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▪ 医学需要可视化
▪ 国自然项目查询显示2017-2021年医学科学部有4678条与可视化相关项目获批（所有学部里最多）

▪ 同时期计算机科学领域只有297条

▪ 不同领域对可视化的理解差异很大

▪ 可视化就是画好看的图？

引言

https://www.letpub.com.cn/
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▪ 广泛意义上：构想，形成心理形象，使其可见

▪ 数据科学：利用人类视觉感知和交互从数据驱动的图形图像中获取洞察——数据可视化

可视化 Visualization

飓风模拟多维数据可视化
[Zhou & Weiskopf 2017, doi: 
10.1109/TVCG.2017.2698041]

全球月均气温可视化
[Rodrigues & Weiskopf 2018, doi: 
10.1109/TVCG.2017.2744018]

CT人体扫描可视化
[Martschinke, J. et al. 2019, 
doi:10.1111/cgf.13771] 
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https://doi.org/10.1111/cgf.13771
https://upload.wikimedia.org/wikipedia/commons/thumb/2/27/Lascaux-IV_26.jpg/1280px-Lascaux-IV_26.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/2/27/Lascaux-IV_26.jpg/1280px-Lascaux-IV_26.jpg
https://warriorgirl3.files.wordpress.com/2014/11/design-for-a-giant-crossbow-leonardo-da-vinci.jpg?w=720
https://warriorgirl3.files.wordpress.com/2014/11/design-for-a-giant-crossbow-leonardo-da-vinci.jpg?w=720
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历史上的医学可视化与可视分析

[By John Snow - Map of the book;On the 
Mode of Communication of Cholera; by John 
Snow, originally published in 1854. Digitally 
enhanced version found on the UCLA 
Department of Epidemiology website., Public 
Domain, 
https://commons.wikimedia.org/w/index.php
?curid=2278605]

▪ Cholera map 1854 --- J. Snow

▪ 霍乱传染模式研究

[Originally from en.Wikipedia, Public Domain, 
https://commons.wikimedia.org/w/index.ph
p?curid=403227]
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历史上的医学可视化与可视分析

▪ Rose chart 1859 --- F. Nightingale

▪ 克里米亚战争死亡原因分析
[By w:Florence Nightingale (1820–1910). - Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=1474443]

[By Henry Hering 
(1814-1893) - National 
Portrait Gallery, 
London, Public Domain, 
https://commons.wiki
media.org/w/index.ph
p?curid=61520366]
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可视化与健康医疗
▪ 对健康医疗数据进行可视化、可视分析

▪ 提高健康医疗数据分析能力；辅助健康医疗决策

▪ 辅助健康医疗过程

▪ 提高健康医疗实践水平

https://immersive-technology-healthcare.hcs-pharma.com/2019/03/01/augmented-reality-surgical-
technology-unveiled-by-philips-and-microsoft/

http://4.bp.blogspot.com/-BPNZ9LZfnX4/TqFoHX5dOSI/AAAAAAAAAFU/F316MyCLHZo/s1600/pre_nogad_montage34_edit.jpg

心肌缺血模拟数据体渲染
[Source: L. Zhou]

脑部MRI数据

增强现实辅助手术

https://immersive-technology-healthcare.hcs-pharma.com/2019/03/01/augmented-reality-surgical-technology-unveiled-by-philips-and-microsoft/
https://immersive-technology-healthcare.hcs-pharma.com/2019/03/01/augmented-reality-surgical-technology-unveiled-by-philips-and-microsoft/
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可视化处理数据种类差异巨大

▪ 影像数据（二维，三维）

▪ 表格数据

▪ 层次结构数据

▪ 非结构数据

▪ ……
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大纲

▪ 可视化

▪ 科学可视化

▪ 标量

▪ 向量

▪ 张量

▪ 信息可视化

▪ 表格

▪ 图

▪ 文本

▪ 地理信息

▪ 可视分析

▪ 交互

▪ 可视分析举例

▪ 可视化和可视分析工程实现 太阳磁场可视化 
[Brownlee et al. 2015, 
10.2312/EGPGV/EGPGV12/041-050]
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可视化分类
▪ 科学可视化 Scientific visualization (SciVis)

▪ 信息可视化 Information visualization (InfoVis)

▪ 领域内正致力于融合各分支形成完整的学科体系

http://ieeevis.org/governance/restructuring
https://d3js.org/

https://www.sci.utah.edu/sci-media.html
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可视分析 Visual Analytics

▪ Visual analytics is the science of analytical reasoning supported by 
interactive visual interfaces.

——[Keim D.A. et al. (2009) Visual Analytics. DOI: 10.1007/978-0-387-39940-9_1122]

▪ 可视化研究对一类数据进行绘制、展示、交互的方法

▪ 可视分析用集成多种可视化方法的交互可视界面解决具体问题

鼻腔气流分析 
[S. Zachow et al., "Visual Exploration of Nasal Airflow," doi: 
10.1109/TVCG.2009.198.]

放疗导致膀胱中毒分析
[R. Raidou et al. ”Bladder Runner: Visual Analytics 
for the Exploration of RT‐Induced Bladder Toxicity 
in a Cohort Study,”. doi:10.1111/cgf.13413]

https://doi.org/10.1111/cgf.13413
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科学可视化
▪ 根据一个数据变量进行分类

▪ 假设数据在空间中是连续的——场
定义域 domain
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空间上任意一点的值是
一个向量

ℝ𝑚×𝑏

张量 tensor
空间上任意一点的值是
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https://doi.org/10.1111/cgf.13693
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科学可视化的数据存储
▪ 实际中，将定义域（空间）离散化以网格(grids)或微粒(particles)方式存储数据

▪ 网格可分为规则网格(regular grids)和非规则网格(irregular grids)

▪ 简单来说，规则网格的元素(cell)之间有固定的连接方式，非规则网格需要显
式定义每个元素和周围的连接方式

▪ 最常用的，立方体网格——均匀网格(uniform grid)

▪ 以像素pixel（二维）或体素voxel（三维）存储数据

体数据以体素存储在均一网格上
[K. Engel et al. (2004). Real-time volume graphics. 
DOI:10.1145/1103900.1103929]
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标量可视化

▪ 空间上每个数据点代表一个标量
定义域 domain
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标量可视化——等值面绘制/提取 Isosurfacing

▪ 间接体渲染方法

▪ 提取某个数据值对应的等值面

[Source: unknown. Taken from D. Weiskopf]
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等值面绘制/提取

▪ 数据集

▪ 数值    等值面的等值面

▪ 二维 isocontour

▪ 三维 isosurface

▪ 在空间中查找所有数值为    的位置

▪ 如何找到这些位置？Marching cubes！

[T. Ize et al. (2011). Real-Time Ray Tracer for Visualizing Massive Models on a 
Cluster. DOI:10.2312/EGPGV/EGPGV11/061-069]

From [J. Schreiner, C. E. Scheidegger and C. T. Silva, "High-Quality 
Extraction of Isosurfaces from Regular and Irregular Grids," doi: 
10.1109/TVCG.2006.149.]
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Marching cubes

▪ 最常用的等值面绘制/提取方法

▪ 输出等值面的三角形网格

[W E. Lorensen and H E. Cline (1987). Marching cubes: A high resolution 3D 
surface construction algorithm. DOI:10.1145/37401.37422]
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Marching cubes

▪ 一种高效的近似方法；使用预先计算的表格

▪ 核心步骤

▪ 考虑一个cell （8个顶点的立方体cube）

▪ 判断每个顶点在等值面内部(𝑓(𝑥, 𝑦, 𝑧) <= 𝑣)或外部(𝑓 𝑥, 𝑦, 𝑧 > 𝑣)

▪ 创建索引index

▪ 使用索引查询预计算表tbl[index]得到边列表

▪ 插值计算边的位置

▪ *计算梯度*

▪ *处理有歧义的情况*

▪ 移动到下一个cell (Marching)

A cell

From [W E. Lorensen and H E. Cline (1987).]
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Marching cubes

▪ 对于一个cell三角形网格共有28=256 种情况，根据对称性，简化到15
种独特的情况

▪ 从预计算表的边表tbl里根据index选择

▪ 根据顶点的数值，在各个方向插值确定边的位置

From [W E. Lorensen and H E. Cline (1987).]
索引计算规则

三角形网格等值面的15种情况
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Marching cubes的问题

▪ 歧义情况判断（渐近线判断 asymptotic decider)

▪ 改善歧义情况和三角形形状——Marching tetrahedra

[G M. Nielson and B Hamann (1991). The asymptotic decider: resolving 
the ambiguity in marching cubes. doi: 10.5555/949607.949621]

?

https://d3x0r.github.io/MarchingTetrahedra/

https://d3x0r.github.io/MarchingTetrahedra/
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标量可视化——体渲染 Direct volume rendering

[Source: unknown. Taken from C. R. Johnson]
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体渲染

▪ 等值面绘制只绘制了一个（或几个）数据值的等值面而不能绘制整个
体数据→间接体渲染(indirect volume rendering)

▪ 体渲染或直接体渲染(direct volume rendering)将整个体数据进行绘制
→简单来说，能看到体数据的内部

[Martschinke, J. et al.(2019), Adaptive Temporal Sampling for Volumetric 
Path Tracing of Medical Data. doi:10.1111/cgf.13771] 

[D. Jönsson and A. Ynnerman (2017), Correlated Photon Mapping for Interactive Global 
Illumination of Time-Varying Volumetric Data. doi:10.1109/TVCG.2016.2598430.]

https://doi.org/10.1111/cgf.13771
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体渲染的物理基础

▪ 把数据建模成介质——光在介质中的传播

▪ 介质由可吸收和发射光的微粒构成——光学模型

▪ 微元法计算在空间微元𝑑𝑠上的光强变化d𝐼

▪
𝑑𝐼

𝑑𝑠
= 𝐶 𝑠 𝐴𝜌 𝑠 − 𝐴𝜌 𝑠 𝐼 𝑠 = 𝐶 𝑠 𝜏 𝑠 − 𝜏 𝑠 𝐼 𝑠 ,   其中𝜏 𝑠 = 𝐴𝜌 𝑠

D𝑠
微粒面积
𝐴 = 𝜋𝑟2

𝐼0

外部光源

发射 吸收 发光强度 微粒密度 消光系数
extinction coefficient

圆柱底面积𝐸
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体渲染的物理基础

◼体渲染积分公式

▪
𝑑𝐼

𝑑𝑠
= 𝐶 𝑠 𝜏 𝑠 − 𝜏 𝑠 𝐼 𝑠

▪ 𝐼 𝑑 = 0׬
𝑑
𝑔(𝑠) 𝑒− 0׬

𝑑
𝜏 𝑡 𝑑𝑡𝑑𝑠 + 𝐼0𝑒

− 0׬
𝑑
𝜏 𝑡 𝑑𝑡

求解常微分方程

发射 吸收 

From [K. Engel et al. (2004). Real-time volume graphics. 
DOI:10.1145/1103900.1103929]

发射 吸收 

体渲染积分公式
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光线投射 Ray casting

▪ 当今最常用的体渲染技术

▪ 从视平面(view plane)发射光线，数值求解体渲染积分

▪ 𝐼 𝑑 = 0׬
𝑑
𝑔(𝑠) 𝑒− 0׬

𝑑
𝜏 𝑡 𝑑𝑡𝑑𝑠 + 𝐼0𝑒

− 0׬
𝑑
𝜏 𝑡 𝑑𝑡

▪ ሚ𝐶 = σ𝑖=0
𝑛 𝐶𝑖ς𝑗=0

𝑖−1(1 − 𝐴𝑖)

From [K. Engel et al. (2004). Real-time volume graphics. DOI:10.1145/1103900.1103929]

近似+数值积分

颜色 不透明度
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传递函数 Transfer function
▪ 如何将数据值映射成光学属性(optical properties)：颜色和不透明度？

▪ 用传递函数在值域中定义颜色𝐶和不透明度𝐴

▪ 从数据分析角度，传递函数提供了数据探索的工具

▪ 设计传递函数提高数据分析（分类、分割）能力

𝑓

𝐶𝑛𝑡

一维直方图和传递函数

Data value

二维直方图和传递函数

梯度幅值
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复杂光学模型/全局光照
▪ 吸收发射模型没有考虑散射(scattering) →局部光照(local illumination)

▪ 使用全局光照(global illumination)能大幅提高真实感，增强深度和形状感知

▪ 阴影 ；半透明

▪ 全局光照计算复杂度高，需要各种高效率的近似算法实现交互绘制

[M. Ament et al. (2013), "Ambient Volume Scattering," 
doi: 10.1109/TVCG.2013.129.]

[D. Jönsson et al. (2012), "Historygrams: Enabling Interactive Global 
Illumination in Direct Volume Rendering using Photon Mapping," doi: 
10.1109/TVCG.2012.232.]
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体渲染演示

▪ 使用Inviwo

▪ 简易使用说明https://inviwo.org/media/inviwo-vcbm2019.pdf

https://inviwo.org

https://inviwo.org/
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体绘制在其他领域的应用

▪ 计算机视觉和图形学领域最火的技术NeRF（Neural Radiance Fields）

▪ https://www.richardskarbez.com/nerf-tutorial

https://www.richardskarbez.com/nerf-tutorial
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NeRF 工具

▪ Nvidea instant-ngp

▪ https://github.com/NVlabs/instant-ngp

https://github.com/NVlabs/instant-ngp
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创建自己的NeRF

▪ https://developer.nvidia.com/blog/getting-started-with-nvidia-instant-
nerfs/

▪ https://rd.nytimes.com/projects/creating-workflows-for-nerf-portraiture

https://developer.nvidia.com/blog/getting-started-with-nvidia-instant-nerfs/
https://developer.nvidia.com/blog/getting-started-with-nvidia-instant-nerfs/
https://rd.nytimes.com/projects/creating-workflows-for-nerf-portraiture


©周亮 Liang Zhou

向量场可视化

▪ 空间上每个点的值是一个向量
定义域 domain

值
域

 r
an

ge

𝑑 = 2 𝑑 = 3

ℝ
标量 scalar
空间上任意一点的值是
一个标量 scalar

ℝ𝑚, 𝑚 = 2,3
向量 vector
空间上任意一点的值是
一个向量

ℝ𝑚×𝑏

张量 tensor
空间上任意一点的值是
一个矩阵
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流场可视化Flow visualization——实验流体力学
▪ 向量可视化的主要形式是流场可视化

▪ 实验流体力学(fluid dynamics)中的流场可视化
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[By Gary S. Settles (Settles1) - Own work -- Photograph by Gary S. 
Settles using a commercial retro-reflective shadowgraph 
instrument manufactured by Floviz inc., CC BY 3.0, 
https://commons.wikimedia.org/w/index.php?curid=5254884]
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粒子跟踪法

光学法

表面流法
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科学可视化中的流场可视化方法
▪ Texture-based (LIC, spot noise)

▪ Direct + geometry-based (hedehogs, glyphs)

▪ Direct + heuristic (magnitude, Laplacian, FTLE)

▪ Physically-based (Schlieren imaging, virtual rheoscopic fluids)
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rc
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 D
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ei
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f]

Line integral convolution (LIC)

Finite-time Lyapunov exponents (FTLE)
[Pobitzer A. et al. (2012) Filtering of FTLE for Visualizing Spatial Separation in 
Unsteady 3D Flow.  Doi: 10.1007/978-3-642-23175-9_16]

Schlieren imaging
[C. Brownlee et al. (2011), "Physically-Based 

Interactive Flow Visualization Based on Schlieren 

and Interferometry Experimental Techniques," doi: 

10.1109/TVCG.2010.255.]

© ZIB

Direct visualization of streamlines
[Source: Zuse Institute Berlin]

Glyphs
[R. van Pelt et al. (2014), Comparative 
Blood Flow Visualization for Cerebral 
Aneurysm Treatment Assessment. 
doi:10.1111/cgf.12369]

https://doi.org/10.1111/cgf.12369
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描述流场
▪ 稳定向量场(steady vector field)：向量场不随时间变化

▪ 不稳定向量场(unsteady vector field)：向量场随时间变化

▪ 如何描述流场？

▪ Streamlines:描述某一时刻的向量场线

▪ Pathlines:追踪一个粒子在一段时间形成的轨迹

▪ Streaklines:描述从固定位置释放的染料经过一段时间形成的轨迹

▪ 在稳定向量场里中这三种线是重合的

[By Fi1Kaiv8 - Own work. This diagram was 
created with Mathematica, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.ph
p?curid=5875279]

动图参见
slide28_Streaklines_and_pathlines_animatio
n.gif

灰色虚线：steamlines
红色实线：pathlines
蓝色实线：streaklines

https://commons.wikimedia.org/w/index.php?curid=5875279
https://commons.wikimedia.org/w/index.php?curid=5875279
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场线的计算
▪ 线积分

▪ 实际中使用数值积分

▪ 欧拉法 Euler’s method 

▪ 龙格库塔法Runge-Kutta method

▪ 可视化中标准使用四阶Runge-Kutta （精度较高）

[By Lucas Vieira - Own work, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=20414448]
动图参见slide29_Line_integeral_of_vector_field.gif
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向量场可视化渲染技术

▪ 由于遮挡，正确地感知空间曲线曲面很困难

▪ 局部光照

▪ 阴影/环境光遮蔽 ambient occlusion

▪ 非真实感绘制 illustrative rendering

[S. Eichelbaum et al. (2013), "LineAO—Improved Three-
Dimensional Line Rendering," doi: 10.1109/TVCG.2012.142.]

局部光照 环境光遮蔽
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非真实感绘制
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Center Spiral or focus

Degenerate nodeSaddleProper node

Singular node

向量场拓扑

▪ 用拓扑分析向量场结构——理解不同流的行为

▪ 找到驻点 critical points (fixed points)，环路 periodic orbits，分界线
separatices对向量场进行分割

[Source: D. Weiskopf]
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向量场拓扑分析步骤

[W
ei

n
ka

u
f:

 F
ea

tu
re

-B
as

ed
 D

at
a 

A
n

al
ys

is
, 2

0
1

2
, 

h
tt

p
:/

/f
ea

tu
re

.m
p

i-
in

f.
m

p
g.

d
e/

2
0

1
2

/f
ea

tu
re

-b
as

ed
-d

at
a-

an
al

ys
is

]

Streamlines
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向量场拓扑分析步骤
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Critical points
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向量场拓扑分析步骤
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Separation lines emanating from saddles
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向量场拓扑分析步骤
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Sectors of different flow behavior
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向量可视化演示

▪ 向量场直接可视化 https://portsmouth.github.io/fibre/
https://philogb.github.io/page/wind/

▪ 线积分卷积LIC https://github.com/philogb/LIC/

http://philogb.github.io/LIC/dipole.html

https://portsmouth.github.io/fibre/

https://portsmouth.github.io/fibre/
https://philogb.github.io/page/wind/
https://github.com/philogb/LIC/
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张量场可视化 Tensor visualization
▪ 空间上每个点的值是一个矩阵 𝑓:ℝ𝑑 → ℝ𝑚×𝑏

定义域 domain

值
域

 r
an

ge

𝑑 = 2 𝑑 = 3

ℝ
标量 scalar
空间上任意一点的值是
一个标量

ℝ𝑚, 𝑚 = 2,3
向量 vector
空间上任意一点的值是
一个向量

ℝ𝑚×𝑏

张量 tensor
空间上任意一点的值是
一个矩阵
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张量场
▪ 张量T是向量概念的推广，0阶张量即标量，1阶张量即向量，2阶张量为矩阵

（可视化中所指的张量）

▪ 张量场 𝑓:ℝ𝑑 → ℝ𝑚×𝑏

▪ 张量信息以矩阵描述，通常情况下

▪ 𝑚 = 𝑏 = 𝑑 ，即在三维中是3 × 3矩阵

▪ 可视化中张量数据来源

▪ 医学图像中：弥散张量 Diffusion tensor 

▪ 材料科学中：应力张量 Stress tensor, 

电导率张量 Conductivity tensor

Stress tensor 
[By Sanpaz - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.p
hp?curid=5668647]

面巾纸——各向同性isotropic 报纸——各向异性anisotropic

水在不同纸上的弥散
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𝑇 𝑥 =

𝑐11(𝑥) 𝑐12(𝑥) 𝑐13(𝑥)
𝑐21(𝑥) 𝑐22(𝑥) 𝑐23(𝑥)
𝑐31(𝑥) 𝑐32(𝑥) 𝑐33(𝑥)

, 𝑥 ∈ ℝ3
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弥散张量和DTI
▪ 医学上，弥散张量描述水分子在组织中的各向异性扩散(anisotropic diffusion)

▪ 脑部含有方向性的纤维束(fiber tracks)

▪ 半正定，对称3 × 3方阵

▪ Diffusion tensor imaging (DTI)
𝐷 =

𝐷𝑥𝑥 𝐷𝑥𝑦 𝐷𝑥𝑧
𝐷𝑥𝑦 𝐷𝑦𝑦 𝐷𝑦𝑧
𝐷𝑥𝑧 𝐷𝑦𝑧 𝐷𝑧𝑧

DTI
[http://tensorvis.org/uploads/Main/course
_material_1b.pdf]
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DTI的临床意义

▪ 脑白质中存在标量MR看不到的神经纤维束

https://www.neurosurgicalatlas.com/neuroanatomy/m
ajor-white-matter-tracts-of-the-cerebral-hemisphere

https://www.neurosurgicalatlas.com/neuroanatomy/white-
matter-tracts-of-the-deep-cerebrum
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椭球表示不同的扩散样式
[http://tensorvis.org/uploads/Main/course
_material_1a1.pdf]

spherical

planarlinear

特征分析

▪ 张量场分析工具：特征分析 Eigen analysis 

▪ Eigen是德语“自己的”

▪ 𝐃𝒗 = λ𝒗→ det λ𝐈 − 𝐃 = 0, 𝐈是单位矩阵

▪ 特征向量 Eigenvectors

▪ 𝑣1, 𝑣2, 𝑣3

▪ 特征根 Eigenvalues:  

▪ λ1 ≥ λ2 ≥ λ3 ≥ 0

λ1𝑣1

λ2𝑣2λ3𝑣3
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张量场可视化方法
▪ Direct

▪ Color-coding and Glyphs

▪ Hue-Balls and Lit-Tensors

▪ Geometry-Based

▪ Hyperstreamlines, and 
tensorlines

▪ Texture-Based

▪ HyperLIC

▪ Feature-Based

▪ Segmentation, Topological 
Features
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[http://tensorvis.org/uploads/Main/course_material_1b.pdf]
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张量场可视化绘制技术

▪ 同向量场一样，如何让人正确感知是张量场可视化的主要难题

▪ 图标(glyphs)在三维中感知有歧义——Superquadric glyphs

▪ 绘制张量线有遮挡——与向量场绘制技术通用

▪ 阴影

▪ 非真实感绘制

[M. H. Everts et al. (2009), "Depth-Dependent Halos: Illustrative 
Rendering of Dense Line Data," doi: 10.1109/TVCG.2009.138.]

[G. Kindlmann. (2004), “Superquadric tensor glyphs," doi: 
10.2312/VisSym/VisSym04/147-154.]

椭圆——有歧义 Superquadric——无歧义
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张量场拓扑分析

▪ 描述张量场特性——理解不同区域张量的行为

▪ 方法与向量场拓扑分析类似

▪ 但，张量场线tensor field lines不是streamlines! 

▪ 向量场critical points→张量场degenerate points（各向同性的点）

Separatices

Degenerate points

Wedge Trisector

[http://tensorvis.org/uploads/Main/course_material_2a.pdf]
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健康医疗应用

▪ 标量场
Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article 
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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健康医疗应用

▪ 向量场
Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article 
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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健康医疗应用

▪ 张量场 Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article 
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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健康医疗应用

▪ 诊断

Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article 
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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S. Born, M. Pfeie, M. Markl, M. Gutberlet, and G. Scheuermann, “Visual analysis of cardiac 4D MRI 
blood flow using line predicates,” IEEE Transactions on Visualization and Computer Graphics
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R. van Pelt, J. Olivan Bescos, M. Breeuwer et al., “Interactive virtual probing of 4D MRI 
blood-flow,” IEEE Transactions on Visualization and Computer Graphics
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C. Zhang, T. Schultz, K. Lawonn, E. Eisemann, and A. Vilanova, “Glyph-based comparative visualization 
for diffusion tensor fields,” IEEE Transactions on Visualization and Computer Graphics
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健康医疗应用

▪ 治疗

Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article 
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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健康医疗应用

▪ 预后

▪ 潜在应用

Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article 
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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S. Zachow, P. Muigg, T. Hildebrandt, H. Doleisch, and H.-C. Hege, “Visual exploration of 
nasal airflow,” IEEE Transactions on Visualization and Computer Graphics
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健康医疗应用

▪ 可视化软件

Liang Zhou, Mengjie Fan, Charles Hansen, Chris R. Johnson, Daniel Weiskopf, "A Review of Three-
Dimensional Medical Image Visualization", Health Data Science, vol. 2022, Article 
ID 9840519, 19 pages, 2022. https://doi.org/10.34133/2022/9840519
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可视化各领域的通用问题：如何选择颜色？

▪ 简单答案：使用预定义的，广泛认可的色标（color maps）

▪ 当前使用最广泛的，不会出错的选择——Colorbrewer

https://colorbrewer2.org/
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Colorbrewer色标

▪ 当前最流行，公认符合可视化领域要求的色标

▪ 三大类

▪ Sequential

▪ Diverging

▪ Qualitative

▪ 在符合视觉感知的颜色空间中进行颜色计算和选取

▪ 在流行的语言中都有做好的库：JavaScript，R，Python，Matlab……

▪ 通过网站方便选取：colorbrewer2.org
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Colorbrewer色标

▪ 下列色标如何分类成Sequential，diverging，qualitative？

▪ 它们分别适合哪些数据？

http://bl.ocks.org/mhkeller/10504471
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可视化中颜色设计的要求

▪ 需要满足几方面（有冲突）的需求

[C. Ware, "Color sequences for univariate maps: theory, experiments and principles,", doi: 
10.1109/38.7760.]

http://ccom.unh.edu/sites/default/files/publications/Ware_1988_CGA_Color_sequences_univariate_maps.pdf

经典文章，值得阅读



©周亮 Liang Zhou

可视化中颜色设计的要求

▪ 色标需要完成的数据任务

▪ 颜色信息表示数值(metric)

▪ 亮度信息表示形态(form)

Form comprehensionMetric comprehension
[C. Ware, "Color sequences for univariate maps: theory, experiments and principles,", doi: 
10.1109/38.7760.]
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更多好用的色标设计工具

▪ Visualizing Science: How Color Determines What We See

[https://eos.org/features/visualizing-science-how-color-determines-what-we-see]
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更多的色标设计工具

▪ 连续色标设计 ColorMoves

[F. Samsel, S. Klaassen and D. H. Rogers, "ColorMoves: Real-time Interactive 

Colormap Construction for Scientific Visualization,", doi: 

10.1109/MCG.2018.011461525.]
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更多的色标设计工具

▪ 分类色标设计 Colorgorical

http://vrl.cs.brown.edu/color
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可视化中颜色设计的要求

▪ 详细的方法综述和实用的具体数据色标选择方针

[L. Zhou and C. D. Hansen, "A Survey of Colormaps in Visualization,", doi: 
10.1109/TVCG.2015.2489649.]
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可视化中颜色设计的要求

[L. Zhou and C. D. Hansen, "A Survey of Colormaps in Visualization,", doi: 
10.1109/TVCG.2015.2489649.]
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色标的评价理论框架

[R. Bujack, T. L. Turton, F. Samsel, C. Ware, D. H. Rogers and J. Ahrens, "The Good, the Bad, and the Ugly: A 
Theoretical Framework for the Assessment of Continuous Colormaps,", doi: 10.1109/TVCG.2017.2743978.]
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彩虹色标争论

▪ Rainbow Color Map (still) considered harmful.

▪ Rainbow Colormaps Are Not All Bad
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可视化各领域的通用问题：如何选择颜色？

▪ 复杂答案：手动选择，适合信息可视化

▪ https://blog.datawrapper.de/beautifulcolors/
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如何选择颜色？

▪ 颜色空间

▪ RGB 显示设备用

▪ HSV 设计者用

▪ CIELab 试图描述人类感知

▪ CIEXYZ 试图描述人类感知

▪ CMYK 打印设备用

▪ YUV 区分亮度Y和其他颜色通道

▪ YCbCr 区分亮度Y和其他颜色通道

▪ ……

▪ 颜色空间之间的转换
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如何选择颜色？

▪ HSV颜色空间

▪ Hue 色相

▪ Saturation 饱和度

▪ Value/Brightness 亮度
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HSL/HSV 颜色空间

[By Jacob Rus - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=9445469]
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拓展对颜色的理解

https://blog.datawrapper.de/beautifulcolors/
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没必要用太多色相

https://blog.datawrapper.de/beautifulcolors/
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使用互补色

https://blog.datawrapper.de/beautifulcolors
/
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调整饱和度、亮度，使色相达到预期效果

https://blog.datawrapper.de/beautifulcolors
/
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信息可视化
▪ 可视化不包含固有空间信息的数据 Information visualization focuses on data sets lacking 

inherent 2D or 3D semantics and therefore also lacking a standard mapping of the abstract data onto the 
physical screen space. -- D. Keim

▪ 数据集分类
▪ 表格数据
▪ 树和图
▪ 集合
▪ 文本
▪ 地理数据
▪ ……

https://observablehq.com/@d3/gallery

[J. Heer et al. (2010). A Tour through the Visualization Zoo: A survey of 
powerful visualization techniques, from the obvious to the obscure. DOI: 
10.1145/1794514.1805128]

[D. A. Keim, (2002), "Information visualization and visual data 
mining," doi: 10.1109/2945.981847.]



表格数据可视化
——单变量数据
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柱状图 Bar chart

https://observablehq.com/@d3/stacked-bar-charthttps://observablehq.com/@d3/bar-chart

https://observablehq.com/@d3/diverging-stacked-bar-chart

https://observablehq.com/@mbostock/revenue-by-music-format-1973-
2018

[By M. Bostock]
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随时间变化的表格数据

[By Pratap Vardhan, 
https://gramener.github.io/visual-vocabulary-vega/]
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线图 Line chart

https://observablehq.com/@d3/line-chart https://observablehq.com/@d3/candlestick-chart

[By M. Bostock]https://observablehq.com/@d3/multi-line-chart

[By Probe-meteo.com - Probe-meteo.com, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=260
48221]
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统计分布可视化

[By Pratap Vardhan, 
https://gramener.github.io/visual-vocabulary-vega/]
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箱形图 Boxplot

▪ Box-and-Whisker plot

[By Ever.chae - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=84823719]

[By Jhguch at en.wikipedia, CC BY-SA 2.5, 
https://commons.wikimedia.org/w/index.php?curid=14524285]
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点图 Dot plot

▪ 用点代表数值（例如次数）

[By Mdd4696 / Evercat - Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=12466272]

非线性点图 

[N. Rodrigues and D. Weiskopf (2018), "Nonlinear Dot Plots," doi: 
10.1109/TVCG.2017.2744018.]
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柱状图 Bar chart

https://observablehq.com/@d3/stacked-bar-charthttps://observablehq.com/@d3/bar-chart

https://observablehq.com/@d3/diverging-stacked-bar-chart

https://observablehq.com/@mbostock/revenue-by-music-format-1973-2018[By M. Bostock]
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随时间变化的表格数据

[By Pratap Vardhan, https://gramener.github.io/visual-
vocabulary-vega/]
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线图 Line chart

https://observablehq.com/@d3/line-chart https://observablehq.com/@d3/candlestick-chart

[By M. Bostock]https://observablehq.com/@d3/multi-line-chart

[By Probe-meteo.com - Probe-meteo.com, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=2604
8221]
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统计分布可视化

[By Pratap Vardhan, 
https://gramener.github.io/visual-vocabulary-vega/]
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箱形图 Boxplot
▪ Box-and-Whisker plot

[By Ever.chae - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=84823719]

[By Jhguch at en.wikipedia, CC BY-SA 2.5, 
https://commons.wikimedia.org/w/index.php?curid=14524285]
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点图 Dot plot

▪ 用点代表数值（例如次数）

[By Mdd4696 / Evercat - Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=12466272]

非线性点图 

[N. Rodrigues and D. Weiskopf (2018), "Nonlinear Dot Plots," doi: 
10.1109/TVCG.2017.2744018.]
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点图的扩展研究

[N. Rodrigues and D. Weiskopf, "Nonlinear Dot Plots," in IEEE Transactions on 
Visualization and Computer Graphics, doi: 10.1109/TVCG.2017.2744018.]
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传统方法的局限

[N. Rodrigues and D. Weiskopf, "Nonlinear Dot Plots," in IEEE Transactions on 
Visualization and Computer Graphics, doi: 10.1109/TVCG.2017.2744018.]
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非线性点图

▪ 点的放置位置，点的大小设置

[N. Rodrigues and D. Weiskopf, "Nonlinear Dot Plots," in IEEE Transactions on 
Visualization and Computer Graphics, doi: 10.1109/TVCG.2017.2744018.]
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非线性点图

▪ 绘制

[N. Rodrigues and D. Weiskopf, "Nonlinear Dot Plots," in IEEE Transactions on 
Visualization and Computer Graphics, doi: 10.1109/TVCG.2017.2744018.]



©周亮 Liang Zhou

非线性点图的改进

▪ 非线性点图按照固定的列显示；存在严重moire´ 效应

[N. Rodrigues, C. Schulz, S. Doring, D. Baumgartner, T. Krake and D. Weiskopf, "Relaxed Dot Plots: Faithful 
Visualization of Samples and Their Distribution," in IEEE Transactions on Visualization and Computer 
Graphics, 1912, doi: 10.1109/TVCG.2022.3209429.]
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[N. Rodrigues, C. Schulz, S. Doring, D. Baumgartner, T. Krake and D. Weiskopf, "Relaxed Dot Plots: Faithful 
Visualization of Samples and Their Distribution," in IEEE Transactions on Visualization and Computer 
Graphics, 1912, doi: 10.1109/TVCG.2022.3209429.]
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传统方法表示数据分布的问题

[M. Correll and M. Gleicher, "Error Bars Considered Harmful: Exploring Alternate Encodings for Mean and Error," 
in IEEE Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2014.2346298.]
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[M. Correll, M. Li, G. Kindlmann and C. Scheidegger, "Looks Good To Me: Visualizations As Sanity Checks," in IEEE 
Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2018.2864907.]
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[M. Correll, M. Li, G. Kindlmann and C. Scheidegger, "Looks Good To Me: Visualizations As Sanity Checks," in IEEE 
Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2018.2864907.]
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[M. Correll, M. Li, G. Kindlmann and C. Scheidegger, "Looks Good To Me: Visualizations As Sanity Checks," in IEEE 
Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2018.2864907.]
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多维度表格数据可视化

▪ 散点图，散点图矩阵

▪ 平行坐标系

▪ 降维可视化

▪ ……

fixed 
acidity

volatile 
acidity

citric acid
residual 
sugar

chlorides
free sulfur 
dioxide

total sulfur 
dioxide

density pH sulphates alcohol quality

7.4 0.7 0 1.9 0.076 11 34 0.9978 3.51 0.56 9.4 5
7.8 0.88 0 2.6 0.098 25 67 0.9968 3.2 0.68 9.8 5
7.8 0.76 0.04 2.3 0.092 15 54 0.997 3.26 0.65 9.8 5

11.2 0.28 0.56 1.9 0.075 17 60 0.998 3.16 0.58 9.8 6
7.4 0.7 0 1.9 0.076 11 34 0.9978 3.51 0.56 9.4 5
7.4 0.66 0 1.8 0.075 13 40 0.9978 3.51 0.56 9.4 5
7.9 0.6 0.06 1.6 0.069 15 59 0.9964 3.3 0.46 9.4 5
7.3 0.65 0 1.2 0.065 15 21 0.9946 3.39 0.47 10 7
7.8 0.58 0.02 2 0.073 9 18 0.9968 3.36 0.57 9.5 7
7.5 0.5 0.36 6.1 0.071 17 102 0.9978 3.35 0.8 10.5 5
6.7 0.58 0.08 1.8 0.097 15 65 0.9959 3.28 0.54 9.2 5
7.5 0.5 0.36 6.1 0.071 17 102 0.9978 3.35 0.8 10.5 5
5.6 0.615 0 1.6 0.089 16 59 0.9943 3.58 0.52 9.9 5
7.8 0.61 0.29 1.6 0.114 9 29 0.9974 3.26 1.56 9.1 5
8.9 0.62 0.18 3.8 0.176 52 145 0.9986 3.16 0.88 9.2 5
8.9 0.62 0.19 3.9 0.17 51 148 0.9986 3.17 0.93 9.2 5
8.5 0.28 0.56 1.8 0.092 35 103 0.9969 3.3 0.75 10.5 7
8.1 0.56 0.28 1.7 0.368 16 56 0.9968 3.11 1.28 9.3 5
7.4 0.59 0.08 4.4 0.086 6 29 0.9974 3.38 0.5 9 4
7.9 0.32 0.51 1.8 0.341 17 56 0.9969 3.04 1.08 9.2 6
8.9 0.22 0.48 1.8 0.077 29 60 0.9968 3.39 0.53 9.4 6
7.6 0.39 0.31 2.3 0.082 23 71 0.9982 3.52 0.65 9.7 5
7.9 0.43 0.21 1.6 0.106 10 37 0.9966 3.17 0.91 9.5 5
8.5 0.49 0.11 2.3 0.084 9 67 0.9968 3.17 0.53 9.4 5
6.9 0.4 0.14 2.4 0.085 21 40 0.9968 3.43 0.63 9.7 6
6.3 0.39 0.16 1.4 0.08 11 23 0.9955 3.34 0.56 9.3 5
7.6 0.41 0.24 1.8 0.08 4 11 0.9962 3.28 0.59 9.5 5
7.9 0.43 0.21 1.6 0.106 10 37 0.9966 3.17 0.91 9.5 5
7.1 0.71 0 1.9 0.08 14 35 0.9972 3.47 0.55 9.4 5
7.8 0.645 0 2 0.082 8 16 0.9964 3.38 0.59 9.8 6
6.7 0.675 0.07 2.4 0.089 17 82 0.9958 3.35 0.54 10.1 5
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散点图 Scatterplot

▪ 将数据的两个维度分量的位置在笛卡尔坐标系中

▪ 经典例子：Anscombe’s quartet

[By Anscombe.svg: Schutz(label using subscripts): Avenue - Anscombe.svg, CC 
BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=9838454]

Anscombe’s quartet：四个分布不同的数据集有
完全相同的线性拟合结果
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散点图矩阵 Scatterplot matrix (SPLOM)
▪ 将散点图按照所有变量/维度两两组合成矩阵（每一行/列是一个维度）

▪ 可扩展性问题

[https://observablehq.com/@d3/scatterplot-matrix]

[Source: L. Zhou]

葡萄酒化学成分数据可视化 *注意离群点
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平行坐标系 Parallel coordinates

▪ 平行放置坐标轴，以折线可视化数据

▪ 维度扩展性好；离群点

笛卡尔坐标系 平行坐标系

[Source: L. Zhou]

葡萄酒化学成分数据可视化 *对比散点图矩阵中的离群点
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平行坐标系 Parallel coordinates

▪ 问题：遮挡；相关性；聚类……

▪ 多变量相关性
(Flipped)

[L. Zhou and D. Weiskopf (2017), “Indexed-Points Parallel Coordinates Visualization of Multivariate 
Correlations,” doi: 10.1109/TVCG.2017.2698041.]
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降维可视化
▪ 使用降维(dimensionality reduction)算法将多维度数据降成低维(一般是二维)

▪ 选择合适的降维算法

▪ 线性降维 PCA, 线性版本MDS

▪ 非线性降维 MDS, LLE, Isomap, tSNE, Umap……

[source: L. Zhou, DR methods from http://scikit-learn.org/stable/]

https://grantcuster.github.io/umap-explorer/
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降维可视化

▪ 可视化数据在原始维度的邻域
信息在低维的投影

[R. Bian et al., “Implicit Multidimensional Projection of Local 
Subspaces,"  doi: 10.1109/TVCG.2020.3030368.]
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树可视化

▪ 层次结构 hierarchical structures

▪ 节点连接图 node-link diagram

https://observablehq.com/@d3/gallery

[from J. van Wijk]
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方形树图 Treemaps
▪ 紧凑，空间填充，递归显示层次结构

▪ 用方形表示结点，方形大小表示结点的数值，用方形的组织、颜色、光照等表示层次

Cushion treemaps
[J. J. Van Wijk and H. Van de Wetering (1999), "Cushion 
treemaps: visualization of hierarchical information," doi: 
10.1109/INFVIS.1999.801860.]

不必画线区分节点，更有效利用空间

https://observablehq.com/@d3/treemap [By M. Bostock]

https://eagereyes.org/techniques/treemaps
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圆形树图 Circular/bubble treemaps

▪ 比方形树图松散，展示层次结构更清晰，方便添加额外信息和交互

https://observablehq.com/@d3/circle-packing

[By M. Bostock]
[J. Görtler et al. (2018), "Bubble Treemaps for Uncertainty Visualization," 
doi: 10.1109/TVCG.2017.2743959.]
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Sunburst graph

▪ 在圆形布局上展示树状结构

https://observablehq.com/@d3/sunburst
[By M. Bostock]
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图可视化 Graph visualization

▪ 图

▪ 顶点 vertex 

▪ 边 edge

▪ 无向图 undirected graph

▪ 有向图 directed graph

▪ 图绘制 graph drawing

https://observablehq.com/@d3/gallery

[By User:AzaToth - Image:6n-graf.png simlar input data, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=820489]

顶点 边

[By M. Bostock]
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图布局 Graph layout

▪ 节点连接图中如何合理布局

▪ 力导向布局

▪ 弹簧质点模型 spring-mass model

▪ 相连顶点间有引力和斥力

▪ 从初始状态不断迭代直到系统稳定

https://observablehq.com/@d3/force-directed-graph[By M. Bostock]
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边捆绑 Edge bundling

▪ 图的边较多时会使可视化杂乱(cluttered)，影响获取信息

▪ 将可视化中临近的边进行捆绑，降低杂乱程度

No bundling Force-based edge bundling

Geometry-based edge clustering
[W. Cui et al. (2008), "Geometry-Based Edge Clustering for Graph 
Visualization," doi: 10.1109/TVCG.2008.135.]

[D. Holten and J. J. van Wijk (2009), "Force-Directed Edge Bundling 
for Graph Visualization," doi: 10.1111/j.1467-8659.2009.01450.x.]

Figures from [D. Holten and J. J. van Wijk (2009), "Force-Directed 
Edge Bundling for Graph Visualization," doi: 10.1111/j.1467-
8659.2009.01450.x.]
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集合
▪ 欧拉图 Euler diagram ——不包括空集的集合间逻辑组合

▪ 文氏图 Venn diagram ——集合之间的所有逻辑组合（包括空集）

▪ 基于面积的方法

[https://en.wikipedia.org/wiki/Venn_diagram]

[C. Collins et al., "Bubble Sets: Revealing Set 
Relations with Isocontours over Existing 
Visualizations," doi: 10.1109/TVCG.2009.122.]
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平行集 Parallel sets
▪ 基于聚合的方法

▪ 类似于平行坐标系，但可视化分类数据

泰坦尼克号事故数据
https://observablehq.com/@d3/parallel-sets

[By M. Bostock]
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文本可视化 text visualization

▪ 结构化的数据之外存在大量非结构化的文本

▪ 需要可视方式更加直观高效地理解文本

https://textvis.lnu.se/
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词云 Word clouds (Wordle)

▪ 提供文本的简单概览：用词频控制词的大小

▪ 使用适当的颜色、字体、布局提升美观度

ShapeWordle
[Y. Wang et al. (2020), "ShapeWordle: Tailoring Wordles using Shape-aware 
Archimedean Spirals," doi: 10.1109/TVCG.2019.2934783.]

http://www.edwordle.net/

Wordle
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词树 Word tree

▪ 可视化关键词和其上下文

[M. Wattenberg and F. B. Viégas, (2008),  "The Word Tree, an Interactive Visual 
Concordance,"  doi: 10.1109/TVCG.2008.172.]
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可视化文本中的故事

▪ 可视化故事的发展

[S. Liu et al. (2013), "StoryFlow: Tracking the Evolution of Stories," doi: 
10.1109/TVCG.2013.196.]

[Y. Tanahashi and K. Ma (2012), "Design Considerations for Optimizing 
Storyline Visualizations," doi: 10.1109/TVCG.2012.212.]
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多文本可视化

▪ 总结科学文本重要信息和图

[H. Strobelt et al. (2009), "Document Cards: A Top Trumps Visualization for 
Documents," doi: 10.1109/TVCG.2009.139.]
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文本集合比较

▪ 关键词比较

[D. Oelke et al. (2014): Comparative Exploration of Document Collections : a Visual Analytics Approach, 
doi: 10.1111/cgf.12376]

https://dx.doi.org/10.1111/cgf.12376
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地理数据 

▪ 地图投影

▪ 直接可视化

▪ 分级统计图 choropleth map

▪ 轨迹可视化 trajectory visualization

[L. Zhou et al. (2020), "Photographic High-Dynamic-Range 
Scalar Visualization,“ DOI: 10.1109/TVCG.2020.2970522]

全球航线数据

https://doi.org/10.1109/TVCG.2020.2970522
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地图投影

▪ 球面→平面

▪ 投影的性质：等面积？等
角？南北极？

▪ 投影需要考虑各种畸变：
面积，方向，距离

▪ Mercator投影

▪ Winkel tripel 投影

https://observablehq.com/@d3/projection-comparison
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Mercator投影
▪ Gerardus Mercator，1569年

▪ 方便导航

▪ 投影到圆柱；远离赤道畸变很大

[By Jakub Nowosad - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=73955926]

[By Peter Mercator - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=20168429]

https://en.wikipedia.org/wiki/Gerardus_Mercator
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Winkel tripel 投影
▪ Winkel 1921

▪ 目标：最小化三种(tripel)畸变：

▪ 面积；方向；距离

▪ 国家地理学会National Geographic 
Society使用的标准投影

[By Strebe - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.
php?curid=16115375]

[By Justin Kunimune - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=664
67590]
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地理数据直接可视化

▪ 在地图相应位置（经纬度）绘制数据点

▪ 感知问题

纽约市出租车接客位置数据
[L. Zhou et al. (2020), "Photographic High-Dynamic-Range 
Scalar Visualization,“ DOI: 10.1109/TVCG.2020.2970522]

https://doi.org/10.1109/TVCG.2020.2970522


©周亮 Liang Zhou

分级统计图 Choropleth map

▪ Baron Pierre Charles Dupin, 1826, “cartes teintées” (coloured map)

▪ 在区划单元内用颜色表示数值

英法德三国人均GDP数据

[L. Zhou et al. (2020), "Photographic High-Dynamic-Range 
Scalar Visualization,“ DOI: 10.1109/TVCG.2020.2970522]

https://doi.org/10.1109/TVCG.2020.2970522
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轨迹可视化 Trajectory visualization

▪ 各种移动互联网应用采集了大量交通轨迹信息

▪ 空间时间spatio-temporal信息

[C. Tominski et al. (2012), "Stacking-Based Visualization of Trajectory 
Attribute Data," doi: 10.1109/TVCG.2012.265.]

[R. Scheepens et al. (2011), "Interactive visualization of multivariate 
trajectory data with density maps," doi: 
10.1109/PACIFICVIS.2011.5742384.]
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轨迹可视化

[http://vis.pku.edu.cn/trajectoryvis/en/index.html]
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可视分析

▪ 有机结合各种可视化，交互地进行数据分析

▪ User Interaction 用户交互

▪ Brushing and linking 关联更新 

▪ Linked views 关联视图 

▪ Focus + context 聚焦加上下文技术
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可视分析交互分类法

[Jeffrey Heer and Ben Shneiderman. 2012. Interactive dynamics for visual analysis. 
Commun. ACM 55, 4 (April 2012), 45–54. DOI:10.1145/2133806.2133821]

视图操纵

数据和视图定制

处理和记录 
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可视分析交互举例

https://observablehq.com/@d3/zoomable-circle-packing
气泡树图缩放

https://observablehq.com/@d3/versor-dragging

地球旋转

[Jeffrey Heer and Ben Shneiderman. 2012. 
Interactive dynamics for visual analysis. 
Commun. ACM 55, 4 (April 2012), 45–54. 
DOI:10.1145/2133806.2133821]

https://observablehq.com/@d3/zoomable-circle-packing
https://observablehq.com/@d3/versor-dragging
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可视分析交互举例

▪ 过滤filter；排序sort

https://observablehq.com/@jerdak/parallel-coordinates-d3-v4

平行坐标系查询 query

https://observablehq.com/@d3/sortable-bar-chart

https://observablehq.com/@jerdak/parallel-coordinates-d3-v4
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Brushing and Linking 关联更新

▪ 在一个视图中对数据进行选择(brushing)，在其他视图中显示更新
(linking)

Source: [Jeffrey Heer and Ben Shneiderman. 2012. Interactive dynamics for visual 
analysis. Commun. ACM 55, 4 (April 2012), 45–54. DOI:10.1145/2133806.2133821]
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Linked Views 关联视图

▪ 多个能同时显示并互相关联的视图，即在一个视图中的操作会影响其
他视图

[L. Zhou and C. Hansen (2013), 
“Transfer function design based on user 
selected samples for intuitive 
multivariate volume exploration,”, doi: 
10.1109/PacificVis.2013.6596130.]

多变量体数据探索系统
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Linked Views 关联视图

[R. Krüger et al. (2013), TrajectoryLenses – A Set‐based Filtering and 
Exploration Technique for Long‐term Trajectory Data. 
doi:10.1111/cgf.12132]

https://doi.org/10.1111/cgf.12132
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Linked Views 关联视图

[L. Zhou and C. Hansen (2013), “Transfer function design 
based on user selected samples for intuitive multivariate 
volume exploration,”, doi: 10.1109/PacificVis.2013.6596130.]
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Focus + Context 聚焦和上下文技术

▪ 展示兴趣区域(focus)，提示未展示部分(context)

[R. Krueger et al. (2014), "Visual Analysis of Movement Behavior Using Web Data 
for Context Enrichment," doi: 10.1109/PacificVis.2014.57.]

[J. Kruger et al. (2006), "ClearView: An Interactive Context Preserving 
Hotspot Visualization Technique," doi: 10.1109/TVCG.2006.124.]
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可视分析举例：轨迹可视化

▪ 分析交通、经济、社会生活等多方面信息

[Z. Wang et al. (2013), "Visual Traffic Jam 
Analysis Based on Trajectory Data," doi: 
10.1109/TVCG.2013.228.]
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可视分析举例：轨迹可视化

[S. Chen et al. (2016), "Interactive Visual Discovering of 
Movement Patterns from Sparsely Sampled Geo-tagged Social 
Media Data," doi: 10.1109/TVCG.2015.2467619.]
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可视分析举例：健康医疗

[R. Raidou et al. ”Bladder Runner: Visual Analytics for the 
Exploration of RT‐Induced Bladder Toxicity in a Cohort Study,”. 
doi:10.1111/cgf.13413]

https://doi.org/10.1111/cgf.13413
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可视分析举例：健康医疗

[N. Karall, et al. ”ChemoExplorer: A Dashboard for the Visual 
Analysis of Chemotherapy Response in Breast Cancer Patients,”. 
doi:10.2312/eurovisshort.20181077]
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可视化和可视分析工程实现
▪ 可视化和可视分析工具

▪ 科学可视化：
▪ ParaView https://www.paraview.org/
▪ SCI Institute的各种工具
https://www.sci.utah.edu/sci-software/visualization.html
▪ Inviwo https://inviwo.org/
▪ Voreen https://www.uni-muenster.de/Voreen/index.html
▪ ……

▪ 信息可视化，可视分析：
▪ Tableau https://www.tableau.com/
▪ Power BI https://powerbi.microsoft.com/
▪ ……

▪ 可视化软件库
▪ VTK https://vtk.org/
▪ D3 https://d3js.org/

▪ 编码实现可视化可视分析
▪ 编程语言：

▪ C++, JavaScript, Python, R……
▪ 技能：

▪ 交互界面（UI） 编程——Qt, Vue.js……
▪ 图形编程——OpenGL, WebGL
▪ 图形处理器（GPU） 编程——Shaders, CUDA

高多

少 低

编码工作量 灵活度

https://www.paraview.org/
https://www.sci.utah.edu/sci-software/visualization.html
https://inviwo.org/
https://www.uni-muenster.de/Voreen/index.html
https://www.tableau.com/
https://powerbi.microsoft.com/
https://vtk.org/
https://d3js.org/
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Paraview

▪ 科学可视化、可视分析，数据处理

▪ 开源软件；使用VTK库；支持大规模数据

https://www.paraview.org/

https://www.paraview.org/
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SCI Institute的各种工具
▪ 科学可视化的各种开源工具

▪ 包括集成式问题解决、图像分析、几何形状建模、模拟、可视化

https://www.sci.utah.edu/sci-software/visualization.html
https://www.sci.utah.edu/software/imagevis3d.html

https://www.sci.utah.edu/software/seg3d.html
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Inviwo
▪ 科学可视化

▪ 开源软件；模块化搭建可视化；高质量渲染

https://inviwo.org

https://inviwo.org/
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Voreen

▪ 科学可视化

▪ 开源软件；模块化搭建可视化；高质量渲染

https://www.uni-muenster.de/Voreen/index.html
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Tableau

▪ 信息可视化、可视分析

▪ 商业软件

https://www.tableau.com

https://www.tableau.com/
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Power BI

▪ 信息可视化、可视分析

▪ 商业软件

https://powerbi.microsoft.com/

https://powerbi.microsoft.com/
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VTK——The Visualization Toolkit

▪ 科学可视化，图像处理

▪ 开源软件；模块化；Paraview相当于VTK的图形界面

https://vtk.org/

https://vtk.org/
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D3—Data-Driven Documents

▪ JavaScript库

▪ 开源（一个.js文件）；方便操纵网页DOM；包含大量例子

https://d3js.org/

https://d3js.org/
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Qt

▪ 跨平台图形界面库——适合科学可视化可视分析应用

▪ 有开源版本；C++；有大量例子

https://www.qt.io/

https://www.qt.io/
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Vue.js

▪ JavaScript图形界面库——适合信息可视化可视分析应用

▪ 开源；有大量例子

https://vuejs.org/

https://vuejs.org/
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图形编程——OpenGL，WebGL
▪ 跨平台硬件加速图形接口

▪ OpenGL：单机应用；WebGL：网络应用

▪ 需熟悉现代图形流水线CPU+GPU；代码量较大；要仔细考虑计算效率

https://www.opengl.org/

https://www.opengl.org/
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图形处理器（GPU）编程——着色器（shaders）
▪ 在GPU上运行的并行程序编程，主要负责绘制

▪ GLSL（OpenGL着色器）；WebGL

WebGL着色器编程分享平台
（有大量例子）：
https://www.shadertoy.com/

https://www.shadertoy.com/
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图形处理器（GPU）编程——CUDA
▪ CUDA (Compute Unified Device Architecture)：nVidia公司的GPU加速的并行高性能计算平台和接口

▪ 大规模计算；需深刻理解硬件和并行计算原理；各种科学计算；深度学习

https://developer.nvidia.com/cuda-toolkit

https://developer.nvidia.com/cuda-toolkit
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▪ 可视计算：所有和图形图像相关的计算机领域的统称（包括可视化，图形学，图像处
理，虚拟/增强现实，等等）

▪ 可视计算能为健康医疗做什么？

▪ 对健康医疗数据进行可视化、可视分析

▪ 面向专家；面向大众

▪ 辅助健康医疗过程，提高健康医疗实践水平

▪ 健康医疗能为可视计算做什么？

▪ 为可视化可视分析设计感知实验，用户实验

▪ 利用生理学、心理物理学中的模型提出新的可视计算方法

研究展望：健康医疗与可视计算互动

https://blog.csdn.net/hacker_long/article/details/84723368许可证: CC BY-SA
https://www.visus.uni-
stuttgart.de/img/presse_und_medien/multimedia/galerie_visualisierungen/visualisierungslabor_und_powe
rwall/6453514365.png?__scale=w:1200,h:675,cx:0,cy:42,cw:800,ch:450

可视计算 健康医疗

https://blog.csdn.net/hacker_long/article/details/84723368
https://creativecommons.org/licenses/by-sa/3.0/
https://www.visus.uni-stuttgart.de/img/presse_und_medien/multimedia/galerie_visualisierungen/visualisierungslabor_und_powerwall/6453514365.png?__scale=w:1200,h:675,cx:0,cy:42,cw:800,ch:450
https://www.visus.uni-stuttgart.de/img/presse_und_medien/multimedia/galerie_visualisierungen/visualisierungslabor_und_powerwall/6453514365.png?__scale=w:1200,h:675,cx:0,cy:42,cw:800,ch:450
https://www.visus.uni-stuttgart.de/img/presse_und_medien/multimedia/galerie_visualisierungen/visualisierungslabor_und_powerwall/6453514365.png?__scale=w:1200,h:675,cx:0,cy:42,cw:800,ch:450
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▪ 解决临床和实验中的具体问题

面向专家的健康医疗可视分析

鼻腔气流分析 [S. Zachow et al., "Visual Exploration of Nasal Airflow," doi: 

10.1109/TVCG.2009.198.]

放疗导致膀胱中毒分析[R. Raidou et al. ”Bladder Runner: Visual Analytics 

for the Exploration of RT‐Induced Bladder Toxicity in a Cohort Study,”. doi:10.1111/cgf.13413]

骨盆肿瘤手术规划 
[N. Smit et al., "PelVis: Atlas-based Surgical Planning for Oncological Pelvic Surgery," doi: 10.1109/TVCG.2016.2598826.]

https://doi.org/10.1111/cgf.13413
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面向大众的健康医疗可视化

▪ 医疗参与者信息不对称亟待解决

▪ 如何让普通人看懂病历，化验结果，处方？

▪ 如何向普通人更好地解释手术方案，建立合理预期？

▪ 医学科普

https://betterhealthwhileaging.net/wp-
content/uploads/2017/09/Depositphotos1338
33238m-2015-compressor.jpg, license: 
creative commons

https://betterhealthwhileaging.net/wp-content/uploads/2017/09/Depositphotos133833238m-2015-compressor.jpg
https://betterhealthwhileaging.net/wp-content/uploads/2017/09/Depositphotos133833238m-2015-compressor.jpg
https://betterhealthwhileaging.net/wp-content/uploads/2017/09/Depositphotos133833238m-2015-compressor.jpg
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▪ 增强/虚拟现实进行临床训练

▪ 增强/虚拟现实辅助、提高临床实践

可视计算辅助健康医疗过程

虚拟环境触诊训练
[S. Ullrich and T. Kuhlen, "Haptic Palpation for Medical Simulation in Virtual 
Environments," doi: 10.1109/TVCG.2012.46.]

增强现实辅助进针
 [F. Heinrich et al., "Comparison of Augmented Reality Display Techniques to 
Support Medical Needle Insertion," doi: 10.1109/TVCG.2020.3023637.]
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▪ 更广泛意义上的健康：体育运动中的动作引导

可视计算辅助健康医疗过程

混合现实动作引导
[X. Yu et al., “Perspective Matters: Design Implications for Motion 
Guidance in Mixed Reality,” (ISMAR 20’), to appear.]
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▪ 通过感知实验得知眩光是前注意（preattentive）视觉元素

感知实验设计

[L. Zhou, M. Rivinius, C. R. Johnson, and D. Weiskopf, "Photographic High-Dynamic-Range Scalar 
Visualization," doi: 10.1109/TVCG.2020.3030473]

ours linear mapping gamma mapping logarithmic mapping
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基于阈值空间视觉的感知增强
• 对比敏感度函数（Contrast Sensitivity Function)---Daly’s CSF

• 计算不同图像不同频段的对比度

• 利用虚拟观测距离调节对比度增强幅度

http://www.cityastronomy.com/rez-mag-contrast.htm[L. Zhou and D. Weiskopf (2018). Contrast Enhancement based on 
Viewing Distance, doi: 10.1145/3231622.3231628]
[L. Zhou et al. (2019). Perceptually Guided Contrast Enhancement 
Based on Viewing Distance, doi: 10.1016/j.cola.2019.100911 ]

https://doi.org/10.1145/3231622.3231628
https://doi.org/10.1016/j.cola.2019.100911
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▪ 利用其它感知现象、感知模型提出高效的可视计算方法

基于感知模型提出高效的可视计算方法

基于空间时间视觉模型提高虚拟现实绘制效率
[G. Denes et al. "Temporal Resolution Multiplexing: Exploiting the limitations of 
spatio-temporal vision for more efficient VR rendering," doi: 
10.1109/TVCG.2019.2898741.]
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▪ 健康医疗为虚拟环境建模

▪ 身体指标、性别、年龄、疾病等等

用健康医疗中的模型为虚拟环境建模

虚拟环境中的体型体重感知 [Anne Thaler et al. 2019. The Influence of Visual Perspective on Body Size 

Estimation in Immersive Virtual Reality. DOI:https://doi.org/10.1145/3343036.3343134]



©周亮 Liang Zhou

总结

▪ 可视化领域分类

▪ 科学可视化

▪ 信息可视化

▪ 可视分析

▪ 可视化和可视分析工程实现

▪ 健康医疗与可视计算研究展望

心肌缺血模拟数据集合可视化
[L. Zhou et al. (2020). Data-Driven Space-Filling Curves. 
doi: 10.1109/TVCG.2020.3030473.]
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