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We are a team of three eighth grade students called Caesar, Sam and Iris. We’ ve

been friends since fifth grade, and we found ourselves comfortable when we’ re together.
Caesar likes to engage in sports and experiments. He even did a research with his
classmates on the relationship between the amount of water in a glass and the tone of its
sound. Sam is fond of math and music. He enjoys the feeling of finding an answer after a
series of calculation, and he listens to music in his free time to calm himself. Iris has an
interest in traveling and reading. She loves exploring other places she has never been to,
and she enjoys getting knowledge from books, especially the ones that talk about non-
academic topics. Although we have different interests, we always get along well when

we work together. Team spirit is what gathers us together all the time.
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Abstract

The brainwave biometrics in this research is based on feature extraction, which can be applied to
identity authentication and has the advantage of not being counterfeited. We use a low-cost
and high-convenience brainwave instrument. We write a program to read the brainwave to
establish consistent experimental procedure. First, the level of brainwave concentration is used to
control the smart robot car, and then the brainwave is used to detect lies. When there is hidden lying
behavior, high-potential brainwaves are triggered. After these two preliminary studies, it was
found that the features of brainwaves can be used for identity authentication. Three
testers extracted 10 brainwaves on different dates, and each brainwave recorded 5120 data. Then

we repeatedly tried to



combine dozens of statistical functions for feature extraction, and found two features to reduce the
large amount of messy brainwave data and decrease dimensions. Our brain wave biometrics and
classification method use the nearest neighbor algorithm, and the test procedure uses a blind test
cross-validation method, and the accuracy rate is 100%. Finally, we use the Arduino development
board to demonstrate the application of brain wave biometrics to brain wave identity authentication.
Only the brain wave feature value of each tester needs to be stored in the database, and the identity
of the tester can be correctly identified in a few seconds. It shows that the brain waves of each

person are different, and it can be distinguished by features.
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Item | Jf¥ o T
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5 & B )7 (Low Beta band) 12-20Hz e |

6 | b (High Beta band) | 20300z || e |,

7 & v % (Low gamma band) | 30-40Hz o A |
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(Somatosensory Evoked Potentials, SEPs)... 2 o 4158 2-2 /R o
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(1) B — (A H Y ES 0L 2 Arduino f52H -

(2) Arduino fRELHFHHUESEL > MAEEMEARITHFTREZAYEE - 40 * Quality + Attention °
(3) B (EEE AR F RS e B RE R (RS

@ MQ7.C0| Arduino 1810
% 55 SR8 5 88

M7_C0§
| brainGo( 1)

if( bWave )
{
f( cSignal<=26 ) //{E¥%
{
te cControl=0;
if( cAttention>=90 ) cControl |= 0x20;
e 1f( cAttention>=70 ) cControl 0x10;

bg.print ( cControl );
FEHIRER TLFECE #H QR code
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HMTE A PC_EREA AR ISR BT EEFBERURAE 3-1 -

fE 3-1 FERERHNFRERHETER)
PEBFIHAE Arduino BHER EESRERSERUE R - 4NiE 3-2 - M HF4HEE B ERha = » HEEtis

BB AUERE

3-2 BB S0 B Arduino FEHR _ERY LED BE &%

2 ~ FE NHIHER A R Rk

BT TRE N [RGB R B Bl - AR Zal N B G A — AR R e
1 - Blanz i A FI2 M B BUREZ ERIABAR A 2= 20 (8 3-3) » A Excel ©iiGETRLHIAT
FHVEEREA AR 2 M A e R - (BRI BN AR AR Z AN R IEARRE - S SR
BFIRETRE R [25] > Brad 1T BT RS At A= ptas » o] LI s A TR A & 57
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[ 3-3 BEOR SR I T B A R 2 B IR AT 22 RAEIRR

3~ IR T

AR O A BRI A ~ B~ C Z AHIOERHECE R > A &R 57 50F
BRI EREE R » R (E I E N A S B A A A A S8

%0
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70
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10

EBRRREER O PEMARIRET] - FIA0LIRH L Mean(FE9{E) KRR » REELETR 3-3
7% 3-3 Mean ECFHSEMAREZR

Mean | ZHIE A | ZHFE B | ZHE C
SEiEE 58 53 57
A 8.8 22 5

58 filek 8.8 HyEEI & & B 1Y 53 Bl C #Y 57 » FoR Mean A 2AFHVRE -

BAIRIE LA ERY 5 75F B ER RN B R A & > 5830 5 AT AR(DHYRIBLIEE 3-4

7 34 ARMREEFRAERS E IENRREER

AR(1) | ZHIFE A | ZHIE B | ZHIFE C
SEEEME | 0.9638 0.9334 0.674
FEESE | 0.034 0.145 0.423

M AN B EIEIA/ N EE o Bt A A R R HR

BRI B B A ~ B ~ C = NHPH{EAEA R REE SR 3-5 > S A LN 2
7€ A~ C PR -
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7 3-5 A B HHERIRREERER

BRIRL T SZHEA | ZHEB | ZHFEC B
Median 53.8,4.42 | 54.1,6.49 58, 4.06 AN
MeanDeviation 98, 59 315,75 102,30 | B A]53¥F AC
QuartileDeviation 48, 14 217, 68 69,16 | B a[43HE AC
InterquartileDeviation 96, 27 433, 135 139,33 | B A]453¥F AC
Skewness -0.135,0.83 | -2.15,7.1 -19, 31 RiF
Kurtosis 12.3,7.95 124,332 | 1326, 2124 AU
QuartileSkewness | 0.075, 0.119 | -0.131, 0.249 | 0.029, 0.04 REF
Entropy 5.63,0.327 | 6.81,0.295 |5.97,0.298 | B 433 AC
RootMeanSquare 195, 124 467, 121 229,78 | B A[43¥#F AC
Min -1052, 898 | -1377,338 | -747,433 AU
Max 1060, 731 1860,312 | 726,315 AU
DL E R 4 R B Bl H R B =8 B AR R 3-6 ~ 32 3-7 ~ 32 3-8
1. A% RIS BRI AZ REEEHME - BEUE Total[Abs[Differences(list]]]
2. FTAERAERERZEE - HEE StandardDeviation[list]
3. FTEBERHIZEEHENE » tHEUE Total[Abs(list]]
72 3-6 IARRETRMER S ZENE S ENT9EMEREER
Total[Abs|[Differences|list]]] | 3ZHI#& A | 25 B | ZH%& C
gE 92234 | 174924 | 203215
R 7042 50382 53373
A HPPEEITERELE AR B ~ CI9HES » FiPL A M B ~ C ga g iz -

7% 31 ra e REENVPIENEREER

StandardDeviation[list] | SZHI& A | 2} B | ZHI& C
S 182 463 220
= 131 121 82
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B (1 PHENIRAZAEZFI A ~ CIEES ° FTLLB Ml A ~ C BET AR -
72 3-8 FrEERHEEHEMGE 9 ENEEER
Total[Abs[list]] | ZH& A | ZHIFE B | ZHFE C

E 595785 | 1.6381*10°| 593948

A 289735 | 388186 147466

SER B HPHEMIBIEEEN A ~ CHIQAES » FrA BA1A ~ C BB HHZK -

HAMTHEH] Mathematica [ FHYVUTRFE ANOVA 125515 3-9 » TMTEEHMEREZ
FEIHVSER(27] -
R F R BT (One-way ANOVAREEEAHIIEE N HN R SR BE £ -
FE SRS (Null hypothesis)—Ho: 41 PHEETHE
¥}37 {55 (alternative hypothesis)—Hi: /DA RIAH > A HORFHE
iz HE (Statistics)—F (B AR —4H M (FHEHAAE AN 22 = AR
g TS FFEEICER  SumOfSq=¢HNEE S 21 )7l » DF =HH X
MeanSq =4H[J#577 : FRatio =F {f ; PValue : 53—ff F {HFE 4
FRatio R » PValue {E1/| - (RFES4HMZ RAMEE -
72 3-9 FEMEHY ANOVA &t

%# | SumOfSq | DF| MeanSq | FRatio PValue

R 66351.8 2 33175.9 18.2675 | 9.61005*10°

FE2 | 466534, 2 233267. 18.1256 | 1.0209%105

FHEL3 | 7.25443%10° | 2 | 3.62722*%10° | 42.4448 | 4.62115%10°°

Rz 4 | 0.506078 2 0.253039 3.762 | 3.62057%102

FRAE R 1 A 3 7Y PValue [/ B HRHEU FIRFRE 3 IRA O =L 2 WA SRETT -

AR = AT AR AR(DIYFIABIRESHANTR 3-10
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7 3-10 (A RAEHNRRUE R RERR

slE| R FEel  FEG| REEd
Al 96 266 810 0.984
Al 79 422 1202 0.993
Al 86 253 655 0.996
Al 94 241 651 0.995
Al 94 55 333 0.911
Al 105 302 827 0.996
Al 97 96 451 0.968
A 94 58 329 0.921
Al 92 65 364 0.938
Al 30 59 337 0.936
B 202 382 1548 0.991
B 256 719 2557 0.845
B 121 517 1690 0.996
B 148 379 1416 0.994
B 144 405 1466 0.994
B 122 385 1279 0.994
B 122 385 1286 0.993
B 212 457 1405 0.543
B 186 475 1795 0.993
B 237 469 1939 0.991
C 135 281 887 0.992
C 145 185 671 0.98
C 188 192 714 0.966
C 326 151 647 0.85
C 233 327 519 0.0942
C 191 176 632 0.963
C 234 122 530 0.876
C 198 132 529 0.925
C 195 318 411} 0.0531
C 186 316 400  0.0441

4~ K-NN PEBSRE R
TRIPIARG R BRI P NN J73% > k=3 BT I Methmatica #HIACET (A0 3-4)

[26]

a2 = BinaryReadList |

C:\\Users\\alex\\Desktop\\}ii ks

3-4 Fi Mathematica SEEUIER BORE RS

T A Mathematica Z51Y k-NN 43582 =40 E] 3-5 -
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cc = Classify[

N Input type: {Numerical, N
Classes: A, B, C

ClassifierFunction [

(| "A"
cla[[{2, 3, 4, 5,6, 7, 8, 9, 10}]],
"B" »
clb[[{2, 3, 4, 5,6, 7, 8, 9, 10}]],
wew
clcli[it2, 3,4, 5,6,7, 8,9,
10}3111>]

cc[cla[[1]], "Probabilities"]

<|A - 0.833333,
B —»0.0833333, C > 0.0833333>

n P CEEE AT TR

n}»’w:*&’.”«'r‘wq | ™ mom B & € w PR Basiel

|4k k-NN 735856 2 2 10 EERAVRE R HIE K-NN 7385856 1 EERYES
3-5 F|@REEHIER, k-NN 38R Y Mathematica 2=

5~ RIBEBER

AT P 22 DU TR A (L P A — (B S W e > W R 7 R SR A Ti(true) > F(false) Foms
A~ B~ C = AHERGERA T(true) > AERFIEL A) > BERAIRL B) » CEBAIRL C) - B EEHEAN
T 3-11 5% 3-12 > 2 EEE] 90% A IEHER G A FFRoR » nl B | A9 BC A - Ff
{8 2 MR 3 SERAERIEET IRy AC WA > FfE 4 SEREGE > BRI EBIHRRH LT
EHVEERAHE > N AW ARG AR IR 4 A4 - FrbAFRITRA R 4 7K - BTk
R 1,2 ~ R 1,3 ~ 5 2,3 RO 1,2,3 S I B BRAANTE 3-13 5% 3-14 > A[LUE HIZKE ]
RHEUL AR 2 BREERS B SBRVERR 1T > 198 1,3 IMRE 1,2,3 SERGRREME © R 2.3 &R A
SRR 2,3 IAHBRMERS » #RRE WY AC - DURIRFEEIE A ~ B ~ C =2 HIH

FRE T E AN E 3-6 - MU TR BV ERGER 2 -
7 3-11 R— (BRI

Fifa 1 AB AC BC FiE 2 AB AC BC
1 T TTFEFF 1 TTTFETT
2 T TTT F F 2 FTFTTT
3 T TTTTF 3 TTTFEFTT
4 T TTTTT 4 TTTTTT
5 T TTTTT 5 TTTEFETT
6 T TTTF F 6 TTEFETTT
7 T TTTTT 7 TTTTTT
8 T TTTET 8 TTTTTT
9 T TTTTT 9 TTTTTT
10 T TTTF F 10 TTTTTT
ERfER 100% 95% 50% TERERR 95% 75% 100%
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T T T F T
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5
6
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8
9

FTFT T T
T TTFEF T T
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T T T F T T

95%

T
85%

T T TTT

70%

10

R
S 312 PR S MR

Rl

10

60%

100%

60%

(5=

HES

Q.

Rt 4

N
EF
REF

i3

95%
a5

100%

R 2

95%
D5

100%

100%

95%

AEF

OPRIEREE &

AB ]
AC 2
BC [t

EYN

7 3-13 AR RIS A ~ B~ C

BC ABC

AC

AB

R 1.3

1
2
3
4
5
6
7
8
9

BC ABC

AC

Hf#1,2 AB

T T T T T T T T T
T T T T T T TTT
T T T T TTTTT
T T T T TTTTT
T T T T T T T T T
T T T T T T T T T
T T T T T T T T T
T T T T TTTTT
T T T T TTTTT
T T T T TTTTT

100%

T T FTT T TTT

T T T TT T B TT

T T T TT T TTT

T T T TT T TTT

T T T TT T TTT

T T T TT T TTT

T T T TT T TTT

T T T TT T TTT

T T T TT T TTT

10

T T T TT T TTT
100%

10

100%

100%

100%

97% EHER

100%

90%

i
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H g 8 E g TS
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H 3 43333

O© 00 39 &N W B~ W N =
I e
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e I e e T
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4 =3 438 a8 a8

- - - -~ EE

H =3 =3 a8 8

% 3-14 HEZTHNEHI O PERGETR

AB 2[4 100% 100% 95% 100%
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ABC 97% 100% 70% 100%
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o - 1A

Ri3 R4

36 IOEREEIE A B CE - =AU AE R

6 ~ FETHIE R 1 AIRF2L 3 BT e A AR

HATERECHE A 3 B~ B ¥ C~ C ¥ A 0775 > R HEHIAY 9 SEER Rl 6k
A ACNETRIERAY | SER > FETT 10 ZUERRHY 10 TR EERR - SERBHAIEE 3-15
Bigne a1 ARFRLIEE 2 1565 10 EER RalllSRbeA - Helsh | EERHVGER -

% 3-15AB ~ BC ~ CA i E RV X Egg R (T:1EHE © F:$570)

il A B B d C A
1 T T T T T T
2 T T T T T T
3 T 1 T T T T
4 T T T T T T
5 T T T T T T
6 T 0 T T T T
7 T T T T T T
8 T T T T T T
9 T 0 T T T T

1 T fi T 1 T T
ABIEHE  100% BCIEHE  100% CAIEHE  100%

H ERATDIE G A ~ B ERVSRIFRERE 100% : B ~ C [ERVSIFFERE 100% (i
C - A BIERTERER R 100% -
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7~ EFREC R 3 I ABEREER

P NARBAEIR A > B> C iz I HVESR - 20T 10 XEER » d43hm 30 &R

WENN

HiRET LA 3-7 » M R R 505 - SR DUREER 1y 7=5a15R 3-16 - R

EWFE A B CIVEIEME » EAMRFE A B> CHHREE - WRARERS S EE

% 3-16 A » B » C = A HIRSE4E AR BB

i ERACED A IERE 10 2K

(10+10+10)/30=100% -

)50(C
NON
VAVAY )
i
UL
@
00
o0 ”
o0 2
) (“ 0
J U .
%

HIA #IB HIC

HA 0 0
EB 0 0
HC 0 0

B 1FffE 10 X ; C 1EHE 10 X > Z ANERAVETFHERE

200
200
UV

3-7 =AM A~ B~ C(EE VR R
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T 12 T IIASRTIE B E R EAVEEHE ) SIS R Al & ety & L B E— (R4 E
EHECRGE - REEEE R EEEHME - (S04 - NEEEEEEL n FYERIFR 2 n [H50X ~ n (&
EHHEM n (E0% > 547 3n EE15R > SHEEME TR OMm) -

T3 2 T FTE BRI EHENIAY ) o E SRR RO BRI SR L A4S TR HGE BHE - P
{Ehm% N n VBRI Z n [EEEHER n (E0% - 27 2n #EE1E - sHEEERE S
ks O(m) -

25



(Z)Et5m

1.

HATRIEGE AT - SEERFE IS RETEPRES - B IS H rh AR
Pra S ) e ae RV ERET - P DAIRFISEANEEE B IR B Y AlE - R —
(EEBRAER - (kT BEEEARETEE - i 2 HEEAB R FaERE - /T
WINE SRR ARTT - 5 ANOVA ST RIGTEAERE AT - SR B RIS Rl -

B T NGIGEAS A RS E— 2 MEAIREN: - B MBS B E - BMRERE—
EMERTER T EMEIRRAPDE ) - T BEHERE R | FECREEH - BIYERES T
HEILAEAARE EEG BRE ] DIER[28] [29] » #iaeB KEAIEE R v LA -

B [FAR B R R B HZRLAY - EIRECEY s SR H AR 52 Rk » A AR
Fet& A SR R BRI S sk © Pl SRR LA RN Ar IR R (dE - HBE— b
B BRI SO ~ SR SR - Alpha fi67 ~ Beta fi7 - FI{EFLAETTTIZHL
BRIt R E - KB E R BTy B 2 R R B R I (S S (E i — 2
AR R A 21 B AP A 30] -

HAHIRE R ks AT B 3\ A Mathematica F23(HY k-NN J57% » Rzlith G E5lE S HF
HHy AL P53

APESITIHEEEEME SIS SRS BRMTEIFEY - ST EVEERSS
AR A RGNS - B TR A AE PC _EAT Arduino BRI E -
MRS TSR R AR TS - 35 O = TR B (F RS B (AR (AR B — R R
AHER R > BUAF R EEER - EGa AR - BB REERR T HRMELS
FHBIBRFREIRE S 73 58 ag - BRI SRkt A A By o o R ERRE A AR BT 2 B - 2021
F 9 H#RER N T » UL —ECER NI - E BRI E > Al
AR U A31] - (REISSBRER - T I EREARIRIE S - HEAYHEER - L K
AR B LERFE T R85 TR HE -
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(—) ~ HEK &y SR H

HER & oy W REME FT Y B R IEMVFIASEOEN 3C EabHY S 1a8as - Sy st e
58 - FATRELL AV BT FE R - B & F] Arduino FESEMR > FRMIEER T RIEFE >
shE— s EINEOR L BIEE Y - B ERE R EEIEME - Ny Arduino BHZRT TREE(
AYRERAAN PC R > BRAPHEAL TRV T30 8RS8k T IO B w88 e - 25 i
BiE A B~ C Z AH BRI R g R0 OGBS R ED BRAE - WMIEEERE
st H 8 1 <5 B[] A AR R 2 A0 25 N VRER R B sE 0 38 BB R e SR (S A=
A~ B~ CHNES) > 400 4-1 -

= ZAERRRESE RS & rebae BRI A #FH QR code

4-1 fgRe B rad e B SRl

(2) ~ &S5
- BAFIRIRER Fan B REERUE R - 2N E Catatil BRI (RHER(2)) » BT
HRAVERME R et N E R E A S EAUNIEER T 2 T AR (T
FEEHE5RE(0- 1008 MUK A E AP ) i B B AP (FAMTE0E <=26) 1 5E AU - FFEERED
2t & CheckSum - FEFRFERRAVEEN Bkt - ZEFE NG IGEIIE AR AES 21— 2 ERY
IERERSR: - eEAR B BT GR3-2)EIHII I &R B IO R an et - B ATAHY
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BRI R BE AR BULEHIEZ0-100 - 500 sE G S8 - BEEE IEILAE
OE o B IR AR B - AR NE AT HERERR) - GELL SRS
AL (Fr722008) > ArduinoBfE2Hi_ERVLED &L - ERHEEMI I PIERFZ B REE - 2
WA BRI - S E R AR -

- HERESUZRLHIIDR - BRI RIS 2R 5A 2 W I YR (R 2= 3-3 1I7=3- 10 A1 [E
3-6) o JTAE N A SRR R ERHE R R AR EE - 53 R DT AR
2 © (1) B ETARREERPIEREEEAETE () FoEAEHE 5
RS FABRRE R VAR ) B EAR BAVIR B EB B R VR T (4) &
‘RILMTHANOVALEET 7 7ARYPValueZlia il » 45 RIS )7 AE A EEY -
s E IO A RERAE RS ERREE RN - SR IR EE R =
MISEHE | FIFRHES T A EREVEEHEINE ) IR IR EC BEUSERZAIZEATIB ~ C
AP - RHEISRERIBRIA ~ CRYA PSR - & MIEFFHEEERE A ~ B~ C=A
T EReaHE TR EITERE - RERETP2A -

- BRAPTHIRE R B B AT RAR-NN BT 7% - RIS 28 S S B8 iR 4R
(R ZR3-11E23-16) > ARREN > EIIRIEERIDFERE —ENEER - FHEIR
FOEAED TR HHOORE R > l& S = AR R E T 0 E -

- RS ERERMNAR - WRERENZERA A ERERRERINEIIRE -
MR TR ELS 125 MO (S5t &R - ILRIETR MR EIE » et SRV EREE
ROM)R=(—)8 * R IR B HE T B S 4T) » A DARERIIRFHERESE iR R T =P
SERHER -

- Ry TR - WOME T BHEBNHFE - BFIRBGEFEZR Y ' R AR
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(OHER AR
RMF BT IR  SUTIEEE PC _ERIETSZEETTHER Arduino
T RRETHT  SERRERRIER T - S(HH SHEN E - T L)

REREHAIT -

ReadCom

S AT E

Windows

Hlcestd b PC HY USB i FER

C

£y250 17

—{E A

1. BAEL USB COM [F%1i
2. FEMTRSR RV ERHE

int init_usb(){
DCB dcb;
BOOL fSuccess;
//TCHAR *pcCommPort = TEXT("\\\.\\COM28"); // For COM Ports gretaer than 9
TCHAR *pcCommPort = TEXT("COMG6"); // For COM Prts less than or equal to 9
//Open a handle to the specified com port.
hCom = CreateFile(pcCommPort,
GENERIC READ | GENERIC WRITE,
0, /I must be opened with exclusive-access
NULL, // default security attributes
OPEN_EXISTING, / must use OPEN_EXISTING
0, /I not overlapped 1/O
NULL); //  hTemplate must be NULL for comm devices

int _tmain(int argc, TCHAR* argv[]){
init_usb(); // initialize the usb
int 1Good = 0, iRaw=0;
INT16 rawData[61440];
while (1)
{
DWORD numberOfBytesRead, dwDelta, dwTheta, dwLowAlpha,
dwHighAlpha, dwLowBeta, dwHighBeta, dwLowGamma, dwMiddleGamma;
byte data[170];
byte checkSum,;
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A | Uno

THEE BBz 4% RE LED f&

HRAGTRIE Arduino IDE

MEEEEETS | BSR4 ArduinoUno 7

EAGEE | C

EEFURAN | £931077

LR Efl}%

PRIEERS . FH Arduino BZ SRS (35 18152
2. PSR E N R E Ehi%H] LED

P2 KE%E | #include <SoftwareSerial.h>
SoftwareSerial ss(2,3); /5B &k
SoftwareSerial wf(4,5); //WiFi
SoftwareSerial bt(10,11);//H K 8 EL

void loop() {
#if 0
// AT commands use two serials
bt.listen();
if (bt.available())
Serial.write(bt.read());
// Keep reading from Arduino Serial Monitor and send to BlueTooth
if (Serial.available())
bt.write(Serial.read());
return;
#endif
// put your main code here, to run repeatedly:
waveRead(); //ZEHUER (B0 EAE)FI/ IV,
}
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Mega2560

B 507 adaE

Arduino IDE

R % ArduinoMega 7

C

gy 51017

VO E H

L. B 2 AR
2. DPHRFPERIBERE B oy eeas
3. FEEASEN

void setup() {
// put your setup code here, to run once:
Serial.begin(115200);
Seriall.begin(57600);
Serial3.begin(57600);
wi.begin(115200);//Wifi

XH I
IEEE

ss.begin(9600);
setSpeakBaudRate(1); //zE% 19200
//LED
pinMode( LED_PIN, OUTPUT );
digitalWrite( LED PIN, LOW );//LED J#,
unicodeSpeakSentence( "[v15]%ETERL" );
Serial.println("Setup complete!");
h
void loop() {
// put your main code here, to run repeatedly:
waveRead(&Serial1); /5B AU R (L FAR)
if( bShowMsg )
{
IR B 7y as
bestFit( sMsgl, sMsg2 );
bShowMsg = false;
F
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Mathematica

nb £ 1.87TMB G g2 74T 400 17

=8 H

1. =0 AR e ARV
2. E5H Mathematica Module 2=,
3. EEHEAEFERIE

verifyF[d , f ]:=
Module[ {list}, list = N[Map[f, d]]; Print{Mean[list]];
Print[StandardDeviation[list]]];

f[s_] := {Total[Abs[Differences[s]]], N[StandardDeviation[s]],
Total[Abs[s]], Normal[ TimeSeriesModelFit[s, {"AR", 1}]],
N[Mean[s]], N[Entropy[s]], N[RootMeanSquare[s]], Median[s],
N[UnitRootTest[s]], Total[ Abs[Differences[s, 2]]]};

cc = Classify[<|"A" ->cla[[ {2, 3,4, 5,6, 7, 8,9, 10}]],

"B" ->clb[[{2, 3, 4,5,6,7,8,9, 10}]],
"C" ->clc[[{2,3,4,5,6,7,8,9,10}]1>]
testlOcl ,c2 |:=
Module[ {i, list, cc},
Do[list = Range[1, 10]; list = Complement[list, {i}];
cc = Classify[<|"A" -> c1[[list]], "B" -> c2[[list]][>];
If[cc[cl[[i]]] =="A", Print["T"], Print["F"]];
Iflcc[c2[[i]]] == "B", Print["T"], Print["F"]], {1, 10}]];
testlO[cl ,c2 ,c3 |:=
Module[ {i, list, cc},
Do[list = Range[1, 10]; list = Complement[list, {i}];
cc = Classify[<|"A" -> c1[[list]], "B" -> ¢2[[list]],
"C" > c3[[list]][>];
Iflcc[cl[[i]]] =="A", Print["T"], Print[cc[c1[[i]]]]];
If[cc[c2[[i]]] == "B", Print["T"], Print[cc[c2[[1]]]]];
If[cc[c3[[i]]] == "C", Print["T"], Print[cc[c3[[1]]]]], {i, 10}]];
SmoothHistogram[ {cla[[All, 1]], cIb[[All, 1]],
clc[[AlL 1]]}, Automatic, "PDF", PlotRange -> All, Filling -> Axis]
ListPlot[{cla[[All, {1, 2}]], clb[[All, {1, 2}]], clc[[AlL {1, 2}]1]},
AxesLabel -> {"}5:{gf 1", "45721 2"}, PlotMarkers -> Automatic]
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HEDR R T ANOVA 25

Mathematica
617
—{&# A
1. 3 ANOVA fyJE
<< ANOVA®

val = Transpose[ {ConstantArray[1, 10], cla[[All, 4]]}];
va2 = Transpose[ { ConstantArray[2, 10], clb[[All, 4]]}];
va3 = Transpose[ { ConstantArray[3, 10], clc[[All, 4]]}];
one = Join[val, va2, va3];

ANOVA[one]
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