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50 km/h - sudden brake

Scania Emergency Braking System
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Scania’s Analytics-Driven
Emergency Braking System

« Sensor fusion algorithms
developed using machine
learning trained with
80TB of driving data

« Algorithms deployed on a
production embedded
system using Model-
Based Design

“Sensor fusion brings the sensor data together and, algorithmically,
processes the combined sensor data to understand the real-time
situation and apply the right control strategy to ensure braking occurs
when necessary.”
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http://www.mathworks.com/company/newsletters/articles/applying-machine-learning-techniques-to-classify-musical-instrument-loudspeakers.html?s_tid=srchtitle

THE BEATLES AT THE HOLLYWDOD BOWL

Remastering The Beatles’ Only Live Recording




“The Beatles Live at the Hollywood Bowl”
Remastered and Remarkable

« Used MATLAB, Signal Processing Toolbox, and
related examples already written in MATLAB

« Developed tool that uses spectrum analysis,
optimization, and musical modelling

“It doesn't exist as a software program that is easy to use. It’s a lot of Matlab, more like a
research tool. There’s no graphical front end where you can just load a piece of audio up, paint a
track, and extract the audio. | write manual scripts, which | then put into the engine to process.”

- James Clarke, Abbey Road Studios


https://www.mathworks.com/products/matlab.html
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CellScope’s Oto consumer otoscope
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CellScope’s Oto Diagnoses
Ear Infections with a Smartphone

* Visual analysis of the
eardrum, by comparing
with a database of 10,000
expertly classified images

« Developed using a full
spectrum of MATLAB tools:
— Computer vision
— Machine learning
— Bioinformatics
— Parallel computing
— Code generation

“‘What is great about having such an attachment is the power to
immediately share the image with the patient and better explain to them
what you are seeing...”
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Data Acquisition Toolbox™

MATLAB Support Package for Android Sensors
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Extraction

Dataset courtesy of:

Davide Anguita, Alessandro Ghio, Luca Oneto, Xavier Parra and Jorge L. Reyes-Ortiz.

Human Activity Recognition on Smartphones using a Multiclass Hardware-Friendly Support Vector Machine.
International Workshop of Ambient Assisted Living (IWAAL 2012). Vitoria-Gasteiz, Spain. Dec 2012
http://archive.ics.uci.edu/ml/datasets/Human+Activity+Recognition+Using+Smartphones
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D—-DAN—2A - y

ifs
it

E
|acc 22272x1 double
|- actid 22272x1 double

|11 actlabels 1x6 cell

50
22272x1 double

MaEn I l” & Figure - Figure 1 - X

Figure 1

D—JAR=X
(ERINEL)

DemoMain,m +
18 % <http:/farchive. cs.uci.edu/ml /datasets/Human+Act ivity+Recognt t iontls ing+Smar tpbones?
19
20 %X What's the idea here?
21 % Let's take a look at what our final resull may look like. This will give
22 % ua a belter feel for what we are trying to achieve
23
74 RunTr ainedie twor kOnBuf feredData
25
26 GY. Open full “recording” for a single subject (e.g. “)\
27 [acc, actid, actlabels, t, fs] = getRawAcceleration(. ..
28 ‘SubjectiD’,1,...
249 ‘Accelerationlype’, "total', ... '_._'/_t
30 "Component”, 'x"); %'f—.r )L
31
32 plot(t,acc) )

33
34

{5 — - C:¥mywork¥mwdemo_app¥lol ¥Sig for_Machinel ¥5ig_for_ ML ¥DemoMasn.m

;.i Jusi to make sure we understand what we are seeing

% Let me show in a different way what we would like to he able to do

o

plotdN> RICLB Y-k
(FRE S EOILEE)

4\ MathWorks

18



25

20 -

Demo: 9533747 —-33>DlcbDiESiEk S IRAE

AIRE (RENBHENSDTFAE) > 77
> BEEYE F3?
> BEEETS ?

PS4
“ 0‘

. a®
Vertical accelergtmn AP
T ‘ﬂ T "

A

Walking
= WdikingUpstairs

WalkfggDownstairs
—— Sitting®s

25

anaing
Laying
]

] ] 1 1 1 ] ] 1
-5 L 1 |’0 I 1 L
50 100 150 200 250 300 350 400 450 . 00 150 200 250 300 350 400
‘o’ "ta,, R time.és.)
* "... .0
Ty,
lll_% ? .."'n’.

FRAYIRRR

4\ MathWorks

19



4\ MathWorks'

Demo: 933747 =330 DIESHEr
N—=3YIRISEE : EAM S ADOFIT{E, RMSE

800
800 T T T T T 800
600 3 sor
,, 600 g 6001 e
o <
2 2 o 400 -
& 400 8 400 [ 3
3 3 o
8 S ©
o ] 200 -
200 200
0 1
0 L 0 I 5
0 0 Acceleration Values (m - s72)
Acceleration Values (m - s72)
4
1200 x : : Y 3000 : ; : . . 00
iooo| | -1 - ol
2 3
8 800 | _ 8 2000 - , o
E 2 S
© 600 - © 1500 |- i £ 200
=1 3 o
3 400 L S 1000 |- _ S
S 4 o 100 |-
200 500 |
0 1 1 L 1 0 - L L L 0 L
5 10 15 20 0 5 10 15 20 0 5 10 15 20
Acceleration Values (m - s 2) Acceleration Values (m - s72) Acceleration Values (m - s 2)

2 vs. B3 A vs. 31D 2 vs. BEz 3
l l l
EIEETEEER! EHEEZEORMS T3 B B CHERITS ?

20



| 4\ MathWorks:

Demo: 953740 —

3> DleHDIESHER

7IUg—23>

B 68 g .
(ESIELEE
ESCFIVT—23> k& FIVG—23> FIUT—33>20
e DAZA =L VACZo 7 (A *
. 77'{)!/ - ARTEO A - _ At
4 - = Bit Error Rate Eye Diagram Filter Builder
<EP HE0S » c: » mywork » mydemo_app » Al Scope
D2A0EA WE W PR )
St _ |4
-1 e
D4 RODEEE DTy rOE TN —DFEEE A
acCccC 22272x1 dOUb/e 8247 I+ BRI 8247 ! |
‘ . MAS-ORN "v‘m,
actid 22272x1 double o S A ! Fomt Fu e
) A A=W EIAEPa—5—-EZ3> :
! GERTT, ST ~REILTE T .
} actlabels 1x6 cell ~ M S g g =
|5 NI
!!’3: ITUlIR B2 LE(ee000 Apows’ 1
o IFAed e o Y00 Frass 9600
Jg s IR 20 Fatop 12000 cnaiils
(el stz
E R )50 -X
;E SR ¥l
>>fdatool N
Iﬂ&:?

21




4\ MathWorks:

Demo: 933747 =330 DIESHEr

REE(E) BIR(A) 99— Y BR) TR(Y) D42 RI(W) AJLF(H)
FUER W« :00HEUDA+ D - BLONE W

| 77'()L(F) WE(E) BRIF(A

FRttvs3>(N)
Ty 3> #M<(0)...
YT I>ORES) o
Ty a>caniEdlT T
74»9—@%@5

D— I ZANR—ZHS T+ )L
XILINX Coejﬁaent (.COE)
i

:r.OZrR t(E)...
MATLAB O— B&EERL

JO0YU3LNTIMIIAI%ZERT 5%
OITAR—b :

T A15%E 2]
@MATLABI—R=E4R :

J1 )V AUIREIEN D B &h A Rk

G
FBRIED LA 15

s BEEEIL 2 RED
Vil

SREL 7

2hYa 4

ZE: @F

Visal RAShE

[ DB -DES.

[ 20l8- 32-Tp—.

RIS (dB)

TAAVATA

0

02
AR (Hz)

v _

M
® 032
@ AR
| @R
|| Ok
GRITH
| F%ETiE

OFR Z Il

DLR-MEREtP L =T

@IR Frtyion® v

THILE =R
O REIEE: 10

_ BT
BH{L Hz

Fs: 50

B —3 PR v

T4 IDFELE

Fpass: §0.8

Fstop: 04

—IRiBitEE

By dB

Astop: ‘GO

Apass: ‘1

1 IVHDALER

Tl B —3&5t |




Demo: 953740 —

3> DleHDIESHER

IR @QMATLABI— MRk 172 #RUIL &

| Deprotiemmm—= T EEAERANT EVET( LR
] function Hd = myfllter
2 ‘-%MTFTETER-REfoﬁE-ﬁ-aTﬁérete—time filter object.
3
4 % MATLAB Code
B % Generated by MATLAB(R) 8.4 and the Signal Processing Toolbox 6.22.
§ % Generated on: 19-Dec-2014 17:23:22
;
8 % Chebyshev Type Il Highpass filter designed using FDESIGN.HIGHPASS.
g
10 % All frequency values are in Hz.
11 = Fs = b0; % Sampling Frequency
12
13 — (}Etop = 0.4; % Stopband Frequency
14 — Fpass = 0.8; % Passband Frequency
15 — Astop = 60; % Stopband Attenuation (dB)
16 — Apass = 1; % Passband Ripple (dB)
17 — match = “stopband’; % Band to match exactly
18 \"
19 % Construct an FDESIGN object and call its CHEBYZ method.
20 — h = fdesign.highpass(Fstop, Fpass, Astop, Apass, Fs);
21 — Hd = design(h, 'chebv?’, "MatchExactly’, match);

I1IVEDALER

e.g.)
Y D4 EATOY FESH
H = myfilter;

% 74 I)L30E
= filter (H, data) ;
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% Walking o
20 10 % = WalkingUpstairs %
L L *s = WalkingDownstairs -
Sitting
15 5 — Stapdmg
- | Laying
10 T, 0
‘--u——| = £ EmE
5 © -5
0 Lq_ -10
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IND—=2ART ML EE E(dB/Hz)

IND—/ A%k (dB/Hz)

N—2w7J7afft '

.0
ﬁ ;5 i xEQAzSAo
iR B (Hz) 0.00 /OO'
0. O
DINF /19— ARD LB HEE | .”*.0 9/‘6
00‘. ®$~?
~ ® &
DIFIE b R~
4 ..
..'...I:I/G/Cbﬁi ..'0
O... * *
L
>
.....'tf?
Y
....

15 20 25
R (H2)

| BERIVYT K

length(abw);

fft(abw):

Y(1:N/2 + 1);

Yp = (1/(fs*N)) % abs(Y)."2;
Yp(2:end-1) = 2¥Yp(2:end-1);
t =0 : ts/N : ts/2;

N
Y
Y

subplot(2,1,1), plot(f, 10%logl0(Yp))
xlabel (7 JEHZI(Hz) ")

yvlabel (771D —2A~% L2 (dB/Hz) ")
grid

subplot(2,1,2)

A% using Periodogram
periodogram(abw,[]1.[]1,fs)

A% using Welch method
pwelch(abw,[1,[1,[]1,fs)
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Power/Frequency (dB/Hz)

Demo: 79537147 —=330DhDISS T
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>>findpeaks (p) ;
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Power Spectral Density with Peaks Estimates
T T T

1 1 1
5 10 15
Frequency (Hz)

|
20 25

>>findpeaks (p, 'minpeakprominence’, b, ...

"minpeakdistance’, 0. 15) ;
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=2
=

functioﬁ feat = featuresFromBﬁffer(atx, aty, atz,

persistent fhb

if Cisempty(fhp))
the = hptilter;
thp.PersistentMemory = false;

end

feat = zeros(1,66); LI

(F4L5Y>%)

mean{aty); (5¥21531Ei)

abx = filter(fhp,atx);

aby = filter(fhp,aty);

abz = filter(fhp,atz);

A =
feat(1) = mean(atx); 4§1ﬁ§1
feat(2) =

feat(3) = mean(atz); 4}

vy

4\ MathWorks:

o FEE—EEUSHREE (F82566)

20 5% o

21 - [ feat (4) = rms(abx); 4§1¥5{§2

27 — feat(b) = rms(aby); (F{h4f;)

23 — feat(6) = rms(abz); J 4%'%&%3

24 \. *

25 T (B2 A8E)

6 — r;‘eat(?:g)

= covFeatures(abx, fs);

(J\—=EZ=HYX)

(IRILE-)

27 — feat(10:12) = covFeatures(aby, fs);

_ . - . =1
gg k?‘eat(13.15) covFeatures(abz, fs); 4%51£Q51141
30
3 - feat(16:27) = spectralPeaksFeatures(abx, fs);]

37 - feat(28:39) = spectralPeaksFeatures(aby, fs);

a3 — feat (40:51) = tralPeaksFeat h: o —1
o Lne:a ( ) spectralPeaksFeatures(a 4§1£&$5
a5

36 — feat(52:56) = spectralPowerFeatures(abx,

37— feat(57:61) = spectralPowerFeatures(aby,

38 — feat(62:66) = spectralPowerFeatures(abz,

0
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=3 _ =
uit ﬁ&'} E=EC =

FAERE e

1.1 =

BREF: EMINRER
1.2 w—

B4EF: REEOREKR
1.3 7% Y —
BaEs BEERER
2 SVM

B&SEim 2 /R SVM

i 66/66

fBE: 86.4%
11 66/66

BE: 75.4%
545 66/66

BE: 92.9%

41 66/66
7

TotalAccYMean

 REDEFIL

EFIES 2

AT -2 FYEM

HEE: 92.9%

FHLERE: ~16000 BLRIEUFS
TR 6.76

535888

Jovk
@75
@ EFITFE

e i
X R

FalF

X ‘TotalAchMean

v ‘TotalAchMean

D3

v

I

-2
‘ -

1
-0.2 ; 04
TotalAccXMean

-

HRoMAERE

| BDT—Hy b featTable HENE: 10299 FEF: 66 HEZH: ActivitylD [HEUSR: 6 Ty hOYA(X: 5MB | BE

> >classificationLearner
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Demo: 953740 —-3> Dl DIES %
Z1-INWYNI=DCKDIFST14T—-33>
>>net = patternnet(n); >>plotconfusion(targets, outputs)

>>net = train(net, X, targets); —
Confusion Matrix 7E/|5\1T§IJ

Algorithms

Data Dwision: Randam (divdesand)

Traitung: Scaled Conjugate Gradwent |rainscy)
Performance: Cross-Entropy (crosseatropy )
Calculations:  MEX

103 iterabons
0;00:02

Output Class

[‘ - nfus | [plorconiiaion)

| Receiver Operating Characteristic | (sfotroc)

Plot Interval: k)

1 2 3 4 5 6
« Validatian stop. Target Class
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ARETYTIZEBRELI-T—2DET: fillgaps

Resample () TRIRAER%
T—ADFEE

BEHOF vy T DY R—b

FtiEREREFTICHENT
ARETILD R % RTE

FEEETIEFTLIVTE
RATgE

251

e ntme R iote T haney

1.5

. sampled signal
reconstructed signal

T L

0 10 20 30 40 50 60 70 80 90

» load clockex
» x(29:42) = NaN;
» fillgaps (x)
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Number of changepoints = 5
Total residual error = 5732.1557
1340 T T T "

T T T
1320 / ety

* BEATREHETEDORILIZE LT
ES N EIEEIE

- METELLTES, o8k, Ty
SR B EEZE Y R—b e —

1200

. L . . . L . . .
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

= cusum (i?&*ﬁ*ﬂ%ﬁ?f%ﬁﬁﬂz » load('engineRPM.mat', 'x"')
i’ﬂﬁﬁo) %'“3 '%j&:*ﬁﬂj » findchangepts (x,'Statistic', 'linear’', ..

» 'MinThreshold', var (x))

CUSUM Control Chart
I =2.080134 ¢ =1.204759
arget target

Standard Errors

» load('meanshift', 'x"'")

» cusum(x)

S A M o v 2 o ®
/‘jﬁi‘:g

10 20 30 40 50 60 70 80 90 100

Samples 34
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0 - - 1

1 Il L _ 1 | 1 | 1 1
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Original Signals

; Aligned Signals (Euclidean Distance: 11.834667) 1 Aligned Signals (Euclidean Distance: 23.224220)
.0.2-V '\ﬂ N v M \/ I o)
‘ ‘

04 [ | . or
-0.6J u Lj L‘ L] L - -0.5

—— Early segment

— Later segment
i \ \ | ) | | _1 1 1 1 1 1 1 1
0‘80 500 1000 1500 2000 2500 3000 3500 0 100 200 300 400 500 600 700 800 900 1000

» dtw (x,V) 35
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— N = 0 200 400 600 800 1000 1200
ANICla™x

Original Signals

0 100 200 300 44 500 600 700 800 900 1000
Aligned Signals (Edit Distance: 816)

Y

» x = chirp(0:999,0,1000,1/100); EDR
» y = cos (2*pi*5*(0:199)/200);
» x(400:410) = 7;

>> y ( 1 O O : 1 l 5 ) = 7 ; Et)] f£734,~/ i 0 1(;0 260 300 400 500 600 7(;0 860 980 1000
» edr (x,y, .1)
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ESOREICTYF I AEREERT: findsignal

= FEORTOEHR/EZHAIL
LD ELER

- EROTYFUT
= BRABAN)IYIR
(Euclidean, Squared

Euclidean, Symmetric
Kullback-Liebler)

= BRARTGIEFRIE
(Zero-mean, Unit norm,
average power)

R2016

signal signal matches found: 1
T T T T T

i \ /
-V 0.8 \"

» data = exp (-
((1:300)/100) .72) .*cos (2*pi* (1:300)/100);

» signal = sin(2*pi* (1:100)/100);
» findsignal (data,signal)
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vERar USTIDIY TUIILUUTT TEVESD WINDIUTIauit uval lap 1V Juuu aliu vau SpTancid (miguie 3.

‘MathWorks' Acceierating the pace of engineering and s

Wgquyd-wmf

BR YUi—33> PHFIP Y-+ 2T21=Fs (BE) A~X>H - ﬁ
O
— Quoe
Technical Articles and Newsletters ‘ / 2T 5
)/ ,/ \\,
Overview Search Technical Articles  Newsletters +  Cleve's Comner Collection  Sigh Up ast / / \\
g / \
4 ] 9 g i : &o ¢
Applying Machine Learning Techniques to Classify Musical 3 \ 4 \\\
Instrument Loudspeakers & o4 / N
/ _ \
By Andrew Harper, Celestion 83 // \-
> »
Celestion loudspeakers have powered the performances of many noted guitar and bass . vl 1
players, including legends such as Jimi Hendrix. Deciding whether a loudspeaker is . s = : >z v -

Brightness (normaksed)
good enough for professional musicians is a lengthy and painstaking process. Each

speaker has its own unique sound based on a combination of sonic characteristics, (red). There is still considerable overlap between good and bad results, despite the clear
such as midrange character and brightness. Evaluating a musical instrument diffetence in the means,

Flgure 3. Baghtness probability density function for good speakers (blue) and bad speakess

The result could be predicted, but with very limited certainty, Our idea was that in
combining many resuits, the degree of certainty would increase. Rather than a linear
‘hurdie’ type approach, machine learning would enable us to consider the values of all

fastiirace at anra and than ralmilata tha avarall arnhahilitu of a Anad racnilt

http://jp.mathworks.com/company/newsletters/articles/applying-machine-learning-techniques-to-classify-musical-

instrument-loudspeakers.html?s_tid=srchtitle :
celestion matlab Q
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B [ developed and examined more than 50 features over several
months. These included energy features, such as the energy center;
spectral features, such as high-frequency roll-off and brightness;
and psychoacoustic features, such as sharpness.

B To compute psychoacoustic values, I used MATLAB, Signal Processing
Toolbox, and DSP System Toolbox™---. I applied functions for
smoothing, convolution, peak finding, and computing Welch'’s
power spectral density (PSD) estimates, among others.

B The first is that there is value in applying simpler algorithms such as

linear logistic regression, even if they end up performing poorly
compared to SVM, neural networks, or ensemble methods.

B The second lesson is that with a long and open-ended process like
feature extraction, having access to readily available signal
processing functions is virtually a necessity

B The third lesson is that no single machine learning technique works
well with all datasets.

4\ MathWorks
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Using MATLAB®, Statistics and Machine | - i
Learning Toolbox™, and Signal
Processing Toolbox™, I developed an ol e

application that uses machine learning To compute psychoacoustic values T used
algorithms.to classify one loudspeaker MATLAB, Signal Processing Toolb’ox, and
model as either good or bad. DSP System Toolbox™ to implement
established formulas for psychoacoustics
I used Optimization Toolbox™ to find from a range of textbooks.
an optimal value forlambda and
minimize the error on both sets.
] I used Audio System Toolbox™ to
Bl stream real-time audio directly from
I MATLAB, created the main UI for playing
T | and selection:-

022 “




Audio System Toolbox™

s A —F A A XSFTLAORFEE
~>=alb—=>3~>
- A —FAATTT I NESAISY
— ST RRZAE
— ASIORSA/J\HMR— NZkB
ELAFSUTPIIALS =2 L—>T3>
~ TILFFvRILY/O

— MIDIO> bO—ZFICKBINGA—SF1—=27

- IS A-FRAE L EfEFHMm
— audioTestBench TR AT N LDB]fHRIE &
INSGA—FF1 -7
— MATLABIO— RS VST PluginZEak - EXD A
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.
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%% ATSIY MNDESE
vl = audioDeviceReader

%% Y2 RANINSA—FETE

vli.SampleRate = Fs;
vli.NumChannels = Num(C;
vl.Driver = 'ASIO’;

vl.Device = 'device name’;

%% WHFREAT>TOb
hts = dsp.TimeScope('SampleRate’, Fs),
hsa = dsp.SpectrumAnalyzer('SampleRate’,Fs);

%% AHF—b

for ii = 1:500
data = step(vl); % EUST—HDEHNDHEA
step(hsa, data)
step(hts, data)

end
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MFCC(Mel-Frequency Cepstral Coefficients)

JIAMSA (E: Cepstrum) :

(EBD) TTANLLE. (ESD) J-VIZHBOXGE (i
7> ovE I =UIRED) Z2T-UIEZIEUIEED ART LD
ARG NIVEEFE(EIN S,

o

- NBIOEPEEDESZRIFENINLELTEFENNTWS,
COIHZE ARV ZEI XV REZ{F>TEIRT B, TOFEREIX
WRELEE T TANS MEEY (MFCC) EMEENS. CNI3EEE R
PEYFHE I TV LRECISAEIN TV, -

000 5000 6000
eeeeeeeee [Hz]

XIVRE
(RERZBEAN R E=ZORR)

(HE : JU-BRFERIV1FRT17 (Wikipedia)l, “TTANS A" KDIRI%)
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https://ja.wikipedia.org/wiki/%E3%83%A1%E3%83%AB%E5%B0%BA%E5%BA%A6
https://ja.wikipedia.org/w/index.php?title=%E3%83%A1%E3%83%AB%E5%91%A8%E6%B3%A2%E6%95%B0%E3%82%B1%E3%83%97%E3%82%B9%E3%83%88%E3%83%A9%E3%83%A0%E4%BF%82%E6%95%B0&action=edit&redlink=1
https://ja.wikipedia.org/wiki/%E8%A9%B1%E8%80%85%E8%AA%8D%E8%AD%98
https://ja.wikipedia.org/w/index.php?title=%E3%83%94%E3%83%83%E3%83%81%E6%8A%BD%E5%87%BA%E3%82%A2%E3%83%AB%E3%82%B4%E3%83%AA%E3%82%BA%E3%83%A0&action=edit&redlink=1
https://ja.wikipedia.org/wiki/%E8%8B%B1%E8%AA%9E
https://ja.wikipedia.org/w/index.php?title=%E4%BD%8D%E7%9B%B8%E3%82%A2%E3%83%B3%E3%83%A9%E3%83%83%E3%83%94%E3%83%B3%E3%82%B0&action=edit&redlink=1

V-2 : B
(BB

BRRE e Y(Z) — H(Z) X(Z)

- : :\%_
7 s ¥ (z)

I SDESHEEEEOHHE
TDESHEEZEDREEIT D
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H(z)
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X(z2)
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Speaker 1

Pitch
Feature Model
Speaker 2 Extraction |——— Training \
—_
& "'m_._____________,_,_,-“'
.
.
Speaker 10 Tram_e_*d
Classifier
‘*-L._,_.___________,_.r"
Feat Pitch
Unknown ca ”TE Prediction
Extraction MECT
Speaker X
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I Utterance — One to Ten
T T T T T T T

=
o
T

=

Amplitude

_ -I 1 i 1 i 1 i 1

Time (s)

Utterance — Two

FE/T i
(,H\FE'EEIZ ) ....... Y P FEPTTY LY (EE%EB)

Amplitude

CTOOOXDIEEKX : H#
-1 | ' . | ' COo0OXRDOMEE/N : E

0 0.1 0.2 03 04 0.5
Time (s)
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1.5BESICEY—TOVUy T
> FEEDIHE (SRR D INIMRENR D & FREs

2 (ESDRERERDIEO 7Y TH>TUD
HESZHET D

3.BCEEZETE
>H>T)ILDS T =HIE

4.5 MENSEY FREMRZIRE

% Center-clip signal

X(abs(x)<clipLevel) = 0;

oooooo

600

% Upsample the signal for
x = step(FIRInterpolatorFour,x(:,1));

140
ol
% Apply pitch detection to the word “two”
pD = audiopluginexample.SpeechPitchDetector;

[~,pitch] = process(pD,audioln);

90 ’»
80

1
0.5

0 01 0.2

>> edit audiopluginexample.SpeechPitchDetector

03
Time (s)

Il
0.4

% Perform autocorrelation
y = xcorr(x);
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5>—4twv b (Census Database: AN4)

http://www.speech.cs.cmu.edu/databases/an4/

CMU Robust Speech Recognition Group: Census Database

Databases
This database, also known as AN4 and as the Alphanumeric database,
e MicArray was recorded internally at CMU circa 1991. It has been used in
o AN4 several theses over the years.
: ﬁg?N This database is made available subject to the license terms.
 PDA
e CMU Census Database

¢ Description of database
o README
e Database (audio files and transcriptions)
o Raw audio (.raw) format, big endian byte order (64 M)
o Raw audio (.raw) format, little endian byte order (64 M)
NIST's Sphere audio (.sph) format (64 M)
Mel cepstra (.mfc) encoded format (14 M)

(o]

(o]

This page is maintained by Evandro Gouvéa (egouvea+cmusphinx@cs.cmu.edu)
The Robust Speech Recognition Group is part of the Sphinx Speech Group at Carnegie Mellon University

&\ MathWorks:
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| *| SILT 1 ILIIN

Speech Signal
———»

4o 3000

Preemphasis »

Window

4

00

|FFT( * )|

Mel Filterbank

r

. =] SLM
. =] SLM

* *

* L]

* L]
L ] SUMm

Calculate log energy

L 4

Iu:rng{*}l
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L 4

» log energy
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EwvF MFCC1~13 )L

Filename Pitch | | MFCC1| MFCC2 | MFCC3 | MFCC4 [ MFCC5 | MFCC6 | MFCC7 | MFCC8 | MFCC9 | MFCC10 [ MFCC11 [ MFCC12 | MFCC13 || Label
‘an251-fash-b.raw' [210.8731| -4.0064| -1.0502 2.2130 1.5944| 0.1636| 0.5905| -0.1960| 0.4518 -0.7614( -0.0169| -0.0412| -0.2525| 0.0019|'fash’
‘an251-fash-b.raw' |[214.4054| -3.5244( -1.7537 1.7664 1.8763 0.1116| 0.3083| -0.2133| 0.3668| -0.5598 0.2236( -0.1668| -0.3488| -0.1594|'fash’
‘an251-fash-b.raw' |[213.3333| -2.9804( -1.5177 1.4508 15171 0.0459| 0.2228| -0.1571| 0.3317| -0.5655 0.0566( -0.2429( -0.4489| -0.2143|'fash’
‘an251-fash-b.raw' [213.3333| -2.4698( -1.4726 1.3716 1.5239 0.0530( 0.1686( -0.2833| 0.1835| -0.6909| -0.0505| -0.2472| -0.3179( -0.1572('fash’
‘an251-fash-b.raw' [208.8091| -2.3291| -1.1027 1.3191 1.6805| -0.3529| 0.1277| -0.5211| -0.0254 -0.6645( -0.0556| -0.3002| -0.2029| -0.2032|'fash’
‘an251-fash-b.raw' (212.9784| -2.2898( -0.8004 0.9195 1.6846| -0.7346| 0.1145| -0.6251| 0.1587 -0.5014( -0.0298| -0.3634| -0.2166| -0.2122|'fash’
‘an251-fash-b.raw' (207.4554( -2.3984| -0.7293| 0.5258 1.5897| -0.7562( -0.0039| -0.6940| 0.2292| -0.5705 0.0363( -0.3367| -0.0192| -0.0899|'fash’
‘an251-fash-b.raw' [202.5316( -2.5082 -0.7673 0.2855 1.3773| -0.6114( -0.3232| -0.5542| 0.3293| -0.6243 0.1565| -0.1616 0.2889( -0.0642('fash’

EwF EMFCCOMED AT —)LINEIRD Iz
IERR BN
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EwvF MFCC1~13 oL

Filename Pitch I\/IFCCl MFCC2 | MFCC3 | MFCC4 | MFCC5 | MFCC6 | MFCC7 | MFCC8 | MFCC9 | MFCC10 | MFCC11 | MFCC12 | MFCC13 Label
'‘an251-fash-b.raw'| 0.9923( -1.7968| -1.7525 2.4287 0.3883 0.9017 0.8702( -0.2387 1.1208| -2.1363| -0.0567| -0.2265| -0.6421| -0.0378|'fash’
‘an251-fash-b.raw'| 1.0660| -1.5036( -2.3170 1.9590 0.6519 0.8234 0.2628| -0.2732 0.9087| -1.5951 0.5719| -0.6201| -0.9597 -0.6153|'fash’
'‘an251-fash-b.raw' | 1.0437( -1.1728| -2.1276 1.6269 0.3161 0.7246 0.0788( -0.1611 0.8213( -1.6105 0.1352( -0.8587( -1.2898| -0.8116|'fash’
'‘an251-fash-b.raw'| 1.0437( -0.8623| -2.0915 1.5436 0.3224 0.7352| -0.0378| -0.4127 0.4515| -1.9471| -0.1446( -0.8719( -0.8579| -0.6075|'fash’
‘an251-fash-b.raw'| 0.9492( -0.7767| -1.7946 1.4884 0.4688 0.1239| -0.1259| -0.8867| -0.0698( -1.8761| -0.1581| -1.0382| -0.4783| -0.7719|'fash’'
‘an251-fash-b.raw'| 1.0363| -0.7528| -1.5521 1.0680 0.4727( -0.4508| -0.1544( -1.0941 0.3896| -1.4382| -0.0906| -1.2364| -0.5235( -0.8043|'fash’
'‘an251-fash-b.raw'| 0.9210( -0.8188| -1.4950 0.6539 0.3840| -0.4834( -0.4092( -1.2315 0.5656| -1.6238 0.0824( -1.1525 0.1274| -0.3666|'fash’
‘an251-fash-b.raw'| 0.8182| -0.8856| -1.5255 0.4012 0.1854| -0.2653( -1.0963| -0.9527 0.8153| -1.7682 0.3964( -0.6039 1.1439| -0.2743|'fash’

>>m = mean(features{:,2:15});

>> s = std(features{:,2:15});

>> features{:,2:15} = (features{:,2:15}-m)./s;
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15108

1039.06
230.469
395.313
429.688
910.156
429.688
457.031

1691.41
3218.75
728.125
1410.16
1449.22
2344.53
1574.22

KNN3 gs (KeRirfED*hes)

N

b = LN R

e d = fitcknn(X, T, ‘'NumNeighbors’, 4)

Fi8 . C = predict(d, Y)

TRl SNV

1

AU VIS HIE

1039.06 1464.84
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per=ypgdl

Confusion Matrix

fash 1.885 04435 | 01109 | G109 | 02217 | 0109 | 07761 a0
HelperTraanNNCIaSSIﬂer.m fbbh 1.823 2.762 03315 | 01657 | 06077 | 03867 0663
e W . : . | J . | 80
(FE2RHERE)

0/0 Train a Classifier @ fele 2643 | 009975 | 003975 | 05085 | 03401 | 03401 70
classificationKNN = fitcknn(... =y |

|_|__| fajs 005513 | 005513 60
% Perform cross-validation ]

partitionedModel = crossval(... NO 50

WO

] ] g mblb

% Compute validation accuracy 140
validationAccuracy = 1 - kfoldLoss(... mblw

1 30
% Compute confusion matrix mbmg

confMatrix = confusionmaty(... 120
mcel

110

Mcen 1] 02117 | 02823 | (04234 2752 07057 2329
:ﬂ[}
fash fhbh fele fejs  ffmm mblb  mblw  mbmg mecel meen

e (FAFSER)
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HelperTestKNNClassifier.m
(FE50RAE)

for idx = 1:length(Filenames)
T = features_test(Fidx==idx,2:end); % Rows that correspond to one file

predictedLabels = string(predict(trainedClassifier,T(:,1:15))); % Predict
totalVvals = size(predictedLabels,1);

[predictedLabel, freq] = mode(predictedLabels); % Find most frequently predicted label
match = freq/totalVals*100;

result_file.Filename = Filenames(idx);
result_file.ActualSpeaker = T{1,15}{:};
result_file.PredictedSpeaker = char(predictedLabel);
result_file.ConfidencePercentage = match;

result = [result; struct2table(result_file)]; %#ok
end

B OEINEEET —FICDULTI0SXICFA

B FAFEROBEEXD 77D MY T2FAERETD
mEEED/\—t> MRBEZ"EE/\—T>2F7—2"ET 3
BETANIF7AILDEROGEE A

4\ MathWorks

Filename Actual Predicted Confidence
Speaker Speaker Percentage
1 ['cenl-fash-b.raw' fash fash 73.1844
2 |'cenl-fbbh-b.raw' fbbh fbbh 56.0000
3 |'cenl-fclc-b.raw' fclc fclc 77.0609
4 |'cenl-fejs-b.raw' fejs fejs 87.0536
5 |'cenl-ffmm-b.raw’ || ffmm ffmm 51.3410
6 |'cenl-mblb-b.raw' [| mblb mblb 76.4368
7 |'cenl-mblw-b.raw' [[ mblw mblw 36.7188
8 |'cenl-mbmg-b.raw' | mbmg mbmg 77.6596
9 |'cenl-mcel-b.raw' [[ mcel mcel 63.5246
10 |'cenl-mcen-b.raw' [| mcen mcen 82.9670
11 |'cen2-fash-b.raw' fash fash 35.5140
12 |'cen2-fbbh-b.raw' fbbh fbbh 64.7059
13 |'cen2-fclc-b.raw' fclc fclc 78.3784
14 |'cen2-fejs-b.raw' fejs fejs 86.9565
15 |'cen2-ffmm-b.raw’ | ffmm ffmm 48.0114
16 |'cen2-mblb-b.raw' |l mblb mblb 78.0822
17 |'cen2-mblw-b.raw' [| mblw mblw 44.2478
18 |'cen2-mbmg-b.raw' || mbmg mbmg 78.0645
19 |'cen2-mcel-b.raw' | mcel mcel 50.3497
20 |'cen2-mcen-b.raw' [[ mcen mcen 54.3624
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1 A= DS
Image Acquisition Toolbox™ ———

- EFEZEEOHWH SO BEEREUA HHEFEZ TR
— JL—=LP3)\ (BHRAIR—R)
- Analog A7
- Camera Link® A5

— DCAM IIDC ® 1394 (FireWire)
— GigE Vision ®F1iahX3
— —REEIRUSB WebhX3, IPAXS(MATLABYR— KN wir—2)
— USB3 VisionB#ihX5(GenlCam GenTL API#ZEH)
Microsoft ® Kinect ® for Windows ®, Kinect ® for Windows ® v2

: 7]7\/5’A7’>77°/5’ HETYMIE
- SimulinkaX5J0voty b

-

Kinect v2 Tl

FORBARELRH
RGBE{& + B & EEE | ELI=A 3
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Demo: HSV vs HOG

ﬁ%@#ﬁ

l:ﬁf:’l’#fﬂ%(i ?

mHSViEHE (AEDEX I\O?A)
>>hsv = rgb2hsv(img);
>>f2 = imhist(hsv(:,:,3))";

m HOGYEH=E
>>f1l = extractHOGFeatures(img);
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E{SRALETAHNSNS 5= (cont'd)

DY A T (CED < HRHBEEDER

e BEO217 3k

FAST [1] a—F— detectFASTFeatures
R/NMEHET7ILTIVX L [4] a—F— detectMinEigenFeatures
Harris [3] a—7F— detectHarrisFeatures
SURF [11] 07 detectSURFFeatures
BRISK [6] a—F— detectBRISKFeatures
MSER [8] CE AN P 2 )b e detectMSERFeatures

sCiFAY Y RDiER

FoikF NAFY  BEEEAYYE

HOG x extractHOGFeatures(l, ...)

LBP X extractL BPFeatures(l, ...)

SURF X extractFeatures(l, 'Method','SURF')

FREAK O extractFeatures(l, 'Method','FREAK")
BRISK O extractFeatures(l, 'Method','BRISK")
mJOovy X extractFeatures(l, 'Method','Block’)

B X— RAVEDEAYDE I ILEE

REEFR
A—)L [EEE
X X
X @)
@) @)
@) @)
@) @)
X X

Ar— KT

OO0 x x x

— % i 7 {55 FR 451
TEE] 452 o] D % s

X

~N
1

L

O OO0OO

[1] Rosten, E., and T. Drummond. “Machine Learning for High-Speed Corner Detection.” 9th European Conference on Computer Vision. Vol. 1, 2006, pp. 430-443.
[3] Harris, C., and M. J. Stephens. “A Combined Corner and Edge Detector.” Proceedings of the 4th Alvey Vision Conference. August 1988, pp. 147-152.

[4] Shi, J., and C. Tomasi. “Good Features to Track.” Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. June 1994, pp. 593-600.
[6] Leutenegger, S., M. Chli, and R. Siegwart. “BRISK: Binary Robust Invariant Scalable Keypoints.” Proceedings of the IEEE International Conference. ICCV, 2011.

[8] Matas, J., O. Chum, M. Urba, and T. Pajdla. "Robust wide-baseline stereo from maximally stable extremal regions."Proceedings of British Machine Vision Conference. 2002, pp. 384-396.
[11] Bay, H., A. Ess, T. Tuytelaars, and L. Van Gool. “SURF: Speeded Up Robust Features.” Computer Vision and Image Understanding (CVIU). Vol. 110, No. 3, 2008, pp. 346-359.
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B DESEDOVER trainCascadeDetector
B Haar, LBP, HOGIZ Xt
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B A\ BEEOKELEF

LBP4FEHEIZLD
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Squared Error of LBP Histograms
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B Haar, LBP:
B RT— )LD NTIRFrRIE
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Bricks

i
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2013

[ snmance F =] SURF/Harris /FAST/BRISKZ 2014

XTRYPIK T D4 EIR L R2015b
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SEEHMEOAE : (7 RA>DIEN)

Q" FAZDAF 277 Moo= O gy
= @=t X a ®@"EN" =I)v) o e

{jl JIADRE

(72 b D —R
BiE f oy Brain MRI Tumor Detection and
& 7 RAZDAF 90— 192
Classification ,s—v=- 1.0 frsi#: Manusn iR R
i;::"wsﬂg 172705 @q:_ Ij _ F&ljj A Matlab code for Brain MRI Tumor Detection and Classification S E/ADERT
<a =1 (.
T2 EABAL
RTTOPS &n8A ESES
RATHFBAL
Taolbosas 3nd | e ,"‘R'T”mc" Detectionand CIfil - A Matlab code is written to segment the tumor and classify it as Benign or Malignant using SVM.
A atan cose tor Brain ME Turor ewctodll  1He features used are DWT+PCA+Statistical+Texture

cde inthe Matabsamancall  HOW to run??

Brain_Tumor

1».”,) SN CRAVBAL

?fﬁ'?ﬁ’"j‘;"r st 1. Unzip and place the folder Brain_Tumor_Code in the Matlab path and add both the dataset
todels 2. Run BrainMRI_GUIl.m and click and select image in the GUI

fx Brainmm_cunarsan) - Proec Tee gl 3. Segment the image and observe the results of classification

fx Brain OWT PCAm-Project Title: Bran

4. Evaluate accuracies

The code is loosely based on the paper below (included), please cite and give credit to authors:

MRI Brain Segmentation ,‘ [1] Zhang, Yudong, and Lenan Wu. "An MR brain images classifier via principal component analysis and kernel support
vector machine." Progress In Electromagnetics Research 130 (2012): 369-388.

__Note: Segmentation of skull regions is an ongoing task. will upload a better code once it is over

ment the Bram mass from the rest of

fx UpdateStceOMalic(X hSlico) . This should get the data you want

X StepThruimidle ws). STEPTHRU automancally steps trough spe

https://jp.mathworks.com/matlabcentral/fileexchange/55107-brain-mri-tumor-detection-and-classification 66
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Brain MRI GUI

EBRET —2DBER — RTtWaveleth S5 EFHE L.
EEOBRME - -EMOHIFEIZAL=HI( Wavelet ToolboxZ{ER)

Features
Segmented [mags Mean
s 0OE00 47
Segmented Image
Standerd Deviation B
Entropy 355408
R DOBSEe
nee e
‘-\’ﬂ’-’l'h""‘:.f. ™73
beewre ) BAL005
1DM a7
Type of Tumor BENIGN Contrast 021579
et 21061
REF Accuracyn $ Linear Accuracy in % Folygorsl Accurscy in % Q B A *
Emarg
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FBUEEHROY—-X : http://www.cdc.gov/dpdx/index.html

= mylich_prea_med_guihy
| 2r40UF) | R(E) FTR(V) LAFIHN) I—IMT) ~ALF(H)

1-Y—A>59-J1—X
s%sTIRIE (GUIDE)

>> guide

At

a2l PR By VPO LM

S22 fgurel REOS: {0, 0] am: {33, 529, 627, 388]

v
fig TPAMIERENS

(Centers for Disease Control and Prevention)
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MATLAB

Toolboxes

x = fft(dat
Lv s 20*logl

[ R2015a

MATLAB
Compiler
Runfime
o\ (MCR)

FEFITRTOREEEYR—D - cUuIPFigure WG

>> deploytool
UK 7IoVT—-2a>aT h5ieE)

. |

mas &
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FTUT— a0 T-98)
=2 = - . -4

2 : ELR
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NAEL AT 0 AU~ e

1 : REMUDOMATLABI7A IV Z487E
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N

» B AN-—S—ATV32

BEDA A M= Ial% -

WrogramFilestt = Vimage _r_s¥

L

71 24 4 CERID-

[ o1rus—u- |

HIPR : http://www.mathworks.co.jp/help/compiler/limitations-about-what-may-be-compiled.html

Xt ToolboxBi%% : http://www.mathworks.co.jp/products/compiler/supported/compiler support.html
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FIUVT—3>

. IS
Compile =—
MATLAB
myapp_m ..................... .’ myapp_exe
...o‘gu....,’% ! Copy & Install ]
K v "\

myapp.exe

myapp.exe

myapp.exe

MATLAB MATLAB " MATLAB
[\ Compiler 1\ Compiler [\ Compiler

Runfime Runfime Runfime

{MCR) {MCR) {MCR)
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>> productionServerCompiler —

MATLAB 5L FIUS—Sav T HSHEE -

Toolboxes

Production
Server J23/(15

—— J— i - & Excel BSCHGL RGOS PN =) func.t
! - e E — >
for k=1:max -l ™ KBNS T~ 1
‘ : ware Joszobr em . s
-

x = fft(dat - e - (i
v = 20%logl | s E—— R T o
TJ"—'I'r - ’ 1 : REAIOMATLABI 7M1 IV &IEE \ |
= = (BI%) 2 kvr—3it
Mz )

MATLAB Compiler ey —
&) my8of_pred_med 2] readme.txt

[ R2015a
(<

[FFITARTORIEZYR—b

HIPR : http://www.mathworks.co.jp/help/compiler/limitations-about-what-may-be-compiled.html

=15

MATLAB
Compiler
Runfime
{MCR)

| O4vUF4—7u— |

¥thtToolbox %Y : http://www.mathworks.co.jp/products/compiler/supported/compiler support.html
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Production
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Compile !
................... > myfu n_dep|oyed_ctf
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- Java, C#, VB, C/C++, Python Sh'F)HT]AE
v 547> NPC B

| Client
MA_TLAB Access |
Production Server —

Client
pplicatio
Client =

pplicatio

TCP/IP

[i

/auto_deploy/myfun_deployed.ctf
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NAAEIE: Simulink/\—ROI7iE#EHEE(cont'd)

Raspberry Pi™ LEGO® MINDSTORMS® EV3

®j i
Raspberry PiT™M2 Apple®iOS Devices

KINECT™ for Windows®

RTL-SDR Radio Samsung® GALAXY Android™

BeagleBoard /PandaBoard Digilent® Analog Discovery™ TurtleBot™ KINECT™ for Windows® V2

HR—h&NTWR/I\—R17—E
http://jp.mathworks.com/hardware-support
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KinectDemoMovies3.avi
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| Raspberry PiDESE

2008
2011
2012

2013

2014

2015

2016

2017

2018

IR 7T EKRaspberry PiBAEIE%Z

s EmIThk
#{Raspberry Pi UJ—X
FIH _KFRIT1AhaZ7EhE3
FIHEITLOREOFE
AT ha

RET ha

Compute moduleY)—2X
Raspberry Pi 2, ZeroJ—2X
AT =(Feb)
Raspberry Pi 3 UUJ—X
SR EfERH CRIEHIG

25T &= (Nov)

Compute module 3, Zero WUY—-X
&t = (ul)

RaT & (Mar)

JJ—2X (R2013a)
ThingSpeak Write (14a)

Pi 23t (15a)
MAC OS#ti (15a)
Pi 3xtht: (16a)
Linux OS3di&x (16b)

I2C,SPI,Serial (17a)
Audio read, logging (17b)

Pi Zero WX¥Jts (18a)

https://en.wikipedia.org/wiki/Raspberry Pi
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12C Data
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single HIGH

(>< [Alert]
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[Alert]
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I2C Master Read

J0vy

RASPBERRYPI

12C Data
Master Read

Slave: 0x48

int’

RASPBERRYPI

12C Data
Master Read

Slave: 0x49

int’

AL=J®

7 RUVA

Pl 7092 /t5A—5—: 12
12C Master Read

Read data from an I2C slave device or an 12C slave device
register.

The block outputs the values received as an [Nx1] array.

Board: [Pi 3 Model B

Slave address:  hex2dec('48") ]

["] Enable register access

Data type: [int16

Data size (N): 1

"] Send NACK at the end of data transfer

[] Remove stop bit at the end of data transfer
[C] Output error status

Sample time: 0.1 ' E]

[ ok(©) | |[#r>tn©)| | amzm) | Ema)
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TRIEaTSY A ThingSpeak ReadZ'0v%

_ Ssingle
[TMP102A] > +—P{vari RASPBERRYPI

[TMP102B]

m“i il P var3
— ([ [T

singlg

(e 7092 /65X —5—: ThingSpeat

ThingSpeak Write

Send data to ThingSpeak, MathWorks IoT Analytics Platform.
The hardware must be connected to the Internet. Input ports only
accept numeric scalar signals.

Enter the Write API Key for your ThingSpeak channel. Each input
variable is written to a field in your ThingSpeak channel.

Set Update interval to the number of seconds to wait between two
successive data send requests. Visit your ThingSpeak account page to
find the minimum update interval for your channel.

Check “Print diagnostic messages” to send the ThingSpeak server
response to standard output on the hardware.

Optional

Update URL: https://api.thingspeak.com/update

E2XAH4FHAPI lH| Write API key: LN85XFL6W3LUPSFC

I‘ u Number of variables to send: ﬁ

[”] Print diagnostic messages

EETEF— IO

Update interval: 15
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