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CHUONG 1: TONG QUAN VE GEMPY

1.1 Kién thitc co' ban vé mé hinh dia chit véi GemPy
Importing GemPy

import gempy as gp

# Importing auxiliary libraries
import numpy as np

import pandas as pd

import matplotlib.pyplot as plt
import os

# Setting options

np.random.seed(1515)

pd.set_option(‘precision’, 2)

1.2 Nhip va tao dir liéu dau vao

Dit liéu duoc str dung dé xay dung md hinh trong GemPy dugc luu trit trong cac doi tuong Python.
Céc 16p dir li€u chinh la:

- Surface_points

Orientations

Grid

Surfaces

Series

Additional data

Faults

Hau hét dir licu cling c6 thé duoc tao tir dit liéu tho & dang t&p CSV (CSV = c4c gia tri dugc phan
tach bang dau phay). Cac tép nhu vay c6 thé dat dugc bing cach xuat dir liéu mé hinh tir mot
chuwong trinh khac nhu GeoModeller hodc chi can tao nd trong phan mém bang tinh nhu Microsoft
Excel hodc LibreOffice Calc.

Trong hudng dan nay, tat ca dir liéu dau vao dugc tao bang cach nhép céc tép CSV nhu vay. Cac
tép mau nay co thé duoc tim thiy trong thu muc input_data trong thu muc gbc cua GemPy. Dir
liéu bao gdm cac gid tri vi tri xx-, Yy- va zz cho tat ca cac diém bé mit va phép do dinh huéng.
Ddi voi loai thi hai, cac cuc, phuong vi va cuc dugc bao gém thém. Cac diém bé mat cling duoc
chi dinh mot doi hinh. Pay c6 thé 1a mot don vi thach hoc nhu "Sa thach" hodc mot dic diém cau
tric nhu "Dt gdy chinh". Didu quan trong can nh 13, trong GemPy, cac diém vi tri giao dién danh
dau phan dudi cung cia mot 16p. Néu nhitng diém nhu vdy 14 can thiét dé giéng véi dinh cia hé
théng (vi du: khi lap mo6 hinh mét sy xam nhap), thi diéu nay co thé dat duoc béng cach xac dinh
phép do hudng ddo nguoc tuong ung.

Khi tao Dir liéu tr tép CSV, ciing phai xac dinh pham vi thyc ciia m6 hinh theo xx, yy va zz, cling
nhu khai bao do phan giai mong mudn cho moi truc. B9 phan giai nay s& lan Iuot xac dinh 6
lwong voxels dugc sir dung trong qué trinh mo hinh hoa. O day, ching toi dya trén do phan giai
trung binh 1a 50x50x50, 1&€n t&1 125.000 voxels. Pham vi mo6 hinh nén dugc chon theo cach chira
tat ca dir liéu lién quan trong mot khong gian dai dién. Vi voxels mo hinh cua ching toi khong
phai 14 hinh khdi ma 13 ling kinh, d6 phan gidi c6 thé ¢ hinh dang khac v6i mirc 6. Chung toi
khuyén ban khong nén sir dung nhiéu hon 100 6 theo moi huéng (1.000.000 voxels), vi d6 phan
giai cao hon s& ngay cang tré nén dat d6 hon dé tinh toan.

geo_model = gp.create_model('Tutorial chl 1 Basics’)



https://numpy.org/doc/stable/reference/random/generated/numpy.random.seed.html#numpy.random.seed
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.set_option.html#pandas.set_option
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.gempy.org/GemPy%20API/gempy.create_model.html#gempy.create_model

data_path = 'https://raw.githubusercontent.com/cgre-aachen/gempy_data/master/'
# Importing the data from CSV-files and setting extent and resolution
gp.init_data(geo_maodel, [0, 2000., 0, 2000., 0, 750.], [50, 50, 50],
path_o=data_path + "/data/input_data/getting_started/"
"simple_fault_model_orientations.csv",
path_i=data_path + "/data/input_data/getting_started/"
"simple_fault_model_points.csv",
default_values=True)
Out:
Active grids: ['regular’]

Tutorial_chl 1 Basics 2021-04-18 11:28
geo model.surfaces

surface series order_surfaces color id
0 Shale Default series 1

1 Sandstone 1 Default series 2

2 Siltstone Default series 3 #ffoeOO 3
3 Sandstone 2 Default series 4
4 Main_Fault Default series 5

5 basement Basement 1

Dit liéu dau vao sau d6 co thé duogc liét ké béng cach str dung 1énh get data.
gp.get_data(geo_model, ‘surface_points’).head()

X Y 4 smooth  surface
0 1000 50 450.00 2.00e-06 Shale
1 1000 150 433.33 2.00e-06 Shale
2 1000 300 433.33 2.00e-06 Shale
3 1000 500 466.67 2.00e-06 Shale

4 1000 1000 533.33 2.00e-06 Shale

gp.get_data(geo_model, ‘orientations’).head()


https://docs.python.org/3/library/stdtypes.html#str
https://docs.gempy.org/GemPy%20API/gempy.init_data.html#gempy.init_data
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.surfaces
https://docs.gempy.org/GemPy%20API/gempy.get_data.html#gempy.get_data
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.gempy.org/GemPy%20API/gempy.get_data.html#gempy.get_data
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project

X Y A Gx Gy G_z smooth surface
0 1000 1000 300 0.32 1.00e-12 0.95 0.01 Shale
1 400 1000 420 0.32 1.00e-12 0.95 0.01 Sandstone_2
2 500 1000 300 -0.95 1.00e-12 0.32 0.01 Main_Fault

Khai béo trinh tu tuan tu cua cac thanh tao dia chat

geo model.surfaces

surface series order_surfaces color id

0 Shale Default series 1 1
1 Sandstone 1 Default series 2 2

2 Siltstone Default series 3 #ffbe00 3

3 Sandstone 2 Default series 4
4 Main_Fault Default series 5

5 basement Basement 1

gp.map_stack_to_surfaces(geo_model,
{"Fault_Series": 'Main_Fault’,
"Strat_Series": ('Sandstone_2', 'Siltstone’,
‘Shale’, 'Sandstone_1', 'basement’)},
remove_unused_series=True)

surface series order_surfaces color id
4 Main_Fault Fault_Series 1
0 Shale Strat_Series 1
1 Sandstone_1 Strat_Series 2
2 Siltstone Strat_Series 3 #ffbeOO 4

3 Sandstone_2 Strat_Series 4
5 basement Strat_Series 5

geo model.surfaces



https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.surfaces
https://docs.gempy.org/GemPy%20API/gempy.map_stack_to_surfaces.html#gempy.map_stack_to_surfaces
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.surfaces

surface series
4 Main_Fault  Fault_Series
0 Shale Strat_Series
1 Sandstone 1 Strat_Series
2 Siltstone Strat_Series
3 Sandstone 2 Strat_Series
5 basement Strat_Series

geo model.stack

order_series

Fault_Series 1

Strat_Series 2

order_surfaces color
1

1

#ffbe00

BottomRelation isActive isFault isFinite
Erosion True False False
Erosion True False False

geo_model.set_is_fault(['Fault_Series)

Out:

Fault colors changed. If you do not like this behavior, set change_color to False.

order_series

Fault_Series 1

Strat_Series 2

geo model.faults.faults relations df

Fault_Series
Fault_Series False
Strat_Series False

geo model.faults

order_series

Fault_Series 1

Strat_Series 2

BottomRelation isActive isFault isFinite
Fault True True False
Erosion True False False
Strat_Series

True

False

BottomRelation isActive isFault isFinite
Fault True True False
Erosion True False False


https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.stack
https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.set_is_fault
https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.faults
https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.faults

geo model.faults.faults relations df

Fault_Series Strat_Series
Fault_Series False True

Strat_Series False False

1.3 Tra vé thong tin tir dir liéu dau vao

Dit liéu dau vao md hinh & ddy c6 tén 1a “geo_model”, chira tat ca thong tin can thiét cho viéc xay
dung md hinh. C6 thé truy cép cac loai thong tin khac nhau bang cach sir dung gp.get data hodc
don gian bang cach truy cap vao atrribues.

geo_model.grid

Out:

Grid Object. Values:

array([[ 20., 20., 7.5],
[ 20., 20., 225],
[ 20., 20., 37.5],

[1980., 1980., 712.5],

[1980., 1980., 727.5],

[1980.,1980., 742.5]])
Thuét toan cbt 16i cua GemPy dua trén phép noi suy cua hai loai dir liéu: - diém_meit_mat va -
phép do dinh hudng (néu mudn biét thém vé cach hoat dong cua thuit toan ndi suy nay, hay xem
bai béo: https://www.geosci-model-dev.net/12/1/2019/gmd-12-1-2019.pdf).
Chung t6i da gidi thiéu ham get \ data ¢ trén. Ban ciing c6 thé chi dinh loai dit liéu ban muén g01,
bang cach khai bao thudc tinh chudi “dtype” 1a 'surface points' (giao dién) hodc 'dinh hudng'.
1.4 Khung dir liéu giao dién (Interfaces Dataframe)
gp.get_data(geo_model, ‘surface_points’).head()

X Y 4 smooth  surface
52 700 1000 300.0 2.00e-06 Main_Fault
53 600 1000 200.0 2.00e-06 Main_Fault
54 500 1000 100.0 2.00e-06 Main_Fault
55 1000 1000 600.0 2.00e-06 Main_Fault

56 1100 1000 700.0 2.00e-06 Main_Fault

1.5 Khung dir li¢u dinh hwéong (Orientations Dataframe)
gp.get_data(geo_model, ‘orientations’)


https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.faults
https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.grid
https://docs.gempy.org/GemPy%20API/gempy.get_data.html#gempy.get_data
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.gempy.org/GemPy%20API/gempy.get_data.html#gempy.get_data
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project

X Y A Gx Gy G_z smooth surface
2 500 1000 300 -0.95 1.00e-12 0.32 0.01 Main_Fault
0 1000 1000 300 0.32 1.00e-12 0.95 0.01 Shale

1 400 1000 420 0.32 1.00e-12 0.95 0.01 Sandstone_2

Luu ¥ rang by gio tat ca cac bé mat da duoc gan cho mat chudi va duoc hién thi theo ding thir tu
(tir tré dén gid).

1.6 Truc quan hoa dir li¢u dau vao

Str dung ham plot_data, dé tao hinh chiéu 2D ctia cac diém dit liéu 1én mot mit phang c6 hudng
da chon (c6 thé chon thudc tinh ndy 1a xx, yy hodc zz).

plot = gp.plot_2d(geo_model, show_lith=False, show_boundaries=False)

plt.show()
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Str dung plot_data 3D, ciing c6 thé truc quan hoa dir liéu ndy dudi dang 3D. Luu ¥ rang truc quan
hoa 3D trong GemPy yéu cau phai cai dat Bo cong cu truc quan hoa (VTK).

Tat ca cac 6 3D trong GemPy déu c6 tinh tuong tac. Diéu nay c6 nghia 1a c6 thé kéo va tha bat ky
diém dir liéu va phép do ndo. Céc hinh chiéu truc vudng goc trong VTK déc bi€t hitu ich dé di
chuyen cac diém chi trén mot mit phing 2D mong muon. Moi thay dbi sau d6 s& duoc luu trir vinh
vién trong khung dir li¢u “InputData”. Néu mudn dit lai cac diém dit liéu sé can tai lai dir liéu dau
vao ban déu.

Viée thuc thi 6 bén dudi s& mé ra mot cira s6 mai voi biéu do tuong tac 3D cua dir lidu.

gpv = gp.plot_3d (geo_model, image = False, plotter_type = 'basic')


https://docs.gempy.org/Plot/gempy.plot_2d.html#gempy.plot_2d
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://matplotlib.org/api/_as_gen/matplotlib.pyplot.show.html#matplotlib.pyplot.show

1.7 Tao m6 hinh-Model generation

Khi chic chin rang d3 xac dinh tit ca thong tin chinh nhu mong muén trong dbi tuong
DataManagement.InputData (dugc dit tén 1a geo data trong cac hudng dan), co thé tiép tuc voi
bude tiép theo dé tao md hinh dia chét: chuan bi dit liéu dau vao cho phép ndi suy.

Diéu nay duoc thuc hién bang cach tao mot d6i tuong InterpolatorData (c6 tén 1a interp_data trong
cac hudng dan) tir ddi tuong InputData théng qua ham sau::

gp.set_interpolator(geo_model,

compile_theano=True,
theano_optimizer="fast_compile’,

)
Out:
Setting kriging parameters to their default values.
Compiling theano function...
Level of Optimization: fast_compile
Device: cpu
Precision: float64
Number of faults: 1
Compilation Done!
Kriging values:

values
range 2926.17
$C 0% 203869.05

drift equations  [3, 3]

<gempy.core.interpolator.InterpolatorModel object at 0x7fch8ab2c5e0>

Ham nay thay d6i ty 1& pham vi va toa do ciia dir liéu gbc (va luu trit nd trong thu¢c tinh
geo_data_res hoat dong nhu mot ddi twong InputData thong thuong) va thém cac tham s0 toan hoc
can thiét dé tién hanh ndi suy. Viéc tinh toan bude nay co thé mat mdt luc, vi nd cling bién dich
mot ham theano can thiét cho tinh toan mé hinh. Tuy nhién, néu diéu nay khong can thiét, ching
ta c6 thé bo qua no bang cach khai bao compile_theano = False trong ham.

10


https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project

Hon nita, qua trinh chudn bi ndy bao gdm viéc 4n dinh s lwong cho mdi hé ting. Luu ¥ rang
GemPy’s luon tao mot h¢ tﬁng co ban mic dinh 13 sb hé tﬁng cudi cung. Sau do6, cac s6 duoc phan
bd tir tré nhét dén gia nhét duoc xac dinh béi trinh tu cta chudi va hé téng. Trén cac dang thudc
tinh trén dit liéu ndi suy ctia c6 thé tim ra s6 nao da duogc chi dinh cho dang nao:

Cac tham s6 dugc st dung cho phép ndi suy cé thé dugc tra vé bang cach st dung ham
get_kriging_parameters. Chung dugc tao tu dong tir dir liéu gdc, nhung c6 thé duoc thay doi néu
can. Tuy nhién, nguoi ding nén can than 1am nhu vay, néu ho khong hiéu hét ¥ nghia cta chang.

gp.get_data(geo_model, 'kriging’)

values
range 2926.17
$C_o0% 203869.05

drift equations [3, 3]

D& tinh toan md hinh day du thdng qua compute_model. Theo méc dinh, s& tra vé& hai giai phap
riéng biét & dang mang. PAu tién cung cap thong tin vé cac thanh tao thach hoc, thi hai Vvé mang
ludi dat gdy trong mé hinh. Cac mang nay bao gom hai mang con la cac muc nhap mdi mang:
Giai phap mé hinh khdi thach hoc:
Entry [0]: Mang nay cho biét loai hinh thanh thach hoc nao duoc tim thiy trong mdi voxel, nhu
duogc chi ra boi mot sé hinh thanh tuong tng.
Entry [1]: Méang trudng tiém ning thé hién dinh hudéng cta cac don vi va 16p thach hoc trong mé
hinh khéi.
Giai phap mé hinh khéi mang lué6i dut gay:
Entry [0]: Mang trong do tat ca cac ving duoc phan tach biang dut giy cia md hinh duoc biéu dién
bang mdt sb riéng biét c6 trong mdi voxel.
Entry [1]: Mang trudng tiém ning lién quan dén mang ludi dit gy trong mo hinh khi.
Duéi day, 1a minh hoa cac giai phdp mé hinh khac nhau nay va cach chung c6 thé dugc sir dung.
sol = gp.compute_model(geo_model)
sol
Out:
Lithology ids

[6.6.6...2.2. 2]
geo_model.solutions
Out:
Lithology ids

[6.6.6...2.2. 2]
1.8 Truc quan hoa mé hinh trong GemPy
Céc giai phap md hinh c6 thé d& dang dugc hinh dung tryc tiép trong cac phan 2D trong GemPy.
Hay xem xét khdi thach hoc trong mo hinh:
gp.plot_2d(geo_model, show_data=True)
plt.show()

11


https://docs.gempy.org/GemPy%20API/gempy.get_data.html#gempy.get_data
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.gempy.org/Solution/gempy.core.solution.Solution.html#gempy.core.solution.Solution
https://docs.gempy.org/GemPy%20API/gempy.compute_model.html#gempy.compute_model
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.gempy.org/Solution/gempy.core.solution.Solution.html#gempy.core.solution.Solution
https://docs.gempy.org/Solution/gempy.core.solution.Solution.html#gempy.core.solution.Solution
https://docs.gempy.org/Plot/gempy.plot_2d.html#gempy.plot_2d
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://matplotlib.org/api/_as_gen/matplotlib.pyplot.show.html#matplotlib.pyplot.show
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Véi cell number = 25 va nhé rang di xac dinh d6 phan giai 1a 50 6 theo mdi huéng, chon mot
phan di qua giita khdi. Di chuyén 25 6 theo hudng ='y', do do, biéu d6 mo ta mot mit phang song
song vdi cac truc xx- va yy. Dit plot_data = True, c6 thé v& dir liéu gbc cung véi két qua. Thay
dbi cac gia tri cho cell number va hudng, c6 thé di chuyén qua mé hinh khéi 3D va kham pha n6
bang cach nhin vao cac mit phang 2D khac nhau.

C6 thé 1am diéu twong tu voi giai phap truong vo hudng thach hoc:

gp.plot_2d(geo_model, show_data=False, show_scalar=True, show_lith=False)

plt.show()

Cell Number: mid Direction: w

SO0 —

I~ 400 —
200 -

o —

gp.plot_2d(geo_model, series_n=1, show_data=False, show_scalar=True, show_lith=False)
plt.show()
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https://docs.gempy.org/Plot/gempy.plot_2d.html#gempy.plot_2d
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://matplotlib.org/api/_as_gen/matplotlib.pyplot.show.html#matplotlib.pyplot.show
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Diéu nay minh hoa rd rang su bién dang lién quan dén nép udn cua dia tang, ciing nhu cach cac
16p chiu anh huong cua dut gay.
Céc giai phap mé hinh hoa mang ludi dit giy c6 thé duoc hinh dung theo cting mot cach:
geo_model.solutions.scalar_field_at_surface_points
Out:
array([[0.03075848, 0. , 0. , 0. , 0. :
[O. , 0.77174354, 0.72471042, 0.80357372, 0.83598092]])
gp.plot_2d(geo_model, show_block=True, show_lith=False)

plt.show()

Cell Number: mid Direction: vy

Main_Fault
Sandstone_2
Siltstone
Shale
Sandstone_1
basement

&

0

o
“Av am—

e

o] 250 500 Fa=1e] 1000 1250 1500 1750 2000

gp.plot_2d(geo_model, series_n=1, show_block=True, show_lith=False)
plt.show()
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Cell Number: mid Direction: vy
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1.9 Biéu dién hinh khéi va truc quan hda vtk

Ngoai cac phan 2D, c6 thé trich xuat cic bé mat dé hinh dung trong trinh két xuit 3D. Cac bé mat
¢6 thé dugc hinh dung dudi dang phtrc hop tam gidc 3D trong VTK (xem ham plot_surfaces_3D).
Dé tao ra nhiing hinh tam giac nay, can trich xudt cac dinh va dinh twong tng tir cac truong thach
hoc va dit giy tiém an. Qua trinh nay duoc tw dong hoa trong GemPy v6i ham get_surface.

ver, sim = gp.get_surfaces(geo_model)

gpv = gp.plot_3d(geo_model, image=False, plotter_type="basic’)

St dung dit liéu ndi suy da thay doi ty 18, cling c6 thé chay truc quan héa VTK 3D trong mot ché
do6 twong tac cho phép thay doi va cap nhat mo hinh trong thoi gian thuc. Tuong ty nhu hinh anh
3D twong tic cia dit litu dau vao, cac thay d6i duoc luu vinh vién (trong d6i tuong
InterpolationInput.dataframe). Ngoai ra, nhirng thay doi két qua trong cac mo hinh dia chét duoc
tinh toan lai theo thoi gian thuec.

1.10 Thém dia hinh-Adding topography

geo_model.set_topography(d z=(350, 750))

Out:
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Active grids: ['regular' 'topography’]

Grid Object. Values:

array([[ 20. , 20. , 1.5 1],
[ 20. , 20. , 225 ],
[ 20. , 20. , 375 ],

[2000. , 1918.36734694, 423.48951452],

[2000. , 1959.18367347, 430.25455308],

[2000. , 2000. , 431.07163663]])
gp.compute_model(geo_model)
gp.plot_2d(geo_model, show_topography=True)
plt.show()

# sphinx_gallery_thumbnail_number =9

gpv = gp.plot_3d(geo_model, plotter_type='basic', show_topography=True,

show_surfaces=True,
show_lith=True,
image=False)

Ts b bt
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mid Direction: vy
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/WorkSSD/PythonProjects/gempy/gempy/core/solution.py:173: VisibleDeprecationWarning:
Creating an ndarray from ragged nested sequences (which is a list-or-tuple of lists-or-tuples-or
ndarrays with different lengths or shapes) is deprecated. If you meant to do this, you must specify
'dtype=object’ when creating the ndarray.

self.geological_map = np.array(
1.11 Tinh toan tai mét vi tri nhat dinh
Diéu nay duoc thuc hién bang cach stra d6i ludi thanh Iudi tiy chinh va tinh toan lai. Luu ¥ rang
cac két qua duoc dua ra dudi dang: grid + surfaces_points_ref + surface_points_rest locations
x_i = np.array([[3, 5, 6]])
sol = gp.compute_model(geo_model, at=x_i)
Out:
Active grids: [‘custom’]
/WorkSSD/PythonProjects/gempy/gempy/core/solution.py:168: VisibleDeprecationWarning:
Creating an ndarray from ragged nested sequences (which is a list-or-tuple of lists-or-tuples-or
ndarrays with different lengths or shapes) is deprecated. If you meant to do this, you must specify
'dtype=object’ when creating the ndarray.

self.custom = np.array(
Therefore if we just want the value at x_i:
sol.custom
Out:
array([array([[6.]]), array([[0.18630133],

[0.63163565]])], dtype=object)

This return the id, and the scalar field values for each series
1.12 Luwu mo hinh
GemPy st dung Python [pickle] dé luu trix nhanh cac déi tuong tam thoi
(https://docs.python.org/3/library/pickle.html). Tuy nhién, can c6 tinh nhat quan cua phién ban
mo-dun. Dé tai mot pickle vao GemPy, ban phai dam bao rang ban dang str dung ciing mdt phién
ban pickle va cac mo-dun phu thudc (vi du: Pandas, NumPy) nhu da dugc str dung khi dir li¢u
duoc luu trit ban dau.
Dé luu trir Jau dai an toan hon, c6 thé xuit pandas. DataFrames sang csv bang cach str dung:
gp.save_model(geo_model)
Out:
True
1.13 Thém dia hinh vao mé hinh dja chit
import gempy as gp
import numpy as np
import matplotlib.pyplot as plt
import os
1.14 Quy trinh phé bién dé thiét 1Ap mot mé hinh
data_path = 'https://raw.githubusercontent.com/cgre-aachen/gempy_data/master/'

geo_model = gp.create_model('Single_layer_topo’)

gp.init_data(geo_model, extent=[450000, 460000, 70000, 80000, -1000, 500],
resolution=[50, 50, 50],
path_i=data_path + "/data/input_data/tut-ch1-7/onelayer_interfaces.csv",
path_o=data_path + "/data/input_data/tut-ch1-7/onelayer_orient.csv")
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Out:
Active grids: ['regular']

Single_layer_topo 2021-04-18 11:28

use happy spring colors!

geo_model.surfaces.colors.change_colors({'layerl": '#ff8000", 'basement": #88cc60'})
gp.map_stack to_surfaces(geo_model, {'series": ('layerl’, '‘basement’)})

surface  series order_surfaces color id
0 layerl series 1 - 1
1 basement series 2 #88cc60 2

s = {'s1" ([450000, 75000], [460000, 75500], [100, 100])}
geo_model.set_section_grid(s)

Out:

Active grids: ['regular’ 'sections’]

start stop resolution dist

sl [450000, 75000] [460000, 75500] [100, 100] 10012.49
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CHUONG 2: TAO DIA HINH-ADDING TOPOGRAPHY
2.1 Tai tw file raster

cwd = o0s.getcwd()
if not 'examples’ in cwd:

path_dir = 0s.getcwd() + ‘/examples/tutorials/ch5_probabilistic_modeling'
else:
path_dir = cwd

fp = path_dir + "/../../data/input_data/tut-ch1-7/bogota.tif"
geo_model.set_topography(source='gdal’, filepath=fp)
gp.plot_2d(geo_model, show_topography=True, section_names=['topography,
show_lith=False,

show_boundaries=False,

kwargs_topography={'cmap": ‘gray’, 'norm’: None}

)
plt.show()
Geological map
80000 : 320
- 280
78000
- 240
76000 200 €
=
> 160 -2
©
o
74000 —
80
72000
40
70000 0
450000 452000 454000 456000 458000 460000
X
Out:

Cropped raster to geo_model.grid.extent.
depending on the size of the raster, this can take a while...
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storing converted file...

Active grids: ['regular’ ‘topography' 'sections']

2.2 Tao dia hinh

Str dung ham gempys set_topography dé tao dia hinh ngau nhién dwa trén lu6i Fractal:
sphinx_gallery_thumbnail_number = 2

geo_model.set_topography(source="random’)

gp.plot_2d(geo_model, show_topography=True, section_names=['topography'])
plt.show()

Geological map

80000 520
480
78000
440
76000 400;=
c
> 360 2
o
o
74000 2506
280
72000
240
70000 200
450000 452000 454000 456000 458000 460000
X
Out:
[200. 500.]

Active grids: ['regular’ ‘topography' 'sections']
Céc tir khoa bd sung:
» fd: kich thudc fractal:
mdc dinh 1a 2.0. Cang cao (thir 2.9), canh quan s& cang tho.
*d z: chénh Iéch d¢ cao:
Néu khong, hiy kéo dai 20% mé hinh theo hudng z.
» Murc d0:
mirc d6 theo hudng xy. Néu khong, geo model.grid.extent s& duoc sir dung.
*DJ phan giai:

19


https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.set_topography
https://docs.gempy.org/Plot/gempy.plot_2d.html#gempy.plot_2d
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://matplotlib.org/api/_as_gen/matplotlib.pyplot.show.html#matplotlib.pyplot.show

d6 phan giai ciia mang dia hinh. Néu khéng, geo model.grid.resoution s& dugc sir dung.
Tang d6 phan giai din dén cac ban do dia chat dep hon.
geo_model.set_topography(source="random’, fd=1.9, d_z=np.array([0, 250]),
resolution=np.array([200, 200]))

Out:
Active grids: ['regular’ ‘topography' 'sections']

Grid Object. Values:

array([[450100. , 70100. , -985. ],
[450100. , 70100. , -955. 1,
[450100. , 70100. , -925. 1,
[460000. , 75500. ,  469.6969697 ],
[460000. , 75500. , 484.84848485],
[460000. , 75500. ,  500. 1

Luuy r?mg moi khi ham nay dugc goi, mdt dia hinh ngau nhién méi sé dugce tao ra. Néu ban dic
biét thich dia hinh d3 tao hoic néu ban da tai mot tép 16n bang gdal, ban ¢ thé lwu dbi twong dia
hinh va tai lai sau:

save:

geo_model._grid.topography.save('test_topo’)

load:

geo_model.set_topography(source='saved’, filepath="test_topo.npy’)

Out:

Active grids: ['regular’ ‘topography' 'sections']

Grid Object. Values:

array([450100.  , 70100. , -985. ],
[450100. , 70100. , -955. ],
[450100. , 70100. , -925. ],
[460000. , 75500. , 469.6969697 ],
[460000. , 75500. , 484.84848485],
[460000. , 75500. , 500. ]I

2.3 M6 hinh may tinh
gp.set_interpolator(geo_model)
Out:
Setting kriging parameters to their default values.
Compiling theano function...
Level of Optimization: fast_compile
Device: cpu
Precision: float64
Number of faults: 0
Compilation Done!
Kriging values:
values
range 14221.46

20


https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.set_topography
https://numpy.org/doc/stable/reference/generated/numpy.array.html#numpy.array
https://numpy.org/doc/stable/reference/generated/numpy.array.html#numpy.array
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.set_topography
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project

$C_0% 4815476.19
drift equations [3]

<gempy.core.interpolator.InterpolatorModel object at 0x7fcbh8ae537f0>
gp.compute_model(geo_model, compute_mesh=False, set_solutions=True)
Out:
Lithology ids
[2.2.2...1.1.1]
2.4 Truc quan hoa
Déi tugng chira ban d6 dia chat duoc tinh toan. N6 ¢6 thé duogc truc quan hoa bang cach st dung
chirc nang v& d6 thi 2D va 3D:

gp.plot_2d(geo_model, show_topography=True, section_names=["topography],
show_boundaries=False, show_data=True)
plt.show()

Geological map

78000

76000

74000

70000 .
450000 452000 454000 456000 458000 460000

X

gp.plot_2d(geo_model, show_topography=True, section_names=['s1])
plt.show()
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g3d = gp.plot_3d(geo_model,
show_topography=True,
show_lith=False,
show_surfaces=False,
show_results=False,
ve=b5)
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sphinx_gallery _thumbnail _number = 3
g3d = gp.plot_3d(geo_model,
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show_topography=True,
show_lith=True,
show_surfaces=True,
ve=5)

id
2

2.5 Mit cit 2-D

Importing

import gempy as gp

import numpy as np

import matplotlib.pyplot as plt
np.random.seed(1234)

Setup the model

geo_model = gp.create_model('Tutorial _chl-1 Basics’)

# Importing the data from CSV-files and setting extent and resolution
data_path = 'https://raw.githubusercontent.com/cgre-aachen/gempy_data/master/'

gp.init_data(geo_maodel, [0, 2000., 0, 2000., 0, 2000.], [5, 5, 5],
path_o=data_path +
"/data/input_data/tut_chapterl/simple_fault_model_orientations.csv",
path_i=data_path + "/data/input_data/tut_chapterl/simple_fault_model points.csv",
default_values=True)
gp.map_stack to_surfaces(geo_model,
{"Fault_Series": 'Main_Fault’,
"Strat_Series": ('Sandstone_2', 'Siltstone’,
'Shale’, 'Sandstone_1', 'basement’)}, remove_unused_series=True)
geo_model.set_is_fault(['Fault_Series)
Out:
Active grids: ['regular]
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Fault colors changed. If you do not like this behavior, set change_color to False.
order_series BottomRelation isActive isFault isFinite

Fault_Series 1 Fault True True False

Strat_Series 2 Erosion True False False

2.6 Thém mat cit
Kiém tra diém dau, diém cudi va do phan giai cho ting mat cit:
section_dict = {'sectionl": ([0, 0], [2000, 2000], [100, 80]),

'section2": ([800, 0], [800, 2000], [150, 100]),

'section3": ([0, 200], [1500, 500], [200, 150])} # p1,p2,resolution
geo_model.set_section_grid(section_dict)
Out:
Active grids: ['regular’ 'sections’]

start stop resolution dist
sectionl [0, 0] [2000, 2000] [100,80]  2828.43
section2 [800, 0] [800,2000] [150,100] 2000.00

section3 [0, 200] [1500, 500] [200, 150] 1529.71

2.7 Thém dia hinh

geo_model.set_topography(fd=1.2, d_z=np.array([600, 2000]), resolution=np.array([50, 50]))
Out:

Active grids: ['regular’ ‘topography' 'sections']

Grid Object. Values:

array([[ 200. , 200. , 200. 1,
[ 200. , 200. , 600. 1,
[ 200. , 200. , 1000. 1,
[1500. , 500. , 1973.15436242],
[1500. , 500. , 1986.57718121],
[1500. , 500. , 2000. 1))

Active grids:

geo_model.get_active_grids()

Out:

array(['regular’, ‘topography’, 'sections’], dtype='<U10")
gp.plot.plot_section_traces(geo_model)
plt.show()
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gp.set_interpolator(geo_model)

Out:

Setting kriging parameters to their default values.
Compiling theano function...

Level of Optimization: fast_compile

Device: cpu

Precision: float64

Number of faults: 1

Compilation Done!

Kriging values:

values
range 3464.1
$C 0% 285714.29

drift equations  [3, 3]

<gempy.core.interpolator.InterpolatorModel object at 0x7fcc46b9b7c0>
sol = gp.compute_model(geo_model, compute_mesh=False)
Out:
/WorkSSD/PythonProjects/gempy/gempy/core/solution.py:173: VisibleDeprecationWarning:
Creating an ndarray from ragged nested sequences (which is a list-or-tuple of lists-or-tuples-or
ndarrays with different lengths or shapes) is deprecated. If you meant to do this, you must specify
'dtype=object’ when creating the ndarray.

self.geological_map = np.array(
/WorkSSD/PythonProjects/gempy/gempy/core/solution.py:178: VisibleDeprecationWarning:
Creating an ndarray from ragged nested sequences (which is a list-or-tuple of lists-or-tuples-or
ndarrays with different lengths or shapes) is deprecated. If you meant to do this, you must specify
'dtype=object’ when creating the ndarray.

self.sections = np.array(
gp.plot_2d(geo_model, section_names=['topography'])
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Out:

<gempy.plot.visualization_2d.Plot2D object at 0x7fcc46f04580>
gp.plot_2d(geo_model, section_names=['sectionl)

plt.show()
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sphinx_gallery_thumbnail _number = 4
gp.plot_2d(geo_model, section_names=['sectionl’, ‘section2’,
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'section3'’, 'topography],
show_topography=True)
plt.show()
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2.8 Tao hinh da giac trong cic mit cat
from gempy.core.grid_modules import section_utils
polygondict, cdict, extent = section_utils.get_polygon_dictionary(geo_model, 'sectionl’)
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this stores the xy points in the sections for every surface.
polygondict
Out:
{'Main_Fault": [Path(array([[ 574.17067095, 12.5 ],
[ 579.82756057, 24.46977031],
[ 585.98562123, 37.5 ],
[ 597.80057151, 62.5 1],
[ 608.11183182, 84.31824749],
[ 609.61552173, 87.5 ],
[ 621.43047197, 1125 ],
[ 633.24542214, 137.5 1,
2.9 Xem két qua ciia cac da giac
import matplotlib.path
import matplotlib.patches as patches

def plot_pathdict(pathdict, cdict, extent, ax=None,
surfaces=list(geo_model.surfaces.dff'surface])[:-1][::-1]):
if ax == None:

fig, ax = plt.subplots()
for formation in surfaces:

for path in pathdict.get(formation):
if path 1=[]:
if type(path) == matplotlib.path.Path:
patch = patches.PathPatch(path, fill=False, lw=1, edgecolor=cdict.get(formation, 'k"))
ax.add_patch(patch)
elif type(path) == list:
for subpath in path:
assert type(subpath == matplotlib.path.Path)
patch = patches.PathPatch(subpath, fill=False, Iw=1,
edgecolor=cdict.get(formation, 'k'))
ax.add_patch(patch)
ax.set_ylim(extent[2:4])
ax.set_xlim(extent[:2])

plt.show()
plot_pathdict(polygondict, cdict, extent)
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plot_pathdict(polygondict, cdict, extent, surfaces=['basement’, 'Main_Fault])

gp.save_model(geo_model)
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Out:
True
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CHUONG 3: PHAN TICH CAU TRUC LIEN KET PIA MO HINH
3.1 T4i mé6 hinh vi du

import gempy as gp

from gempy.assets import topology as tp

import numpy as np
import matplotlib.pyplot as plt

import warnings
warnings.filterwarnings("ignore")

Pau tién, hay thiét 1ap mot mo hinh vi dy rat don gian. Dé lam dugc dicu do, khoi tao dbi tuong
geo_data voi pham vi md hinh chinh xac va do phan giai. Sau d6, tai cac diém dir liéu tir tép csv
va thiét 1ap chudi va cac 16p dia tang (cot dia tang).
geo_model = gp.create_model("Model_Tutorial6")

data_path = 'https://raw.githubusercontent.com/cgre-aachen/gempy_data/master/'
gp.init_data(
geo_model, [0, 3000, 0, 20, 0, 2000], [50, 10, 67],
path_i=data_path+"data/input_data/tut_chapter6/ch6_data_interf.csv",
path_o=data_path+"data/input_data/tut_chapter6/ch6_data_fol.csv"
)
gp.map_stack _to_surfaces(
geo_model,
{
"fault": "Fault",
"Rest": (‘Layer 2', 'Layer 3, 'Layer 4', 'Layer 5
}
)

geo_model.set_is_fault(["fault"]);
gp.set_interpolator(geo_model)
sol = gp.compute_model(geo_model, compute_mesh=True)
Out:
Active grids: ['regular’]
Fault colors changed. If you do not like this behavior, set change_color to False.
Setting kriging parameters to their default values.
Compiling theano function...
Level of Optimization: fast_compile
Device: cpu
Precision: float64
Number of faults: 1
Compilation Done!
Kriging values:
values
range 3605.61

30


https://docs.python.org/3/library/warnings.html#warnings.filterwarnings
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.gempy.org/GemPy%20API/gempy.create_model.html#gempy.create_model
https://docs.python.org/3/library/stdtypes.html#str
https://docs.gempy.org/GemPy%20API/gempy.init_data.html#gempy.init_data
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://docs.gempy.org/GemPy%20API/gempy.map_stack_to_surfaces.html#gempy.map_stack_to_surfaces
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.gempy.org/Model/gempy.core.model.ImplicitCoKriging.html#gempy.core.model.ImplicitCoKriging.set_is_fault
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project
https://docs.gempy.org/Solution/gempy.core.solution.Solution.html#gempy.core.solution.Solution
https://docs.gempy.org/GemPy%20API/gempy.compute_model.html#gempy.compute_model
https://docs.gempy.org/Model/gempy.core.model.Project.html#gempy.core.model.Project

$C_o$ 309533.33
drift equations [3, 3, 3]
gp.plot_2d(geo_model, cell_number=[5])

Cell Number: 5 Direction: y
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Out:
<gempy.plot.visualization_2d.Plot2D object at 0x7fcb84e4ff70>
3.2 Phan tich céu tric dia hinh
GemPy c6 chirc ning tich hgp dé phén tich cAu triic lién két dia hinh ctia cAc md hinh ciia né. Tat
ca nhiing gi can cho viéc nay 1a d6i tugng geo_data, khdi thach hoc va khdi dut gay. Nhap ching
vao gp.topology compute va nhan dugc mot so két qua dau ra hiru ich:

« Mot d6 thi ké G, dai dién cho cac mbi quan hé topd ciia mo hinh

« Trong tdm cia tat ca cac viing topd duy nhat trong mo hinh (toa do x, y, z)

« Danh sach tat ca cac nhin duy nhét (label unique)

« Hai bang tra ciru tir id thach hoc dén nhan nat va nguoc lai
edges, centroids = tp.compute_topology(geo_model)
Pau ra dau tién ctia ham cau tric lién két 1a tap hop cac canh dai dién cho cac mdi quan hé céu
trac lién két gitra cac thé dia chét duy nhat cia mé hinh khéi. Mot canh dugc biéu thi bang mot bo
hai nhan int geobody (hodc nit):
edges
Out:
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{(9, 10), (4, 10), (1, 2), (3, 4), (1, 8), (3, 10), (2, 3), (2,9), (1, 7), (4, 5), (3,9), (5, 10), (6, 7), (8,
9), (1,6), (7,8), (2, 8)}

Dau ra thir hai 14 centroid dict, anh xa id don vi dia chat duy nhét (id nat biéu dd) dén vi tri tAm
thé dja chat trong toa do ludi:

centroids

Out:

{1: array([35.27893175, 4.5 ,50.19485658]), 2: array([36.46666667, 4.5 ,29.14444444]),
3:array([37.59756098, 4.5 ,21.62195122]), 4: array([38.84563758, 4.5 , 14.00671141]),
5: array([39.09550562, 4.5 , 5.37640449]), 6: array([ 9.79081633, 4.5 , 60.10204082]),
7: array([10.17687075, 45 ,51.02721088]), 8: array([11.37804878, 4.5 , 43.47560976]),
9: array([12.51098901, 4.5 , 35.90659341]), 10: array([13.659857 , 4.5 , 15.34320735])}
Sau khi tinh toan cau trac lién ket md hinh, ching ta ¢ thé phu biéu do cAu trac hen két 1én phan
mo hinh

3.3 True quan héa céu tric dia hinh

Truc quan hoa do thi topo 2D

gp.plot.plot_topology(geo_model, edges, centroids)

plt.show()
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gp.plot_2d(geo_model, cell_number=[5], show=False)
gp.plot.plot_topology(geo_model, edges, centroids, scale=True)

plt.show()
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3.4 Ma tran ké

Mot céch khac dé ma hoa va tryc quan hoa cdu tric lién két mo hinh dia hinh 13 sir dung biéu do
ke:

M = tp.get_adjacency_matrix(geo_model, edges, centroids)
print(M)

Out:

[[False True False False False True True True False False]
[ True False True False False False False True True False]
[False True False True False False False False True True]
[False False True False True False False False False True]
[False False False True False False False False False True]
[ True False False False False False True False False False]
[ True False False False False True False True False False]
[ True True False False False False True False True False]
[False True True False False False False True False True]
[False False True True True False False False True False]]
tp.plot_adjacency_matrix(geo_model, M)
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Topology Adjacency Matrix

HEO

3.5 Truwe quan héa do thi topo 3D

C6 thé v& ciu trac lién két trong 3-D bang cach st dung bd cong cu truc quan hoa 3-D cia GemPy
duogc cung cip boi pyvista:

from gempy.plot._vista import Vista

gpv = Vista(geo_model)

gpv.plot_topology(edges, centroids)

gpv.show()

Out:

surface

Fault  #527682

Layer 2  #9f0052
Layer 3  #ffbe00
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Layer 4  #728f02

Layer 5 #443988

basement #ff3f20

Name: color, dtype: object

3.6 Bang tra ciru

Noi dung céu trac lién két cung cp mot s6 bang tra ciru dé lam viée véi id ciu trac lién két don vi
dia chit duy nhat.

lith_lot = tp.get_lot_node_to_lith_id(geo_model, centroids)

lith_lot

Out:

{1:2,2:3,3:4,4:5,5:6,6:2,7: 3,8:4,9:5, 10: 6}

Tim ra cac nat nam trong khdi dut giy nao:

fault_lot = tp.get_lot_node_to_fault_block(geo_model, centroids)
fault_lot

Out:

{1:0,2:0,3:0,4:0,5:0,6:1,7:1,8:1,9:1,10: 1}

C6 thé d& dang anh xa id thach hoc v6i id cdu tric lién két tuong tmg:
tp.get_lot_lith_to_node_id(lith_lot)

Out:

{2:[1, 6], 3:[2, 7], 4: [3, 8], 5: [4, 9], 6: [5, 10]}

3.7 Ghi nhin nit chi tiét

sphinx_gallery_thumbnail_number = 4

dedges, dcentroids = tp.get_detailed_labels(geo_model, edges, centroids)
gp.plot_2d(geo_model, cell_number=[5], show=False)
gp.plot.plot_topology(geo_model, dedges, dcentroids, scale=True)

plt.show()
Cell Number: 5 Direction: y
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{('3.0,'4 0, (3_1,'4 1), (20,21, (41,51, (6.0, 1", (4.0, '6 1", (4.0, '5 19,
(20,41 (20,319 (20,309, (50, %1, (30,51 (50, '6.09 (2.1, 3.1,
('3 0,4 1, (51,6 19, (40,5 0"}

dcentroids

Out:

{'2_0" array([35.27893175, 4.5 , 50.19485658]), '3_0" array([36.46666667, 4.5 ,
29.14444444]), '4_0": array([37.59756098, 4.5 , 21.62195122]), '5_0": array([38.84563758,
4.5 , 14.00671141]), '6_0": array([39.09550562, 4.5 , 5.37640449]), '2_1" array([

9.79081633, 4.5 , 60.10204082]), '3_1" array([10.17687075, 4.5 ,51.02721088]), 4 1"
array([11.37804878, 45 ,43.47560976]),'5 1" array([12.51098901, 4.5 , 35.90659341]),
'6_1" array([13.659857 , 4.5 ,15.34320735])}

3.8 Kiém tra d9 gan ké

Gia sit mudn kiém tra xem 16p mau tim (id 5) c6 dugc két ndi qua dut gay v6i 16p mau vang (id
3) hay khong. Bé lam duoc diéu ndy, c6 thé dé dang st dung nhén chi tiét va ham check adjacency:
tp.check_adjacency(dedges, "5 1", "3 _0")

Out:

True

C6 thé kiém tra tat ca cac thé dia chat tiép giap v6i 16p mau tim (id 5) ¢ phia bén trai cua 161 (dut
gy id 1):

tp.get_adjacencies(dedges, "5 1")

Out:

{6.1,4 1,'4 0,3 0%
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