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UT Austin Researchers Convert Brain Signals to Words and

I]i

Phrases Using Wavelets and Deep Learning

Battelle Neural Bypass Technology Restores Movement to a

Paralyzed Man’s Arm and Hand

Patient using the Battelle NeurolLife system
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Shell performs Seismic Event Detection with Deep Learning

Challenges
= Terabytes of passive seismic data from geophones
= Traditional methods time/labor intensive (5 months &~ $100K)
= Event detection inconsistent/unreliable in ‘low’ signal to noise
records
Solution
= Train LSTM network to detect P-wave and S-wave arrivals via
sequence-to-sequence classification

S-Arrival (Observed)
e

Results
= >08% accuracy for arrival prediction

= Networks generalizes to other data (sites, source
mechanisms)
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S-Arrival (Prediction) Arrival Time

Voice Interface: The Touchscreen of the Next Century

How Al and Signal Processing Came Together to Track the DNA of Sound
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4 Signal Analyzer - untitled*

o

DISPLAY
ROI ] Description
Name: WaveformType

R B

Add Definition ﬁ

v

LABEL DEFINITION
Label Definitions

SignalSource
(W] waveformType

Labeled Sianal Set

Name Plot
- X
X(z1)

SignalSource

WaveformT...

Parent Name:

SELECTED DEFINITION

Value Location (Min)

[
X(:2) [ O | e—

Receiver1

Location (Max)

Value @ﬂ: V 23

LFM ~ AUTOMATE VALUE
Label Save Cancel
Restore Value - = Labels
SET VALUE CLOSE

mX(:1)

0 1000 2000 3000 4000 5000 6000
Samples

WaveformType
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Samples

SignalSource

I Receive
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Generate wireless waveforms
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imagelnputlLayer ([2 spf 1], '
'Input Layer')

convolutionZ2dLayer (filterSiz
'Name', 'CNN1’)

batchNormalizationLayer('Namé
relulayer ('Name', 'ReLUl'")
maxPoolingZdLayer (poolSize, '
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Layout tart Stop Training Confusion Filter Annotations
- = Pa Plot Matrix * - -
FILE ENVIRONMENT PARALLEL RUN REVIEW RESULTS FILTER | ANNOTATIONS EXPORT ry
Experiment1 Experiment1 | Result4 (v}
« [5] DeepLeamningProject
= ; et = Exhaustive Sweep Result
b & Experiment1
] Result4 (Running) Experiment1 Start: 11/10/2020, 10:12:07 AM I 2§ Triels
(View Experiment Source)
[ Resuis Image Classification by Sweeping Hyperparameters @ Complete 2 A Stopped 0 © Error 0
] Resultz © Running 2 = Queued 2 X Canceled 0
Resultl
- e Experiment2 EE
el Trial Status Progress Elapsed Time myInitialLearnRate Training Accuracy (%) Training Loss Validation Accuracy (%) Validation Loss
Result1 1 @ complete I 100.0% O hr 1 min 21 sec ©.0025 98.4375 ©.1282 56.7200 1.3626
2 @ Complete I 100 0% O hr 1 min 27 sec @.0050 99.2188 8.0664 £0.1600 1.4052
3 © Running = I 73.4% 0 hr O min 45 sec 9.0875
4 © Running = I 65.2% 0 hr 0 min 37 sec @.0100
5 = Queued o . 0.0% @.0125
6 = Queued = I 0.0% @.9158
VISUALIZATIONS (]
Training Plot (Trial 3, Resultd, Experiment1)
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Iteration
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17



MATLAB Appig=4

4 Experiment Manager

F= 77 - Experiment Manager App

- ] >

EXPERIMENT MANAGER

B @ d B 7

-

Layout tart Stop Training Confusion Filter Annotations
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Experiment1
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(View Experiment Source)

Start: 11/10/2020, 10:12:07 AM I R 218 Trials

[ Resutis Image Classification by Sweeping Hyperparameters @ Complete 2 A Stopped 0 @ Error 0
] Resultz © Running 2 = Queued 2 X Canceled 0
Resultl
= e Experiment2 EE
Sl Trial Status Progress Elapsed Time myInitialLearnRate Training Accuracy (%) Training Loss Validation Accuracy (%) Validation Loss
Resul 1 @ Complete I 100.0% O hr 1min 21 sec @.0025 98.4375 ©.1282 56.7200 1.3626
2 @ Complete I 100 0% O hr 1 min 27 sec @.0050 99.2188 8.0664 £0.1600 1.4052
3 © Running = I 73.4% O hrO min 45 sec 0.0075
4 © Running = I 65.2% 0 hr 0 min 37 sec @.0100
5 = Queued o . 0.0% @.0125
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Training Plot (Trial 3, Resultd, Experiment1)
100
—~ 80
&£ —8
Z 60 ——————— . * - ]
g 40
<
20
. | |Epoch 2 | | Frpoch 3 | | Epoch 4 |
40 60 80 100 120 140 160 180 200
Iteration
2N T e _
=] —e
=
Epoch1 | ;Epach 2 ; | Epoch 3 | Epoch 4 |
20 40 60 80 100 120 140 160 180 200
Iteration
|4

14

MATLAB EXFP

EZMEENESH

17 4



MATLAB Appie &4 =711 - Experiment Manager App

EXPERIMENT MANAGER
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B = Plot Matrix = v
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(\View Experiment Source)
[ Resutis Image Classification by Sweeping Hyperparameters @ Complete 2 A Stopped 0 @ Error 0
Result2 © Running 2 = Queued 2 X Canceled 0
Resultl
= 9 Experiment2 EE
Sl Trial Status Progress Elapsed Time myInitialLearnRate Training Accuracy (%) Training Loss Validation Accuracy (%) Validation Loss
B Resutt 1 @ Complete I 100.0% O hr 1min 21 sec @.0825 98.4375 ©.1282 56.7200 1.3626
2 @ Complete I 100 0% O hr 1 min 27 sec @.0050 99.2188 8.0664 £0.1600 1.4052
3 O Running = I 73.4% O hrO min 45 sec 2.90875
4 © Running » 65.2%| 0 hrOmin 37 sec 8.0100
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Image Classification by Sweeping Hyperparameters @ Complete 2 A Stopped 0 @ Error 0
© Running 2 = Queued 2 ¥ Canceled 0
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Trial Status Progress Elapsed Time myInitialLearnRate Training Accuracy (%) Training Loss Validation Accuracy (%) Validation Loss
1 @ Complete I 1 00.0% 0 hr 1 min 21 sec 8.0825 98,4375 ©.1282 56.7200 1.3626
2 @ Complete I 100 0% O hr 1 min 27 sec @.0050 99.2188 8.0664 £0.1600 1.4052
3 O Running o I 73.4% 0 hrOmin 45 sec 2.90875
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o 4 Deep Network Designer Start Page - O X

MATLAB

Getting Started | Compare Pretrained Networks | Transfer Learning

v General

Blank Network From Workspace

v Pretrained Networks
a
0Oo0o
BB M
]

0oo
Dooo
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SqueezeNet GooglLeNet ResNet-50 EfficientNet-b0 DarkNet-53 DarkNet-19

Shaw mnra
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[ Training Progress (05-Mar-2021 12:18:33)

—r

Training Progress (05-Mar-2021 12:18:33)

MATLAB EX

4 =17 - Deep Network Designer

Training iteration 2 of 12260...

100
Training Time
a0- Start time: 05-Mar-2021 12:18:33
a0k Elapsed time: 19 sec
70 Training Cycle
== Epoch: 10f20
= gop .
5 Iterations per epoch: 613
g 50~ Maximum iterations: 12260
40 Validation
30 Frequency: 50 iterations
20 —. Other Information
. Hardware resource: Single GPU
Epoch 1 Learning rate schedule: Constant
| | | | | | | | | J
0 i .
0 10 20 30 40 50 60 70 80 90 T 0.0001
lteration
|1 Learn more
4 —
[ ] Accuracy
3 Training (smoothed)
@ Training
i
2 — —@— - Validation
1+ Loss
Training (smoothed)
0 1 Epoclp 1 1 | | L L L L J T
0 10 20 30 40 50 80 70 20 90 100 el
lteration = —@— - Validation
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BimER

Audio Toolbox — 44F2EX

s Domain-Specific Features

Spectral Entropy

« Speech and audio

* Navigation and
Sensor Fusion

* Radar

« Communication

BT Sum IR Y
R IE

HEHEHTE

1 2 3 4 d 6 T 8 9 10
-1L7327) 0.6736 -0.2549 -1.5637  1.6215  3.0901 -2.2351  3.4670  0.9090 -2.1135

aFE = audioFeatureExtractod('SampleRate',lSeB, e
"Window',hamming(windowLength, 'periodic’),...
-0.6940 -0.4338  0.5131 -0.4466 1.5550  0.2420 -0.4189  0.8727 -0.0454 -0.5248 ‘Overlaplength’,overlaplength,...

'spectralCentroid’,true, ...

-0,5121 19210 0.5216 ~-1.3213 -0.2902 -0.0543 -0.5145 0.1455 -0.2633 -0.0819 L
0.4532  0.6668 0.4834  0.0855 -0.5248 -0.1830  1.6840 -0.3684 -0.0121  0.9764 ‘spectralbecrease’, true, ...

'spectralEntropy’,true,...

1
2
3
4
5 0.6500 1.4595  0.4353 -0.2087  0.3480 -0.2585  1.4928 -0.6399  0.4925  1.6933 ‘spectralFlatness’,true,...
6
i
8
9

"spectralFlux',false,...
-0,9904  2.2094  0.5543 -1.9034 -0.7336  0.1350 -0.6101  0.9072 -0.1250 -0.5624 epectralkurtosis’, true, ...
0.8333 -0.4412  0.3763  0.8538 -0.1206 -0.2486 1.3017 -0.6548  0.5837  1.3158 'spectralRolloffPoint’, true, ...

'spectralSkewness’',true,...
0.0630 -0.3380  0.4176  0.2270 -0.2951 -0.1828  0.9193 -0.2509  0.5698  0.6503 'spectralSlope’,true,...

'spectralSpread’,true);

-0.2130  -0.0888  0.3%96  0.1107 -0.5436 -0.1146  0.5370 -0.0191  0.7044  0.0562
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Deep Learning Toolbox - LSTM

Long Short Term Memory (LSTM) Networks

= ——

BN i o)

ko DigiEk

Feature Engineering

— Bearing [CUCLH 12.5%

Flywheel

layers = [
sequenceInputLayer(size(trainingFeatures{1},1))

_— Healthy

lstmLayer(1€0, "OutputMode", "sequence") §/)M
dropoutlLayer(@.1) Bearing JCIES/M 12.5% //E”Lm
//' NRV

lstmLayer(160, "OutputMode","last") p
fullyConnectedLayer(8) Flywheel 90.0% // Pisten
softmaxLayer Reerbek

) A N N} N
Q’e-a““q?\ q@x\?fq‘ \'\ea\\“\! WO & e

classificationLayer];

Predicted Class



MATLAB E>

AR E

MATLAB Coder — ARM

A&
Generate Code for ARM Cortex-A

Al R

cfg = coder.config('lib');

. cfg.GenCodeOnly = true;

ﬁ%ﬁﬁﬁifﬁ’ 3Q2%% cfg.GenerateMakefile = false;
'Blg%s AN cfg.TargetLang = "C++';

dlcfg = coder.DeeplLearningConfig('arm-compute');

dlcfg.ArmArchitecture = 'armv7’;

dlcfg.ArmComputeVersion = '19.82";
cfg.DeeplLearningConfig = dlcfg;
cfg.HardwareImplementation.ProdHWDeviceType = 'ARM Compatible->ARM Cortex';

codegen -config cfg streamingClassifier -args...
{single(ones(512,1)),single(ones(1,18)),single(ones(1,18))} -d arm_compute -report

51
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Predictive Maintenance Toolbox — 4F4F}2 B

HHEE
Time-Domain Features Frequency-Domain Features
— m/ « Signal Patterns o ”WW EEEEE J BW
A . . , — + Changepoints gaf || :
T g AR Y ;/\/ - Peaks P e ““N ”j geasturf";r;_tst_
Sk o Si I LT B PTTTSTON | o ectral Statistics
%l‘-& ?E QEE Signal Envelope il ﬂvw\».*wf]{{mrﬂr,x ﬂ“\w' . O?:tave Spectrum

wwwwwwwwww

HEHEHTE

ch...IsiCol1_Std chl...ts/Col1_Skewness

1 2 3 4 d 6 T 8 9 10
-1L7327) 0.6736 -0.2549 -1.5637  1.6215  3.0901 -2.2351  3.4670  0.9090 -2.1135

1

2 0.6945 -0.4338  0.5131 -0.4466 1.5006  0.2420 -0.4189  0.8727 -0.0454 0.5248
3 -0.0121 19210 0.5216 -1.3213 -0.2902 -0.0543 -0.5145 0.1450 -0.2633 —0.0819
4 0.4532  0.6668 0.4834 0.0800 -0.5248 -0.1830  1.6840 -0.3684 -0.0121  0.9764 gz
5 0.6500 1.4595  0.4353 -0.2087  0.3480 -0.2585  1.4928 -0.6399  0.4925  1.6933 |
6

i

8

9

ch1..1s/Coll_SNR. chl..tsiCol1_SINAD

-0.9904  2.2094  0.5543 -1.9034 -0.7336  0.1350 -0.6101  0.9072 -0.1250 -0.3624 D
0.8333 -0.4412  0.3763  0.8338 -0.1206 -0.2486 1.3017 -0.6548  0.5837  1.3158 } }

0.0630 -0.3380 0.4176  0.2270 -0.2051 -0.1828  0.9193 -0.2509  0.5698  0.6503
0.2130 -0.0888  0.3596 0.1107 -0.5436 -0.1146 0.5370 -0.0191  0.7044  0.0562 |
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Deep Learning Toolbox — LSTM Based Autoencoder

SRS

R 1 i

\ g AN
ko DigiEk ‘

ZANNAIN
V()W»‘ .
Vi P .

Normal Input 0 Abnormal Input
Input Input
g| | ————Decoded ——— Decoded
[ [
1l -
’ | — | 4577 S
| Vo > P
— Fl \ [ |
/ I. |I II I | ! II
2r —~ [ | 0 |
ol / ! layers = [ sequenceInputlLayer(featureDimension, 'Name', 'in')
| 5| bilstmLayer(16, 'Name', 'bilstml')
2t reluLayer('Name', 'relul')
| bilstmLayer(32, 'Name', 'bilstm2')
-4t | -0} / reluLayer('Name', 'relu2')
' | bilstmLayer(16, 'Name', 'bilstm3')
I
6r ] J | reluLayer('Name', 'relu3')
| f 151 g fullyConnectedLayer(featureDimension, 'Name', 'fc')
Br U regressionLayer('Name', 'out') ];
-10 : : -20

0 5 10 0 5 10 net = trainNetwork(X, X, layers, options);
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