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1. Software preparation
1.1. Download Anaconda installer

“Anaconda is a freemium open source distribution of the Python and R programming languages for
large-scale data processing, predictive analytics, and scientific computing, that aims to simplify package
management and deployment.” --https://en.wikipedia.org/wiki/Anaconda_(Python_distribution)

It includes all the packages and tools we need and is completely free.
It can be downloaded at:

https://www.continuum.io/downloads

There are different versions of Anaconda for Windows, macOS and Linux; Python 3.6 and 2.7. It will be
about 2 Gb after installation and downloading all packages. We suggest Python 3.6.
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Figure Ul. Download Anaconda

1.2. Install Anaconda

Double click the installer to launch


https://www.continuum.io/downloads

NOTE: If you encounter any issues during installation, temporarily disable your anti-virus software
during install, then re-enable it after the installation concludes. If you have installed for all users,
uninstall Anaconda and re-install it for your user only and try again.

Click Next.
Read the licensing terms and click “I Agree”

Select an install for “Just Me” unless you’re installing for all users (which requires Windows
Administrator privileges) and click Next.

Select a destination folder to install Anaconda and click the Next button.

NOTE: Install Anaconda to a directory path that does not contain spaces or unicode characters.
NOTE: Do not install as Administrator unless admin privileges are required.

Choose whether to add Anaconda to your PATH environment variable.

We recommend not adding Anaconda to the PATH environment variable, since this can interfere with
other software. Instead, use Anaconda software by opening Anaconda Navigator or the Anaconda
Prompt from the Start Menu.

Choose whether to register Anaconda as your default Python 3.6.

Unless you plan on installing and running multiple versions of Anaconda, or multiple versions of Python,
you should accept the default and leave this box checked.

Click the Install button.

You can click Show Details if you want to see all the packages Anaconda is installing.

Click the Next button

After a successful installation, you will see the “Thanks for installing Anaconda” dialog box:
Click the Finish button

After your install is complete, verify it by opening Anaconda Navigator, a program that is included
with Anaconda: from your Windows Start menu, select the shortcut Anaconda Navigator. If Navigator
opens, you have successfully installed Anaconda.

Anaconda Navigator

If you had any issue installing the Anaconda, please visit https://docs.anaconda.com/anaconda/install/
for help.

2. Getting started

2.1. Open Anaconda Navigator

Find Anaconda 3 in “Windows Start Menu” and click “Anaconda Navigator” to open

2.2. Click “Launch” to open “Jupyter Notebook”

Figure 7 Lunch “Jupyter Notebook” in Anaconda Navigator


https://docs.anaconda.com/anaconda/install/

It will open in your internet browser (for me it’s a Chrome) an the default file location is under your
system user folder. (for example C:\Users\Username)
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Figure U2. Open Jupyter Notebook
2.3. Run an example code
Download an example code from the link below and save it to “downloads” folder.

http://scikit-learn.org/stable/ downloads/plot svm nonlinear.ipynb

use the file browser to navigate and open the download source code above. It should look like Figure
U3 below.

Is/ % /  plot_svm_nonlinear x LEyan)
© | @ localhost:8888/notebooks/Downloads/plot_svm_nonlinear.ipynb % & & 0@ O ¢ ]
: }U pyter plotfsvmfnonlinear Last Checkpoint: a minute ago (unsaved changes) P Logout
File Edit View Insert Cell Kernel Widgets Help ‘ Python 3 O
B+ & @B 4+ ¢ M B C |Code ¥ B2 | CellToolbar

In [ ]: %matplotlib inline

Non-linear SVM

Perform binary classification using non-linear SVC with RBF kernel. The target to predict is a XOR of the inputs.

The color map illustrates the decision function learned by the SVC,

In [ ]:|print{_ doc_ )

import numpy as np
import matplotlib.pyplot as plt
from sklearn import svm

XX, Yy = np.meshgrid(np.linspace(-3, 3, 500),
np.linspace(-3, 3, 560))

np.random.seed(8)

X = np.random.randn(3e8, 2)

Y = np.logical_xor(X[:, @] > @, X[:, 1] » @)

# fit the model

clf = svm.NusSVC()

clf.Fit(X, Y)

clf.decision_function(np.c_[xx.ravel(), yy.ravel()])

plot the decision function for each datapoint on the grid
= Z.reshape(xx.shape)

Z
z

plt.imshow(Z, interpolation='nearest’,
extent=(xx.min(), xx.max(), yy.min(), yy.max()), aspect='auto’,
origin="1lower', cmap=plt.cm.Pulr_r)
contours = plt.contour(xx, vy, Z, levels=[@], linewidths=2,
linetypes="--")
plt.scatter(X[:, @], X[:, 1], s=3@, c=Y, cmap=plt.cm.Paired)

S N L A AR

Figure U3. Example code for non-linear SVM


http://scikit-learn.org/stable/_downloads/plot_svm_nonlinear.ipynb

M

In “Cell” click “Run All” or run cells by clicking the as shown in Figure U4.

L .
s Jupyter plot_svm_nonlinear Last Checkpoint: 07/18/2017 (autosaved)

File Edit View Insert Kernel Widgets Help

+ x an 4+ V¥ Run Cells CellToolbar
Run Cells and Select Below
Run Cells and Insert Below
In [1]: %matplotlib inl

* Run All Above
Run All Below

Non-line:
Figure U4. Run All cells to test the example code

The program should generate a plot similar to Figure U5.

plt.scatter(X[:, ©], X[:, 1], s=30, c=Y, cmap=plt.cm.Paired)
plt.xticks(())

plt.yticks(())

plt.axis([-3, 3, -3, 3])

plt.show()

Automatically created module for IPython interactive environment

s

Figure U5. Expected output from example code

3. EIS data analysis with SVM machine learning
3.1. Data preparation
Raw EIS data usually includes frequency with real impedance (Z’) and imaginary impedance (Z”) at
that frequency as shown in Figure U6.



A B €
Frequency [Hz] 2'_raw [Ohm] Z"_raw [Ohm)]

0 99999.99984 258.054229 -7.637512
1 85769.58917 255.299691 -17.882566
2 73564.22411 278.492955 -18.88002
3 63095.73291 275.258838  -15.963164
4 54116.95083 289.347566  -28.062849
5 4641588639 287.247927  -26.796648
6 39810.71513 286.058176  -32.585536
7 3414548673 296.438676  -33.791812
8 2928644376 301.039143 -34.728174
9 25118.8625 300.781714  -35.632715
10 21544.34515 307.305851  -40.781186
11 18478.4963 308.219676  -39.220288
12 15848.93039 312.550444  -44.296644
13 13593.56249 311.666707  -50.051774
14 11659.14268 315.616756  -54.547519
15 9999.998792 318.54106  -58.196081
16 8576.957885 322.457927  -63.004504
17 7356.421543 326.558636  -69.321829
18 6309.57253 330.949427  -77.043239
19 5411.69444 336.52842  -84.527607
20 4641588089 343.795531 -92.286639
21  3981.071029 352501566 -102.064143
22 3414548269 359.595675 -112.278786
23 2928.644022 372.104547 -122.381571

24 2511.885947 385.386363 -134.632903

Figure U6. A part of representative raw EIS data.
Make sure all you EIS test are using the same frequency range then crate an excel sheet as shown in
Figure U7, where first column are names, second column are labels, each following column is one
feature which is either real impedance or imaginary impedance at a frequency.
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Figure U7. Excel template first step

Then, copy and transpose paste all real impedance (column B in Figure 12) to row 2 in Figure 13
starting at column C. (you may need to transpose paste the data in its original sheet then copy and
paste to the template).

Next, using similar method as described above, copy all imaginary impedance (column Cin Figure 12)
to row 2 in Figure 13 starting at column CA (I have 76 frequencies in one EIS, | named row 1 from C as
1,2,3..76,77, to 152). Use your own naming system to give each EIS scan a unique name and put it in

column A. Set a label (0 or 1 for binary classification) and put it in column B as shown in Figure US.



A ‘ B C _ BZ , CA ‘ CB | EW | EX |
1 Jname label il 76 77 78 151 152
2 |4BZG1 0 258.054229 1621.41 -7.63751 -17.8826 -873.914 -939.174
A

Figure U8. Pasted imaginary impedance into row 2 from column CA to EX

(columns D-BY and CC-EV are hidden). Name and label added

Transfer all you EIS data that you are interested in classification (usually with similar experimental
setting and a single variable) to the template and save it as *.csv file

dataProject.csv - Excel Yue Rong
Insert Page Layout Formulas Data Review View Kutools Enterprise Add-ins ACROBAT Team ) Tell me what you want to do
=L b cut Calibri 1 A & - eWrap Text General L .,4 Normal Bad Good €m =X [y % '::‘Df
X . . ill -
faste (:“P)’ BIU- risa~ e € 5= [ CMerge & Center - $ % 9 %8 4% Conditional Formatas Neutral Calculation .| Insert Delete Format | g cjqp,
- ‘ormat Painter Formatting - Table - o -
Clipboard Font Alignment Number Styles Cells
Al - x| name
A B © D E F G H 1 J K L M N [¢] P Q R
1 [name Label 1 2 3 a4 5 6 7 8 9 10 11 12 13 14 15 16
= 2 4B2G1 0 258.0542 255.2997 278.493 275.2588 289.3476 287.2479 286.0582 296.4387 301.0391 300.7817 307.3059 308.2197 312.5504 311.6667 315.6168 318.5411
= 3 4B2G2 0 265.8894 268.0702 273.757 285.1902 2784257 290.3433 291.5499 293.6509 302.0073 302.9377 307.6231 308.7262 312.3669 313.9265 315.5427 319.354
4 4B2G3 0 267317 266.4577 2763333 2754226 286.8759 282.8898 294.9838 2987177 299.2943 304.1186 3069148 307.7466 3120538 312.9816 315.566 3183924
& 5 5B2G1 0 2129031 210.1753 2263933 227.7355 227.9052 226.8304 234.8648 238.0592 239.7823 242.3075 242.45 245.1441 246.9025 247.1612 249.6174 253.1013
6 5B2G2 0 221.8998 225.2367 2315692 227.6233 227.1677 228.3944 234.2414 240.8749 242.4335 243.288 244.2544 247.5539 2473955 248675 250.9991 253.9048
W | 7 5B2G3 0 220.5023 213.8915 224.6013 228.9741 2254477 231434 239.4562 239.4411 240.5017 244.0199 246.1277 246.6161 248.3261 249.4041 251.0594 253.8992
8 6B2G1 0 166.9949 173.7204 184.3192 169.5682 173.2099 176.5317 179.8662 179.617 183.9284 185.823 186.4487 188.3658 190.5809 191.4963 193.6587 196.2139
9 6B2G2 0 179.0694 182.0632 1719485 169.2709 183.162 179.8637 183.721 182.0691 184.8741 185.6762 187.9043 189.6923 191.1944 191.7999 192.7237 196.459
10 6B2G3 0 168.6349 182.5261 178646 174.2017 177.7401 179.4154 182.8754 1843721 187.3621 184.121 186.3112 189.6721 191.2342 191.5679 193.5646 196.9216
11 4B2G5A1 1 259.9313 259.0188 266.8876 284.1592 285.0439 286.6123 294.9715 297.3411 304.1833 302.6753 305.6459 309.1808 311.1617 310.8451 313.0142 317.0626
12 4B2G5A2 1 263466 2664305 2835566 278.298 285.1393 285.0858 289.288 298.2087 300.9645 302.7892 303.546 306.7226 309.8123 310.6402 311.6402 316.1097
13 4B2G5A3 1 2657502 266.4175 2723123 276.0552 276.7814 2880103 291.8241 293.7257 299.5611 301.3291 303.3106 303.8075 308.4623 310.1837 312.8859 316.5454
14 5B2G5A1 1 214.0163 227.5339 2239881 230.3015 2257774 2329494 236.9239 240.9703 2429936 2414223 2456318 249.8173 2499303 249.7395 251.7926 253.9502
15 5B2G5A2 1 221.6863 218.2461 224.2944 225.4269 234.8084 235.1881 237.1379 239.1588 242.6543 243.4588 245.48 247.0395 249.6863 250.0278 251.7821 254.6247
16 5B2GS5A3 1 219.98 212.6655 217.8348 232.9979 229.0809 234,607 239.0655 2427952 240.4469 246.9357 247.8388 248.3381 250.0531 249.12 250.7349 2543541
17 6B2G5A1 1 186.333 178.2627 177.4258 185.1232 182.1481 184.8892 182.5009 183.927 188.007 190.4824 191.2653 190.0282 193.1123 193.4678 194.8699 196.8375
18 6B2G5A2 1 179.8914 173.6595 173.5661 180.1657 180.2534 182.6176 184.5293 184.7471 186.4101 187.6895 187.2631 189.8662 190.9922 191.2556 192.9192 194.9413
19 6B2G5A3 1 1823292 179.924 177.2412 167.8647 180.4624 179.4651 185.4587 1836399 1883154 186.6553 189.5718 189.8636 191.809 191.5059 193.1888 195.5724
20 4B1G5A1 1 286.9791 291.5914 2976871 292.363 306.4467 3144559 308.4549 3227986 324.8604 325.3788 3252187 333.2716 331.9342 3335523 336.6442  337.86
21 4B1G5A2 1 2729672 281.8878 288.8579 313.4164 310.8411 312.8765 312.6907 309.6892 323.1059 325.5448 327.3001 327.981 332406 333.0716 333.1723 3373366
22 4B1G5A3 1 2952762 283.1599 300.0213 297.0929 299.5606 307.4459 310.4039 321.0305 319.0035 325.234 326.0285 330.9777 332.898 331.6771 334.3737 3383772

Figure U9. Example raw EIS dataset ready for SVM machine learning

This example file can be downloaded from:
https://www.dropbox.com/s/7ftbm75mpyjémcl/dataProject.csv?dI=0

Each row is a data from one run of a sample (one EIS/CV scan)
The label column is used for supervised classification/regression. It could be binary or quantitate
depends on your applications.
For example:
In this dataset, “0” represent the blank/negative EIS results with no acetone in the samples; “1”
represent the positive results with 5mM acetone concentration in the samples.
If you are testing glucose with 0, 1, 10 and 100 mM, you may label them as either “0,1,2,3” or
“0,1,10,100” depending on doing classification or regression.
Each column followed is called a “feature” that in EIS is the real or imaginary impedance at a certain
frequency.

3.2. SVM code for EIS data
The code can be downloaded from:
https://www.dropbox.com/s/7ftbm75mpyjémcl/dataProject.csv?dl=0

Opened it in “Jupiter notebook” and put the datafile prepared as above in the same folder.
Run the code by cells.


https://www.dropbox.com/s/7ftbm75mpyj6mc1/dataProject.csv?dl=0
https://www.dropbox.com/s/7ftbm75mpyj6mc1/dataProject.csv?dl=0

M “Jupyter notebook”

j JU pyter ML_EIS-Figures Last Checkpoint: 7 minutes ago (unsaved changes) P Logout
File Edit View Insert Cel Kernel Widgets Help Python3 O
B + x| B o+ M B C| code v @ | CellToolbar

In [1]: dimport pandas as pd
impert numpy as np
from sklearn import svm
from sklearn import preprocessing
from sklearn.decomposition import PCA
#import data
df=pd.read_csv('dataProject.csv', header=8);
X1=df.ix[:,2:154] #instances
#X1. head(
X=X1.values
# standardscale data
from sklearn import preprocessing
X_scaled=preprocessing.scale(X)

pca = PCA(n_components=2).fit(X_scaled)
X_2d = pca.transform(X_scaled)

#define Lables
from sklearn.preprocessing import LabelEncoder
y = df.loc[:, 'Label’].values

#y

Figure U10. reading EIS dataset and data preprocessing

This cell read the EIS dateset from ‘dataProject.csv’
The data was scaled using preprocessing.scale(X). And a principle component analysis (PCA) was
performed to decompose the data into two dimensional.

In [2]:  #set training set
from sklearn.model_selection import train_test_split
X_train, X_test, y_train, y_test =\
‘ train_test_split(X_2d, y, test_size=0.20, random_state=1)

Figure U11. Split data into training and testing sets.

EIS data were split into 80% training and 20% testing.

In [3]: dimport matplotlib.pyplot as pl

%matplotlib

Using matplotlib backend: Qt5Agg

Figure U12. Pyplot from matplotlib package was imported and figures are set to appear in a
new window.

Figures plotting tools was loaded.



In [4]:  #

#Fig 2

h = .02 # step size in the mesh

#C = 18 # SVM regularization parameter

svc = svm.SVC(kernel="linear"').fit(X_train, y_train)

rbf_svc = svm.SVC(kernel="rbf').fit(X_train, y_train)

poly svc = svm.SVC(kernel='poly').fit(X_train, y_train)
sigmod_svc = svm.SVC(kernel='sigmoid').fit(X_train, y train)

# create a mesh to plot in

x_min, x max = X_train[:, @].min() - 1, X _train[:, ©].max() + 1

y_min, y max = X_train[:, 1].min() - 1, X_train[:, 1].max() + 1

XX, yy = np.meshgrid(np.arange(x_min, x_max, h),
np.arange(y_min, y _max, h))

# title for the plots
titles = ['SVC with linear kernel’,
'SVC with sigmoid kernel',
'SVC with RBF kernel®,
‘SVC with polynomial (degree 3) kernel']

for k, clf in enumerate((svc, sigmod_svc, rbf_svc, poly svc)):
# Plot the decision boundary. For that, we will assign a color to each
# point in the mesh [x min, x max]x[y min, y max].
pl.subplot(2, 2, k + 1)
pl.subplots_adjust(wspace=0.4, hspace=0.4)

Z = clf.predict(np.c_[xx.ravel(), yy.ravel()])

# Put the result into a color plot
Z = Z.reshape(xx.shape)
pl.contourf(xx, yy, Z, cmap=pl.cm.coolwarm, alpha=08.5)

# Plot also the training points
pl.scatter(X_2d[:, @], X_2d[:, 1], c=y, cmap=pl.cm.coolwarm,s=20)

#Plot score

pl.text(@.6,0.9, ('Test accuracy: %.2f' % clf.score(X_2d, y)), transform=pl.gca().transAxes,
bbox={'facecolor': 'white'})

pl.xlabel('Sepal length')
pl.ylabel( Sepal width')
pl.xlim(xx.min(), xx.max())
pl.ylim(yy.min(), yy.max())
pl.xticks(())
pl.yticks(())
pl.title(titles[k])

pl.show()

Figure U13. code cell for kernel selection

SVC with linear kernel

Test accuracy: 0.96

SVC with sigmoid kernel

Test accuracy: 0.83

Sepal width
Sepal width

Sepal length Sepal length
SVC with RBF kernel SVC with polynomial (degree 3) kernel

Test accuracy: 0.96

Sepal width
Sepal width

Sepal length Sepal length

Figure U14. Result figure from the kernel selection code



In [6]: from sklearn.model_selection import cross_val_score

scores = cross_val_score(estimator=svm.SVC(kernel='rbf', gamma=0.01, C=19),
X=X_2d,
Y=y,
cv=10,
n_jobs=10)
print('CV accuracy scores: %s' % scores)
print('CV accuracy: %.3f +/- %.3f' % (np.mean(scores), np.std(scores)))

CV accuracy scores: [ ©.66666667 1. 9.83333333 1. L L 1.
1. 1. 1. ]
CV accuracy: 0.950 +/- 0.107

Figure U15. Cross validation and its result.

In [7]: from matplotlib.colors import Normalize

from sklearn.svm import SVC

from sklearn.preprocessing import StandardScaler

from sklearn.datasets import load iris

from sklearn.model_selection import StratifiedShuffleSplit
from sklearn.model_selection import GridSearchCV
%matplotlib

class MidpointNormalize(Normalize):

def __init__ (self, vmin=None, vmax=None, midpoint=None, clip=False):
self.midpoint = midpoint
Normalize.__init__(self, vmin, vmax, clip)

def _ call (self, value, clip=None):
X, ¥y = [self.vmin, self.midpoint, self.vmax], [0, 0.5, 1]
return np.ma.masked_array(np.interp(value, x, y))

C_range = np.logspace(-5, 8, 14)

gamma_range = np.logspace(-9, 4, 14)

param_grid = dict(gamma=gamma_range, C=C_range)

cv = StratifiedShuffleSplit(n_splits=10, test size=0.2, random_state=12)
grid = GridSearchCV(SVC(), param_grid=param_grid, cv=cv)
grid.fit(X_train, y_train)

print("The best parameters are %s with a score of %@.2f"
% (grid.best_params_, grid.best_score_))

# Now we need to fit a classifier for all parameters in the 2d version
# (we use a smaller set of parameters here because it takes a while to train)

C_2d_range = [1,10, 100, 1000,10000]
gamma_2d_range = [le-4,1le-3, le-2,le-1,1]
classifiers = []
for C in C_2d_range:
for gamma in gamma_2d_range:
clf = SVC(C=C, gamma=gamma)
clf.fit(X_train, y_train)
classifiers.append((C, gamma, clf))

Using matplotlib backend: QtSAgg
The best parameters are {'C': 10.0, 'gamma': 0.01} with a score of ©.99

Figure U16. Finding the best parameters for RBF kernel and its results.



In [9]: import matplotlib.pyplot as plt
#plt. figure(figsize=(8, 6))
#xx, yy = np.meshgrid(np.linspace(-3, 3, 200), np.linspace(-3, 3, 200))
h=.1
x_min, x max = X_train[:, ©].min() - 1, X train[:, 0].max() + 1
y min, y max = X_train[:, 1].min() - 1, X train[:, 1].max() + 1
xx, yy = np.meshgrid(np.arange(x_min, x_max, h),
np.arange(y_min, y max, h))

for (k, (C, gamma, clf)) in enumerate(classifiers):

# evaluate decision function in a grid

7 = clf.decision_function(np.c_[xx.ravel(), yy.ravel()])

7 = Z.reshape(xx.shape)

# visualize decision function for these parameters

plt.subplot(len(C_2d_range), len(gamma_2d_range), k + 1)

plt.subplots_adjust(wspace=0.3, hspace=0.3)

plt.title("gamma=10"%d, C=1@"%d" % (np.logl®(gamma), np.logld(C)),
size="medium')

# visualize parameter's effect on decision function

7 = clf.predict(np.c_[xx.ravel(), yy.ravel()])

7 = Z.reshape(xx.shape)

plt.contourf(xx, yy, Z, cmap=pl.cm.coolwarm, alpha=8.5)
#plt.pcolormesh(xx, yy, -Z, cmap=plt.cm.RdBu)

#plt.scatter(X_train[:, 0], X_train[:, 1], c=y train, cmap=pl.cm.coolwarm)
#plt.scatter(X_test[:, @], X test[:, 1], y test, cmap=pl.cm.RdBu_r)

for i in range(®, X_train.shape[0]):
if y train[i] == @:
cl = pl.scatter(X_train[i,0],X_train[i,1],c="r",marker="0", s = 20 )
elif y _train[i] == 1:
c2 = pl.scatter(X_train[i,0],X_train[i,1],c="g",marker="+", s = 38 )
for i in range(®, X_test.shape[@]):
if y_test[i] == @:
c3 = pl.scatter(X_test[i,0],X_test[i,1],c="b',marker="0", s = 20 )
elif y test[i] == 1:
c4 = pl.scatter(X_test[i,0],X test[i,1],c='m',marker="+', s = 30 )

plt.xticks(())
plt.yticks(())
plt.axis('tight")

scores = grid.cv_results_['mean_test score'].reshape(len(C_range),
len(gamma_range))

Figure U17. Code to visualize effect of parameters for RBF kernel.

gamma=10~.4, C=10"0

gamma=10~.3, C=10"0

gamma=10"-2, C=10"0

gamma=10~-1, C=10"0

gamma=10"0, C=10"0

gamma=10~.4, C=10"1

gamma=10~.3, C=10"1

gamma=10"-2, C=10"1

gamma=10~-1, C=10"1

gamma=10"0, C=10"1

gamma=10~.4, C=10"2

gamma=10~.3, C=10"2

gamma=10"-2, C=10"2

gamma=10~-1, C=10"2

gamma=10"0, C=10"2

gamma=10"-4, C=10"3

gamma=10"-3, C=10"3

gamma=10"-2, C=10"3

gamma=10"-1, C=10"3

gamma=10"0, C=10"3

gamma=10"-4, C=10"4

gamma=10"-3, C=10"4

gamma=10"-2, C=10"4

gamma=10"-1, C=10"4

gamma=10"0, C=10"4

Figure U18. Effect of parameters for RBF kernel.




If you have your dataset prepared like this you may easily modify my code or the codes available online
and test it out.

3.3. Scikit-Learn
http://scikit-learn.org/stable/index.html
If you have time, checkout this site.
Most of my code and knowledge is based on the information and example from this open source
project.
Good Luck!

10/23/2017


http://scikit-learn.org/stable/index.html
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Maquinas de soporte vectorial (SVM) en aprendizaje automatico para el analisis
de datos de espectroscopia de impedancia electroquimica (EIS): Guia de usuario
paso a paso

Yue Rong, Departamento de Ingenieria Agricola y Bioldgica, Universidad de la Florida, Gainesville -FL

4. Preparacion del software
4.1. Descargar Anaconda

Anaconda es una distribucion de cédigo abierto gratuito de los lenguajes de programacion Python y R
para procesamiento de datos a gran escala, analisis predictivo y computacion cientifica, que tiene
como objetivo simplificar la administracién e implementacion de paquetes.

Este software incluye todos los paquetes y herramientas necesarios para nuestro proposito, y es
completamente gratuito.

Se puede descargar en: https://www.continuum.io/downloads (ver figura U1)

Existen diferentes versiones de Anaconda para Windows, macOS y Linux; Python 3.6 y 2.7. Se

requieren aproximadamente 2 GB para la descarga e instalacion de todos los paquetes. Sugerimos la
version Python 3.6.

a)

Figure U1l. Descarga de Anaconda Distribution


https://www.continuum.io/downloads

PARA USUARIOS DE WINDOWS:

4.2. Instalar Anaconda

1.2.1 Haga doble clic en el instalador para iniciar

NOTA: Si encuentra algun problema durante la instalacidn, deshabilite temporalmente su software
antivirus, y vuelva a habilitarlo después de que finalice la instalacion de Anaconda.

1.2.2 Haga clic en “Next”
1.2.3 Lea los términos de la licencia y haga clic en "l Agree"

1.2.4 Seleccione la opcidn "Just Me" a menos que esté instalando el programa para todos los usuarios
del Sistema (lo cual requiere privilegios de administrador de Windows) y haga clic en Siguiente. En caso
de que se haya instalado para todos los usuarios, desinstale Anaconda y vuelva a instalarlo para un solo
usuario.

1.2.5 Seleccione una carpeta de destino para instalar Anaconda y haga clic en el botén “Next”.

NOTA: Instale Anaconda en una ruta de directorio que no contenga espacios ni caracteres Unicode. No
instale como administrador a menos que se requieran privilegios de administrador.

1.2.6 Seleccione la casilla “Register Anaconda as my default Python 3.6”.

NOTA: A menos que planee instalar y ejecutar varias versiones de Anaconda, o varias versiones de
Python, debe aceptar el valor predeterminado y dejar esta casilla marcada. Recomendamos no agregar
Anaconda a la variable de entorno PATH, ya que esto puede interferir con otros programas. En lugar de
esto, use el software Anaconda abriendo Anaconda Navigator o Anaconda Prompt desde el Menu de
Inicio.

1.2.7 Haga clic en el botdn “Install”

Nota: Puede hacer clic en Mostrar detalles si desea ver todos los paquetes que Anaconda estd
instalando.

1.2.8 Una vez completada la instalacion, haga clic en el botén “Next”. Después de una instalacion
exitosa, vera el cuadro de didlogo "thanks for installing Anaconda3".

NOTA: En caso de que el instalador le sugiera la instalacion de “Visual Studio Code”, puede ignorer este
procedimiento hacienda clic en el boton Skip. Visual Studio Code es un editor de codigo de plataforma
cruzada gratuito y de fuente abierta que prove un excelente soporte para la edicién de codigo Python.
Sin embargo la instalacion require privilegios de administrador y conexion a internet.

1.2.9 Haga clic en el botén “Finish”

Una vez completada la instalacién, verifiquela abriendo Anaconda Navigator, que es un programa que
se incluye con Anaconda. Para ello, desde el menu Inicio de Windows, seleccione el acceso directo
Anaconda Navigator. Si se abre la aplicacion ANACONDA NAVIGATOR, ha instalado el software
correctamente.



Anaconda Navigator

Si tuvo algun problema al instalar Anaconda, visite https://docs.anaconda.com/anaconda/install/ para
obtener ayuda.

5. Comenzando
5.1. Abrir el Navegador de Anaconda

Para abrir el navegador, seleccione el acceso directo Anaconda Navigator del menu de Windows, o
alternativamente busque la carpeta Anaconda 3 en el menu de Windows y haga clic en "Anaconda
Navigator" (ver figura U2)

5.2. Abra la aplicacién " Jupyter Notebook" haciendo clic en el boton “launch”
Esta aplicacion se abrird en su navegador de Internet. La ubicacién predeterminada del archivo se
encuentra en la carpeta de usuario de su sistema. (por ejemplo C: \ Users \ Username)

Figure U2. Interfaz grafica de Anaconda Navigator. Se sefiala el boton de acceso de la aplicacién Jupyter

5.3. Ejecute un codigo de ejemplo
2.3.1 Abra una pestafia paralela en el navegador y dirijase al sitio web de scikit learn:

http://scikit-learn.org/stable/auto examples/svm/plot svm nonlinear.html

2.3.2 Dirijase a la parte inferior derecha de la pagina, y haga clic en el boton “Download Jupyter
Notebook: plot_svm_nonlinear.ipynb”.

2.3.3 Regrese a la aplicacion de jupyter y abra la carpera “downloads”. Haga clic sobre el archivo
“plot_svm_nonlinear.ipynb”. Deberia verse como la Figura U3 a continuacion.


https://docs.anaconda.com/anaconda/install/
http://scikit-learn.org/stable/auto_examples/svm/plot_svm_nonlinear.html

Figure U3. Cédigo de ejemplo para SVM no lineal

2.3.4 En "Cell", haga clic en "Run All" o ejecute celdas haciendo clic en el icono gue se muestra en la
Figura U4.

L]

Figure U4. Ejecute todas las celdas para probar el cédigo de
ejemplo

El programa debe generar un diagrama similar a la Figura U5.



R

plt.scatter(X[:, @], X[:, 1], s=30, c=Y, cmap=plt.cm.Paired)
plt.xticks(())

plt.yticks(())

plt.axis([-3, 3, -3, 3])

plt.show()

Automatically created module for IPython interactive environment

~

Figure U5. Salida esperada del cédigo de ejemplo

6. Andlisis de datos EIS con aprendizaje automatico SVM
6.1. Preparacion de datos
Los datos crudos de EIS usualmente incluyen tres variables: frecuencia, impedancia real (Z'), e
impedancia imaginaria (Z"’), como se muestra en la Figura U6.

Figure U6. Ejemplo de datos crudos en un experimento de EIS.

3.1.1 Asegurese de que todas las pruebas de EIS estén usando el mismo rango de frecuencia.

3.1.2 Prepare una plantilla de Excel como se muestra en la Figura U7, donde la primera columna son
nombres, la segunda columna son etiquetas, y cada columna siguiente (i.e. E, F, G, H,...) son las
variable de respuesta obtenidas directamente de los datos crudos, es decir impedancia real, e
impedancia imaginaria a una frecuencia dada.



Figure U7. Plantilla de Excel primer paso.

3.1.3 Copie y pegue todos los datos de impedancia real (columna B en la Figura 12) en la fila 2,
comenzando en la columna C. (es posible que tenga que transponer los datos en su hoja original y
luego copiar y pegar en la plantilla).

3.1.4 Usando un método similar al descrito arriba, copie todos los resultados de impedancia
imaginaria (columna C en la Figura 12) y peguelos en la fila 2 comenzando en la siguiente columna
disponible (en ejemplo mostrado en la figura U8 es la columna CA porque cada variable de respuesta
contenia 76 datos).

3.1.5 Use su propio sistema de asignaciéon de nombres para darle a cada corrida de EIS un nombre
Unico y coléquelo en la columna A.

3.1.6 Establezca una etiqueta (0 o 1 para la clasificacién binaria) y coléquela en la columna B como se
muestra en la Figura U9.

Figure U8. Impedancia imaginaria en la fila 2 de la columna CA a la columna EX
(las columnas D-BY y CC-EV estan ocultas). Nombre y etiqueta afiadidos

3.1.7 Transfiera todos los datos de EIS que le interese clasificar (generalmente con una configuracién
experimental similar y variable Unica) a la plantilla de excel y gudrdelo con la extension “.csv”



Figure U9. Ejemplo de conjunto de datos EIS listo para SVML

El archivo del ejemplo se puede descargar desde:
https://www.dropbox.com/s/7ftbm75mpyjémcl/dataProject.csv?dl=0

NOTA: Cada fila son datos correspondientes a una corrida experimental (un barrido de EIS/CV). La
columna de etiqueta se usa para la clasificacion/regresion supervisada. Puede ser binario (como en
este jemplo) o cuantitativo, dependiendo de la aplicacion de interes. Por ejemplo, en este conjunto de
datos, "0" representa los resultados de EIS en la muestra blanco (i.e., control negativo, sin acetona);
"1" representa los resultados positivos de las muestras con concentracidon de acetona mayor a 5 mM.
Cada columna seguida se denomina "caracteristica" que en el caso de datos de EIS es la impedancia
real o imaginaria a una determinada frecuencia.

6.2. Codigo SVM para datos EIS
3.2.1 Descargue el codigo. El cédigo se puede descargar desde:
https://www.dropbox.com/s/7ftbm75mpyjémcl/dataProject.csv?dl=0

3.2.2 Guarde el archivo de codigo y el archivo de datos preparado con el procedimiento 3.1 en la
misma carpeta del ordenador.

3.2.3 Abra la aplicacion "Jupiter notebook" (procedimiento 2.2)
3.2.4 Desde la aplicaciéon abra el archivo del codigo (ver figura U10)

3.2.5 En la tercera linea del codigo incluya el nombre de su arcivo de datos en lugar de
“dataProject.csv”

3.2.6 Ejecute el cédigo por celdas (ver paso 2.3.4 y ver figuras U11 a U16).


https://www.dropbox.com/s/7ftbm75mpyj6mc1/dataProject.csv?dl=0
https://www.dropbox.com/s/7ftbm75mpyj6mc1/dataProject.csv?dl=0

Figure U10. Leer el conjunto de datos EIS y el preprocesamiento de datos

NOTA: Este programa esta disefiado para leer el conjunto de datos de EIS del archivo de datos
preparados segun el procedimiento 3.1 (para el ejemplo mostrado es el archivo 'dataProject.csv'). Los
datos se escalaron utilizando preprocessing.scale (X). Y se realizé un andlisis de componentes
principales (PCA) para descomponer los datos en dos dimensiones.

Figura U11. Divicion de los datos en los conjuntos de entrenamiento y prueba

NOTA: En este codigo los datos de EIS se dividieron en 80% de entrenamiento y 20% de prueba.

Figure U12. Pyplot del paquete matplotlib se importé y las figuras se configuraron para
aparecer en una nueva ventana.

Las figuras trazando herramientas se cargaron.



Figure U13. Celda de cddigo para la seleccidn del kernel

Figure U14. Resultado del cédigo de seleccion del kernel




Figure U15. Validacion cruzada

Figure U16. Busqueda de los mejores pardmetros para kernel RBF.



Figure U17. Cédigo para visualizar el efecto de los pardmetros para el kernel RBF.

Figure U18. Efecto de los parametros para el kernel RBF.



Si tiene su conjunto de datos preparado de esta manera, puede modificar facilmente mi cédigo o los
cadigos disponibles en linea y probarlo.

6.3. Scikit-Learn
Si tiene tiempo, visite el sitio web de la organizacion SciKit:.
http://scikit-learn.org/stable/index.html

La mayor parte de mi cddigo y conocimiento se basa en la informacién y el ejemplo de este proyecto
de cdodigo abierto.

Buena suerte,

Yue Rong

10/23/2017


http://scikit-learn.org/stable/index.html
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7. Preparagao do Software
7.1. Abaixar o arquivo instalador Anaconda

“Anaconda é uma distribuicdo de cddigo aberto freemium para as linguagens de programacao Python
e R que é utilizada para o processamento de dados em larga escala, andlise preditiva, e computacao
cientifica, com o objetivo de simplificar lancamento e manutencao de sistemas.” --
https://en.wikipedia.org/wiki/Anaconda_ (Python_distribution)

O instalador inclui todas as ferramentas e sistemas que nos precisamos e é totalmente gratis.
O instalador pode ser baixado no endereco abaixo:

https://www.continuum.io/downloads

Existem versdes diferentes do Ananconda para Windows, macOS e Linux; Python 3.6 e 2.7. O que
corresponde a aproximadamente 2 Gb apds instalagdo de todos os sistemas. Nés sugerimos Python 3.6.

Figura Ul. Abaixar Anaconda.

7.2. Instalagdao do Anaconda


https://en.wikipedia.org/wiki/Anaconda_(Python_distribution)
https://www.continuum.io/downloads

Clique duas vezes o instalador para iniciar a instalacao

NOTA: se vocé encontrar problemas durante a instalagdo, temporariamente desarme o seu software
de anti-virus durante a instalagdo, e depois retorne a utiliza-lo uma vez que a instalacdo finalize. Se
vocé selecionou para instalar para todos os usudrios, desinstale o Anaconda, e reinstale para um
usuario somente, e tente novamente.

Clique Avangar (“Next”)
Leia os termos da licenga (License Terms) e clique “Eu concordo” (“l agree”)

Selecione a instalacdo para “somente vocé” (“Just me”) ao menos que vocé esteja instalando para
todos os usudrios (o que requere privilégios de administrator no Windows) e clique Avancar (“Next”).

Selecione o destino da pasta (“folder destination”) para instalagdo do Ananconda e clique o botao
Avangar (“Next”).

NOTA: Instale o Anaconda em um caminho de diretdrio que ndo contenha espacos ou caratérs
unicodigos.

NOTA: Nao instale como Administrador a ndo ser que sejam requiridos privilégios administradores.
Escolha se vocé prefere adicionar Anaconda a sua variavel ambiental PATH.

Nés recomendamos ndo adicionar Ananconda a varidvel ambiental PATH, uma vez que isto pode
interferer com outros software. Ao invés disso, use Ananconda software abrindo o navigador
Ananconda (Ananconda Navigator) ou o Ananconda Prompt no menu iniciar.

Escolha se vocé prefere registrar Anaconda como o seu destino predefinido (“default”) do Python 3.6.

Ao menos que vocé planeje em instalar ou executar varias versdes do Anaconda, ou multiplas versdes
de Python, vocé deveria aceitar o destino predefinido (“default”) e deixar esta opc¢ao selecionada.

Clique o botao de instalagao (“Install”).

Vocé pode cliquar “Mostre detalhes” (“Show Details”) se vocé quiser ver todos os pacotes de
programas o Anaconda esta instalando.

Clique o botao Avangar (“Next”)

Apds a instalacdo bem sucedida, vocé vera a caixa de didlogo “Obrigado por instalar Anaconda”
(Thanks for installing Anaconda”):

Clique no botao Finalizar (“Finish”)

ApoOs a instalagdo estiver finalizada, verifique se funcionou ao tentar abrir o Navegador Anaconda
(“Anaconda Navigator”), um programa que esta incluido com o Anaconda: no seu menu iniciar do
Windows, selecione o menu de atalho Navegador Anaconda (“Anaconda Navigator”). Se o Navegador
abrir, vocé instalou corretamente o Anaconda.

Navegador Anaconda (“Anaconda Navigator”)

Se vocé encontrar qualquer problema na instalacdo do Anaconda, por favor visite o site
https://docs.anaconda.com/anaconda/install/ para ajuda.



https://docs.anaconda.com/anaconda/install/

8. Introducgao
8.1. Abrir o Navegador Anaconda (“Anaconda Navigator”)

Localize Anaconda 3 no “menu iniciar do Windows” e clique “Navegador Anaconda” (Anaconda
Navigator”) para abrir.

8.2. Clique “Iniciar Programa” (“Launch”) para abrir “Livro de Jupiter” (“Jupyter Notebook”)
Isto ird abrir no seu navegador de internet (no meu caso é o Chrome) e a localizacdo predefinida do
artigo estd no sistema de sua pasta de arquivos. (por exemplo: C:\Usuarios\Nome do Usuario).

Figura U2. Abrir Livro de Jupiter (“Jupyter Notebook”).

8.3. Execute um cdédigo de exemplo
Abaixe um cédigo de exemplo do link abaixo e salve na pasta de “downloads” (“downloads folder”).

http://scikit-learn.org/stable/ downloads/plot svm nonlinear.ipynb

Use o navegador de artigos para navegar e abrir o cédigo de exemplo acima. Isto deve se assemelhar a
Figure U3 abaixo.

Figure 7 Execute “Livro de Jupiter”( “Jupyter Notebook”) no Navegador Anaconda (“Anaconda Navigator”)


http://scikit-learn.org/stable/_downloads/plot_svm_nonlinear.ipynb

Figura U3. Cddigo de Exemplo para o SVM nao-linear.

No icone “Celula” (“Cell”) cliqgue “Execute tudo” (“Run All”) ou execute celulas clicando no icone

como ilustrado na Figura U4.

L]

Figura U4. Execute todas (“Run All”) as celilas para testar o
codigo de exemplo.

O programa deverd gerar um grafico que se assemelha a Figura U5.



Figura U5. Resultado esperado para o cédigo de exemplo.

9. Analise de dados de EIS utilizando o Aprendizado de Maquina SVM
9.1. Preparacao dos Dados
Dados crus de EIS normalmente incluem frequéncia com impedancia real (Z’) e impedancia imagindria
(2’’) daguela frequéncia em particular, como demonstrado na Figura U6.

Figura U6. Uma porgao representativa dos dados de EIS.

Confirme que todos os testes de EIS tem a mesma faixa de frequéncia, em seguida crie uma planilha
de excel, como demonstrado na Figure U7, onde a primeira coluna sdo os nomes, a segunda coluna
sdo os rotulos, e cada seguinte coluna é uma propriedade que corresponde a impedancia real ou
impedancia imaginaria de uma frequéncia em particular.



Figura U7. Planilha modelo no Excel - primeiro passo.

Em seguida, copie e transposte todas as impedancias reais (coluna B na Figure U6) para a linha 2 na
Figura U7, iniciando na coluna C. (Vocé talvez precisara de tranpostar os dados na planilha original
para depois copiar e colar na planilha modelo).

Em seguida, usando um método similar ao descrito acima, copie todas as impedancias imaginarias
(Coluna C na Figura U6) para linha 2 na Figure U7 iniciando na coluna CA (Eu tenho 76 frequéncias em
um EIS, entdo eu nomeei a linha 1 de coluna C como 1, 2, 3..76,77, to 152). Utilize o seu préprio
sistema de nomenclatura que proporcione cada escaneamento de EIS um nome Unico e coloque na
coluna A. Defina um rétulo (0 ou 1 para classificagao binaria) e coloque na coluna B, como ilustrado na

Figure U8.

Figura U8. Impedancia imaginaria colada na linha 2 originalmente da coluna CA
até EX (coluna D-BY e CC-EV estdo escondidas). Nome e rétulos foram
adicionados.

Copie e cole todos os seus dados de EIS que vocé esteja interessado na classificacdo (normalmente
com condicBes experimentais similares e uma Unica variavel) para a planilha modelo e salve como
artigo *.csv.



Figura U9. Exemplo de dados crus prontos para o apredizando de maquina SVM.

Este exemplo de arquivo pode ser baixado por este link abaixo:
https://www.dropbox.com/s/7ftbm75mpyjémcl/dataProject.csv?dl=0

Cada linha contém os dados de um teste de uma amostra (um escaneamento EIS ou Voltamagrama
Ciclico)
A coluna de rétulo é usada para classificagdo/regressdo supervisionada. Esta coluna pode ser binaria
ou quantitativa dependendo da suas aplicacGes.
Por exemplo:
Para estes dados, “0” representa os resultados de EIS das amostras brancas/negativas, sem acetona
nas amostras; “1” representa os resultados positivos com concentragdo de 5 mM de acetona nas
amostras.
Se vocé estd testando glicose com 0, 1, 10 e 100 nM, vocé talvez queira rotular as amostras como “0, 1,
2,3”0u “0, 1, 10, 100” dependendo se vocé estd fazendo classificagcdo ou regressdo.
Cada coluna em seguida é chamada de “propriedades” que no EIS sdo a impedancia real ou impedancia
imaginaria para uma frequéncia em particular.
9.2. Cédigo do SVM para dados de EIS
O cddigo pode ser baixado usando o link abaixo:
https://www.dropbox.com/s/7ftbom75mpyjémcl/dataProject.csv?dl=0

Abra o cédigo no “Livro de Jupiter” (“Jupyter notebook”) e coloque o arquivo de dados preparado
como indicado acima na mesma pasta.
Execute o cddigo usando “celula” (“cells”).


https://www.dropbox.com/s/7ftbm75mpyj6mc1/dataProject.csv?dl=0
https://www.dropbox.com/s/7ftbm75mpyj6mc1/dataProject.csv?dl=0

“Livro de Jupiter” (“Jupyter notebook” )

Figura U10. Leitura do arquivo de dados do EIS e preprocessamento dos dados.

Esta celula (“cell”) 1é os arquivos de dados do EIS a partir do ‘dataProject.csv’
Os dados foram nivelados usando preprocessing.scale(X), e uma andlise de componentes principais

(ACP) ocorreu para decomp6r os dados em duas dimensdes.

Figura U11. Divisdo de dados entre grupos de treinamento e teste.

Dados de EIS sdo divididos em grupos: 80% treinamento e 20% teste.

Figura U12. O Pyplot do pacote matplotlib foi importado e as figuras sdo organizadas para
aparecerem em uma nova janela.

Ferramentas de plotagem de figuras foram carregadas.



Figura U13. Codigo de celula para a selegdo de nucleos.

Figura U14. Figura com resultados obtidos com a selegao de diferentes nucleos de codigos.




Figura U15. Validagdo cruzada e seus resultados.

Figura U16. Encontrando os melhores paramétros para o nUcleo RBF e seus resultados.



Figura U17. Cédigo para visualizar o efeito dos paramétros no nucleo RBF.

Figura U18. Efeitos dos parametros no nucleo RBF.



Se vocé tiver o seus dados preparados como este, vocé podera facilmente modificar e testar o meu
cadigo e os cédigos disponiveis online.

9.3. Scikit-Learn
http://scikit-learn.org/stable/index.html
Se vocé tiver tempo, verifique este site.

A maioria do meu cddigo e conhecimento é baseado nas informacdes e exemplos disponiveis deste
projeto de fonte aberta.
Boa sorte!

07/01/2018


http://scikit-learn.org/stable/index.html
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10. Software preparation (BAFHES)
10.1. Download Anaconda installer ('F#; anaconda Z354,)

“Anaconda is a freemium open source distribution of the Python and R programming languages for
large-scale data processing, predictive analytics, and scientific computing, that aims to simplify package
management and deployment.” --https://en.wikipedia.org/wiki/Anaconda_(Python_distribution)

“Anaconda & — M IR Python & RIBE S AL . B FEH T RIS AL FE,  Fi
SHTAIRLIEEE, BT RGRE R AR E A" —kE 4 TR

It includes all the packages and tools we need and is completely free.
AR T RAT A ER LA
It can be downloaded at:

A LASE PA T ik R 3

Anaconda Cloud Documentation Blog Contact Q

%_) ANACONDA What is Anaconda? Products Support Community About Resources

Download Anaconda Distribution

Version 5.0.0 | Release Date: September 26, 2017

High-Performance Distribution Package Management Portal to Data Science
Easily install 1,000+ data science Manage packages, dependencies Uncover insights in your data and
packages and environments with conda create interactive visualizations

‘ macOS (!_\ Linux

as

Figure 1 Choose your operating system by clicking “Windows”, “macQOS” or “Linux”.

https://www.continuum.io/downloads



https://www.continuum.io/downloads

There are different versions of Anaconda for Windows, macOS and Linux; Python 3.6 and 2.7. It will be
about 2 Gb after installation and downloading all packages. We suggest Python 3.6.

ZMEEHEAE T Anaconda i Windows, macOS l Linux =T & 1434, JF H#H Python
3.6 F1 2.7 BEANHRAS . T3k 223 Se O 5 22 2Gb FOTAE 25 (] . FRATTEE A Python 3.6 JiltAS

== Windows ' macOS & Linux

Anaconda 5.0.0 For Windows Installer

Python 3.6 version Python 2.7 version ~

& Download & Download
sraphica ler (535 4-Bit Graphical 522 MB)
it Graphical Installe it Graphical Installer

Figure 2 Click to download Python 3.6 version installer (macOS and Linux are similar)

10.2. Install Anaconda (Z3# Anaconda)

Double click the installer to launch. (ONFHZ3EE )

NOTE: If you encounter any issues during installation, temporarily disable your anti-virus software
during install, then re-enable it after the installation concludes. If you have installed for all users,
uninstall Anaconda and re-install it for your user only and try again.

VER: GRS R P IE BT ) L, B SR SR R, e SE R T A . R Rk
BT NFREREP w3, M Anaconda, BT IFIERE CHANECT R,

Click Next. (R T74ksL)
Read the licensing terms and click “I Agree”. (JiEFH AHEIR)

Select an install for “Just Me” unless you’re installing for all users (which requires Windows
Administrator privileges) and click Next.

e O A%, BRARREDVITE P 2238 (Z3R Windows B B GIRIR) midigk%t.
Select a destination folder to install Anaconda and click the Next button. (GEFEZENE)
NOTE: Install Anaconda to a directory path that does not contain spaces or unicode characters.
R R PAESH SR EE RN S

NOTE: Do not install as Administrator unless admin privileges are required.

T AELEB S, BRARE H ROBR 5 2 A ik



2 Anaconda? 4.4.0 (B4-bit) Setup — *

Choose Install Location
'J ANACONDA Choose the folder in which to install Anaconda3 4.4.0 (64-hit).

Setup will install Anaconda3 4.4.0 (64+hit) in the following folder. To install in a different
folder, dick Browse and select another folder, Click Next to continue.

Destination Folder

| C:\Users\anacondaWnaconda3 Browse. ..

Space required: 1.9GB
Space available: 33.6GE

Figure 3 Select a destination folder to install Anaconda and click the Next button

Choose whether to add Anaconda to your PATH environment variable. (&3R5 Anaconda il
NPRI PATH SR 528 &)

We recommend not adding Anaconda to the PATH environment variable, since this can interfere with
other software. Instead, use Anaconda software by opening Anaconda Navigator or the Anaconda
Prompt from the Start Menu.

BAIAHELEI Anaconda I PATH RGN &, RDNIX A RE 2o m HAR AR AE . B DAFRAT T AT
G2 H.FTH Anaconda Navigator 5i# Anaconda Prompt SRf# FH .



2 Anaconda3 4.4.0 (64-bit) Setup — >

Advanced Installation Options
.) ANACONDA, Customize how Anaconda integrates with Windows

Advanced Options

[ ]Add Anaconda to my PATH environment variable

Mot recommended. Instead, open Anaconda with the Windows Start
menu and select "Anaconda (64-bit)", This "add to PATH" option makes
Anaconda get found before previously installed software, but may
cause problems requiring you to uninstall and reinstall Anaconda.

Register Anaconda as my default Python 3.6
This will allow other programs, such as Python Tools for Visual Studio

PyCharm, Wing IDE, PyDev, and MSI binary packages, to automatically
detect Anaconda as the primary Python 3.6 on the system,

< Back Install Cancel

Figure 4 register Anaconda as your default Python 3.6

Choose whether to register Anaconda as your default Python 3.6. (i&F%/2 %54 Anaconda % 9ERIA
] Python 3.6)

Unless you plan on installing and running multiple versions of Anaconda, or multiple versions of Python,
you should accept the default and leave this box checked.

FRARRA 2 A Anaconda B 2 AR Python, /R IZIZSZIXNERIN I E «
Click the Install button. (57 %%%)

You can click Show Details if you want to see all the packages Anaconda is installing.
PRAr A= B VRN, WEORARAEEE 2P Anaconda 1EFE 2224 B Fr A

Click the Next button. (35 i;74k%:)

After a successful installation, you will see the “Thanks for installing Anaconda” dialog box:

RN SE, REB R IR 4% Anaconda” FIXTTEHE


https://docs.anaconda.com/_images/install-win-path.png

0 Anaconda3 4.4.0 (64-bit) Setup —

Thanks for installing Anaconda!

»
v, ’ Anaconda is a modern open source analytics platform
s powered by Python.

ANACO N DA Share your notebooks, packages, projects and environments

Powered by Continuum Analytics on Anaconda Cloud!

Learn more about Anaconda Cloud

Learn more about Anaconda Support

< Back Cancel

Figure 5 successful installation dialog

Click the Finish button. (JiF5Em)

After your install is complete, verify it by opening Anaconda Navigator, a program that is included
with Anaconda: from your Windows Start menu, select the shortcut Anaconda Navigator. If Navigator
opens, you have successfully installed Anaconda.

ZIESER )G, BiEFTHF Anaconda Navigator SRAHIA . WIHR/REEF] T Anaconda Navigator, i B /R
ORI %45 T Anaconda.

If you had any issue installing the Anaconda, please visit https://docs.anaconda.com/anaconda/install/
for help.

W RARAE 223 o PR HaE B HoAth ) 8, 151519 https://docs.anaconda.com/anaconda/install/



https://docs.anaconda.com/anaconda/install/
https://docs.anaconda.com/anaconda/install/
https://docs.anaconda.com/_images/anaconda-install-win.png

11. Getting started (EZFHH)

B Anacondas e4-bit

Anaconda Cloud

Anaconda Navigator
Anaconda Prompt
IPython

Jupyter Notebook
Jupyter QTConsole
Reset Spyder Settings

Spyder

Figure 6 Find Anaconda 3 and open “Anaconda Navigator”

11.1. Open Anaconda Navigator (FTFF Anaconda Navigator)

Find Anaconda 3 in “Windows Start Menu” and click “Anaconda Navigator” to open

FEHUGSE P 31 Anaconda 3 JE X7 “Anaconda Navigator” #T

File Help
4 ’ ANACO N DA NAV! GATO R ﬂ Upgrade Now Sign in ta Anaconda Cloud
M Home L
Applicationson | root «|  Channets Refresh
n Enviranments 2~
] -3 2 -]
3
'A\ AW
& projects (beta) Jupyter TPy
e’ a4
0
. . notebook tconsole spyder lueviz
N Learning . i &
A a3 Aaza A3z D104
Web-based, interactive computing Py(t GUI that supports inline figures, Scientific PYthan Ds Hult data visualization across
&8 community natebook environment. Edit and run proper multiline editing with syntax EnviRonment. Powerful Python IDE with files. Explore relationships within and
human-readable docs while describing the highlighting, graphical calltips, and more. advanced editing, interactive testing, among related datasets.
data analysis. debugging and introspection features
] -]
e
&
£
s,
orange3 rstudio
EEX] 10138
Aset ofintegrated tools designed to help
you be mare productive with R. Includes R
Documentation essentials and notebooks.
Developer Blog
stall Install
Feedback
You -
. 4 ?

11.2. Click “Launch” to open “Jupyter Notebook” (/i “Jupyter notebook” TH] “Launch” #%
)

It will open in your internet browser (for me it's a Chrome) an the default file location is under your
system user folder. (for example C:\Users\Username)

Figure 7 Lunch “Jupyter Notebook” in Anaconda Navigator



EREAREIAR M IO RS (FRAZ chrome) H¥THF, BRSO B EIRIN RS P X
k.

{RYar] =

| Z Home x

C 0 | O localhost:3888/tree?oken=2a7951624af3f3160271558abaf6b7de 1777e45de5cfcfb6 » I :

7~ Jupyter Logout

Files Running Clusters
Select items to perform actions on them. Upload | New~ | &
v ®

[ 3D Objects

3 Anaconda

[3 Anaconda2

3 Anaconda3

03 AnacondaProjects

[ Contacts

(3 Desktop

3 Documents

9 Downloads

[ Dropbox

03 Favorites

5 Googl Diive
Figure 8 ”Jubyter Notebook” dashboard
11.3. Run an example code (GZ4T—ANAAREE)
Download an example code from the link below and save it to “downloads” folder.
MELT HUIE T 8 — SRR, IR RAER] R E Bk

http://scikit-learn.org/stable/ downloads/plot svm nonlinear.ipynb

use the file browser to navigate and open the download source code above

A 0 TP SO0 B AR B T O IR B A AR


http://scikit-learn.org/stable/_downloads/plot_svm_nonlinear.ipynb

Figure 9 Opened example code in “Jupyter Notebook”

It should look like the screenshot above, and in “Cell” click “Run All” or run cells by clicking the

L]

Figure 10 Run All cells to test the example code

FIIFJE Nz R RS —E. 78 “cell” B i “Run All” B BANBIEIZAT .

If it generated a figure like this, your software is good to go. Cheers!



IR EAER T TEL AR RS R T

Figure 11 Expected output from example code



12. EIS data analysis with SVM machine learning (FSZ & ENIHLEEE I
AL S FEPLIE BRI AT 4T

12.1. Data preparation (E#EHE%)
Raw EIS data usually includes frequency with real impedance (Z’) and imaginary impedance (Z”) at

that frequency.

HLAL 2 BTG PR S i 38 5 Hh R R S R 1) S BEL PO AT R BELITUAA e o

Figure 12 A part of representative raw EIS data.
Make sure all you EIS test are using the same frequency range then crate an excel sheet as shown
below, where first column are names, second column are labels, each following column is one feature
which is either real impedance or imaginary impedance at a frequency.

B € VR T A AL 2 BT PRI 8 P PRI A R IR A, R4 T B — T excel A%

Figure 13 Excel template first step

HPIRAIR, BRI, ZJEHE—FE LR R
Then, copy and transpose paste all real impedance (column B in Figure 12) to row 2 in Figure 13
starting at column C. (you may need to transpose paste the data in its original sheet then copy and

paste to the template)



A, BT E 12 B JIRYSKBE TR, B BRI R 13 2R AT, WA C AT IRALE
CFE JRL A% P 5B 5 B R AR U m] e SE % 5D

m - =~ B I By - . . €0 00
name label | . “ A LT 0 30
| _ 258.05 1

255,26 & Cut
278.4 52 copy

275.25 [74 Paste Options:

289.34 = R e I
287.24 123 f\ g L8 (=

o P
=
-

Figure 14 Using transpose paste option to paste all real impedance data in a row.

Then using similar method to copy all imaginary impedance (column Cin Figure 12) to row 2 in Figure
13 starting at column CA (I have 76 frequencies in one EIS, | named row 1 from C as 1,2,3...76,77, to
152). Use your own naming system to give each EIS scan a unique name and put it in column A. Set a
label (0 or 1 for binary classification) and put it in column B.

RIE, BRI, Era RS EE (B 12 | c P EdE) FEREEIE 13,
17, CAFITHIRHIALE (EFRI AL HBTIE R T 76 ME, FrlliE—AT M C a4l
1,2,3 376, )5 77,78 —EHF| 152) . IRATLUMEHIRE O R4, £ A S EdE
SUdnse, SRJEHE B FIMAE MR BE RS (HERIAFP AR 0 B D

T R

Figure 15 Pasted imaginary impedance into row 2 from column CA to EX (columns D-BY
and CC-EV are hidden). Name and label added

Transfer all you EIS data that you are interested in classification (usually with similar experimental
setting and a single variable) to the template and save it as *.csv file

FETR L AR BT A AR 43 2R ) B AL 2= BT B s Gl 2 A AL B AR S ) #FH [R)ARE ) 0 =Rk
MBI, HFAAFN esv #&



Figure 16 Example raw EIS dataset ready for SVM machine learning

This example file can be downloaded from:
TS5 e ] O AR stk 2% CIE N m] e 7 BRI A
https://www.dropbox.com/s/7ftbm75mpyjémcl/dataProject.csv?dl=0

Each row is a data from one run of a sample (one EIS/CV scan)

The label column is used for supervised classification/regression. It could be binary or quantitate

depends on your applications.

F—ATIRE BB A EEUE . AR TH B R/ K8 B . e nT BLg ki 1)

Al DA E E Y

For example:

In this dataset, “0” represent the blank/negative EIS results with no acetone in the samples; “1”

represent the positive results with 5mM acetone concentration in the samples.

Eb b -

FERXAN T, oK T Ex M, 1K 7H smM NETRFEA

If you are testing glucose with 0, 1, 10 and 100 mM, you may label them as either “0,1,2,3” or
“0,1,10,100” depending on doing classification or regression.

SRR S AT I 4 5 BEAE 0,1,10 AT 100mM X JLANIKEE,  BURAT RAZE S R n b €0,1,2,37 53
“0,1,10,100” HIFRZE. HRTARAEZ 32Ktk A4

Each column followed is called a “feature” that in EIS is the real or imaginary impedance at a certain

frequency.

ZJERE—HER R — LA 22 ST R “HRRIE” e ATTER R AL S FH PR h R R B SE FE e s
FEFE$T
12.2. SVM code for EIS data (GZ#F M EMNLE T HALERHTTRE KRS

The code can be downloaded from:
ARG DO CA R ikt S 2 CE N ] BE 75 2 R5D
https://www.dropbox.com/s/7ftbm75mpyjémcl/dataProject.csv?dl=0



https://www.dropbox.com/s/7ftbm75mpyj6mc1/dataProject.csv?dl=0
https://www.dropbox.com/s/7ftbm75mpyj6mc1/dataProject.csv?dl=0

Opened it in “Jupiter notebook” and put the datafile prepared as above in the same folder.
Run the code by cells.

F “Jupyter notebook” FT7F, FHHE 2 B B HE SCH I EIAH R H 5% .

Figure 17 reading EIS dataset and data preprocessing

This cell read the EIS dateset from ‘dataProject.csv’

The data was scaled using preprocessing.scale(X). And a principle component analysis (PCA) was
performed to decompose the data into two dimensional.

X—ANBIEAE R “dataProject.csv” BEEUEHE . ol 2 5383 preprocessing.scale(X)bxifEAL.,
I 3 RO b S I 4

Figure 18 Split data into training and testing sets.

EIS data were split into 80% training and 20% testing.
FE A 2 BH T 1 2504 2H 85 50 80% T I R4 RN 209 (1) A 56 2

Figure 19 pyplot from matplotlib package was imported and figures are set to appear in a new window.

Figures plotting tools was loaded. fill i . 2.2 A\



Figure 20 result figure from the kernel selection code #1197 4% /5

Figure 21 code cell for kernel selection % /171 CHS




Figure 22 Finding the best parameters for RBF kernel and its results 72 /i) 7R #0 #% i2 1# S 504 7%
HICIS %

Figure 23 Cross validation and its result. X X 43 il i1 Cig#Z 4% 2



Figure 24 Effect of parameters for RBF kernel. 72 /a] 715 #0 1% 25 20 3 HI R0

Figure 25 Code to visualize effect of parameters for RBF kernel. 77 /7] ZE 25 1 1% ZF 50 5 I/ CH5




If you have your dataset prepared like this you may easily modify my code or the codes available online
and test it out.

WERAR B EE P XA 7 AR LT 1, AR AT AR 25 5y i I 42 eSe 3k i AR B 36 1 Y ) 1
FR AR SR A7 030

12.3. Scikit-Learn
http://scikit-learn.org/stable/index.html
If you have time, checkout this site.
Most of my code and knowledge is based on the information and example from this open source
project.
WERVRA ], 35 A B PL B ML, A PTE S HES 25 T Scikit-learn XAMITFRIIH
Good Luck! #itfR4Fiz !

10/23/2017


http://scikit-learn.org/stable/index.html







