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Phén loai thach hoc tir cac tham sb vat 1y trong tai li‘éu giéng khoan
1143, chuong trinh khoan dai duong tai bién dong bang mang tri tu¢
nhan tao

Vii Hong Duong!*, Kiéu Duy Thong!
! Truong Pai hoc Mo - Pia chat

TOM TAT

Phan loai thach hoc la mét khau quan trong trong cong tac nghién ciru, phuc h61 lich sir phat trién cac qua trinh dia chat
ciing nhu tim kiém tham do cac khoang san c6 ich. Vi cac phuong phép truyén thong, thach hoc duge phén loai dua
theo kinh nghiém ciia ngudi minh giai, két qua thuong mang tinh chu quan va doi hoi nhiéu thoi gian. Do do, viée sir
dung céc ky that tri tué nhén tao dé thuc hién cong viée nay sé& cho két qua nhanh va mang tinh khach quan hon. Chung
t61 ap dung cac ky thuat tri tué nhan tao khac nhau trén b tai li¢u cua giéng khoan 1143, chuong trinh khoan dai dwong
(ODP) tai Bién Dong. Cac phuong phap hoc khéng giam sat phan tich phan cum mo c-trung binh (FCM). Céc phuong
phap hoc ¢6 giam sat, mang No-ron nhén tao dé du doan thach hoc. Cac két qua dat dugc s€ duge so sanh véi nhau dé
xic dinh ky thuit phi hop cho tap s6 li¢u nay va c6 thé 4p dung cho ving lan cén tai Bién Dong.

Tir khéa: Thach Hoc; Tri tué nhén tao; dia chat.

1. Giéi thiéu

Théng tin vé ciu tric dia chit dudi bién, nhu khu vire bién dong thudong duoc cung cap bai cac két qua
xur ly va phan tich céac tai liéu dia vat ly (Braitenberg et al., 2006; Ding et al., 2013; Ding et al., 2016;
Gozzard et al., 2018; Huang and Wang, 2006; Trung et al., 2004). Cac thong tin vé dia chét duge minh giai
tir cac tai lidu dia vat 1y bién thuong phai duge dbi sanh véi cac tai liéu trong giéng khoan, do vay phan tich
cac tai liéu dia vat 1y trong giéng khoan dé dua ra nhimg thong tin hiru ich vé dia chit 1a rat quan trong (Wu
etal., 2017). Tuy nhién coéng viéc nay thuong ton nhiéu thoi gian va trong nhiéu truong hop mang tinh chu
quan va thiéu dinh lugng. Pé vugt qua cac thach thirc nay, hién nay cac cong cu tinh toan nhu hoc may
(meachine learning) va tri tué¢ nhan tao (Al) dang dugc sur dung ngay cang nhiéu trong cac linh vyc xur Iy
s liéu, trong d6 co6 xir 1y tai liéu dai vat ly. Cu thé viéc ap dung cac cong cu nay cho viéc phan tich cac )
liéu giéng khoan di dugc cong b boi cac cong trinh cia Bosch et al. (2013); Dekkers et al. (2014), trong
khu vyue Bién Pong ciing ¢6 cic cong trinh clia Karmakar et al. (2018); Tse et al. (2019). Cac Két qua dat
duoc cua cac tac gia nay cho thiy higu qua cua viéc ap dung cac cong cu tinh toan nay. Do viy, trong
nghién ciru nay chung t6i ap dung cac thuat toan hoc may va Al vao trong xir 1y tai liéu giéng khoan 184-
1143 A, B, va C (Hinh 1).

Phan loai thach hoc dua vao tai liéu dia vat Iy giéng khoan va mau 16i 1a mot trong nhimg cong tac quan
trong. Viéc xdc dinh tudng thach hoc ¢ nhimg khu vye c6 céu tric dia chat phirc tap, néu chi sir dung nhimng
phuong phap minh giai dia vat 1y giéng khoan thong thuong dem lai két qua khong kha quan va chinh xac
khi so sanh véi tai liéu mau 161 thu thap duoc. Vi du cu thé nhu & khu vye Bién Dong noi c6 rat nhidu cac
tan tich nui ltra véi nhimg dang thu hinh, viéc minh giai va xac dinh thach hoc cho khu vue nay cuc ky kho
khan khi chi sir dung cac phuong phap minh giai dva trén cc dudng log co ban cua dia vt 1y giéng khoan.

2. Ngudn s liéu

Trong nghién ciru nay chiing téi sir dung ngudn sé lidu tir cic chuong trinh kham pha dai duong quéc té
va khoan sau dai duong (http://web.iodp.tamu.edu/ ). Tai vi tri nay cé 3 gléng khoan OPD-184-1143 A, B,
va C (Hinh 1), de ngan gon trong bai viet nay chung t6i dat tén la GKA, GKB va GKC.

S6 lidu bao gdm cac tham s vat 1y va thac hoc do trong gleng khoan va tir miu van toc séng doc (Vp),
gamma ray, mat d9, d¢ tir cam, ti 1¢ phan trim céc thanh phan sand, silt va clay trong mau.

* Tdc gia lién hé
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Hinh 2. Phdn bé cuia cdc mau theo ti I¢ ciia sand, silt va clay theo chiéu siu trong GKA. Duwong mau
den thé hién cac tham so vat Iy van toc song doc (a), gamma ray (b), mat do (c) va do tie cam (d)

3. Dur doén thach hoc tir cic tham sb vat Iy
a. Phdn cum mo c-trung binh (FCM)

Thuét toan fuzzy c-means (Bezdek et al., 1984) chia cac phan tir ctia s6 liéu dau vao thanh céc nhom dua
Vao su tuong ddng cua cac tinh chit cua cac phan tir. Khac voi _phuong phap K trung binh moi phan tur chi

thugc vé mot nhom, trong phuong phap nay cac phan tir ¢6 thé thudc vé nhiéu nhém véi hé sb thanh vién
khéc nhau. Qua trinh nay duoc thuc hién bang viéc cuc tiéu hoa ham sau:
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trong do, N la s6 luong phan tir cia s6 liéu z,z¢co thé gom nhiéu thuge tinh. C 1a s6 luorng nhom, q (¢>1)
1a tham s6 ‘m&”° (fuzziness), q thudng dugce lay gia tri bang 2 (Bezdek et al., 1984), vk la gié tri trung tram
ctia nhém thir k, ujk 1a hé s6 thanh vién (membership degree) cua phén tir thir j déi véi nhom thir k, véi
diéu kién ¥§_, wy = 1.

Mot trong nhiém vy quan trong nhét trong phan tich cum mé trung binh 1a xac dinh s6 cum. Hién nay,
s6 cum thuong dugce xac dinh dua vao mot s6 chi sb. Trong nghién ciru nay chung t6i sir dung hai chi )
NCE (Roubens, 1982) va XB (Xie and Beni, 1991). Hai chi s6 nay cang nho chimg t6 qua trinh phén tich
cum cang tot. Két qua phan tich xac dinh ring sé cum bang hai 1a téi wu cho tap s6 liéu nay (Hinh 3).
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Hinh 3. Céc chi s6 NCE va XB sir dung dé xdc dinh sé cum toi wu
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Hinh 4. H¢ s6 thanh vién cia phan tich Hinh 5. So sanh két ciia phan chia thach

cum mo ¢ - trung binh cua gdc giéng GKA (a),
GKB (b) va GK (c). C6 thé thay 16 ranh gici
phan chia giira phan trén va duoi trong gieng

hoc dua vao phdn tich cum mo c- trung binh va
mo ta mau 1éi trong cdc gieng GKA (a), GKB
(b) va GK (c) voi do chinh xdc lan lwot la 61.57

khoang GKA %, 57.62 % va 62. 16%

Két qua phan tich cho thiy, nhém 1 (Cluster#1) twong tmg véi loai thac hoc D, va nhém 2 (Cluster#2)
trong (mg vi loai thach hoc M. B¢ chinh xac so véi mau 16i ndm trong khoang 60%, ti ¢ nay khong qua
cao nhung c6 thé chap nhén dugc do cac tham s6 thach hoc va cac tham s6 vat 1y ¢6 mirc do tuomg quan
thap, nhu da phan tich & phén trén. Hon nira, phéan loai mau 16i mang tinh chu quan, va c6 thé c6 sai so,
bang chimg 1a so véi i 1& clay thi van c6 rit nhiéu diém nam 13n trong hai ving cua hai loai thach hoc.
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b. Sir dung mang No-ron nhén tgo dé duw dodn thach hoc

Dua trén tai liéu dia chat khu vic, nhom tac gia nhan dinh cot dia tang khu vue nay chu yéu 1a cac 16p
cat va sét xen kep, do d6 thong s6 ham luong sét (Vsh) s& dugce sir dung 1am tiéu chuan dé phan chia ra cac
tuéng thach hoc co ban, cu thé ¢ day la 3 nhom:

i. Nhom cat sach: Cac 16p dét da c6 ham lugng sét Vsh < 20%
ii. Nhom cat pha sét: Cac 16p dét da c6 ham luong sét 20% < Vsh < 80%
iii. Nhom sét: Cac 16p da sét c6 ham luong Vsh > 80%

Nhom tac gia quyét dinh sir dung mang no-ron lan truyén ngugc (back-propagation neural network) dé
du bao ham luong sét da trén tai liéu mau 16i cua 3 giéng khoan véi dir lidu dau vao input layer gém 4 no-
ron 1a cac tham s6 thach hoc thu dwoc tir mau 16i: Van tdc song doc Pwave, Cuong d¢ phong xa tu nhién
GR, Mat d¢ dat da Density va D¢ tir cam Magnetic Suscept; 10p 4n clia mang gdm 5 no-ron va 16p dau ra
gdm 1 no-ron chinh 14 gia tri Vsh cin dy bao (Hinh 6). Tai liéu mau 16i cua 2 giéng A va B sé dugc dua
vao phuc vu qué trinh dao tao mang, sau d6 sé su dung mang no ron thu dugc dé du bao ham luong sét cua
giéng C. Trong qua trinh hudn luyén, tip dir liéu miu sir dung bao gom tai liéu méu 16i cua 2 giéng A.B
gbm ca gia tri diu vao input data (Pwave, GR, Dens, Magnetic) 13n gia tri dau ra output (V'sh), cac dir liéu
s& duoc tinh toan va cho ra két qua output data 1a ham lwong sét Vsh, két qua nay sé& dugc so sanh véi tai
liéu mau 16i 2 giéng A,B dé rit ra sai s6. Sai s6 nay duge lan truyén nguoc lai toi output data va céc no-ron
trong 16p 4n dé diéu chinh lai gia tri cac trong s6. Qua trinh lan truyén nguoc nay lap di lap lai cho dén khi
sai sO dat t6i gia tri cuc tiéu thoa man gia tri nhém tac gia cho phép, dy la qua trinh hoc c6 giam sat. Cac
trong s6 duoc xac dinh sao cho sai sé E 1a cuc tiéu:

18 1y
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Input Layer Hidden Layer Output Layer

Hinh 6. Cau triic mang no-ron du bdo ham heong sét cho 3 giéng GKA, GKB, va GKC

Két qua du bao ham luong sét cuia 3 giéng khoan A, B, C duoc biéu dién cing véi ham luong sét duge
tinh theo duong cong GR thong thuong va gia tri ham lwong sét do dugc trén mau 16 cua 3 giéng GKA,
GKB, va GKC (Hinh 7).

Do chinh xéc ciia m6 hinh mang no-ron du bao ham lugng sét phu thudc vao cac yéu td: Cach trung binh
hoa cic duong cong PVLGK; tinh chinh xéac trong viée dich chuyén chiéu sau giira mau 15i va tai liéu
DPVLGK: s6 lugng miu 16i cang nhiéu thi kha ning xiy dyng mang no-ron cho két qua chinh xac cang cao;
do tin cay cua két qua do ghi mau 16i; ham lwong sét mau dugc do trong phong thi nghiém con cac duong
cong BVLGK lai do trong diéu kién via; ciu tric mang no-ron; thuat toan.

C6 thé thay ham luong sét dy bao bang mang ANN phit hop véi ham lugng sét thu dugc tir tai lidu mau
15i hon véi két qua tinh toan thong thudng chi dwa vao dudong GR (Hinh 14, 15, 16)
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4. Két luan

Trong nghién ciru nay chiing t6i sir dung cac thuat toan hoc c6 giam sat va khong c6 giam sat dé du bao
thach hoc tir cac tham s6 vat 1y cia dat da. Tham s6 ham luong sét (Vsh) dugc sir dung rét hidu qua dé lam
tiéu chuan phan chia ra cac tuéng thach hoc co ban, cu thé ¢ diy 1a 3 nhom: cat, sét va cat pha sét. Két qua
phan loai thach hoc dua trén cac thuat toan hoc cé giam sat va mang ANN la chinh xac hon khi so véi
phuong phap u'uyén thong. Cac két qua budc diu 1a kha quan, tuy nhién dé ning cao d¢ chinh xac nhom
tac gia dé xuat can c6 cac nghién ciru ky hon.
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Hinh 13. Két qua du bdo tie mang ANN, tinh tic GR va do dwoc tir mau 16 giéng GKA(a), GKB(b),
GKC(c)
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Hinh 14. H¢ 56 twong quan giita ham lheong sét do dicge cia mau 161 véi ham luong sét tinh tir GR va dir
bdo tir mang ANN cua GKA
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Hinh 15. H¢ s6 twong quan giita ham leong sét do dicge cua mau 161 véi ham heong sét tinh tir GR va
dy bao tir mang ANN giéng GKB
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Hinh 16. H¢ s6 twong quan giita ham leong sét do dicge cua mau 161 véi ham luong sét tinh tir GR va
du bdo tir mang ANN giéng GKC
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ABSTRACT

Classification of lithology from well log data using machine learning
and artificial intelligence techniques: an example from odp 1143 site

Hong Duong Vu!, Duy Thong Kieu!
!Hanoi University of Mining and Geology

Lithological classification is an important stage in the research, restoration of the history of geological
processes development as well as exploration of useful minerals. Lithology is usually classified based on
the experience of the interpreter, the results are often subjective and time consumming. Therefore, the use
of artificial intelligence techniques to perform this task will result in faster and more objective. We apply
various artificial intelligence techniques on the 1143 data set, the ocean drilling program (ODP) in the South
China Sea. Un-supervised methodologies c-mean fuzzy (FCM) clustering analysis. Supervised learning
methods, artificial neural network to predict lithology. The results obtained will be compared with each
other to determine the appropriate technique for this dataset and can be applied to the vicinity in the South
China Sea.

Keywords: Lithology, artificial intelligence, geology.

38




