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MO DAU

Log DT (Sonic) 1 tham sb quan trong trong: M6 hinh vén tdc, Phan tich dia
tﬁng, bénh gia dia co hoc Tuy nhién, trong thuc té: DT thuong thiéu, nhiéu hoic
khong dugc do ¢ nhiéu giéng. Do d6, du bao DT tir cac dudng log khac 1a mot bai
toan thuc tién va can thiét.

Céc phuong phap hoc may, dic biét 1a Random Forest, cho thdy kha ning: Mo
hinh héa quan hé phi tuyén, Xu 1y dir liéu log phirc tap. Tuy nhién, phan 16n cac
nghién ciru thuong: Téap trung vao do chinh xac du bao va It phan tich vai tro cua
ting bién dau vao

Cac log dia vat 1y thuong: C6 twong quan manh véi nhau, Mang thong tin chong
chéo. Do d6, viéc lua chon bién dau vao c6 thé lam thay doi dang ké hanh vi ciia mé
hinh va anh huéng dén kha ning tong quat hoa sang giéng méi

Vi vay, danh gia tdm anh hudng cua lya chon bién dau vao 1a budc khong thé
bo qua.



1. Goi ra céc thu vién can st dung

Thu vién lasio: Poc va lam viéc véi file .LAS — dinh dang chuin trong dia vat

Iy giéng khoan.
Thu vién Pandas - X 1y dir li¢u dang bang (DataFrame)
Thu vién Numpy: Xt 1y tinh toan s6 hoc va mang sb, vi du chuan hoa log

Thu vién matplotlib.pyplot - V& biéu db co ban, dic biét 1a log theo chiéu sau,
vi du plot DT theo depth, So sanh DT that vs DT du bao

Thu vién seaborn - V& biéu do thong ké, dep hon matplotlib dé hiéu quan hé
gitra logs, vi du biéu d6 heatmap thé hién twrong quan giita cac logs

Import thuat toan Random Forest cho bai toan hoi quy (predict gia tri lién tuc).
Moi cdy quyét dinh ~ mot cach “dién giai dia chat” khac nhau Forest = tong hop
nhiéu cach dién giai — du bao 6n dinh hon

train_test split
Chia dir liéu thanh:
« Tap huén luyén (train)
« Tap kiém tra (test)
« chia ngiu nhién theo do sau, khong theo giéng, tuc 1a:
o Train va test c6 thé cing giéng
o Nhung khac diém do (depth)
GridSearchCV
Ty dong tim bd hyperparameter t6t nhat cho Random Forest.
StandardScaler

Néu chi 4p dung thuat toan RF thi khong bat budc chuan hoa cac gia tri cac
duong log vi RF dya trén so sanh ngudng va thu tu gia tri chir khong dya trén khoang
cach. Tuy nhién dé md rong 1a workflow chung cho nhiéu model thi van c6 budc
nay.



mean_absolute error, mean squared error: Panh gid d0 chinh xac cua DT du
béo (Sai s trung binh ctia DT (us/ft) it nhay véi outlier con MSE phat manh sai s6

16n)

# 1. Import thu vién

import lasio

import pandas as pd

import numpy

as np

import matplotlib.pyplot as plt
import seaborn as sns

from sklearn.

from sklearn.
from sklearn.
from sklearn.

from sklearn.
from sklearn.
from sklearn.
from sklearn.

ensemble import RandomForestRegressor

model selection import train_test split, GridSearchCV
preprocessing import StandardScaler

metrics import mean_absclute error, mean_squared error

ensemble import RandomForestRegressor

model selection import train_test split, GridSearchCV
preprocessing impeort S5tandardScaler

metrics import mean_absoclute_error, mean_squared_error

Trong bai toan du bdo log DT, cac gia tri outlier trong logs dia vat ly thuong
khong mang ¥ nghia dia chat ma xuat phat tir 16i do hodc diéu kién 16 khoan xau. Do
d6, thay vi loai bo cac diém do nay, phuong phap Winsorizing dya trén IQR duoc sir
dung dé gi6i han bién gia tri, gitp md hinh Random Forest hoc dugc xu hudng vat
1y chinh ma van giit nguyén cau trac dit liéu theo chiéu sau.

def — Khai bao ham,

eseries

=log GR / RHOB / NPHI / DT ctia mdt giéng

eHam duogc 4p dung riéng cho tung log
ek: hé s6 md rong IQR (mic dinh 1.5 — chuan thdng ké)

Kiém tra toan bo gia tri 1a NaN — khi log khong ton tai & mot giéng, vi du
duong NPHI, hoic khong dugc do & mot khoang, vi du DT, s& gay 16i khi tinh

tor phan vi.

Tinh cac phan vi (Quartiles)

QI: gia tri tai 25% dir liéu



Q3: gid tr1 tai 75% dir licu

Dai dién cho vung gia tri “binh thuong” cua log

Tinh IQR (Interquartile Range) - P6 rong cua 50% dir 1iu trung tdm

Winsorizing — cat bién thay vi x6a dir li¢u
o Gia tr1 < lower — gan = lower
o Gia tr1 > upper — gan = upper

# Ham lLogi cat bién outliers bang IQR va Winsorizing
def remove outliers igr(series, k=1.5):
if series.isnull().all():
return series

01 = series.quantile(®.25)

Q3 = series.quantile(8.75)

IOR = Q3 - Q1

lower = Q1 - k * IOQR

upper = 03 + k * IQR

return series.clip(lower, upper)

# 2. Doc va xir Ly dir Liéu tir cdc file .las
def read las(well name, filepath):

las = lasio.read(filepath)

df = las.df().reset _index()

df[ "WELL'] = well name

# 3. Doc 4 giéng tir file .las véi dudng ddn day du

demol = read las('Demol’, 'D:/AI/TGT/DT/Demol.las’)
demo? = read las('Demo2’', 'D:/AI/TGT/DT/Demo?.las’)
demo3 = read las('Demo3’, 'D:/AI/TGT/DT/Demo3.las’)
demo5 = read las('DemoS', 'D:/AI/TGT/DT/Demo5.las’)

# Ap dung cho tdt c¢d input Logs
input_logs = ['GR', 'RHOB', 'LLD LOG', "NPHI']
for col in input_logs:
if col in df.columns:
df[col] = remove_outliers_igr(df[col])
return df[[ 'WELL", 'DEPTH', 'GR', 'RHOB', °LLD_LOG',

"NPHI ",

'DT']]



Trong tap dir licu huin luyén, cac diém do bi thiéu bat ky log nao déu duoc loai
b6 nham dam bao md hinh Random Forest chi hoc trén cac mau c6 day du thong tin
dau vao va gia tri DT thuc. Nguoc lai, ddi voi giéng ung dung khong c6 DT, dit liéu
chi duoc loc theo cac logs dau vao, phan anh dung bai todn du bao DT trong thuc té
khai thac.

Chuan bj hai tap dit liéu khac nhau véi hai muc dich khac nhau:
df train — dung dé huan luyén & danh gia mo6 hinh Random Forest
demo5_clean — dung dé du bao DT cho giéng khong c6 DT (giéng tng dung)

demol, demo2, demo3 twong tng 3 giéng c6 diy du logs + DT, 13 “ground
truth” cho bai toan hoc may

.dropna() - Loai bo moi depth c6 it nhat 1 log bi thiéu boi vi:

« Random Forest khong xtr Iy dugc NaN
« DT 1a target — khong thé train néu thiéu DT

Vi du:
e Mot depth thiéu RHOB — khong c6 théng tin mat do
« M6t depth thiéu DT — khéng c6 nhén dé hoc

Depth d6 phai bi loai khéi tap train

Lam sach dit liéu giéng tmg dung (Demo?5) - khac hoan toan so véi tap train, vi
Demo5 khong c6 DT — muc tiéu 1a du bao DT, khong phai huan luyén

« Chi yéu cau day du cac log dau vao
« Khong quan tam DT (vi DT khéng ton tai)

demo5_clean - Kiém tra nhanh:
« Con NaN hay khong
« SO luong mau

« Logs dau vao da du chua



# 4. Lam sgch dir Liéu
df _train = pd.concat(]
demol.dropna(),
demo2.dropna(),
demo3.dropna()

], ignore index=True)

# B&i vdi Demo5, chi bo NaN & input
demo5 clean = demo5.dropna(subset=['GR", "RHOB', 'LLD LOG", "NPHI']).copy()

demo5 clean

WELL DEPTH GR RHOE LLD LOG NPHI DT
1361 Demod> 33660656 513712 2.1424 1141838 0.3275 939110
1362 Demod 3366.1656 51.5931 2.1424 1.141838 0.3275 945115
1364 Demob 33066.3656 487850 2.1424 1141838 0.3275 949604
1365 Demob 3366.4656 48.5556 2.1424 1.141838 0.3275 955234

1367 Demod 33666656 48.0723 2.1424 1141838 0.3275 958275

8205 Demo5 40504656 90.3310 24146 0781015 0.1210 NaN
8207 Demo5 4050.6656 87.9812 24142 0.804644 0.1199 NaN
8208 Demo> 4050.7656 80.8527 24137 0825361 0.1182 NalN
8210 Demo5 4050.9656 84.1000 24157 0.845538 0.1213 NaN

8211 Demob> 4051.0656 88.8943 24230 0847579 0.1273 NaN

4496 rows = 7 columns

Mic du Random Forest khong yéu cau bat budc phai chuin hoa dir liéu,
StandardScaler van duoc sir dung trong bai nay nham dam bao quy trinh Machine
Learning nhat quan va dé mo rong sang cac thuat toan khac. Bo chuan héa duogc



huén luyén chi trén tap dit liéu huén luyén va sau d6 4p dung cho giéng tng dung,
nham tranh hién tuong ro ri thong tin (data leakage).

Tach bién dau vao (X) va bién muc tiéu (y)

« X: cac logs dau vao dung dé dy bao DT
o y: log DT thuc do (ground truth)

scaler = StandardScaler() - Khéi tao bo chuan héa dit liéu
Chuan héa mdi feature vé:
e Mean =0
« Standard deviation = 1
Cong thirc:
Xscaled=X—W)/ G

o fit_transform

fit():
o Tinh mean & std cua tung log
o Chi dya trén df train
transform():

o Ap dung chuan hoa theo cac gia tri da hoc
Khong dugc ding dir liéu DemoS5 dé fit scaler — tranh data leakage
Céc log: GR, RHOB, NPHI, LLD_LOG cé:
oDPon vi khac nhau
o Bién d6 khac nhau
Chuan hoa gitip:
« Dit liéu dé hicu
« D& so sanh

« D& mo rong sang model khéc



29

o Tranh feature c6 bién d¢ 16n “4p dao” trong GridSearch

Ap dung scaler cho giéng Demo5 - Dung cung mot scaler da hoc tir dit liéu
train

. Chudn héa dir Lidu
df _train[['GR', 'RHOB','LLD LOG', 'NPHI']]
df _train['DT"]

LA

b -
n

scaler = StandardScaler()
X _scaled = scaler.fit_transform(X)

# Ap dung scaler dd hudn Luyén vao dir Lidu Demo5
X_demo5 = demo5_clean|[['GR*, 'RHOB', 'LLD _LOG", "NPHI"]]
X_demo5 scaled = scaler.transform(X_demob)

X _demo5 scaled

X _scaled

array([[-1.78773536, -2.03202549, -2.51985614, 2.47219781],
[-1.75459411, -2.8112617 , -2.51985614, 2.47219781],
[-1.83065818, -2.84240739, -2.51985614, 2.47219781],

§ )

[ 2.3893791 , ©.69086277, -0.12820192, -0.92074464],
[ 2.46046263, ©.53513433, -0.14553979, -0.90529584],
[ 2.51628423, ©.32844021, -0.08226571, -0.88212264]])

Téch dit liéu da chuan héa thanh:
« Tap huén luyén (train): @& Random Forest hoc quan hé log — DT
« Tap kiém tra (test): dé danh gia mo hinh trén dit liéu chura thdy
Pay 1a budc bat budc trong moi bai toan ML c6 gidm sat.
test size=0.2
¢ 20% dir li¢u — tap test
e 80% dit li¢u — tap train
Pay 14 ty 1& pho bién, can bang giira:
« Dit liéu du dé hoc

« Dir liéu du d¢€ kiém tra



random_state=42
« Cb dinh seed cho bé sinh sb ngau nhién
« Dam bdo:
o Két qua co thé lp lai
o So sanh cac mo hinh 14 cong bang
Con s 42:
« Khong c6 ¥ nghia dia chat
« Chi 14 “con s truyén théng” trong cong dong ML

Trong nghién ctru ndy, dit liéu duoc chia ngiu nhién theo cac diém do do sau
nham danh gia kha ning mé hinh hoc dugc mdi quan hé giita cac logs dia vat Iy va
log DT. Céch chia nay phu hgp cho muc dich minh hoa thuit todn va quy trinh
Machine Learning co ban, tuy nhién chua phan anh day du kha nang tong quat hoa
ctia md hinh d6i véi cac giéng hoan toan mai.

# 4. Tdch train/test
X _train, X test, y train, y test = train_test split(
X _scaled, y, test_size=0.2, random_state=42)

Khai bao khong gian tim kiém hyperparameter

T hop cac tham s6 dugc tao thu cong, sau do: GridSearch sé:
« Thir tat ca cac to hop
« Chon mé hinh cho DT 6n dinh nhat

n_estimators = 150
« S6 luong cay quyét dinh trong rimg

Véi logs giéng khoan, ting >200 cay thuong khong cai thién nhiéu hiéu suat
mo hinh va mét thoi gian tinh toan.

max_depth



« G161 han do sau ctia moi cay
« Kiém soat d6 phuc tap mo hinh

min_samples_split - S6 mau t6i thiéu tai mot node dé node d6 duoc phép tiép
tuc chia, néu Gia tri 16n — cay it chia hon

min_samples _leaf: S6 mau téi thiéu bat budc phai cé trong mdi 1a (leaf), 1a
tham s6 anh hudng truc tiép dén hinh dang log DT.

Ca hai déu nham giam do phuc tap cia ciy, nhung & hai giai doan khac nhau.
rf = RandomForestRegressor(random_state=42) - Khéi tao Random Forest
random_state=42
« C6 dinh tinh ngiu nhién:
o Bootstrap samples
o Feature selection
Pam bao két qua:
« Co thé tai 1ap
« So sanh dugc gitta cac 1an chay

#5. Hudn Lluyén mé hinh + GridSearchCV
param_grid =
'n_estimators’: 158],
'max_depth": [1@, 12, 16, 28],
‘'min_samples_split': [2,5,1@],
‘'min_samples_leaf': [2,5

rf = RandomForestRegressor(random_ state=42)

grid search = GridSearchCV(rf, param grid, cv=5, n_jobs=-1, scoring='neg_mean_absolute error’)
grid search.fit{X train, y_train)

best_model = grid search.best estimator_
print(“Best Parameters:", grid_search.best_params_)

Best Parameters: {'max_depth’': 16, 'min_samples leaf': 2, 'min_samples split': 2, 'n_estimators': 158}

Po ludng mic do md hinh dy bao DT gan voi DT thuc dén dau trén tap test
chua dung dé huan luyén.

« Dung mo hinh RF tét nhét (sau GridSearch)



« Dy bao DT cho cac sample chua thiy trong qué trinh train

# Bugc 6: Danh gid mdé hinh

y_pred = best_model.predict(X_test)
from sklearn.metrics import mean_squared error, r2 score

mae = mean_absolute error(y_test, y pred)
mean_squared_error(y_test, y pred)
rmse = np.sqgrt(mse)

r2 = r2 score(y_test, y pred)

mse

MAE: 2.76
RMSE: 4.21
R2: @.84

Mo hinh Random Forest cho két qua MAE va RMSE & muc chap nhan dugc
dbi vai log DT, cho thay mé hinh hoc dugc méi quan hé phi tuyén gitra cac logs dia
vatly.

Sau khi huan luyén mé hinh Random Forest trén dit liéu cua ba giéng khoan,
mo hinh duoc st dung dé du bao log DT cho giéng Demo5 — giéng khong tham gia
vao qua trinh huan luyén.

Random Forest
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Nhitng log ndo (GR, RHOB, LLD LOG, NPHI) anh huwoéng manh nhat dén DT
trong mo hinh Random Forest?



Khai bao danh sach tén bién
Sap xép theo d6 quan trong giam dan
MOt bién giup giam sai sb trong ciy bao nhiéu, Téng cac importance = 1

Két qua Feature Importance cho thdy NPHI 14 log chi ph6i manh nhét trong qua
trinh du bao DT, phan anh quan hé vat Iy ctia do rong ddi véi van tdc song am. GR
dtng thr hai, cho thdy mé hinh Random Forest d& hoc duoc anh hudng gian tiép cua
lithology dén DT. M6 hinh nay hoc rét tot vé mit théng ké.

import matplotlib.pyplot as plt
import numpy as np

# Danh sdch tén cdc bién (sau feature engineering)
feature _names = ['GR", "RHOB','LLD LOG", "MNPHI"]

importances = final model.feature_ importances

# Sdp x&p giam din
indices = np.argsort{importances)|::-1]

# Tago DataFrame hién thi tén bién va dé quan trong
importance_df = pd.DataFrame({
'Feature': [feature names[i]| for 1 in indices],
"Importance’: importances|indices]

# In ra bang gid tri Feature Importance
print{"=== Feature Importance ==="
print(importance df.to_string(index=False))

=== Feature Importance ===
Feature Importance
NPHI @.551683
GR 8.23e878
LLD _LOG @.137899
RHOB 8.888339



Importance Score

Feature Importance (RF)

NPHI GR LLD_LOG RHOB




KET LUAN

Két qua Feature Importance cho thdy NPHI dong vai trd chi phdi trong du béo
DT va log GR gop phan quan trong théng qua anh hudng gian tiép cua lithology.

Mo hinh c6 thé dy bao tot nhung van tiém 4n rii ro tong quat hoéa vi viéc mo
hinh dira manh vao mot sb bién nhét dinh (vi du NPHI, GR) gitip giam sai s trong
tap dit liéu huin luyén nhung dong thoi c6 thé 1am ting rui ro khi ap dung cho giéng
m&i, ddc biét trong truong hop thay ddi facies hodc méi trudng tram tich.



