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TOM TAT

Cac mo da 6p lat ngay cang dugc mo rong khai thac do gia tri kinh té dem lai 16n hon so véi khai thac d4 1am
vat lidu xdy dung thong thudong. Nhung cong tac khai thac da Op lat phu thude rat nhiéu vao viée xac dinh su
phan bd khe nut trong khéi d4, dic biét 1a hé khe nut chinh trong mo, lam co so dua ra hudng khai thac, cong
nghé khai thac va quy mé khai thac phu hop véi diéu kién mo. Hién nay, viéc xac dinh khe niit méi thu thap
bang phuong phép thi cong st dung dia ban va thude do gy khé khin cho viée danh gia tong thé khe nirt
trén mot khu vuce do s lwong khe nut thu thap it, mot sé khu vuc khong thé tiép can do, rai ro da roi. Do do,
bai bao da dé xuit sir dung cong nghé may bay khong nguoi 1ai va thuat toan ban ty dong trong viéc xac dinh
hé thdng khe nit chinh cho mo da bp lat. Bai bao da phan tich st dung dit liéu dam may diém tir thu thap
bing cong nghé may bay khong ngudi 1ai két hop vaoi phéan tich dam may diém bang thuat toan ban ty dong
dugc viét ma trén phdn mém Matlab tir viéc hinh thanh mat khe nut tir ddm may diém trén sé luong diém,
thdng ké cac mit khe nut, phan nhom khe nit dya trén gia tri goc hop béi cac hé khe nirt cing v6i goc phéan
tan khe ntt dua ra dé tim kiém cac mat khe nut, phan nhém xéc dinh hé khe nitt chinh va x4c dinh sy phan b
khoang cac khe nut trong hé khe nut. Bai bao di ap dung phan tich thtr cho dir liéu dam may diém tuong va
mai mot phan ciia dién thai hoa (cung dinh Hué) véi d6 chinh xac vé goc phuong vi va goc doc 0,7-4%, sai sb
vé khoang cach 2%, tién hanh ap dung xac dinh hé khe nut chinh cho mé da 6p lat Nam Pong, tinh Thira
Thién Hué va di xac dinh dugc 7 huéng khe nirt chinh trong moé va phan bd khoang cach giita ching.

Tur khoa: M6 da 6p 1at, UAV, hé khe nit chinh, mo da 6p lat Nam Pong.

1. Gioi thiéu

Mo da p lat 1a loai da tw nhién bao gdm cac nhom da nhu magma, tram tich, bién chit khong chira cac khe
ntt dugc khai thac va ché bién tdi cac kich thude, hinh dang, mau séc va do bong khac nhau. Ba 6p 14t c6 nhiéu
{mg dung trong thyc t& nhu lam da dp tudng, via hé, bép an, 1am tuong,... Da 6p lat phai dam bao vé thach hoc,
khoang vat va co hoc, dac bi¢t la khong chira nut né trong da (Morales Demarco, Oyhantgabal, Stein &
Siegesmund, 2013; Mosch, Nikolayew, Ewiak, & Siegesmund, 2011; Taboada, Vaamonde, & Saavedra, 1999).

Trén thé gidi, yéu cau cho da khdi dang ting do cac hoat dong xdy dung sir dung d4 ty nhién. Cu thé, khéi
lwong da khdi cho hoat dong Op 1at, cac g dung khac, twong nghé thuat va vat liéu xdy dung chiém tuong tmg
35%, 25%, 20%, 16% va 9%. Do d6, cac mo da khéi nhu dé gabro, da hoa cuong va da granit tang vé quy md va
cong sudt. Cac nude trén thé gidi san xuat nhidu da op l1at phai ké den Trung Quéc, An Py, Thd Nhi Ky, Brazil,
Y, Iran, Tay Ban Nha va Ai Cap Hlep hoi xdy dung thé g101 chi ra rang thé gi01 s& sir dung da lam 6 op lat chiém
nhiéu hon 30% va tang 2,5 lan suot 15 nam qua va xu thé sé ting cao do yéu cau cao va cong nghé dau tu hién
dai va gia ca canh tranh véi gach 6p ceramic (Stonedeal, 2021).

Qua tat ca céc tai liéu danh gia chi ra 16 rang rang nhéan t6 anh hudng téi kha ning thu hoi da op lat bao
gdm khe nurt, co 1y, do bong, kich thude. Mot trong chung, khe ntt 1a nhan té chinh trong giam thu hdi da p
lat da dugc chi ra bdi mot vai tac gia. (Palmstrom, 2001; Sousa, 2010; Sousa, Oliveira & Alves, 2016). Hién
nay viéc tinh toan thu hdi da 6p lat théng qua phan bd cac hé khe nit chinh dugce do bang phuong phap khao
sat theo duong va khao sat theo dién tich trén bé mat, trong 16 khoan va cac moong khai thac thtr. Nhung viéc
x4c dinh hé khe nut chinh van con khé khin vi dir liéu thu thap khe nat con it ma méi chi dua vao viéc xac
dinh thii cong théng qua do bang dia ban, han ché trong diéu kién dia hinh phtrc tap khong thé tiép can dé do
truc tiép (Pham Vin Viét va nnk., 2020). Cac thuat toan phan nhom hé khe nut van chi dya vao viéc phan
nhom céc khe nirt don né duoc thu thap bang thu cong do s6 lwong khe nat han ché nhu phuwong phap phéan
nhom hé khe nut theo thuét toan fuzzy da duoc st dung trong phan mém Dips ciia hing rocscience (Hammah
& Curran, 1998) va thudt toan nhém cac hé khe nit dya trén hé sd phéan tan khe nut trong hé (Nguyen,
Merrien-Soukatchoff, Vinches & Gasc-Barbier, 2016). Vi¢c thu thap khe niit mang tinh ty dong, trén dién tich

* Téc gia lién hé
Email: phamvanviet@humg.edu.vn
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16n nham danh gia chinh xac cac hé khe nirt chinh trén mo tir dir li€u khe nirt du 16m, phan bd dién rong la van
dé can phai giai quyét.

Hién nay, v6i su phat trién ciia cong nghé may bay khong ngudi 1ai UAV (Unmanned Aerial Vehicle) két hop
véi cong nghé dinh vi vé tinh theo thoi gian thuc GNSS (Global Navigation Satelite System) c6 thé tiép do v& bé
mit dia hinh moi vi tri v6i do chinh xé4c cao va dd chi tiét 16n, c6 thé thu thap dir liéu dam may diém PCL (Point
Cloud). Tur dit liéu PCL thuét toan ban tu dong s€ nhéan dién ra cdc mat khe nat chira dit lidu diém, dua ra cac hé
khe nut chinh, khoang cach giita cac khe nit va sy phan b6 cua cac khe nit trong khong gian. Pay la mét thuc té
quan trong trong danh gi niit né cua cac mo da Op lat hién nay, khic phuc cac han ché ctua phuong phap thu
cong va phu hop véi xu thé cia thé gioi.

2. Phuwong phap

Xac dinh khe nut tir dir liéu PCL trai qua 3 giai doan gdm (tinh toan hinh thanh cac mat phing, phan tich
thong ké cac diém trén mat phang, phan tich phn nhom cac khe nt).

2.1. Tinh todn hinh thanh cdc mdt phing
2.1.1. Tim kiém cdc diém gan nhdt

Thuét toan thuc hién tim kiém cac diém bén canh sir dung 2 cach tiép can khac nhau: ¢é dinh khoang cach
hodc ¢b dinh s6 luong diém bén canh. Mot vai 131 c6 thé tang khi sir dung cach ¢ dinh khoang cach do sy khong
déng nhét cua mat do dam may diérn(Lato, Diederichs & Hutchinson, 2010). Trong thuat toan wu ti€n lya chon
¢b dinh sb luong cac diém st dung trong nghién ctru.

Ham knnsearch trong Matlab sit dung mot thuat toan cao cép nhanh va hiéu qué tim cac diém bén canh
(Friedman, Bentley & Finkel, 1977). Cac diém gan nhét dugc tinh toan bang ham knnsearch va khoang cach
Euclid. Tiép theo, mdi diém trong tap diém ban dau P;, mot tap Qi cac diém gﬁn nhau hinh thanh. Nhu vay, xac
dinh k diém gan nhau nhat cho mdi diém trong tap 3D dam may diém. Budc tiép theo kiém tra xem tap véik + 1
diém c6 hinh thanh mot mit phing hay khong.

2.1.2. Kiém tra ciing mdt phang

Trén thuc té phuong phap xem xét moi diém va cac diém gan nhat nhu 1a mot déi twong mit phang. Nhu tap
Qi dugc hinh thanh qua bud6c trén ¢ hinh thanh mat phéng khong. Qua trinh thur dugc thuc hién tinh toan
phuong vi. Néu tap diém Q; 1a mat phang, qua trinh s& tiép tuc. Nguoc lai, tap ghép Qi s€ bi loai bo.

Qué trinh kiém tra cing mit phing dua trén phan tich thanh phan chinh. Him matlab prmcomp cho phep thuc
hién phan tich x4c dinh cac gia tri riéng (11, A,, A3) va vector (V1, Va2, V3). Phan bién chiém boi k thanh phan Hy
xac dinh theo cong thuc (Rencher & Christensen, 2012):

Xl (1
23

Gia dinh rang phan danh gia duoc xac dinh trong mit phang (7) ¢ khong gian R3, s& ¢6 2 chiéu co thé giai
thich phan chinh cta di liéu. Kich thudc thir 3 s& giai thich sy thé hién 13i trong dir liéu. Néu bé mat khong
phing hoic 15i do d6 s& du lién quan, kich thudc thir 3 s& yéu cau mirc do quan trong téi 2 chiéu kia.

Pé biét 1 tap hop diém c6 1a mat phing hodc khong, cac thong s dung sai (1) dugc xac dinh theo cong thirc sau:

_ I3 2)
L +L+

Thong s6 dung sai (Nmax) 12 d6 1&ch cho phép 16n nhat ciia mot tap diém, sao cho mit phang tap diém xem xét
hop 1y nhu mot mit phang. Gi tri Nma hinh thanh théng qua phan tich d6 nhay véi dir liéu thuc dudi cac diéu
kién kiém tra nhét dinh. Chép nhan réng néu mot tap cac thanh phén chinh c6 80% hoc nhiéu hon sé& thé hién dit
liéu hop 1y (Rencher & Christensen, 2012). Vay dé xuat gi tri dung sai 16n nhat nmax 12 20%, khi cac truong hop
€0 > Nmax thi tap diém s& khong du diéu kién hinh thanh mit phang va bi loai bo.

Hk=

2.1.3. Diéu chinh mdt va tinh todn vector phép tuyén (PCA)

Khi phat hién nhung tap hop diém ciia cac diém cung mit phing, budc tiép theo 1a tinh toan mit phang phu horp
nhét véi nhiing tap dlem nay. Cong thirc giai tich thé hién trong cong thirc dudi, trong do A, B, Cla 3 thanh phan
ctia vector phap tuyén don vi (PCA) v6i mit phing va gié tri D dura khoang cach vudng goc tir gdc t6i mét phang.

Ax +By+Cz+D=0[A B, C, D] €R 3)

Khi PCA duoc tinh toan trong budc trudc, mat phfmg xac dinh 1o rang theo vector V3 = (A, B, C).
Toém lai, trong phan nay tinh toan xac dinh hudng cua céac tap hop diém. Budc tiép la tinh toan cac hudng dai
dién nhat cua cac diém 3D va k cac diém gan nhat.

164



HOINGHI KHOAHQC QUOCGIA
NC@ SD oone NGHE PIA KHONG GIAN Vi SU PHAT TRIEN BEN VUNG
(NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

2.2. Phan tich thong ké cdc diém khe nirt Ién mdt phing

Phuong phap tiép sau 1a dya trén cac vector phap tuyén song song két hop véi cac diém, s& xem xét cac diém
Q: két hop v6i mot diém (P;) ma thudc mot khe nirt xac dinh boi mot mat phing chua biét 7. Néu o 1a mit phang
hop nhét voi mat phang Ql thi huéng ciia mit a va mit © duoc cho 1a gan. Tuong ty, xem xét mot tap khac Q; voi
cung kich thude voi Q; két hop véi 1 diém P; 1a thanh phan cua P. Tép hop diém con 1a mot phan mat 7 va c6 thé
tinh toan mat phang phu hop nhit p va 3 mat (z, o, p) c6 mot huéng gan.

Phan tich thong ké bang dd hoa stereo graphic cua cac diém nhan mit phang dé xac dinh cac hé khe nit
chinh:

a. Tinh toan vector phap tuyén cho mdi mat va chuyén doi dua vé biéu didn dd hoa ndi stereographic
(Ramsay, Huber & Lisle, 2000);

b. Tinh toan mat do diém nhan mat phfmg cho mdi ving trén dd hoa;

c. Tinh diém 16n nhat.

2.2.1. Udc tinh madt dé (KDE)

St dung udce tinh mat do theo phuong phép Kernel (KDE) 1a cach wdc tinh mat d6 thong ké khong thong sd
ctia cac bién ngau nhién. Nghién ctru di chimg minh rang dé wdc tinh mat do khong thong sé nhiéu bién thi st
dung KDE t6t hon str dung d6 thi tan sb truyén thong (Silverman, 2018). Phuong phép thyc hién bang sir dung
ham matlab kde2d boi Gausian kernel (Botev, Grotowski & Kroese, 2010). Thuc hién trén mot ma code cho
phép tinh toan ty dong chidu rong cuia kernel va tinh toan mat d ciia chung.

2.2.2. Xac dinh ban ty dong cdc hé khe nitt

Trong budc niy, phuong phép gan mot huéng chinh téi moi diém trong ddm may diém. Khi phuwong phap
phat hién khong dai dién boi hudng chinh ching s& khong dugce gan So dd tom tit cac budce thé hién trong hinh
bén dudi. Binh thuong phan tich ham mat d thé hién nhiéu diém nhat, nhung chi vai 1a nhan chinh, boi vi sy tdn
tai cua cac 161 doc va cac diém don cuia cic mit cong dua ra sy phan tan cac diém nhan mit phing. Vdy, 2 yéu
cau can gan dé giam sat cho phép xac dinh cac diém nhu cic nhan mit phang chinh:

a. Piéu kién s6 1 (N6n tim kiém): Lya chon mét gia tri nhét dinh (y)) sao cho goc hinh thanh béi hai vector
phap tuyén chinh phai 16n hon gié tri nay.

b. Piéu kién 2 (Loc s6 diém nhan chinh): Do ¢6 sb luong 16n nhét cac hé khe nut (np) hinh thanh. H¢ théng
loc va chip nhan s lugng mit hé khe nirt chinh ¢6 mat do cao hon.

Nhan 1 Nhén chinh 1 Nhan chinh 1

INHank Nhan chinh i Nhan chinh i Nhan chinh i -
Nhén i+1 Nhén chinh i+1 Nhén chinh i+1

Nhan n Nhan chinh m Nhan chinh np

Hinh 1. So do trinh tu xdc dinh hé khe nitt chinh.

Budc tiép theo bao gdbm chia dam may diém bang gan cac nhin cho mdi diém ciia ddm may diém theo cac ho
khe nirt gan nhit da dugc xac dinh. Dbi véi moi diém, tim kiém cac khe nt ma goc nho nhét giita cac vector
phép tuyén ctia diém nhan va vector phap tuyén cta khe nirt chinh dugc gan. Mot giGi han sau d6 dwoc xac dinh
dé g10’1 han theo gia tri cho phép (y2).

O phan ndy, xdc dinh hudng cua hé khe nurt chinh va cac diém nhén xung quanh. Hudng tuong img dugc gan
cho mdi diém nhéan phu thudc vao diém va huéng xung quanh cta ching. Sau d6 loai b cac diém nhéan co
huéng khac véi hudéng diém nhan chinh (goc 16n hon goc v2). Khi chung ta khai thac cac diém thudc cac hé khe
nut, tiép theo xac dinh cac phan nhom trong cac hé khe nit chinh.

2.3. Phéan tich cac nhom khe nirt
2.3.1. Phdan nhom hé khe nut

béi voi phan nhém cac hé dir liéu 3D thuét toan quét dua trén mat do voi do nhiu (Density-Based Scan
Algorithm with Noise (DBSCAN) (Ester, Kriegel, Sander & Xu, 1996). Thuat todn phan nhom cho phan loai cac
16p trong co s& dit liéu da dugce chimg minh trong cac ing dung hiéu qua xir Iy cic dam may diém LiDAR
(Tonini & Abellan, 2014). Thuét toan yéu cau cac thong sé dau vao nhu:

a. € 1a khoang cach 16n nhit giira 2 diém dé xem xét chung nhu 14n can.

b. Min-pts 13 sé lwong nho nhét cac diém 1an can diém p dé xem xét q nhu 13 mot diém 13i. Su khac nhau 16n
vé mat d6 c6 thé anh huong dén phuong phéap tu dong (Ester et al., 1996; Lato et al., 2010). Ester et al. (1996)
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goi v thiét 1ap thong s6 min-pts 1 4. Thém rang, gia tri & nén duoc xem xét khoang cach cia diém lan can tha 4
t6i mdi hé khe nit. Phuong phap tinh toan tat ca khoang cach 1an cén thir 4 cho tit ca cac diém duoc chap nhén
cua mat chinh. Gia tri € dwgc xem xét nhu gia tri trung binh, 16n nhét hodc gia tri dai dién théng ké khac. Gia tri
16n nhat khong hop 1y bai vi sy tdn tai ctia gid tri nhidu. Khi phuong phéap thuce hién véi cac dir lidu tho, sé lugng
cac khoang cach du cao dé xem xét sy phan phdi chuan. Vay gi tri £ dé xuat 1a trung binh cac khoang cach lan
can th 4 cong voi 2 do 1éch chuan.

Phén tich cac nhom thyc té c6 thé tim mot sb lugng 16n cac nhom nhé. Nguoi st dung chi vu tién cac nhom
16n. Vay phuong phap dé xudt tily chon loai bo cac nhom nho bang lya chon gidi han s6 luong cac diém trén mot
nhom. Thyc vay, chi cdc nhom c6 kich thude bé‘mg 6 diém can béng hodc cao hon s diém gidi han trén mot
nhom duoc thé hién.

O muc nay, tinh toan cac nhom khong gian ciia mdi hé khe nut. Budc tiép theo tinh toan cong thirc mat phang
ctia cac khe nut nay dé xac dinh thong sb toan hoc cac mit phang khe nurt.

2.3.2. Tao ra mat khe nut trong hé (PCA)

Sinh mat phéng thuc hién nhu sau:

- M6t tap hop cac diém thudc mot hé khe nit I - R;

- Mot tap hop cac diém thanh vién ciia mot nhom j thay thé mot tap hop Ri-Rj;

- Xac dinh mat phu hop nhit R;j ma cong thirc mét phang c6 thé dugc xac dinh theo:

A,jx + Bijy +CijZ+Dij =0 (4)

Phan tich thanh phan chinh chinh (PCA) téi k d1em Pijk c6 toa do (le y”, 1]) va la thanh vién cuia tap hop
khong rong Rij dat dugc vector chinh V3, Céac thong sb Ajj, Bjj, Gjj dugc tinh toan theo cong thirc (4). Tinh toan
nhitng théng s6 nay sir dung vector phap tuyén ciia cac hé khe nirt chinh. Gia tri doc 1ap Dy cua cong thirc mat
phang dugc tinh theo phwong phap binh phuong tdi thiéu theo cong thirc:

e e - )
iy n ij n Vi J n ij
k=1 k=1 k=1
trong d6: n 1a kich thuéc nhom Rj;.

2.3.3. Kiém tra l6i

Khi cong thuc mat Rij duoc tinh toan, rat dé kiém tra chét luong cua fitting dit li¢u. Pua ra ring V—3=1, 16i
trung khép er;; dugce xac dinh nhu khoang cach mat:

= Axf; + Bx}; + Cx}; + D (6)

Do d6, céc 18i erj két hop v6i nhom Ry c6 thé duge xé4c dinh béi cong thire (6). Tap hop erjj phai théa man 2
dac trung: gia tri cua moglun erj phai nho nhat ((?iéu nay sé théa’rnén nhu cong thie duge tinh toan bdi phuong
phac binh phuong toi thiéu va gia tri d6 léch chuan o(er;) phai thap hop ly.

3. Xay dung thir nghiém danh gia xac dinh hé mat

Dit li¢u tién hanh thir nghiém 1a by di li¢u dam may diém ciia mot phan twong va méi cia Dién Thai Hoa,

thudc khudn vién Hoang thanh & thanh pho Hug, tinh Thira Thién Hué (Hinh 2).

Hinh 2 Dw lleu khdo sat mét phan Pién Thaz Hoa (phan khung mau do) (a), dit liéu dam mdy diém (b).
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Dir liéu duéi dang dam may diém gém c6 2 hé miat phing mai nha (mai trén va mai dudi) va hé mat phing
tudng (tudng chan moéng va tudng trén mai) dwge dwa vao phan mém lap trinh matlab chay chuong trinh di duoc
viét code dua trén ngdn ngir 1ap trinh matlab dang ma nguén mé dé nhan dién hé mat phfmg tuong va hé mat
phang mai nha. Qua qué trinh chay di xac dinh dugc 2 hé mit phing (g0m tudng va méi nha), thé hién cu thé
trén Hinh 3. Pa phéan tich ra dugc cac h¢ mat tuong va hé mat mai thé hién cu thé trén Hinh 4 va Hinh 5. Gi4 tri
thu duoc tir két qua phéan tich hé¢ mat trén phén mém va do truc tiép thu dugc di li¢u Bang 1.

Poles Density Plot, Principal Poles. Isolines each 1.25%

150 180 a0

240

Hinh 4. Hé mdt mdi nha (gom mdi dwdi va mdi trén) Hinh 5. H¢ mat twong nha (twong chdn mong
va tuong trén mai)

Bang 1. Bdng so sanh giita gid tri do thuwce va gid tri thu dwoc tie phan mém.

Do thuec té Gi4 tri phin tich phin mém
TT Thanh phin Géc phwong | Géc doc, | Khoang | Géc phwong | Géc doc, | Khoang
danh gia vi, do do cach, m vi, dd dé cach, m
1 | Hé mat mai nha 55 24 1 54,6 23,1 0,98
2 | Hé mit tuong 233 90 3 232.,8 89,14 3,06
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Qua vi¢c so sanh giira gia tri do va gia tri thu duoc tir ph?m mém xac dinh hé bé mit théy r?mg, thuét toan tinh
toan nhan biét cic hé bé mat dam bao do tin cay thong qua sai sé vé gbc phuong vi 1a 0,7%, sai sd vé goc dbc
khong qua 4%, sai sb vé khoang cach 2%, co thé trién khai ap dung trong viéc xac dinh cac h¢ khe nit trong cac
mo d4 ndi chung va cac mo da 6p lat noi riéng dam bao do tin cay trong thu thap dir lidu.

4. Nghién ciru trién khai ap dung cong nghé UAV, thuit toan ban tw dong trong viéc xac dinh hé khe mit chinh
cho mé da op lat

Nghién ctru tién hanh xéac dinh cac hé khe nit chinh tai mo da 6p 1at Nam Déng, tinh Thira Thién Hué. Cong
tac thu thap dir liéu dam may diém duoc thuc hién boi dinh vi GNSS RTK va may bay khong nguoi 1ai UAV
DJI Phantom 4 pro v2, véi thuc hién dinh vi do 3 diém GCP va 2 diém CP (Hinh 6), thyc hién bay bang phan
mém DJI pilot, xdy dung m hinh bang phan mém Pix4Dmapper tao ra mé hinh ¢ddm may diém Hinh 7.

Hinh 6. Cac diéem GCP va CP trén mo dé dinh vi va kiéem tra

Hinh 7. Bdm mdy diém khu viee mé xdc dinh khe nirt.

Dir liéu ddm may diém khu vuc xac dinh khe nit duoc dua vao phan mém lap trinh matlab chay chuong trinh
da duoc viét code dua trén ngdn ngir 1ap trinh matlab voi cac thong s6 dau vao sb lugng diém dua ndi suy mat
phang 1a 30, sai s6 hinh thanh m3t phang 1a 20%, goc hop tbi thiéu giira cac hé khe nirt 1a 30 va sé lugng hé khe
ntt so bo dua ra 1a 7 hé khe nut, goc hinh thanh hé khe nut 13 30°. Qua qué trinh phan tich trén phan mém
Matlab véi code thudt toan dua ra xac dinh sy phan bd cac hé khe nit trén d6 hoa ndi Hinh 8 va su phan bd cac
hé khe nut trén Hinh 9, phan bd cac khoang cach giita cac khe nirt va so luong khe nirt thé hién ¢ Hinh 10 va
bang tong hop cac thong sb hé thong khe nirt thé hién Bang 1.

Pren Dieruly Pisi, Frincipial Pl Juclines wesh 1 7975

SR T N

30

Hinh 8. Sw phén bé cdc hé khe nirt trén mé da op lat Nam Péng
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Hinh 9. Sy phdn b6 cac hé khe nirt khu vuc khdo sdt

Bang 2. Phén bé thé nam ciia cdc hé khe nirt trén mé da op lat

TT Hé khe nirt Géc phuong vi Géce dbc, dd
huéng doc, do
1 H¢ khe nirt 1 40,7 50,5
2 Hg khe nit 2 222.8 86,5
3 H¢ khe ntrt 3 78 77
4 H¢ khe nut 4 178 90
5 Hg khe nut 5 144 48
6 H¢ khe nirt 6 335 32
7 H¢ khe ntt 7 124 83
Khoang céch trong hé khe nut 1 Khoang cach trong hé khe nat 2
10 A
E E
2 0s £
2 H
g 06 g
@ ]
) :
'E 0.4 1 £
=]
2 02 ]
00 ! | | |
b ) 2 3 4 5 3
56 lugng khe nut $6 lugng khe nit
Khoang céch trong hé khe nut 3 Khoang céch trong hé khe nut 4
175 1
:_ 150 E_ "
5 £ 61
K 125 4 .E .|
: 100 :
3 £
,E 0.75 - 25
£ oso g , ]
0.25 11
0003 5 10 5 20 0 n
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56 lugng khe nut S6 lugng khe nirt
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Khoang céch trong hé khe nut 5 Khoang cach trong hé khe nit 6
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5. Két luan

Khe nut dong vai trd quan trong trong viéc xac dinh kha ning thu hoi da op lat cho cac mo. Giai phap thu
thap thong tin dit liéu vé khe nit tir cac dit liéu dam may diém bé mat dia hinh khu viyc mo da Sp lat dé xac
dinh cac thong sb hé théng khe nut 13 hiru ich khi két hop véi thuat toan ban ty dong xac dinh cac hé khe nut tu
cac mat da trén bé mat dia hinh bé'mg phan tich ddm may diém trén bé mit dia hinh. Qua phan tich thyc nghiém
dir liéu may diém tuong va mai Dién Thai Hoa so voi do thuc té dam bao du do tin cay dé thuc hién phan tich
hé thong khe nirt trén cac mo da n6i chung va mé da 6p 1at noi riéng. Viéc thu thap dir lidu tir dam may diém co
thé khéc phuc dugc viéc thu thap dir liéu it, khong phan bé déu, khong tiép céan do nhitng khu vuc cao, hiém tr
béang thi cong.
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ABSTRACT
Unmmanned Aerial Vehicle Technology and Semi-automatic Algorithm in
Identifying Main Joint Sets for Dimension Stone Quarries

Pham Van Viet"*", Nguyen Anh Tuan'?3 Tran Trung Anh'3, Pham Van Hoa'?
!Hanoi University of Mining and Geology, Hanoi
2Innovations for Sustainable and Responsible Mining (ISRM) Research Group,
Hanoi University of Mining and Geology, Hanoi
3Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology

Dimension stone quarries have been strongly expanded due to bringing back huge ecomomic value from
dimension stones in comparison to quarrying them to produce common contruction materials. However,
quarrying dimension stone depends really more on defining the distribution of joints in rockmass, especially
joint sets, contributing to choosing mining direction, mining techonologies and suitable output scale for each
mine condition. Nowadays, collecting joints has just been carried out by manual ways with using geological
compass, length tape, causing more difficulty to analyze the whole joints in a particular area due to small
numbers of joints, some untouched areas, rockfall risk. Therefore, the paper suggests the application of
Unmanned Aerial Vehicle (UAV) technology and semi-automatic algorithm identify main joint sets for
dimension stone quarries. The study analyzed point cloud data, collected by the UAV technology, with semi-
automatic algorithm coded on Matlab software for joint plane formation from point cloud, joint plane statistics,
joint plane classification based on the angles between joint sets and the disperse angle to find out joint planes,
cluster the planes into joint sets and calculate spacing distribution of each joint set. The algorithm was
experimented with a point cloud file of a part of wall and roof of Thai Hoa Palace (Nguyen dynasty palace) with
reliable exactness. The knowledge of the study was applied to Nam Dong dimension stone quarry in Thua Thien
Hue province. The results of application found out seven main joint sets and their spacing distribution.

Keywords: Dimension stone, UAV, main joint sets, Nam Dong.
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