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2.3.3 33n15mnaeu Bluetooth Module 1asdiu uuWindows 7
-Default parameter ; Baud rate :9600N81,ID:linvor,Password : 1234
AinnsaneldeslFiu Bluetooth module LED waRI@n1uzaznssniy uaniin
module A1&1san1sidouseain Master
- %1115 add device lasadnd star-> device and printer ->add device WA
windows 2z seum device Thdandl invor udaldswa 1234
“489917%1N"T pair device a7 windows sfinda buletooth serial driver 11
4TUalusinsu hyperterminal w3alU3unsu serial port monitor vionwasniiidy
Bluetooth serial port w&awnsidensedensell LED anuvavfindailelusunsuv

AMsanesnlaunan

2.4 Arduino
2.4.1 Arduino
Juveshlilasrautraiaeiniena AVR dndaimimuu Ogén Source Apdinns

\Watnedoygfiennu HantiWare ay Software $151 UaSa Areiuino gnaguuusiliildeu

Td4e N FURRRIEh 2 v TP T Rl ﬁqﬁ;ﬂ%’qmé’qmmsﬂﬁmwaq MALLAL WeuwN

FOUOAVNGIBEIA Naalusuns Naaleen oY

AN evasvasa Arduing lufisdeany NienaSumasg anldamdininne s

e

BLannspdndi N EeN kA et A Ve RSP gaa Ul 1) viTauite
AuaLAIDAalN TAdRNFa TS A U L Ardiing STt v e (aethegud
2) 19 Arduine”XBee Shield) Arduinefusi¢Shield, Arduino Relay Shield, Arduino
Wireless Shieltl, Afduino\GRRS Ghield (UL i daufuuasiududsa Arduino kan

Weauldsunsuimuag Sz

Ul 2.8 UpsA Arduino U LED  3UR 2.9 Uein Arduino serfu XBee Shield
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2.4.2 ynwdtuitvinlsiuadn Arduino Wuiitiew
- fosomaian fguuumideiiugiu lddudoummnsdmiudEud
- §1 Arduino Community nguaufTmfuiRfuduse
- Open Hardware vinlvigldanunsaivesalusesenldaulavaiuau
- 1Ak

- Cross Platform anansawmunldswnsuui OS tanle

243 gﬂl,munm%ﬂuiﬂmnsuw Arduino

gﬂﬁ 2.10,m 5 @eultsun sudrAndtno
1\ el sunSTURABURaL e s L lis e ST Arduibol DB sanun saanl
TvanlaanvArd uiitoec/en/half/saliware
2. né W gnlysunsuseusosudy Wgliouladniuuesa Arduino #

Tduagnneias Com pelt

Auto Format.
Archive Sketch
Fix Encoding & Reload

Serial Monitor Ctrl-Shift+M 3 =
‘ ©  Arduino Uno
Board " Arduino Duemilanove w/ ATmega328
Serial Port H Arduino Diecimila or Duemilanove w/ ATmegal6s
Brogsamminer 4 Arduino Nano w/ ATmega328
Bur Bootloade | Arduino Nano w/ ATmegal68

Arduinc Mega 2560 or Mega ADK
Arduino Mega (ATmegzl280)

= ' ; i
5UM 2.11 enjuuesn Arduino R8s upload
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[ & sketch o

3 Fle Edit Sketch (Took| Help

Auto Format

Archive Sketch

Fix Encoding & Reload

Serial Monitor Ctrl+Shift+M |

sketch_octi7a

Board
Serial Port

Programmer

Burn Bootloader

U 2.12 Fonmneiay Comport va3uain
3. nAtl Verify ilanTiasauaugnieauay Compile Tanlusunsuaniuna Uy
Upload Taalusunsuludiuasa Arduino Wiumsany USB dledulnaniouiosudiay
LEMNTDANULAULINEN “ Dor uptoading? waresaays L ideulusunsy

Aleviun

y: A g
& | ' FE L i
&
f
1
o - Ay
:
g —-t : ) ,_ Aty - 4
led, WOTHT) | VA0 Tad, P
AL T8% 567713 =
j‘.“..'"";.,!l.i....... .
g~

U 2.13 Wlidesify RopsInagDaaTmonded Tadldnldbupduliar Compile Tén
2.4.4 Layout & Pin cutvArduing Board (Model: Arduino.UNO.R3)

SITTTAL (Fem-) F B

 ——
INO,

== ~ ARDUINO

| smednse . Amegaize

EMCU ; Atm=gadZs

(T EYE
1 ‘\ 3
7o VO
Swpin Power -
=

AG2C) SDA
AS412C)

5UTi 2.14 vdn Arduino UNO R3
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1.USBPort: Wdwiusaiu Computer WioduTvanlusunsudn MCU wazanalwlidu

uoin

2 Reset Button: 1utly Reset Mnauiasioanislit MCU Gunsvianuilol

3.I1CSP Port w@3 Atmegals U2 Wunadedildlusunsy Visual Com port U
AtmegaloUz2

4. 1/OPort:Digital /0 fawslan DO 8¢ D13 uonIINUI Pin azshwithiiaws Wudiu
f8 LU Pin0,1 Wuwn Tx,Rx Serial, Pin3,5,6,9,10 uay 11 Wuw PWM

5.ICSP Port: Atmega328 tWunesnflldlusunsu Bootloader

6. MCU: Atmega328 1Ju MCU fldunuasa Arduino

7. /OPort: wonanasdu Digital 1/O was wWasudu dessudygaeuden s
21 AC-A5

8.Power Port:lW@8afasuaimiadadnirane lnlvinvadasaieuan Usenauaiaen
TiBe9 +3.3 V, +5V,GND, Vin

9. Power/lack: Suludha-adactes Tneusemiodsswan 7-12 V

A

10. Mauos AirEgal 662U MG yimiaildu 038 teSerial\lgy Atmega328

ARADNU ComputeriuAtmegatol2

2.5 mslusdesnIae (IMachine learning )

i
@

N3 FauS ve.AseTMmachine arming) T milsme idun ) i us fiiawmunen

Ll
N13ANYINTIR WL e EINUR SERR LR SAS s NeaTuvia gl Fuusdoyauas
Munedoyals danesiuluiziiulngoadelyasTiay NN aRoya i og 19 N Ne

ANSYINUNENS 09 P AL A WA N UT TSI THPATA TN UL 03P AU s wA Sl AU L9 DS

=

N15138u5v09ATe N g @ 19N U En AA 18 A L Hada nNIdasd19AnEINIg

b

&

=

Anszvideyaiiianisitune uiesuenannlgidasasdlwlsivaiv nmsiauuneiign

U

a € al ko8 = ¥ ﬂl oV 66 L
Tunnadamans vgu waznisusegnaly n1sssudvedaissamsailuyssynaldeuld

o e

warnmats liinendunsnsedduaues N13331Renys WasiAsedle A
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2.6 m3dnuundeyadiglasedneuszamiiioa ( Neural Networks

Classification )

mMsuundayamelasiisdsyamiivunsa Neural network Faluignisasanlaun
NNTIRINITIINUYIaNBsYYd nsssuuiinsUssinananadiefumiionnudvie

wadlszamsuiuunidniseunefudulassine

N137191u983 Neural networks Aowfiadl input 1111183 network ALe1 input R

g 2/

weight 999uAaz1 NalARN input 91N 91VBL neuron L WTIAULTINOINTBUAY
threshold if1muald dmasauddiuinnia threshold waaneuron Aagds output asnld

output dfi9zgndaluds input 1o Lneurerdu=a. o uiuly network d1Ataends

& o

threshold fAagliiifin outpurBesdinufowsdninsiuan weightiaz threshold d1suded

&

1
o =%

irensiive ineu e Ia Fathimdldiee wddsnsan g e ufiawasuiuan

o Y

wianulalagnsad wlvisingsn patern Bosddi adgen istrisa

U

I pUit ") Gen gral\Newnon

claly i

£

. 34|
i i f -ﬂ_'-’
. <8 ‘

P.r: e 1

¥ AN 2

=AW +b)

sUM2.I5das 33 AsiTuiameeietiron

a = tansig(n)
2

- (1+e-2n)

1

gﬂﬁ 2,16 @unN13999 Tan Sigmoid Function



15

2.7 Sphero
Sphero vaadwusuAlIdURvinly "gnuea” awnsamuauliaedeugysiiveli
ndsluluftrmneidosnsld Tneldiduees Gyro + Accelerometer Tunsaaupulit Sphero
naslulufiemnsfidaansmennudivangan w5 Sphero aglasunswaun i
& & o X g A A a &oa vaial o
eusalumsnaadindudy 7 Wasedundl dnviaii LED Tilidduvainvianenagnaunis

Wandanisysakuaniedsviieniiwuuliane

= A g
3UN 2.18 vw139LUn waz Sphero
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N159DNLUULATELINAAUENDILAZHANNITNINIU

3.1 Block Diagram

Supply
5V

Mindflex

e

Arduine

g

Sphero

>

Bluetooth

‘gﬂ‘ﬁl 3.1 Block diagrarfi

Computer

Block diagram La@nan15v191uuee Mindflex Inalwideswwn 5 anaely Mindflex,
vesalulasaoulvalaes (Arduino) wag Bluetooth lne Mindflex Wwshauteyanaiuases
ar t24 v & & o éi 1 & s 1
Fudeyanivueinlulasaoulvaiaes (Arduino) tededayaluda Computer W1umna
Bluetooth watiludiasiet selusinsy Matlab emanuuanaswasisazNouly ngld

i v A =k ~ = v
anuuand1dluaIuan Sphero Tipdoudlulufienisfisdonis

3.2 AauanUfiveansasinaduanay 1Al

Tnoasidyaauvaniluldlunsimuedditugunsaifidesnsamununisiu
dyaildlunisaaunufAe Low Delta, Mid Delta, high Delta, Low Theta, Mid Theta, High
Theta, Low alpha, Mid alpha, High alpha, Low beta, Mid beta Waz High beta
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thilnveayanan Wiz daansete

3.3 gunsalilélunseanuuy

3.3.1 Mindflex

isdenld Mindflex Saaduauasdsly Mindflex tuasil Neurosky chip daduly
TasBumseidoaaing
3.3.2 Microcontroller

isdentduadn Arduino UNO R3 Tunissumsnesuasnauauas aunsenndeld
$18 venantunwildlunsdeusdansieulildawidudounndn awase
Weuwaz@nwlameauoaasiilivrarysnninglmidenld
3.3.3 Bluetooth

widenld bluetooth HC-05 lunisideusasewing Arduino borad U computer

3.4 Yumauluiuvayaniuain Mindflex
3.4.1.6997 Tx 199 Mindflead®3 Rx 104 Arduind beraed

SUT 3.29TTX w03 Mindflex

3.4.2. §i9 Ground Y81 Mindflex N"U Ground 89 Arduino

143931
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gﬂﬁ 330 Ground war Mindflex

3.4.3 Wavulvuamiiasesg oy Mindfex N agu3a 31 Rawdata 1o

gl
4 — L - tq
%‘i": el ",;

o N

gﬂﬁ 3.4 mMsUsulnunwaa Mindflex

~ A ° ' A o =
NIUN 3.4 LUaBuUALLYeY R IWasUAT Raw data 91 baudrate 57600
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3.4.4 N15M9 Bluetooth AU Arduino

JUM3.5'N175 894 Bluetootd)

yinnsee BXP a-Bluetodth ianu Démiinsalulasaa i hatass Arduino fa
GND 204 Bluetgbth iafuGND a0 Ardding \wavka VCC sae-Bluetdoth 1 iU 5v e
3.3v Hlawas Afduing

3.4.5 518y 10 w-min dfteX lad L4 s $611lnSaasivcians (Arduino) wazuans
AVBIE Y AT

e &) ea882

26,0,04 221370, % 666465, 10502 ' W30208, 2687, 248524, 4508, 1616632 _:J

26, 030, 446%51, 200 086,13962, 92403, 19060, 71600 M 406,425729
2€,0, Pped7185, 278058, 14534, 171252,%328, #19812, 741, 578858

26, 04 0132388472838, 27212, 6762 S0, 206937, 19949, 235255

>1 26, D0 53706 359952, 335320852 04 1Sg¥0, 72441, 74422, 457036
s1d setup () { éﬁ
STLIT T B 2€70,0,230134, 610068514901, 160979772509, 129290, 90600, 181413
Serial.b (3600) :
} 26,%,0,5742fmu062494, 2087334173677, 1404686, 243209,170272, 119952
2id leop () { 31 26,0,0,5261518855 43¢81474, 272860, 47785, 147100, 112094, 206622
t :
“r Sl 2 - 125,3,0,1090144,352915,EEZZ\}, €5963,55036, 93299, 16€242, 377326
f (brain. o 2€,0,0,65113,284835, 86324, 29971, 36501, 35922, 4297C, 94376
Serial. {brain. i3z
Serial.j {brain. () 2¢,0,0,495726,556593,20267, 596536, 123697, 174040, 178437, 168777

=||]2¢€,0,0,351554,391424,24292, 475071, 56017, 171263, 228394, 99047

26,0,0,963197,773762, 481409, 158913,119973,157049,204241, 51638
26,0,0,611199, 523249, 222910, 300390, 75402, 122461, 132613, 148028

2€,0,0,945259,515140, 60530, 22 hs

IV Autoscrol [Nokne ending 7] [s600baud 7]

3UN 3.6 lAnuaza1i Arduino 195y
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I3UN 3.6 avilviavue 11 Fyayrounail

o

1. Signal status vendsanugnsieudaves Mindflex 0 Aodyaafidouuudun
200 lufiduna 2 waw3.Attention Meditation AvesauBuarlnig Aldainnis
ANIMUDIANE I 4-11

4-11 PeAwoddyy 1l Delta Theta, lowAlpha, HighAlpha, LowBeta, HighBeta
LowGamma ey HigchGamma

= coM11 (Arduina Uno) W AWE_
N R fm

e

BrainSenaTest§

https: //github, con/kitschpatrol/Arduino-Brain-1 2048
04g
#include < S
|
ot o o il 200 NInEaI280, 607680, 160673,367417,169762,331866,245725,213133
Brain brain(Serial B
id setwp (] {
Serial, 157600
I
1 Toop{) {
: y & "
o L4 =4 L. 4
. - Wy 47 A3t v
i1f (brain. BV |
ibrain.
Y o A
i

) Altastrol Na line ending -.'_ :smhui -"
= = - —

U 37 ey

Vo Ravidatd aiaan Mindflex
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4.1 Flow Chart

sUdl 4.1 Flowchart mshanu
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4.2 N13NAADY

Sumauit 1 \iudoyarduauedasuiseandu 3 au mameassutseanidueuluile
nsewium, file, teannd, wis, Soanasnf, viosgasens uay waudu Tagldvaanen 13und,
53un¥, 103u7%, 159119, 20319 was303und) Tnenfiuraesis 3 ﬂuagﬁlugﬂmadﬂﬁu Raw

data wag wiadlegl¥ds FFT (Fast Fourier transform) wutagluaieadnudl 0-30 Hz disil

ql 1 dl b
f191994.1 1UATIUAVINT DA

AR Ad (Hz)
Low Delta 0.1-1
Mid Delta 1.1-2
High Delta 2.1-3
Low Theta 4-5

Mid Theta 546
High Theta 6.3-F
Low Alpha 8:9:3
Mid Alpha =107
High Alpha 108-12
Low Beta D-1%
Mid Beta 16-20
High Beta 21-30

TunauiAg With iz ilFanTvag6Y mavaasuinngiGevindudeya
MRV FFT (Rast Folifier transfordi) Sag@aianmnn e iuwdutonasnuaunasy
(Power spectrum denSighIndinldannfiudildnsle 18 T5 Arabezoidal Inteeration
Method wesaasiluusiaz s maeas) Fhide SuarZethuanuiduazmanuuand
voadayaviovun aqUldin a1m1suUaRINTSITEENIOL 4 nduiiuanng Ao AsEHIuA(BUNK)
fnile(Hand), Taaund(Focus) wazina(Gaze) Tnaldgaaian 5 3undt de 1 drds vnisufiv

Tayadmiuduneu Machine Learning eldlumuuuunisdnnguvestioya ialdluns
seduligunsalinanumuddLuy real time



23

350 — E . e

1 =t o | o =
U 4.3 Anituiildnsmvosioulvlsanns

gy = 2 o [ ¥ - = g 1 ¥ o v L% ¥
enanstiluenansianulidmsumsldanuienisfinwivintgu leygnlmhlulduselesimunism

Lidnsdilagiiadu Snviavnuiilidnulasiient wazfesdadadvesenalsynasaninisunluly
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Gaze 5 sec

100 S . SR - it i ’ s SE—— —
90
80
70
- 60
50
40
- 30
20
10

oV oY

115181

250

200

150

100

50

sUN 4.5 mduilansmvasseuluinile

gy = 2 o [ ¥ - = g 1 ¥ o v L% ¥
enanstiluenansianulidmsumsldanuienisfinwivintgu leygnlmhlulduselesimunism

Lidnsdilagiiadu Snviavnuiilidnulasiient wazfesdadadvesenalsynasaninisunluly
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Blinks 1_5s
Hand 1 5s
Focus 1 5s
Gaze 1 5s

PLIATIEN

k2

Blinks 2_5s 1433 Gaussian TayalagNeural
Hand 2_5s Distribution Tu (tan sigmoid

Focus 2_5s ApITEAIeE
Gaze 2 5s

transfer function)

Toslunnsangu

Blinks 3_5s
Hand 3 5s
Focus 3 _5s
GaZze 3 53

stfres bisokdiagramn tarnaxnany Ty

Tunedl Iaupetngekn sty drisstaal e Anadad T sunsy
Matlab iioun 8 msun T Amd i o { Splierg dindogavatiddazianssuain
Funoudt 2 s Psmaorpiitymssimileratisheniimofséuiuns Machine
learning TnedayaasaiialilFlunsTnassliszLuiinsseds Tpdldlannssuunisada
doya viTo Extract featurangedsh@drusny Gaussiah distripdlieh vosudagfianysy uayly
nsdnunndutoyaTeILAaz N IRSEIIFE3S-Neurat Nerwork LiteAuauminniin wagld
Tan-sigmoid dw§u Transfer function Tunsfndulalunisuunngudoya dmiutuneu
msldsuBudufenisiuteya luddzeulauuy Real time Tngasli Input areasuy
ey Gaussian distribution Tae Input usasAazaeiaUTavue 4 deuly mm%uﬁﬁmga
flane Tt Neural iladndula Tagazsadu 4 F3ouly Blinks, Hand, Focus wavGaze Ao
Frds iBunth, ooy, Bedne wadennn muddu Fuanddfgui 43
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Inputs 12 waves Neural Hidden units

X1 f@ ¢

_/' Gaussian Xy class 1

Classification Blinks
~_» Hand
> [ocus

\

Gaze

N = AAULLE

YTy vewy

{31017,

YuRaUN 4 7

A MATLAS RN

5 BRI
LPEHNPA | v
Current Folder
) Name =

- MATH, STATISTICS ANBPTINLAT:
@ ) hendnew —_ —
@ [ Rewar Mnic &5 £y
) 20 Lastprejectm Cussiicaicn  Curve Fring D
srragedlim Leamer
amagebim
4 egelztm CONTROL SYSTEM DESIGH AND ANALYSES
) arageitam
i EachBrainWavetliCen >
ipermiat - S - S
[ p———— Comeisysten ConvaiSysem  Fusiylogc  Lnear
mytlewaltictworiFun QTR Tuner Designer
MNesrzifan.m
£ Hew Plewrelm SIGHAL PROCESSNG AND COMMUNICATIONS o
£ OLDAN Lastproject.m | £ -
W am 3
—— D 8 b @ @ e @ B 8 06
[Eﬂ'h]lpl'ﬁ:m BlError Rete  Eye Disgram Filer Bullder  FllerDesipn &  LTE Downink  LTE Test iocel LTE LTE Upink Radar Equation Radar RFCesignd  Senmsor Amay
&5 ri Ansirsa Seept

i Ansyys  RCOsnerstec  Generstsr  Threughoud . RMC Genersisy  Cakculster  WaveRemA. Arsisis Analzer
L *
& G
Sigosi Aneban Weverel Wiz

Desiga S An_  Design B An

Ay ;_' -.\.w;.mc;_&snmnn:mmmm ]

Em. ®# ® 8" 8 & & &8 8 B 2 B x
e [ camers cor mie mageBach  Wegefiegon mege  ageVewsr Mapliwer SterecCamera Trikegmge  Vides Viewer ~

Camusr  Tweshode  Acweton  Brocessor sz Segmenter Calbatr Lapeer

2} 66811 oul TEST AND MEASUREMENT =z

i = :
= > 5
EE Eed X
EE ueiea s __J o s v
'R gunbat =

T R R N [T e S

31]17'; 4.8 Toolbox Neural Network
nguddiden (@8

i Neural Net
(Pattern Reco....
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A Neursl Pattern Recognition (nprtooi)

Welcome to the Neural Pattern Recognition app.
Solve a pattern gnition p with a t layer feed-forward network.

o oo STy Bl B e e

In pattern recognition problems, you want a neural network to classify
inputs into a set of target categories.

For example, recognize the vineyard that a particular bottle of wine came
. from, based on chemical analysis (vwine daiaset); or classify a tumor as

| benign or malignant, based on uniformity of cell size, clump thickness,

| mitosis {cancer datacet):

| The Neural Pattern Recognition app will help you select data, create and [ A two-layer feed-forward network, with sigmoid hidden and scftmax
train 2 network, and evaluate its perfformance using cross-entropy and || output neurons (patteminet), can classify vectors arbitranly well, given
confusion matrices. ‘ | encugh neurcns in its hidden layer.

The network will be trained with scaled conjugate gradient
|| backpropagation (framecgl.

WP To continue, dick [Next].

Neural Network Start

—
.
// ol
93U 4.9 n eﬁ o
D LR

AN

RN

‘ Neural Pattern Rego 'itimaprtoQ)

ARARARAN
Select uﬁ? W1LN
% What in| anﬁgeﬁsd fineyourp

attern

- Get Data from Wo (er - ‘ P e
i
| Input data to presen e émrk. -
1Es R
B inputs D 5 oG
E | —

Target data defining des ut.

O Targets: She)

Samples are: t

@ scectinputsand targets, then dick [Next].

5Uil 4.10 Select Data

913U 4.10 T8 Inputs uag Targets 9MNunA Next
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‘ MNeuwural Pattern Recognition (nprtool) — >
Validation and Test Data
Set aside some samples for validation and testing.
(Sdﬂtt?mmiﬂgm—f e e e e e ,,,,,,,,,,,,,,,!:,Bmm,,,,,,i e — —————
I -5 Randomly divide up the 1 samples: : ‘ Three Kinds of Samples; :
B Troining: 70% 1 samples ;; W Training: |
| e = | These are presented to the network during training, and the netwoerk iz |
@ Validation: [a5% Dsdmples) | adjusted according to its error. {
@ Testing: :i |
9 @ validation: !
| Theseare usedto 2nd to halt training |
:5 when gmuaﬁzat:onstops tmpruvmg
. Testing:
| These have no effect on training and so provide an indep of
| network performance during and after training.
il
i
i
i
| i1
| i
e
| | Restore Defauls
| EEREERIE =T e T
* Change percentages if desired, [Next] to CK
[ @ Newrsl Network Start e | e | ® ot | | O coneel |
—

—
—

ata

15U 4.11 a@m °?

2828281 ?

s 3d
4\ Neural Pattern Re 1 ) (1 l_ e
m Set the
 Hidden Layer e
| Define a pattern reco! the network does !

:,, Restore Defaults

[
! Hidden Layer Output Layer
|
|
|

B Change settings if desired, then cick [Next] to continue.

_ & Neural Network Start

‘gﬂﬁ 4,12 Network Architecture

9NFUN 4.12 \fend iy Hidden Neurons 21ntiunA Next
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-‘ Neural Pattern Recognition (nprtoal)

— pas
Train Network
p Train the network to classify the inputs according to the targets.
- Frain Nebwork — - e - e e e
§ 3 s i
| Train using scaled ceonjugate gradient backpropagation.  (trainscg) 1 \ ' Samples CE =] %E
I @ Training: 1 0 )
J @ validation: o 0 0000000
] @ Testing: ] 0 0.00000e-0 i
- Training automatically stops when g lization stops improving, as i i
- indicated by an increase in the cross-entropy error of the validation “
. samples. i
: e e e =0 . 2
My Training multiple times will generate different results due Minimizing Cross-Entropy results in good classification.
H to different initial conditions and sampling. Lower values are better. Zero means no error.
E Percent Error indicates the fraction of samples which are |
misclassified. A value of 0 means ne misclassifications, |
100 indic S @ T

m |

Not working? You may need to use a larger data

| % import Larger Data Set. |

 Plot Copfusion | | PlotROC |

g‘dﬁ 4.14 Evaluate Network

mﬂ‘gﬂﬁ' 4.14 19teng Evaluate Network na Next




4\ Neursl Pattern Recognition (nprtocl)

Deploy Solution

Generate deployable versions of yow trained neural network.

Application Deployment e e
Prepare neural network for deployment with MATLAB Compiler and Builder tools.

Code Generation
Prepare neural network for deployment with MATLAB Coder tools.

Generate a MATLAB function with matrix and cell array argument support (genFunction}

Generste @ MATLAB function with matrix-only arguments (nc cell array support):

Simulink Deployment

{genfunction) | <\ MATLAB Matrix-Only Function |

 [Ogen = araphics view of you

Simulate neural i in k or deploy with Simulink Coder tools.
Generate 2 Simulink diagram: (gensaim}
F Graphics ——— SR S : 2 e Sl o
G te 2 graphical di of the neural network (network/view) i & Neural Network Diagram }

mngﬂ'ﬁ" 4.15 8
U3l MATLAB Matfix-
( Toyaildiu

nViaveNeperesy 1) ULy
AW aveRepon2t it lm
aaverCond 20160412 0

nWaveLBCond 30160412 01 ndcated by en incresse in the cross-entron

5 chBisinWeveAlCond 241604

{-1'-' Botes

B ¥ - gen d 5 Minimizing Cress- Entropy resuits in goed dlassification.
8. sinknen_areatiaon 10 different intial conditions and sempling. Lowervelues are better, Zero mesna ne erfor,

[}

B a fiacton icn
e i Aviectl Ve chassifcati

B 1900 indicetes memum mischasiications.

W) Opmi pist rstrain, or chick [Next] 10 continue.

gﬂﬁ 4.16 Train Neural

03U 4.16 Twedidudauinnainainnis Train Neural o8 38 %

30
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Efficiency
People Activities
Training Test
Blinks 62% 100%
Hand 62% 60%
1
Focus 62% 0%
Gaze 62% /0%
Blinks 62% 90%
Hand 62% 60%
2
Focus 62% 60%
Gaze 62% 50%
Blinks 62% 100%
Hand 62% 0%
3
Foels 62% 90%
Gaze 62% 80%
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ANANUIN
TAe Mathlab

1fin Arduino Sudayaain Mindflex
// Arduino Brain Library - Brain Serial Test
// Description: Grabs brain data from the serial RX pin and sends CSV out over the TX
pin (Half duplex.)
// More info: https://github.com/kitschpatrol/Arduino-Brain-Library
// Author: Eric Mika, 2010 revised in 2014
#include <Brain.h>
// Set up the brain parser, pass it theshardWare=serial object you want to listen on.
Brain brain(Serial);
void setup() {
// Start the hardwaié serial.
Serial.begin(57600),
oid loop() {
// Expect jpackets abdutierce par second.
// The .readGSV(), functiomretuinsg string (weklsehart)tisting the Taost recent brain
data, in the following format
// "signal strensthiiattention, meditation; delta rtheta lowlatpha-high alpha, low
beta, high beta, low gamina, ighgamma”
if (brain.updatel) {
Serial.print\in(brain.read Eproms));
Serial.printtoliorainy ead€SYO);
}

Téa Matlab SudaudrFaunaisuy Real time Wialddsanu
instrhwinfo{ Bluetcoth', 'HCO5");
b = Bluetooth(HC05', 1);
fopen(b)
disp(Bluetooth Conected)

sph = sphero();

sph.BackLEDBrightness = 255;
calibrate(sph, 60);

sph.Color = [127 63 127];

% %% % %% %
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flushinput(b)
% Ri1=[l;Vi=[l;}wi=[];C1=[]:C2=[];
for j=drange(1:100000)
Al=[lR1=[:V1=0:W1=[];
for p=drange(1:1024*5)
P

A =fscanf(b)
A=strZnum(A);
if(length(A)>1 && length(A)<11)

end
iflength(A)== 11)
R1=[A; R1];
end
if(length(A)
Al=[A;
V1=[A;
end

p=p+1;

end

flushinp

F& =5l

T="1/Fs;

L = length(A1);

= {EL1)

Al = Al(l:end-1);

¥ fEALL):

P2 = abs(Y/L);

P1 = P2(1:L/2+1);

P1(2:end-1) = 2*P1(2:end-1);

f = Fs*(0:{L/2))/L;

% plot(f,P1)

% xlabel('f (Hz))

% ylabel(|P1(A)])

% xUlim([O 301);ylim ([0 30])

% range frequency

P1_range(1)=0.1;P1 _range(2)=1;
nansilduenasiianulidmsunmsldnuiensfinuviniu lleygelirluldsslonidunsén

lansallagnsdu BnveinaudilvdauUaiion uazdesdedadudnveenaisnasainisiluly



D1 = (f>=P1_range(1)} & (f<P1 range(2)),
LDelta = trapz(P1(D1));

P1 range(1)=1.1;P1 range(2)=2,
D1 = (f>=P1_range(1)) & (f<P1_range(2));
MDelta = trapz(P1(D1));

P1_range(1)=2.1;P1 range(2)=3;
D1 = {f>=P1 range(1)) & (f<P1 range(2));
HDelta = trapz(P1{D1))

P1_range(1)=4;P1 range(2)=5;
D1 = (f>=P1_range(1)) & (f<P

D1 = {f>=P1_range(1)) & (f<P1 range(2));
MAlpha = trapz(P1(D1));

P1 _range(1)=10.8;P1 range(2)=12;
D1 = (f>=P1_range(1)) & (f<P1_range(2));
HAlpha = trapz(P1(D1));

P1 range(1)=0.1;P1 range(2)=3;
D1 = (f>=P1 range(1)) & (f<P1 range(2)),
Delta = trapz(P1(D1));
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P1_range(1)=4;P1 range(2)=T;
D1 = (f>=P1_range(1)) & (f<P1_range(2));
Theta = trapz(P1(D1));

P1 range(1)=8;P1_range(2)=12;
D1 = (>=P1_range(1)) & (f<P1_range(2));
Alpha = trapz(P1(D1));

P1_range(1)=12;P1 range(2)=15;
D1 = (f>=P1_range(1)} & (f<P1_range(2));
LBeta = trapz(P1(D1));

HBeta = trap: (P-lJDR? v
EeS, I

AllWave=[LDelta; MDglta, Iv. S

i | AT
ha, f‘.!‘.‘:" d l‘

a, HBetal;

Alldatal2para=[EachBrainWaveAllCond(;,1:9) EachBrainWaveAllCond(;,13:15)] ;

condi=EachBrainWaveAllCond(:;,16);

% Class1 = Blink Front, Class2=Hand back, Class3=focus left, Classd=caze right
inCll1=find(condi==1);, %Blink

inCl2=find(condi==2), %Hand

inCl3=find(condi==3); %Focus

inCla=find(condi==4); %Gaze

%%%% Tast data

DataFromMindflexCom = [W1(1:9,:); W1{13:15,:)]" ;
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DataTest=[l;all01=[];all02=[1;all03=[];alloa=[];

for j=1:12

wave=AlldatalZpara(.,));

iData=DataFromMindflexCom; %Data input 12 parameter from mindflex
TrData_Proj2gl = gaussDist(iData(j), mean(wave(inCl1)), std(wave(inCL1)));
TrData_Proj2g2 = gaussDist(iData(j), mean(wave(inCl2)), std(wave(inCl2));
TrData_Proj2¢3 = gaussDist(iData(j), mean(wave(inCl3)), std(wave(inCl3))):
TrData_Proj2gd4 = gaussDist(iData(j), mean(wave(inCla)), std(wave(inCld)));
allTest=[TrData_Proj2g1; TrData_Proj2g2; TrData_Proj2¢3;TrData_Proj2¢d];
DataTest=[DataTest; allTest]; '

end

iANSclass
if iIANSclass == 1

if IANSclass =
disp('roll

roll(sph,

disp(roll(sph, 50}
roll(sph, 30, 270);
sph.Color = [255 255 255
end
if iANSclass == 2
disp(roll{sph, 50, 270); Back)
roll{sph, 30, 180)
sph.Color = [127 63 127];
end

% Class1 Blink => Front, Class2 Hand => Back, Class3 Focus => Left, Class4 Gaze

=>Right
flushinput(b)
pause(d);
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clear Al;
flushinput(b)
J=+,

end
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