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• Matplotlib
• Seaborn
• Plotly
• Contextily
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Visualization – Methods
• Several visualization functions were developed in built-in 

package, such as line, scatter, boxplot, and histogram.
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Data Science Mindset
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Raw Dataset

Pre-processed
Dataset

Other Analyses

Machine Learning/
Deep Learning

Training Dataset Testing Dataset

Data Splitting

Evaluation/ Validation

Data imputation
Data cleaning
Correlation
Dimension reduction
Feature selection
Merging/ aggregation

Data Explore
- Distribution
- Frequency
- Trend

Figure source: https://bit.ly/3BJd2d4

https://bit.ly/3BJd2d4?fbclid=IwAR32DIDC8pH4cFgBVzwdXZX85ws_ke-2U7rGl5CaeQaHMu7QrTijtY_ifiA


Line Plot & Scatter Plot
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1D Histogram
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2D Histogram
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Area Plot
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Stem Plot & Violin Plot
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Source: https://seaborn.pydata.org/generated/seaborn.violinplot.htmlSource:
https://matplotlib.org/stable/gallery/lines_bars_and_markers/stem_plot.
html#sphx-glr-gallery-lines-bars-and-markers-stem-plot-py

Discrete Data
Probability Mass Function

Continuous Data

https://seaborn.pydata.org/generated/seaborn.violinplot.html
https://matplotlib.org/stable/gallery/lines_bars_and_markers/stem_plot.html
https://matplotlib.org/stable/gallery/lines_bars_and_markers/stem_plot.html


Box Plot
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Strip Plot and Swarm Plot
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Source: https://seaborn.pydata.org/generated/seaborn.stripplot.html Source: https://seaborn.pydata.org/generated/seaborn.swarmplot.html

https://seaborn.pydata.org/generated/seaborn.stripplot.html
https://seaborn.pydata.org/generated/seaborn.swarmplot.html


Error Bar
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Pie Chart
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Bar Chart
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Rose Plot & Radar Plot
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Lin et al. (2022) Profile diversity of galacto-oligosaccharides from disaccharides
to hexasaccharides by porous graphitic carbon liquid chromatography-orbitrap
tandemmass spectrometry. Food Chem. Vol. 390. 133151.

Source: https://en.wikipedia.org/wiki/Radar_chart#/media/File:MER_Star_Plot.gif

https://en.wikipedia.org/wiki/Radar_chart


Biplot & Control Chart (I) 
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Control Chart (II)
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Forest Plot
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Diseased Healthy
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Not Exposed 10 490
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Quantile-quantile Plot (Q-Q Plot)
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Combination Chart
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Map #1
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• Important elements in the figure.
1. Title
2. X/ Y tick label
3. X/ Y label
4. Legend (size, color, symbol)
5. Grid (optional)
6. Error bar (optional)
7. Confidence interval (optional)
8. Colormap (optional)
9. Compass icon(optional)
10. Scale bar(optional)

Figures are from Chan et al. (2022). A novel evaluation of air pollution impact from 
stationary emission sources to ambient air quality via time-series Granger causality. 
Earth Data Analytics for Planetary Health. Springer.



Map #2
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Figures are from Chan et al. (2022). A novel evaluation of air pollution impact from 
stationary emission sources to ambient air quality via time-series Granger causality. 
Earth Data Analytics for Planetary Health. Springer.



Map #3
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Map #4
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Map #5
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Colormap
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Figure source: 
https://matplotlib.org/stable/gallery/color/colormap_refere
nce.html#sphx-glr-gallery-color-colormap-reference-py

• Colormap selection

https://matplotlib.org/stable/gallery/color/colormap_reference.html
https://matplotlib.org/stable/gallery/color/colormap_reference.html


Colormap
• Colormap selection
• Do not pick more than 8 colors from graduated colormap
• Graduated colormaps are for continuous values
• Discrete colormaps are for categorical values
• … (think about it!)

• To better the understanding of figures…
• Use different sizes or symbols to represent different data
• Plot different data into the same subplot/ figure
• Use subplot with fixed x and y ranges
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Matplotlib
• Matplotlib is a useful package for visualization; however, we

cannot demonstrate all functions in this class. But we still
introduce the most useful functions.
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# import python packages
import matplotlib.pyplot as plt 



Scatter and Line
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import matplotlib.pyplot as plt
import numpy as np
# Fixing random state for reproducibility
np.random.seed(19680801)
N = 100
r0 = 0.6
x = 0.9 * np.random.rand(N)
y = 0.9 * np.random.rand(N)
area = (20 * np.random.rand(N))**2 # 0 to 10 point radii
c = np.sqrt(area)
r = np.sqrt(x ** 2 + y ** 2)
area1 = np.ma.masked_where(r < r0, area)
area2 = np.ma.masked_where(r >= r0, area)
plt.scatter(x, y, s=area1, marker='^', c=c)
plt.scatter(x, y, s=area2, marker='o', c=c)
# Show the boundary between the regions:
theta = np.arange(0, np.pi / 2, 0.01)
plt.plot(r0 * np.cos(theta), r0 * np.sin(theta))
plt.show()



Histogram
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import matplotlib.pyplot as plt
import numpy as np

plt.figure(figsize=[12,6], dpi=300)
plt.hist(jp['Age'], bins=30, facecolor='#81D8D0', edgecolor='gray')
plt.axis([0,92,0,100])
plt.grid(True)
plt.show()



Error Bar
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import matplotlib.pyplot as plt
import numpy as np

plt.figure(figsize=[12,6], dpi=300)
plt.errorbar(np.arange(20), mean['Age'], yerr=std['Age'], capsize=5, linestyle='', 
color='k')
plt.scatter(np.arange(20), mean['Age'], c='k')
plt.xticks(np.arange(20), mean['Nationality’], 

rotation=60)
plt.ylabel('Age', fontsize=14)
plt.xlabel('Nationality', fontsize=14)
plt.grid(True)
plt.show()



Line
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import matplotlib.pyplot as plt
import numpy as np

# Data for plotting
t = np.arange(0.0, 2.0, 0.01)
s = 1 + np.sin(2 * np.pi * t)

fig, ax = plt.subplots()
ax.plot(t, s)

ax.set(xlabel='time (s)', ylabel='voltage (mV)',
title='About as simple as it gets, folks')

ax.grid()

fig.savefig("test.png")
plt.show()



Step
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import matplotlib.pyplot as plt
import numpy as np

x = np.arange(14)
y = np.sin(x / 2)

plt.step(x, y + 2, label='pre (default)')
plt.plot(x, y + 2, 'o--', color='grey', alpha=0.3)

plt.step(x, y + 1, where='mid', label='mid')
plt.plot(x, y + 1, 'o--', color='grey', alpha=0.3)

plt.grid(axis='x', color='0.95')
plt.legend(title='Parameter where:')
plt.title('plt.step(where=...)')
plt.show()



Plot R Theta Phi
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import matplotlib.pyplot as plt
import numpy as np

r = np.arange(0, 2, 0.01)
theta = 2 * np.pi * r

fig, ax = plt.subplots(subplot_kw={'projection': 'polar'})
ax.plot(theta, r)
ax.set_rmax(2)
ax.set_rticks([0.5, 1, 1.5, 2])
ax.set_rlabel_position(-22.5)
ax.grid(True)

ax.set_title("A line plot on a polar axis", va='bottom')
plt.show()



Seaborn
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Pairplot
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Pairplot
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Plotly
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Plotly
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Sankey Diagram

6 NOVEMBER 2023 CHUN-HSIANG CHAN (2023) 40

Plz see demo code



Contextily
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Contextily
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Contextily
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•Assignment:
• Download today’s lab practice 

and upload to moodle.
• Thx
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The End
Thank you for your attention!
Email: chchan@ntnu.edu.tw
Web: toodou.github.io


