[bookmark: _Hlk44790278]TPMS多孔模型的生成与制造教程

[bookmark: _Hlk44790381]问题描述：
学员首先学习了解TPMS的相关基础知识，在一个基于libigl的基础框架上，进行TPMS结构的设计，利于相关软件（如maya，magics等）生成基于该TPMS结构的多孔模型，并利用提供的3D打印机进行制造。
下载配置libigl
下载libigl： https://github.com/libigl/libigl 
或使用git： git clone https://github.com/libigl/libigl.git

使用cmake进行编译
在编译时会下载libigl所需的外部依赖项，github传输不稳定时，可将./cmake/LibiglDownloadExternal.cmake内GIT_REPOSITORY替换为国内源。
可用教程内LibiglDownloadExternal.cmake进行替换


学员也可参考以下博客进行libigl的安装配置：
https://blog.csdn.net/u014354193/article/details/73380249
生成TPMS网格模型
· [bookmark: _Hlk44790465]TPMS
TPMS（Triply periodic minimal surface），是极小曲面中的一种，可参考论文
[Computer-aided porous scaffold design for tissue engineering using triply periodic minimal surfaces](https://link.springer.com/article/10.1007/s12541-011-0008-9)，了解TPMS生成原理。
以下是一些关于如何生成TPMS的介绍
https://wewanttolearn.wordpress.com/2019/02/03/triply-periodic-minimal-surfaces/

· Marching cube算法
Marching cube是经典的重建算法，可以用来生成隐式方程所表达的surface，算法流程可参考论文
[Marching cubes: A high resolution 3D surface construction algorithm]
(https://dl.acm.org/doi/10.1145/37401.37422)
本次实验中可以使用libigl中提供的marching_cubes 函数：
https://libigl.github.io/tutorial/#marching-cubes

· 具体操作步骤
· 选定一种TPMS表达函数（隐式方程）进行编码；
· 使用libigl提供的marching cube算法，设定设置合适的函数周期和重建坐标范围；
· 计算对应voxel的坐标及TPMS在此位置的函数值，生成scalar field `S` 和 vertex locations `GV`
· 利用对应函数生成TPMS网格模型并绘制查看效果，将结果保存为stl格式。
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TPMS函数
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          由Tubular G重建生成的网格模型
模型求交
将TPMS模型与其他模型求交，可使用magics,maya等软件。得到TPMS多孔模型。

· 具体操作步骤
· 
以maya求交为例：
· 导入模型（maya只接受obj格式文件）
[image: ]
· 移动模型至相交位置（maya快捷键w-平移，e-旋转，r-缩放，alt+鼠标控制视图），同时选中两个模型，选择“网格—布尔—交集”，点击后面方框进行设置，选择“正常”。
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· 得到多孔模型，
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bunny多孔模型

· 利用Autodesk Meshmixer为模型挤出厚度，具体步骤如下：
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导入模型
· Ctrl+A，全选模型，选择“Edit—>Extrude”功能，设置“Direction”和“Offset”等参数，点击“Accept”。将得到的模型导出即可。
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· 将模型用F170打印机打印出来。
LibiglDownloadExternal.cmake
################################################################################
include(DownloadProject)

# With CMake 3.8 and above, we can hide warnings about git being in a
# detached head by passing an extra GIT_CONFIG option.
set(LIBIGL_EXTRA_OPTIONS TLS_VERIFY OFF)
if(NOT (${CMAKE_VERSION} VERSION_LESS "3.8.0"))
	list(APPEND LIBIGL_EXTRA_OPTIONS GIT_CONFIG advice.detachedHead=false)
endif()

# On CMake 3.6.3 and above, there is an option to use shallow clones of git repositories.
# The shallow clone option only works with real tags, not SHA1, so we use a separate option.
set(LIBIGL_BRANCH_OPTIONS)
if(NOT (${CMAKE_VERSION} VERSION_LESS "3.6.3"))
	# Disabled for now until we can make sure that it has no adverse effects
	# (Downside is that the eigen mirror is huge again)
	# list(APPEND LIBIGL_BRANCH_OPTIONS GIT_SHALLOW 1)
endif()

option(LIBIGL_SKIP_DOWNLOAD "Skip downloading external libraries" OFF)

# Shortcut functions
function(igl_download_project_aux name source)
	if(NOT LIBIGL_SKIP_DOWNLOAD)
		download_project(
			PROJ         ${name}
			SOURCE_DIR   "${source}"
			DOWNLOAD_DIR "${LIBIGL_EXTERNAL}/.cache/${name}"
			QUIET
			${LIBIGL_EXTRA_OPTIONS}
			${ARGN}
		)
	endif()
endfunction()

function(igl_download_project name)
	igl_download_project_aux(${name} "${LIBIGL_EXTERNAL}/${name}" ${ARGN})
endfunction()

################################################################################

## CGAL
function(igl_download_cgal)
	igl_download_project(cgal
		GIT_REPOSITORY https://gitee.com/yy126/cgal.git
	)
endfunction()

## CoMISo
function(igl_download_comiso)
	igl_download_project(CoMISo
		GIT_REPOSITORY https://gitee.com/quyuan122/CoMISo.git
	)
endfunction()

## Cork
function(igl_download_cork)
	igl_download_project(cork
		GIT_REPOSITORY https://gitee.com/quyuan122/cork.git
	)
endfunction()

## Eigen
set(LIBIGL_EIGEN_VERSION 3.3.7 CACHE STRING "Default version of Eigen used by libigl.")
function(igl_download_eigen)
	igl_download_project(eigen
		GIT_REPOSITORY https://gitee.com/quyuan122/eigen-git-mirror.git
		GIT_TAG        ${LIBIGL_EIGEN_VERSION}
		${LIBIGL_BRANCH_OPTIONS}
	)
endfunction()

## Embree
function(igl_download_embree)
	igl_download_project(embree
		GIT_REPOSITORY https://gitee.com/quyuan122/embree.git
		GIT_TAG        v3.5.2
		${LIBIGL_BRANCH_OPTIONS}
	)
endfunction()

## glad
function(igl_download_glad)
	igl_download_project(glad
		GIT_REPOSITORY https://gitee.com/quyuan122/libigl-glad.git	
	)
endfunction()

## GLFW
function(igl_download_glfw)
	igl_download_project(glfw
		GIT_REPOSITORY https://gitee.com/quyuan122/glfw.git
		GIT_TAG        3.3
		${LIBIGL_BRANCH_OPTIONS}
	)
endfunction()

## ImGui
function(igl_download_imgui)
	igl_download_project(imgui
		GIT_REPOSITORY https://gitee.com/quyuan122/imgui.git
		
	)
	igl_download_project(libigl-imgui
		GIT_REPOSITORY https://gitee.com/quyuan122/libigl-imgui.git
	)
endfunction()

## pybind11
function(igl_download_pybind11)
	igl_download_project(pybind11
		GIT_REPOSITORY https://gitee.com/quyuan122/pybind11.git
	)
endfunction()

## stb_image
function(igl_download_stb)
	igl_download_project(stb
		GIT_REPOSITORY https://gitee.com/quyuan122/libigl-stb.git
		GIT_TAG        cd0fa3fcd90325c83be4d697b00214e029f94ca3
	)
endfunction()

## TetGen
function(igl_download_tetgen)
	igl_download_project(tetgen
		GIT_REPOSITORY https://gitee.com/quyuan122/tetgen.git
		GIT_TAG        c63e7a6434652b8a2065c835bd9d6d298db1a0bc
	)
endfunction()

## TinyXML
function(igl_download_tinyxml2)
	igl_download_project(tinyxml2
		GIT_REPOSITORY https://gitee.com/quyuan122/tinyxml2.git
		GIT_TAG        d175e9de0be0d4db75d0a8cf065599a435a87eb6
	)
endfunction()

## Triangle
function(igl_download_triangle)
	igl_download_project(triangle
		GIT_REPOSITORY https://gitee.com/quyuan122/triangle.git
		GIT_TAG        d284c4a843efac043c310f5fa640b17cf7d96170
	)
endfunction()

## Catch2
function(igl_download_catch2)
	igl_download_project(catch2
		GIT_REPOSITORY https://gitee.com/quyuan122/Catch2.git
		
	)
endfunction()

## Predicates
function(igl_download_predicates)
	igl_download_project(predicates
		GIT_REPOSITORY https://gitee.com/quyuan122/libigl-predicates.git
	)
endfunction()

################################################################################

## Test data
function(igl_download_test_data)
	igl_download_project_aux(test_data
		"${LIBIGL_EXTERNAL}/../tests/data"
		GIT_REPOSITORY https://gitee.com/quyuan122/libigl-tests-data.git
	)
endfunction()

## Tutorial data
function(igl_download_tutorial_data)
	igl_download_project_aux(tutorial_data
		"${LIBIGL_EXTERNAL}/../tutorial/data"
		GIT_REPOSITORY https://gitee.com/quyuan122/libigl-tutorial-data.git
	)
endfunction()
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