gid nay rat quan trong trong viéc k1em soat chit lugng cong tac né min trén mo, tao co so dé
tinh toan lai cac thong s0 nd min, phwong phép nb min dé dat duoc kich thudc c& da theo yéu cau Trong
bai béo nay nhom nghién ctru sir dung phuong phép xir 1y anh dua theo phan bd ¢& hat trén nén anh den
tring sir dung 1y thuyét ve phi tuyen tinh d& tic dong dén hinh dang va hinh thai cua cac diém nhi phan
trong anh, dugc phat trién trén nén ting Matlab goi 1a phan mém Rockimages (Pham Van Viét, 2019).
Van hanh phan mém duoc thyc hién theo so db (Hinh 6).

3. Ap dung dong bj trong vige kiém so4t chit lrgng nd min va an toan cho mé da voi Hong Som, Ha
Nam

3.1. Gigi thigu

Mo da voi Hong Son thujc xd Thanh Son, huyén Kim Béang, tinh Ha Nam. M¢ khai thic da lam
nguyén 1|¢u dAu vao cho nha may xi ming Bt Son H1¢n nay, mo dang khai thac tai mic +55 m, m6 su
dung h¢ théng khai thac 16p bang vén tai tryc tlep béng 6 to. Trong hoat dong khoan nd min trén mo
nham dam bao chét lugng dé no min dap img yeu ciu nha mdy xi mang véi kich thude cho phép 16 nhét
14 700 mm, giam chén dong nd min, da bay véi cic cong trinh h¢ dan xung quanh.

3.2. So d cong nghg kiém sodt chat lwgng va an toan né min trén mo

So d6 cong ngh¢ kiém soat chit lugng va an toan cong tac nd min dugc thé hién trong Hinh 7 bang
vié 4p dung ddng b cac thiét bi cong ngh¢ dinh vi theo thoi gian thwe GPS RTK, thiét bi may bay
khong nguoi lai UAV clng cac phan mém xu ly anh, thnet bi giam sat chan dong nhim kiém soat hoat
dong n6 min tir viéc do v& khu vye no min, 13p ho chiéu, danh gia chat lugng nd min thong qua kich
thwée dong da, cd hat trong dong da nd min, song chén dong khong khi, da bay.
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atchit Kiém sost an toay,
e Tao cic nhan t& I’Icfvnr::;é ;-In trong né mig |
»| cdu tric theo kich >
ki c‘p UAV +GPS RTK UAV+GPS RTK .
Do vé thanh lip _ban 48 khu vy,
ban 46 bii min glimdteh‘n“m;
I:\m b e Str dung cdc phép > Vi tri gidm si 1
e i béng co, gidn vdi cdc Lép ho chidund
a 0 min UAV trongvie
nhan té c::h triic > ™ |
2% GPS RTK dua 15 d
rﬁ f min ra thue dia e
i nghich i i 21€tbi Microma.
dSi nghich Tinh pixel véi UAV+GPS RTK :},‘:, sét :h‘? ding
uwon, biii mi ng dip
i lgl;;hép ® an;oﬂ\:ién. :n:lci(l?s}:‘:l khéng khi
Tiénxi Iy cai thién = 2 e dianbinh || ko Tinh todn
s hinh anh Phin bé kich cd hat dang déng da tinh c& hat khéi lwong
Hinh 6. So dé xdc dinh kich thuée da sau né min Hinh 7. So do phoi hop dong be thiét

: bi trong
kiém soat chat lirong va an toan no min
- Trién khai thuc hign kiém sod chét lugng va an toan trén mé

qua trinh trién khai
+ Pro V2 két hop

» nhém nghién ctru sir dung thiét bi bay khong nguoi lai (UAV) cia hang Dj;
véi thiét bi dinh vi GPS RTK eSurvey E800, gh&fi mém Xu ly anh Agisoft
Shape Professional cung véi phan mém Global mapper xay dung ban d6 vi i+ bii nd trudce va sau pd
min trén mé, kiém so4t hinh dang déng d4 sau nd min.
Danh gi4 c& hat dit d4 sau nd min bing str dung thiét bi UAV chup anh déng
phan tich phén b c§ hat bang phin mém Rockimages chay trén méi trudng Matlab.
Cong tac dam bao an toan nd min st dung UAV Phantom 4 Pro V2 két hop véi GPS RTK eSurvey
A n, cdng tac giam sat nd min st dung thié bi

da sau nd min, xir Iy

E800 xay dung ban d3, vi tri khu VUC can giam sat nd mi
Micromate cua hiang Instatel.

4. Két qua va ban luan

Hinh 8. Ban dé vi tri bai min truéc khi
tién hanh né min bang cong ngh¢ UAv

Hinh 9. Vi tri cdc 15 khoan né min dwoc thiét ké va
. i s .. dinh vingoai bai min theo GPS RTK
Bang 3. Bang théng s6 khoan né min dueoc thiét ké d

ca trén dia hinh theo UAV vq GPS RTK
Toa d6 VN2000, KT105, M3 Mang 18
Ky Hm | dgmm | L n MLD —— i Ly, m L, m
hiéu X, m Y, m Z,m a b w '
ﬁ’\(\\‘
30,1 | 65.636 | 82
LK1 | 2271127 | 591130 102 9.6 38 33 3.7 59
LK2 | 2271128 | 591133,7 65.61 | 872 102 9,6 3.8 33 37 | 59 |
LK3 2271132 | 591136,7 | 66.918 | 89 102 10,4 3.8 33 4 6,4
1139,2 | 66.876 | 93 102
LK4 | 2271131 | 59 109 | 38 | 33 4,1 6.8
1130 591143 | 67425 | 97 102 11,3 , 7
LKS5 | 227 ——l N% 33 43
LK6 2271129 | 591147,5 | 67.706 | 99 102 11,5 38 33 44 7,1
'\'\‘ > X
LK7 | 2271130 | 5911504 | 67.446 | 97 102 I3 | 38 | 33 43 | 1 |
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‘ LKS8 4 2271130 5911539 | 67.025 | 9.5 02 o1 14 - '3 pon
o N : Pt e
Co [ oot | sonssal ooain | o3 | wox | o7 | ap | a0 | 41| 66
LK10 | 2271133 | 591157 | 66343 | 88 102 103 | 38| [ 13 3.9 6.4
L — | e — | 2 ! 2 | 1 |
VL,‘QL#,E?TU;‘(‘ 1 S91187.7 | 66.365 | 89 102 04 | s | |33 | 4 | 64 |
LL!\'JLL:ZT"?“‘ | S911SS.1 | 66446 | 89 102 10.4 18 13 s | 64
LK13 | 2271132 | S91152.8 | 67.168 9.5 102 1 18 13 42 68
¢ 5371133 | S91148.5 | 67.103 9.3 2 |
:L/Mi**' ! | JALAEE 102 10,9 3.8 33 42 | 67 |
K15 | 2271 133 | 3911446 | 67.245 | 9,1 102 10.6 18 13 4l | 65
LK16 2271134 | 5911408 | 67.17 9.5 102 11,1 38 313 42 69 |
| LNIO [ } - B SRS LN LI LI WL R e sy 4 he L
LK17 | 2271138 | $911378 | 67.06 | 93 102 10,8 3,8 33 41 | 67
L - T— ) | 38 | JY [ 0l ]
KIS | 2271132 | 911341 | 66.382 | 89 102 10,4 3.8 33 4 64 |
s T ! T —1— ——1
| LKig | 2271130 | 5911312 | 65833 8.4 102 9.8 38 | 33 37 | 61
LK20 | 2271137 | 3911356 | 66.828 | 94 102 10,9 3,8 33 42 67 |
LK21 | 2271137 | 3911392 | 66835 | 7.7 102 9 3,8 33 34 56 |
LK22 5911434 \ 66.745 | 9.2 102 10,7 38 33 4,1 66 |
|
LK23 | 66.813 9,2 102 10,7 38 33 4,1 6,6
- \
391150.8 | 66.702 9,2 102 10,7 3,8 33 4,1 6,6
an; a - khodng cdch 16 khoan trong hang; b - khoang cdch |

- L=
d. - dwong kinh 1o khoan; Ly- chiéu sau 10 kho
ng can chan tang; Ly - chiéu dai bua; L

H - chiéu cac

cdc hang 16 khoan: W - duor - chiéu dai thuoc no.

Hinh 11. Ban do vi tri bai min sau khi tien hanh no min bang cong nghe UAV

125



N

7~
(E Ss. HOI NGH| TOAN QUOC TRAC BIA CONG TRINH

—_— Vi S PHAT TRIEN BEN V(PNG (ESSD 2023)
ENGINEERING sUBRVEVD

FOR SUSTADGAR £
ERLOPMENT - £SSD2023

e

Hink 13 Anh dong da né min chup bang cong nghé UAV — Hinh 14. Phdn cap c& hat dat da bang phn

mem Rockimage

YA TG S91e0C S7300 571500

PRRETN

2271300

NN

Tonm

Q27N

271000

Hinh 15. Ban dé gidm sat chdn dong do vé bang cong nghé UAV
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Bang 4. Tong hop ket qua giam sat chan dong trén mé da véi Hong Som
Vi tri bii no Viitel ‘
si | (VN 2000 KTT 105" mii | tri do L -
it | ) (VN 2000 KTT 105 mai 3% | Dao | Khoing | cppp, | Khodng l
TT | @an djng, cich chch
no ] mm/s | ngang, m cao, m thyre, m
X, m Ym | Zm X, m Y, m Z.m
190172 | 227113
_/I_L()_?-?-,_a 6 591158 | 66,37 2271222 | 591657 4.321 0,523 507 62.044

Qua (mg dung dong bg céc cong nghé UAV va dinh vi GPS RTK cling c4c cong nghé trong dénh gia
chét lugng cong tac no min nhu phan tich kich thudc c& hat dat da sau nd min Rockimage va thiét bi giam
4t chin dong Micromate da dem lai hidu qua va an toan trong cong tic khoan né min, Cong nghé UAV
va dinh vi GPS RTK di mang lai cho nhém nghién ciru chi tidt vé kich thuéc hinh dang va céc thong so
p3i min phuc vu cho qué trinh 1ap h¢ chicu no min. Cu thé, tir két qua do v& bai nd bang UAV gilip nhom
nghién ciru lap dugc bang thong so khoan nd min (Bang 3), va thé hién trén Hinh 10, kich thudc hinh
dang déng da nd min theo mat cat Hinh 12 va ket qua chup déng d4 nd min Hinh 13 va phan tich phan b6
¢ hat theo Hinh 14. Qua day thdy rang chat luong cong tic né min dat két qua tot nhu déng da gon, giam
d4 ving, chat lugng dong da thé hién c& hat nho hon 0,7 mm chiém g?m 85 9%. Tur két qua nay, nhom
nghién ciru da dua ra cac thong s6 nd min phu hop vdi diéu kién thuc té cia bdi min ma phuong phap do
khong lam dugc nhu xac dinh chinh xac hinh dang cua suon tang tir d6 tinh toan duong
TK di gitip nhom nghién ciru trién khai cac 16
viéc giam sai st b tri vi tri 16 min
y cling la vén dé con ton tai trong

vé truyén thong
can chan tang phu hop. Ngoai ra cong nghé dinh vi GPS R
min da duoc thiét ké ra dung véi thuc t€ hinh dang bai min lam cho
khong diing lam giam hi¢u qua ciia cdng téc 13p ho chiéu nb min, da

cong tac n0 min trudc déy chua giai quyét vi van con dya vao kinh nghiém, thiéu céac ky su trac dia va
méy toan dac. Cong ngh¢ UAV va dinh vi GPS RTK d& gop phan vao viéc danh gia chat lugng dong da
<au 06 min nhur hinh dang, kich thuéc déng dét da né min, kich thuc dat da sau nd min khi két hop véi
cac phan mém xur 1y anh nhu Global Mapper va Rockimage giup danh gia chét lugng cong tac khoan né
min, tao diéu kién cho cac khau cong nghé phia sau nhu cong tac 1ap ho chiéu xtic bdc, cong tac ché bién
phu hop, phén 16n cac don vi san xuat mo van bo qua giai doan nay vi chua c6 cong cu danh gid hi¢u qua.
Hon thé nita, cac cong nghé UAV va dinh vi RTK gitp xdy dung ban dd gidm sat chin dong nd min
(Hinh 15), dinh vi cac khoang cach giam sat lam cho viéc xéc dinh cac thong sO giam sat né min nhu
khoang cach giam sat, huéng giam sat, cao d¢ chénh cao giia bai nd va diém giam sat chinh xac (Bang
4), Cu thé, tir ban do gidm sat chén dong bang cong ngh¢ UAV da xc dinh duge cc cong trinh gan
quanh mo cin phai béo v&, xac dinh vj tri bai no va vi tri d6 theo toa do chinh xéc, tinh dugc khoang céch
ngang 507 m, chénh cao 62.044 m, gitp tinh khong cach thyc tir bii 1nd min dén vi tri do chan dong 1a
569 m. Diéu nay gitp dua ra cai nhin chinh xac hon vé chan dong nd min, song dap khong khi va da bay
trén mo mé tir trude dén nay, nhimg yéu t nay thugc dugc xac dinh tuong déi.

5. Két luéin i 1 !

Qua (mg dung déng bo céc cong ngh¢ nhu cong ngh¢ UAV, dinh vi GPS RTK va cong ngh¢ xu ly dnh
qua phin mém Rockimage cung voi céc thiét bj gidm sat tac dong nd min Micromate di dem lai nhimg
hi¢u qua trong cong tac 16 min ma giai doan tru6c chura thyc hién duge nhu cép nhét nhanh vi tri bai min
trudc va sau khi ng min tao didu kién tinh toan diing cdc thong s6 khoan nd min, trién khai cic thong sb
khoan né min ra thuc dia chinh xac, danh gia chat lugng cOng téc né min dat duoc nhu hinh dang, kich
bng nd min, lam co s& cho cde khiu cong nghé tiép theo
hé con dam bao d9 tin cdy trong cong tac glim téc dong

thuc bai min, kich c& trung binh dét da trong d
nhu xtc béc, van tai, ché bién. Ap dung cong ng
¢6 hai cia cong tac nd min trén mo.

Loi cam on

& Cong Thuong Ha Nam, Cong ty xi mang Bt Son va chu nhiém dé
dung hé {héng qudn Iy va thyc hi¢n cong tdc khoan - né min C}‘lo‘ca'c
d tao diéu kién cho nhom thyc hién nghién ciru ndy.

‘_Nhém nghién clru xin cam on S
tai cap Nha nuéc “Nghién ciu xdy
mé than 1§ thién viing Quang Ninh”
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ABSTRACT

Intergrated Application of Unmaned Aerial Vehicle and
photogrametry Processing Techniques in Blast Quality and Safety
Control at Hong Son Quarry, Ha Nam province
pham Van Viet" >, Nguyen Anh Tuan'"’, Pham Van Hoa"?, Tran Dinh Bao' %, Le Thi Thu Hoa"’

'Hanoi University of Mining and Geology, 18 Vien Street, Hanoi, Vietnam
*Innovations for Sustainable and Responsible Mining (ISRM) research group,
Hanot University of Mining and Geology, Hanoi, Vietnam

Blasting is the first s‘tage in mining opcrgtion. The quality of blasting is represented thrpugh the size,
shape and particle sizes of a blastmg pllf:. In addition, blastin.g also causes adverse impacts to .the
surrounding environment, especially blast-induced ground vibration. Therefore, there neer a technical
solution to control the quality and the negative effects. Blasting need to be coqtrolled from input data for
designing blasting pattern and implementing blasting operation in the site to improve the quality .and_ to
miﬁéate blasting-induced ground vibration, air overpressure. The paper shows an mtergafed appl'ncanon
of novel technologies in collecting input data for designing blasting pattern apd conductlpg to give the
design to the site exactly to control the quality and safety in blasting operation at quarries. These are
Glot;al Navigation Satellite System with Real -Time Kinematics (GPS RTK), Unmaned .Aenal Vehlcl_e
(UAV), photogrametry technologies and ground vibration monitori'ng equipment M?cromate. This
application was carried out at Hong Son quarry, Ha Nam province to bring back the effectiveness and the

safety.
Keywords: Blasting, GPS RTK, UAV, Rockimage, Micromate, Ha Nam.
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