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PhysioNet Challenge 2016: Classify normal and abnormal heart sounds

Live script demonstrating embedded data analytics workflow of heart sounds into ‘Normal and "Abnormal’ using i
machine loarning

Nmir
«w AT

Download date If running for the first Bme. This step will be skipped if "Data” direciory is present,

Note: This may take a while depending on your internat speed

if ~exist('Data’, 'dir’')
training url = “http://www. physionet. org/physiobank /datebase/challenge/2016/training. 24p";
validation_url = ‘http://www.physionet.org/physiobank/database/challenge/2016/validation. 2
websave( 'training.zip’, training url);

sz | yare | A Y — »

N, :: L l:l:./‘r/r n / - ¢ unzip( ‘tradning.zip’, ‘Data/training/*)
$l d 7!(/%\‘ IEj I n 7 websave( 'validation.zip’, validation_url);
8

wnzip('validation.zip', 'Data/')

kS 9 end
— Brig) N
A Add current folder and sublfolders 10 search path ) !

— S A | i\/c Editor: 22 H T\ 7 [H]
AN ==> |
B aiay

What does an abnormal heart sound like?
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LIVE EDITOR INSERT VIEW

5‘:‘3 D E [l FindFiles | 7 E Ad Tite v E i @ F=| Run Section | [2 lﬂ L

-/ Compare GoTo : 5. Run and Advance
New Open Save LU Qﬂ o Text E{.H g — |:Code |)| &g (i Sedion: — Run  Slep Slop
T e SR S BN S i IR NS S L o B GIRNREY ——— -
) FILE NAVIGATE | TEXT | cooe Ty SECTION T R
_| HeartSoundClassification_LiveScript.mlx | + |

PhysioNet Challenge 2016: Classify normal and abnormal heart sounds

=3 all@

Live script demonstrating embedded data analytics workflow of heart sounds into 'Normal' and 'Abnormal’ using
machine learning

Download data if running for the first time. This step will be skipped if "Data" directory is present.

Note: This may take a while depending on your internet speed.

if ~exist('Data’', 'dir')
training_url = 'http://www.physionet.org/physiobank/database/challenge/2016/training.zip’; -
validation_url = "http://www.physionet.org/physiobank/database/challenge/2016/validation.z

vwebsave('training.zip', training_url);
unzip('training.zip', 'Data/training/')
websave('validation.zip', validation_url);
unzip('validation.zip', 'Data/')

end

W oo\ A W N

Add current folder and subfolders to search path %

10 addpath(genpath(pwd)) u ] — . b
— Live Editor: 32 H .7\ 5t [H]
Access and Explore
Data

What does an abnormal heart sound like?
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SIGNAL DENOISER WAVELET

Wavelet | sym

Data Browser
' ¥ Denoised Signals

;" Current Wavelet Parameters

noisyEkgl:

Wavelet: sym8

Level: S5

Denoising Method: BlockJS
Threshold Rule: James-Stein
Noise: Level Independent
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% Distribute computation across available processors by

parfor ipart =

end

save('FeatureTable’,
 se

1:n_parts

% Get partition ipart of the datastore.

subds = partition(training_fds, n_parts, ipart);

% Extract features for the sub datastore
feature_table = [feature_table; bxtr ctFeatures(subd

% Display progress

disp(['Part ' nu ' done.'])

‘feature_table');

load( 'FeatureTIahle mat')-

16



% Distribute computation across available processors by
parfor ipart = 1:n_parts

% Get partition ipart of the datastore.

subds = partition(training_fds, n_parts, ipart);

% Extract features for the sub datastore
feature_table = [feature_table; hxtéEctFeatures(subd

% Display progress

disp(['Part ' nu HoF- ' done.'])
end q%?{ﬂziﬁ%ﬁgl

save( 'FeatureTable', 'feature_table');
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C.EE u . [ FindFiles = 43 <7 é} 4 Nomal w

LIVE EDITOR INSERT VIEW

U E Run Section

%752 ——
Compare Go To 74 Run and Advance
New Open s, e A 'mg{-ﬁﬁ= Code [7| g (1 Sedlion Step  Stop
S Pt AR P e  Break PiRuntoEnd O —;
: ~ RILE NAVIGATE | TEXT | cooe i _s=crion RuN A
_| HeartSoundClassification_LiveScript.mlx l extractFeatures.m ¢ | + | -
56 0 @
57 % Extract features for the sub datastore ‘ E]
. . -
58 feature_table = [feature_table; extractFeatures(subds, win_len, win_overlap, o il []"q,“ | [\,NM '4‘"""""‘"1“‘”‘(’ A“N.. ‘\g\,mulwrﬂli,«l u'\»
59 ‘ J -
60 % Display progress
61 disp(['Part ' num2str(ipart) ' done.']) 0.1
62 end
63 save('FeatureTable', 'feature_table'); 02 m
64 else ' —
65 load( 'FeatureTable.mat');
66 end 03 Fo— —) i X L
67 0 1000 2000 3000 4000 5000 6000
68 % Take a look at the feature table S—
69 disp(featur‘e_table(lzs, : )) WAVFEAT17 WAVFEAT18 WAVFEAT19 WAVFEAT2@ WAVFEAT21 =
0.24148 @.26671 ©.012951 4,1958e-05 3.5735e-08
k Develop Predictive 0.30883 0.986174 0.0887586 4,8264e-05 9.8086e-09
Models 0.40704 9.13199 9.014097 0.00035801 7.3899e-07
0.47754 0.17483 0.005399 2.1398e-05 8.771e-09
0,33189 @.12301 ©.023209 5.4791e-05 6.54932-09
Train, compare and select classifier
Use the Classification Learner App to interactively train, compare and select classifiers. am—
70 classificatio

Develop Predictive
Models

Split data into training and testing sets.

fTH Classification Learninger App
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LIVE EDITOR INSERT VIEW

EEE' \: . () FindFiles 4 7 é ~» Nomal v =Gee

U P=] Run Section

2 X J

Compare Go To ISR 54 Run and Advance
New Open Save e A  Text ’E é {_1 ’i_‘ __ | Code [F] ¥ (i Sedon : Run  Step Slop
v v v =Pt | (LK e - Bresk [ZjRutoEnd S —
: e NAVIGATE | TEXT tl CODE ' &mbn‘— RUN
7[ HeartSoundClassification_LiveScript.mlx *  ** | extractFeatures.m © | + [
818 grpstats_training = grpstats(training_set, 'class’, 'mean’); - ~ (]
82 disp(grpstats_training(:, 'GroupCount')) GroupCount E
» =
Abnormal 1579 a
Develop Predictive Normal 4929
Models
Train the classifier with misclassification cost Ji
Train the classifier programmatically. To compensate for fewer 'Abnormal’ observations, assign higher
misclassification cost with the "Abnormal’ class. Perform hyperparameter tuning by using Bayesian
Optimization to find optimal values for model parameters.
83 % Assign higher cost for misclassification of abnormal heart sounds -
84 C=[e, 10; 1, @];
85
86 % Create a random sub sample (to speed up training) from the training set -
87 % subsample = randi([1 height(training_set)], round(height(training_set)/4), 1);
88 subsample = [1l:height(training_set)]; —
89 |
9@ % Create a 5-fold cross-validation set from training data
o1 cvp = cvpartition(length(subsample), 'KFold’,5); —
92

g3 if ~exist('TrainedSVMModel.mat')

if ~axisE('Traj , (c » /\
94 opts = struct('Optimizer’', 'bayesopt’, 'She ) l
a5 SR Y 2Rl

'AcquisitionFunctionName’, "expected-

96 I8
97 rng(1)
98 trained_model = fitcsvm(training_set(subsample,:), ‘class’, "KernelFunction', 'rbf’,
as 'OptimizeHyperparameters’, 'auto’, 'HyperparameterOptimizationOptions',opts)

1ee save('TrainedSVMModel', 'trained_model'); v

181 4 ] » =
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x = fft (dat

i

v = 20*%logl

ptio
* Option 2
NEXT
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SHORTCUTS e N N e SN2 Scarch Documentation L
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GetMore  Install  Package Opbrmezation  Signal Anabyzer Image Instrument MATLAB Coder  Apphcation Anakog nput TAH App Claszification Meural Net Meural Net Meural Net

Apps App App Acquisition Control Compiler Recorder Leamer Chustering Fitting Patie F ECOg...
FILE I — APPS

a2 HE ¥ O # Users ¥ gruan » Deskiop * EXPO » Urlocking_the Power_of Machine Learning » Demo * - A
Current Falder G 1ob Monitar | Command Window @ Workspace (o
: Date Medified Type =~

=MD File | Jx >
JREADME.... 2017-3-16 ...MD File

- MEX-file

4 classifyHe... 2018-5-4 1..MEX-file

“ Live Script

% HeartSoun..2018-5-4 1...Live Script
= MP4 File

= Heart_Sho...2017-10-1... MP4 File
= HeartClass..2017- 9 16 ...MP4 File

No details available




4\ MathWorks

EFESHNREY

AY

BT R

-\
=1
| o

{2 FH 2 =442 0 4% it

1. EFRMEMLE (CNN)
— S A RENRES IS A
_ AT EritnEe

g < - ‘g 25
c
c = c - - g c 2 %Q >
(=] — o) P 5 S o = UQC
5 8 = [ S = ® o = g cE a3 >
> o - . @ . -
2 I2EILEH—| 2 (R8I E]l—| 2 =& S AEH £ §28
QS ||=2 & S ||=2| & S |2 & S ||=2|| & 29 8
O = O - O - & L 5 >®
- - = - 3 -
o 3] ° (3] w29 —r
@ o @ o
et — -4 -

Input Image

2. WA IZM4E (LSTM)

MATLAB EXPO 2018

25



f&

h-

0%
— 58 > ML=
— ELENRFE iR
— FIA GoogleNet #7185 3]

N

— EHEIXE 90%
Q2= 10 171KH8

/\Tm

MATLAB EXPO 2018

HEMBLIDFFESTE

4\ MathWorks

4\ Training Progress (01-Mar-2018 14:55:36)

Accuracy (%)

Loss
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1

Training Progress (01-Mar-2018 14:55:36)
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Epoch I1
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Iteration
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30 40 50 60 70
Iteration

80
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100

Training iteration 1 of 830

Training Time
Start time: 01-Mar-2018 14:55:36

Elapsed time: 0 sec

Training Cycle

Epoch: 0of5
lterations per epoch: 166
Maximum iterations: 830
Validation

Frequency: 30 iterations

Patience: Inf

Other Information

Hardware resource: Single GPU
Learning rate schedule: Constant
Learning rate 0.0001
[E4 Learn more
Accuracy
Training
Training
= - -® - - Validation
Loss
Training
Training
- - —® - - Validation
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#&E Battelle’s “NeuroLife” STE&E R = 4
M File Exchange T % Heart Sounds Classification kv
WMEFEHI SN “Machine Learning Using Heart Sound Classification”
i

— Machine Learning with MATLAB

— What is Deep Learning?
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