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SUMMARY

I. TITLE

Nondestructive, acoustic, impulse response method for measuring

internal quality of watermelon using neural network

H. Goal and Significance of theé Study

Sp far Quality evaluation of, fruits has beep processed by the means
of  weight and size etc in our country and.the fest to evaluate actual
internal  quality by -, the destructive method for.. some samples.
Nondestructive technique for examining the whole fruit products has been
established on the bases of self-examination method of farmer’s
experience only. Moreover, consumers since they do not have knowledge
on evaluation of fruit -maturity, seléct ‘ffuit by only ‘ekxternat
characteristics. Therefore confidence in the quality of fruits does not exit
among CONSUMETrS.

In Japan, they have applied the .various methods of impact pulse,
technique, electric density measurement _technique, NIR and NMR in
nondestructive examination of watermelon,

In thjs study, we conducted and adapted acoustic impulse response

method as one of various nondestructive evaluation methods. When we
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buy a watermelon, we determine after thumping watermelon to check for
ripeness. Acoustic impact response method is nondestructive measurement
method that performs and substitutes these experimental maturity
evaluation method for mechanical measurement.

We analyzed acoustic impact pulse which generated from watermelon
to examine internal quality of watermelon and investigated the correlation
between internal quality parameter of watermelon and its acoustic
characteristics.

It has not been a high relationship between acoustic indices and
maturity owing to individual difference and breed difference in the
agricultural products. The PNN adoptable several acoustic indices was
introduced in order to supplement this defect. We will suggest new
feature parameters extracted from acoustic impact pulse to input PNN
program routine and  ultimately we wished to develop watermelon

classification software by acoustic impact response method.

II. The Substance of our study

We intended to evaluate nondestructively the internal quality of
watermelon by acoustic impulse response method.

We regarded red-color degree(as the flesh matured, so the red color
increased) as the index of watermelon maturity. -

The equatorial side of watermelon was impacted by hand—operaged the
impact hammer made with tepron. The generated acoustic sound si'gnal'

was picked up by a microphone and recorded by a computer. The
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microphone was set on the opposite side(180° ) of impact point. By the
analysis of vibration and resonant frequency of acoustic impulse signal,
we discussed on the propagation path. We make clear distinction concept
between group velocity and phase velocity so that we understand
transmission velocity of pulse signal in the watermelon. From the result
of velocity Imeasurement of flesh and fruit shell, we found that sound
velocity have ranged from 120 to 250m/sec according to watermelon
maturity. It was found that the attenuation of acoustic impact pulse was
highly varied according to watermelon maturity. On the base of these
results, we extracted eight features from impact pulse signals and
discussed on the meaning of each parameter. .

We in\-/estigated and compared relationship bletv_veen ripeness and
acoustic indices(fo, f'm, fm?p)which were studied by other
researchers. As additional techniques, we established technical basis for
impact apparatus and the digital method of density measurement.

It has been a low relationship between evaluation indices and maturity
owing to individual difference and breed difference in the agricultural
products. PNN was introduced in order to supplement this defect. We
will suggest new feature parameters extracted from acoustic impact pulse
to input PNN program routine and ultimately we wished to develop

watermelon classification software by acoustic impact response method,
IV. Result of our study and Suggestion

We developed the program which extracts features from impact pulse

signals. The extracted features were stable. We input the value of
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feature into Probabilistic Neural ‘Networks(PNN) and classified watermelon
into ripe watermelon and .pre-rip'e ones according to matun't'y.:

We trained - the watermelon classifier program 'under the different
training condition and numiber of training data. -

We found that the classifier program of the version(Ver.l.0) hid
classification ability as follows; 60.3%in case of 7 training data, 82.7%
in case of 17 training data, 87.9% in case of 58 training data. the
classifier ‘program of advanced version (Ver.2.0) had classification ability
as follows; 87.9% in case of only 17 training data, 89.6% in case of 58
training data. Considering from the fact that the classification accuracy of
farmers was 60~70%, We think the practical technique for watermelon
classifier was established. Therefore we thiﬁk that. study and
development to commercialize a classification device must be performed

in the near future.
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N=eEAN

58 HERHEX A EIHIA

13 Ux=RH

L 53
olz7lvldla U8l olgse) Yoa ge Hes UEg 2ysq,

. 100Kg7H &4758 AANTE Zgt |

L BE e FREDE BN, o FHED =7 Suel 2]
2 zejsielop g}, Zulg SE(BE) B So] gl 2x gL 49
AN A2 & e A2 AL o

L ol B7l 2E(ED)E WAL -2 Fe F FUZRL o] AL
o $27H0  Jert SER v JUEHO] HA YL AL AEY 7
St B3 BN SE(ED)+E"Y FE WFolol gk

L Ul 28 9T, 39 FAT e ERe 9 Fuol go F
% glojo} Shm 15-4KgHES 28 AT |

L 25 o v BARBE A8 &7 FHu,

L 2% o S FREHE B FUyEd AN W o] o
Wt 27h B9lo] WK WS s 2B vl @, o 48
AE 9 YES Hophn Sue S AL seuth, o] FE(B
2% 29 F70) RS W AL $AE Ptk o] LA $o]
o,

. 99 BAE Fo 4ot AFD $uF Fok RS T 5 AUk
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2. A4
e x MR 05X05me REFol ol Fue g ¥ YT wold

O gseleks 2447 F dsh GAAY A g He

(@ A . b) 2™

a2y 37 LESFo|90 FUHE EHES ¥ CX|Yo2AZ HS
sein A

o A AR SAEN ZRekd 8 Aot ALY REFold
w0l ARate wEel A5 Aol AMAT WA Pt

QeI e MRS W ol 0w AMsn dAdN HAS Wi Hae
2 gt Fold Be Sueld ool WA ol fate] WS oW £
ik

A = a2

QoA W fvtold ol WAHOE WADIE Joid 4 ATk

B(H3) = rab

FER G A (a, boz Huli Ak ¥ 4 qlth

V(59]) = dxa2b/3
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NEEH L

. 53
107 113 108 el \

136
- —.--/ \""‘ )
478.25¢m3 a
a
48 —_— g 49
131 136 111 b

2iFo] ¢4 = 05
A2} WA = (50x48)X0.5-(107+113+131+136) X 0.5

47825k = ma

“a = 12.341cm
9] 818 = (53%X49)X0.5-(106+136+111+126) X0.5 = 529.5¢ct = =xab
~. b = 13.664cm

H

LV % xalb = —g x (12.341)413.664) = 8713

o] W ws} gu Fukgk 1y 387 o] tiXgyivzte} sutiA el A
BAsn gAgsiezie 5e o FAge dEg Bt oest ge] At

CINe Ml

RullerPlate -

a9 38 BUAT DU WS A SU #Y MY
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AR 71014 sherixie] A 100en
uhetol g Subt A e Azl ¢ A3t a=12.3cm, 33 b=137cm

100 : 12.341 = (100-12.3) : a’ - a = 10823
100 : 13664 = (100-137) : b’ - b’ = 11.792
4 4

LV o= 3 macdb = 3 7 (10.823)2(11.792) = 5785 (GHRAZL)

A5 594 BAHd 18713 BAF : 5785
AN 2 F3Ye FEEL dotrs] H FUNAN A& DEHRE 7]

TOE 3l AZRAYL A URSAFYPoR I HEFRE Hluso g
i 49 Ze g I F AU

E 4 THAY XN U §FH v

P HMRp AU | Sut~7iola}
Y [ ¥ [ o | 3y [ #0 [ g5 | H@ Z42l(em)
532 | 604 | 0881 | 532 | 6379 | 0.834 5.3% 61.5
680 | 726 | 0936 | 680 | 6924 | 098 47% 100
618 | 682 | 0906 | 618 | 6647 | 093 2.6% 100
546 | 594 | 0919 | 546 | 5785 | 0.943 26% 100
510 | 540 [ 0944 | 510 | 5315 | 0.960 1.7% 100
292 | 304 | 0961 | 292 | 3.088 | 0.946 1.6% 100

UEEAA% 95 slulaiitels) Ads 100emY W et Agow, BY
moge) ¥Rl A% 9ab: 3%~5%Fou U AN Fue A exE
2eol3tH Tt oleldt Wz WEEHred FHEHHUR oF EUZR o 19
3943 7 EEHst 49 CCDsviatsl Ruller Plate2 A4 BE&4%33g 4
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NeEX AF

3=

of

Jkuidrim

o

AT 4 Aok 72X AR 05(cm)X 05(cm)¢] +F& ¥ Ruller Plates]dl
£uhg &8 ¥ CCD 2 JvEE 100cmeld Azldl AL HFH
9} d43EE gk CCD Ze stz 8rs & AEZA7IeS ol &3ty
gute] AxGAA AT GitA e 4z Fate 2 £AE BAse ¢ndy
g 53 29E 7Y & Y Aol FAA Fue) ¥ T YEE 7
& 9% Aoz war:

> nl)l

Rudlr Phte d) Wegt lnkare
(@) 4] ety &% | (b) $ute| =uty &

a8 39 WX YEHFHFX] A

23 g§473A

et g st F54A L FrEly] A% 43S dAsk
FeolA AEE S HalA dHFRY BFTFE nket] FdM A

38 23T BAT7Y AAe HIE b, Ao A4S e, HE
[o]
Ay

4FFE2 o|RAUY. 437 EBFAVE ZAY nAFUSE PE T 5
EE 4750} glon MOE 8g0& HEE BF7F /by nFuE BAsE
gojglx, Ml 13g 02 nFde AFme FUFERFE BE £ UEE A
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A4S M2E 29g, M3 42g 02 F2 AFnE WEEs dAde Q9. STE
13go2 et %ﬁi% A %31 MY £ UEE EF7] e 2mmAL
ALY 2WAE Faste] AFsidch HEEL 19go2 M3, £202 HF &
dst vlxd AEHEE DS T U3, o}fe 7w e g d Fubo] 4HE
F2 #3127t dake FReE 2 F Ade AEE v A URER
BE B3] 17go2 St A BANF MY 2FRE UE F UAEE A
Zso] 9l 1Y 402 Futeld FAE 7 g7 Asol YA AF &
7Y TR F99 A F dAsugich 2@ $ele St dake
FHe d9e I Qe HZE MIE EFo2 HEsd fubA AZE o
At

34 84712 s e 4 FoM T4EHE B3-S A5 A
32 "helFe R0 R A¥oln By EAS vehlle KXY nlolazE
& AT X80 BE [ANME F99 2L ASFE EPAIT Je &
22 mol7l Y8 27|y SPULYAE vlo|22Ed) &t AL oY
Bs NS E d3ste FAYS dnsich 23y ol Z2di7lE S¥&
FE ALY W Z2dir)e Zolg WEAIIHA FEte BYe FHEY B, vt
ojARE AFEXE FAst APt & A Ao/ R4 FFHEE ol
A FAFTGE7 B s SAEE gy AdsA 4% 7AdE 2L @
Ao m2M E7tgstA FSHAE ALY o, AzABRANM HHF fc
o FogE & A slo} g,
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AN=EEX :

o

(a)

(b)

(©

(d

AmpitudelV|

Ampttude(V]

MI\_DMOIV)

Ampkiude|V]

2014/12/31 1430

i 005,
e ::z:"a.l .
10
o YE TN
et -
. omi
" . . . oo S
s " "l‘u"'ls‘c;u (L L]
Y | [T P
oo mﬁ. .
5o 0005 |
by :
" US oo oam
gagaM %
"W <f) i Q005 -
034 4 om;
s o lﬂrmﬂs‘:llﬂ Ll e
nms].....-—.
oum5
!
_mmsll
i
gum—i
owms|
|
. e = QNMH.: :
w 11 w'r.m(s.e;“ " [
et
0 VW--
o 1 niuﬂm.[s”;n 1 13
2% 40 E247| ROl GE EBSNHUN FHs AHEY
(@ M1, M3, (c)SS, (dISW
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NEEA

34 interface # A

AZYSREE ASAAAM FAE B S H7)14 AEE LR upio]
Aol dHAIIE Aotk o] HES FNEF a7 410 dehiUT, o
HEOM AMSE A/D d¥71e Ad 29 106709 AFo) 7H5steE 3,
W4d 1 MHz 227194 voe EYUEE Ud 8245 AH4std A/D €
719 ME Yo Agsigth 1 ARE HY 5= 1 psolA 66 ms9) BY
AN AFZ HAY F QUch o] BEY YPAFY W £25 VE ARG
. EAE 43437 dde] EFA At dozd EAs dourE
St L, EFA At Ao 125 V YA HAY & AEE 3o
A= 05 VE dAstd $gich. EgAY Z EYA 715E FAGL2ZH g
Aol dg EfA AE7F 2737 o)de] oy REE A2 & AEZ 3

o},
Input .
Preamp ADC > FIFO K
Osc':illutor — Trigger
Logic
Control
A Intel 8254 Logic
Address Control Status
Dacoder Port Port
. 8 Bit XT Bus ’
3y 41 MSYS BE9| RME
[
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gz Wiy Bgdoles B ¢lE FIFO(First In First Out) wiXz
of 474sl=® stelct, FIFO ol: 8 bit #al5o2 Hd} 4096719 dlolelE A
A% 4 glch AlFE s PC/XT 8bit ISA £%el #ao] 7hssta 1 2
717k 13 em X 10 cm& ke E4& PC YRof o] shgsict el Sols ¥R
ole) nFEFFE AL AE7} FASE, ol AT AsA 2 kHzo A
3 WyE #3819, UAFLRE AF8sted 1-pole Butterworth §e #%%3
Wi el RCE o] 83 AC coupling 32 @ Ad FE7|& Fastds 409 B
A% N5g AFZYHE HE9 o] RFEE AT 1Y 429 =EF PCH
AP ASYE v, T Prsl Py BEE UER, 2§ 43¢ of 13 Y
5 REZ w2 PCo) PRY T&E vehi,

AR

0% 43 AMSYE YR L EE PC B TEE 2F
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T ES PC, MZ

a8 42 MsYsax,

EElg} ma|go 2
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43 X-ray $3A 9
oo Wi FAe WA QoM Xoraps) FE5HE Yohuaat o

A A A X-ray AHE TVX-3600 Desk-top fluoro scope( L
a4)elt}, '

Fede ke B85 ugY o) Ago) XU FE(H 5)F gso £

T AT AHEAE Yotz dgy e 4
A5 0|&HS 4749 ARE 1Y 464 Avrge
old] & FHg¢E duzt sgich

o
tlo
_?l'.
32

£ 4

A

LA

£ e

L

38 45 AleeYos NE HAUQ ujAuS I8 46 HEEHEUYIN Y A
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S XH 8344 Mefny Rz

z=d 1 2 3 4

T 2HKVp) 19 25 30 42

M&mA) | 035. 035 . 035 035

wh zHo XUS sk 19 46MY Be PPN =l B9
lem4 5% Fo] Fsaieln AN e WY WKV AF 035mA 2713
olglov el Futel 34 deE &4 A= zde dAG.

2ol e Futaau} uS PR XA AN Aolg nr) A8 te
3 ge 49 AUsth 4o 44348 X AT X E] 2X2Xdem)E
Yok 29 473 2ol AR A B XA GAAN o) 443483 o)
5315 TR A AE3S Ao ge el¥or FAHA,

A%sh Agke B sho) E 67 2ol XA AEE WY 4433

ae 47 H&nsny
ol SNSE WO i

{ZEZYS 0|28 22 Bt3SA HITHY B |= e/ s8F

a3 48 HXYx=H(=H5)olM A2 Y
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E 6 XY £3A WRgt HYTE

= ¥al 1 2 3 4 5 6

T 2{KVp) 13 19 25 30 36 42

M F(mA) 0.35 0.35 0.35 0.35 0.35 0.35

ARet Ak 2Ag sl 29 4% o] XM ¥ GPoRyE fut
o H4783 ugaSe AnetA FEe) otk Ae AYzAN AR
HHzH02 Wolk A$E ZpboN} o) A4 E¢ okl 2d3 Lol A% 4
g FHEsIs oyt

9 A9 AsA sue A4sH ngRse TEY 4 3k 2L
dg + gRoH, X-ray® ¥iAsel 9& X4 GHOR Sue 4E§ T
gtz & 4 9ok
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6% ER7| e

14 PNN o] &

L 3494 719
g7l e & AT MEE Fu BEE AY LTES oo HEF J4
A4 7ol chsl zbEe] Lseith

7k F4Q
Azbe oW Ealol dis] 2R 5L R4 2F 7|22 e O £
7b oW @ FHAA AAsE AL g Ad2YA Hu olHF (AL 7
of Hgste] oW EA EAE FFHD 239 FHEAS FHAse AYS
344 (pattern  recognition)ol2t #ch ozt FAAAL £aL, 4, A7H
By E= 39 A4 T T2 Foprdt oyl AN Y F4 FA A
$A0] SAME We) #4531 Utk |

A ol e 7+=d &AM (supervised pattern recognition)d} FAEY ¥
Akol4 (unsupervised pattern recognition)2.2 g 4 Sled), WeF &/
2t sk '] ol yFe] £3lex] ofn] dx T ol AEH FAUHY
EAolx, £Fstna st ZE fEe] o= WRe £iex] ¢ RETw 9
He Al BREY AU BAolth FEY F4U4 NYPe 328 A
< S E¥(training samples)® Al E&(test samples)o2 &F3lo, FFE
e 2R duEg doed oléstn, UmA AlgRES TeEold £F 43
ZdFol Hestd o £7719 *3%*% Brtsted ARl ole] wia] FHEY
AN e HHEY WFE7 ojFd FFH AAA ¢ F AT {FAE AL F
€ WY ¥EFg AAstna ¥ o Argech

4
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£ AFlNE AN AAHY BA 92 A3 9 AeHn e B
¥ gyela 71e Agaiaes, of 714 /124 4g AE 29 499 o
ehQict,

Traning
St

Modify
Agorithm

Test Classiication LCT QN g
St Nn | Cashatin | I

Oy 49 A=Y Y4l od

B4y 71e S% BRA Agsb) Fslde vlolazRy de % A
s23E 548 $3ey, $3Y SH0EYH FuER 4YY 54 49
sha, olPA MuE EFE olgded FURRE YAsE YwAFE Agske
Bgoz Aol ¥k of 7)) thate] 7 BHL ks AHsHAD.

D ERFE |
3AH014] 71 M EX(Feature)old Yutzoz e Wio) &3t EES

of AYW gl BHo=N TE ¥R FE ¥ £ A= &4 v Anwc
24%% WAL tolazRy gol TN F48 B 5 £
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Falle BPo2A BEAdige] HE Hdy ER4E 294, BF ¢nd
s aa FAlG BF AREF FAATIEE 2 Bo] vk % HE ¢
of 48 Agol gle EAU] FEETUY olF e E8E ERVIE AHBdE F
ER45E 97 odh getM BEAE FolA HdE R #8% SAUL
o] ul$ FAF FAH|AME, ol EAL ESY Wid i o
Aol gy gk ubstd F43¥ SAONF TEEEA wW2E Fol7] e,
ojM EAE Za1 stoubd uwel Fekad) @il 483 EANE 7] A%
2 ASHA qFF $F59 5HE0] Aoso] AEHAT 1A FFAA
ERdEE #8287 doH, 2514 imagedl ] AHE 7Hs¥ BAEe] Utk oY
2958 WA H¥(Waveform, = Ihage)d Digital BRE Wz, o
Digitized DataZ*-€] &3] Digital Signal(¥% Image) Processing °l2tz %
2y AE AY 71Pe At F29nh 2y olga $4% £ EF 4
S3¥0E AL Hig s Ralng, oY EHE FAM F4T 5L HH
of @i}, oleldh HYL EAMeo) ch

o Ao =1N :E

2) 244

gt "olN AF uje} o] ENEE wAM £28 Eo| BT $UEF
of 8% o) oBE, 1 FN FUEE #4¥ 54 “UPW 53"
Adsle B4 EAMY wizl ¥ B e SF0] Aok & EAo
ZE A, AYENE 6 229 AUE JAT Qon, EAE B8y A2
o] A1 e FHUL ojEAHE 5 FAM=Z 4 A FABeF sk, A
Mze AgzAse B40] ZE EE(Sample)d] dad JuA QA £2 7ts
dof Ak A Fold azy oY F4HY 71EEE AA EAHY AR
Mo HgrlzogE Bus oy UEd uo AR E4 Yrislze] UL
&4 o AFHA FrpES 44Y o 1% nEHE 2302E FUFH
FREEY Ex7Y SYHY T stk BYEH BEEYe 249 2R

tlo
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Froll <] sjujstn), 2% EFA 2 He f 8= AR

%
Ao,
As A7} e, AeASE AR5 AL £ Ak

$4e
B4e SUNe 549 FR4e ARVM 549 248 Fole

4

B d-HUE #E AP 2= L. bu Ly} B ALY W, 0%

& ex H(DE FANEH
e= [[1-maxP(w;| D19

=

A7lolM £& dle ¢iEAC o5 FAHE EAHE L, F
~_§= L& Q-"'-Cd]j.‘. (2)
Plw;| & = s g3 g A58Eoln, p(&)e 4GB)ez H95E

FRRRol,
MO = 2 €] w)Pw) ®

97104 Plw,) & i44 839 Adggelt. Aw,| ) € idsl ¥F
o 273% $8LEFF p(&| w) o A BAE AT Yk,

Pw;| & = ﬁ(élpz&))P(wi) @

AR BERL (DY22 Y LHYUE eE W ste SHLEA eddol

Se4E AYTE 5] Stk T WL 43 JE4e FAsHE A%
FoM 73 dEHA HE7t Pearsond] ABASAH), ol 4 G) #f Hel

4.
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(X ~X)(¥~T)
,!‘: s (5)

[2(X—-X) (V-7 )

od7loM, ne BB 48 X, , YV, =5/ N2 ge 24 X,V 9 ¢
WA @te, X, Y = 2z § 54 X, Y HEgS Jedn o A

re F OUEe) A AERAAAE FHsE AREA ro Fdigto] 19 7}

4 F Aol FEojE4ge] i £SE oulwich weby U 5o
g Aet LFHE efto) HOUAM FAo UE 5N ro| ool Fe &
BE Auistr] W, S0l et ratg wgoR b HHY EAES
A Urbe o)zt & 4 sich

) R

54 23 5Y4Y 3L ot A 540 ZAHHY o] EAL o &
3o Zt BES 7MY Agscn #dse YE2 £ ded oHd #R3e
TYse A& EF71E ¥k Rl AAE £F dudEe AR A e
A AgE ERNEL A BAH EF7(statistical classifier), ¥H2A &
7l(rule-based classifier), €& £%7](learning-based classifier) $o°) 3l

ot

7h) Statistical Classifier

Statistical Classifiere 2 H5F¥ SAHEY A H2L T3 &7
3= 71MoZM Linear Discriminant '¥& ©|4% Fisher's Linear
Discriminant  Function, Minimum Distance Classifier, K-Nearest

Neighbor(KNN) Classifier, Bayesian Classifierse] it
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MEEA:

[
0X

32

032

1}) Rule_Based Classifier

Rule_Based Classifier= Pattern Matching ApproachZ4, E¥E e
£ wWE|(Feature Vector)d] £XEE Avin o §4 WS 7P % ¥
# 4 = #(°]¥ Descriptor Entrygl )& A3z, ©l& I[F ~ THEN
Ruled) 33t EFates #HPozM, Classification Table Classifier, Fuzzy
Classifier5°] 1t

t}) Learing_Based Classifier

Learing_Based Classifiers @E4 22 Neural Network Classifierg& 42
% 4 ik Neutral Networke 1zte] do] qze ZEHYE Modeling &
& ke M3k #, FE BEE 53 9aw YL e ¢ 5 olen, =@
£Y ERolAM SdatA AgstA B H2o dEHME HE A4S dutsisty
gdag 22g AFHoR Uy Fut S5 FY " 1980d FHEH 2
240l F&s) Fhaka sk |

204374218l Neural Network 2% FoAM 7M4 €8] AH8HE A2 Back
Propagation Neural Network (BPNN)olt}, BPNN& 47| Neural Network$
EAQS A JepZ Qlon, HY £F, A5 o] Regression Analysis FolA 4
2 ALgsin 9ok 22y BPNNS 1%(Input)s 23 (Output) Atels] a7
7t AHgAe] dEi BEWEE, training AlZte] oW Zgde WR H7] e
of, 22 2] tal RU4 & Classifir2 AHEH7E oHE 2AH] B
& Aol

19883 Spechtol 98 sid@ Probabilistic Neural Networks(PNN)£
Neural Networke] 7F 1 Q& Parallel Processings 98 7HA #H& 7IAx
AL HME, Statistical Classification ¢318Z % Bayesian W< H&AZ
4 9& Neural Network®2 %3 Pattemn Classification #oollA g2l A&
g3 g, |
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AAEEA

2. #547%3)2% (Probabilistic Neural Networks)

PNN& W34z ¢ 5 AZ32%| 7IAx e o2 7k B3 44,
e #5FA] Bayesian 7€ HE&ANte S5 FHAEN Y £F A
BysistA HEsx gich o HolAe PNNe disix ters] Agstalth

719 5001 PNN9 7123 72§ Yephith

output {(x)=C, - ¥ g(z)

summation

pattern g(z)= expl[(z, - 15/ o]
=% W,

A8 50 BMYLEY 7=

3 5001 uebd ulsl o] PNNE 4719] Z(layer)o2 A5 sith A
A FE dHI22A 9r]E ¥ 2 ¥EY 5F Hek(X)7F PNNe| ¥3€h
FAA 22 HEEo2A YYFA THE XY A Xl JIFA WiE F
3 ARE §E wokEd, 2 Fo ATHrE LY ;T YA AEA
2 PAFoEA, FU2Y 7 xE(node)EL HEFY X2 F AT 2
HEol 3 =gt dZoe, d2d HEF =289 99 ¥ §
Hoz wolgd F of7je] AMgA} Aoy seblHAd CGE dstd 1 A4S
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NEEX: &E2

A7) vixgoz yus & £¥3o2A HEHA ¥ £ EF F
Ho| AHg @t TE 279 AAgzWHE g, PNNY F2E Foi3 A7
AT Q= St 289 S GEHAM AL SEEEY ol o 2R
g & 2day iR xfd e FUFHE PP £42n, HuFe

wESE SEFEY £9 A5, JEEY = EFYEY EAFS §
st

PNN9 st&aAe o9 ad tge 334z olfoA Utk (1) e
EHo] ZolAW wEiZd old siFate jHA k= Nj§ 4AYT (2) Tt
Xij(i=1,23 + + + - - M, j=12, - - N)E FolR i SEEES A 57
olztn &9, WH%9 j¥M nodest 9¥Ee A k=8 Y& AZMY. 7T
A Wil Xis 24 Btk (3) aelm ooz duze jid =E8 F
s FHo| ZHlE WFd AFste TAFH ABUY. AFHAANM &
9l A& 7}EX Wizt dHETAo| glo] vl dAdrke Rolw, matA &
‘oz gngthe Holth £§ of gy M PNNE &g FEO2H
8 Parzen window < S& 2 ¥Fd FELEPFE AlTTe Holoh
At ZZre] Fo| BUA Aga A9 HetoEQ Ci (i=1,23)% B3 A

o & Adgsolgt. Cie

o 92 .
2o

n’h-

Ci=#

2 Hogd orlojA hit WA WFe ALHYE, lie &4AF, nie 84 ¥
Fulo) SEEEe Folnt. wEtM ALgAt H&3 2 ofd B4 HFel o 8
H 2 T3 4L wolls E4AF lid 2 & ARY & A BY3 AT o
£ de3ge e 4 HEsY MEEA FaxE Fse AFEM o %
ZAstd AR dde] dY FaAE ZRIAEL, o #E 2A sE B A
Wi HAHA ASE ZxsA 9ok 283 o] gk ojd o|&F ZAZ RH
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ton

ARE7IRTE s 483 BHAAM HRF g3 EF H5E ¥4 7
AT o fkE Fol ARET Yo

PNN9 Stgat sizw) detoeo] g d=je] 4™, o PNNE o|88ty
NPt tiY FHEFE FHT & Utk PNNY T34 ¢agFe “Fof
A MEER) et 292 =E2F FHoig(e] e 2 A ¥EdE dnY)
< e HFE 2 ANEREY HFE PR ¢ 5 o R 2
PNN©] Bayes¥i¥ o} aiz} $9EFE £y T,

28 ¥57] 2ZEY]

@ 3% 48N =% BSA5Y EAUFES G&3 Foolge 4F
< s Hedz EREAVINEA AYE AFHFEAN FAte Z2aYe
g3, ZRayde FAFEL, A/D AIYERES Aoy nlo]a2EL
2R BSASFE 9o oAU oln g7 g§HEAE UG AdY £ Us
T2, B3RP E NsAesty EYUFE FE3te Z2OPRY, &
¥ 54 U52hY 4gE SYtAY 1 @4 DBE o4t £EFANE B
Aste FHo2 So gk WA, FEERI £ 45E GusEr] dsNe
By 2 R EJELES AR AR UA FF3E Ho] AYs
of gt 53] elgu3o] EUIF e FASAE} AAAt HAANY S +YY
o Bt WEFel o LH4LS e A3y AL yFe) i &
€ 53 a7t A2 & 858 oA Yololste A7 Aok AEAe
EF HAY YAERE 4RY gt ol HE FE3] mEisol ARHY BT
FZ0] oo

EH7lel dgez Algdte elS%3E 100 4 sec sample rateZ 1024 point
o Holelg ZEE ZTYAA AL o] HYL msE Hsle HyAEgo
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2 YgozM AR WES 733 itk F, rmsHYE AA HFAL
ot Hyae oA EAWSE AUk E SSHYL FFTa] Fu5 ~HE
Y dolHE 91 AFHZN 1FHZo APFAM FAFHLE (fi}g o
£t} old 2HEYAZ]Y o] & FAHM A7l 15% oluly e Wdke F
NST 15%0l4ke) Wil ¢S o FHyaz AR Adn 1 FHrE
glolch. £ Fu4e] wart 2ystd & Bag FAFASF £20%0AN o
g 37} ¢dse F$E AL AT FASRAT 9714 18%, £20%
So] e Sutel ge Elg dolgE puM FAET AYH golth ofg Zoldt
o (I}¢ (f) 2939 & $L AU &, o] #E2HH FAHAEY A7I@k
ey F3d4 4 (fld ¥ 71271 #(Decay constant)®] WIE
Lishexpl- 2 13 H2 curve fitting8s) o && ST,

® 79 o] €9 22 TeaPE Yehc

dspe

Finclude "wmelon k"

void wa flot. #irg);

vaid four] * 1, irt)i

vaid wave_rms(float #, float +, inf, i)
void wave_nanmiamay, mm)

float ""“”U&n int wm

I
float temp=00, wmax=-10;
/+ offset ¥/
{or(i=0i<NOFFSETi++) tempr=amay(il;

faliDicamiio
1 M+
amaylil-amayliHemp:
if( fabs(armaylil) > wrex ) wirmefabs(aray(il); )
for(i=Gricimmi++) amay{il=arrayl{l/wmex. )
void wavenms (wavemrs, wimanms)
float wavel,rmsl);
it WIS
{ int i
float temp=00; _
far(immmei<wrumnmmrs;i+(
rslil=waveljl+wavelil . .
far(j=0rj<ams;j++) rslil+=waveli-j]«waveli§]+ waveli+j]+waveli+}}
if ( meli>enp ) terp=rms{i): }
for (i=gi<oms;i++) (
mefi)=rmelnms};
sl wrarm-i-1)=melwrumrms-1]; )
far (i=0i<wmumis+) nmslil=mlilftenp )
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#define SWAP(ab) terrpr=(a):(a)=(b); (b)=temr

mt mnisig; |
it nymmax,myistepd;
double wherrp,wr,wir, wpi, wi thela;
float termprtergli
_n?'n <5
J=h
for (i=Li<ni+=2) {
T ol
SWAP(datal) ] catali+1]) )
nFn D 1
while (m >= 2 && j > m) {
i-zm

m>»=1 )
. jt=m)
mmax=2
while (n > mmax) {
istep=2¢myrax;
theta=6.2831 853071 769 (isign*mmax);
werrp=sin(05+theta);
wir = -20+wienpwienps
wri=sin(theta);
wr=l0; wi00;
for (melim<nmaxim+=2) (
for (Fmi<=ni+=istep) (j=i*mmax;
tempr=wr+dataj}-witdatelj+ 1
tervpi=wr+dataj+1]+wivdataj];
datalj]=date{i]-terpr:
datalj+1]=datali+ 11-terrpl;
datali] += tempr;
datgli+1] += tempi;
Wr=(WempEwr) twpr-wivwpiwr,
wiswiswrwienprwpiewl )
nexsistep )} Aundef SWAP
featurec
Mnclude "wimelont’
Hnclude "keyh”
#include "hanioh”
idefine  FMAX 40
voud feature(int);
extem  float w_mms(], £ data]l;
extem  float wim featurel];

extem it pontl);
extem  float wmumass, time_intv, freq_intv;

void feature(int wrmm)i{
float nms_{{3][20), freq {2)40];
int featwe_rum{2];
i th =L, Wi, =0,
ﬁ fj;}d%]‘f,mumwd(_ms,neakm
float vthl=02, vth2-0. 06, tol=0. i
Lict ﬁ g 2, gap005, tol-02, peak;
char +h_imsi oo
float xH, yi, al1=00, al2-00, &2=00, bl-00, t2=0!
floet det, slops

FLE D
/+ get energy of wavefam ¢/
for (i=gi<wumii++) energy+=w_mrsLi]w_rmdil i
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/s featwes in FFT data - search pesks in frequancy spectrum ¥/

i=(int) SYfreq_intv; /+ start frequency = Dz ¢/
while (f aailcait) i _
nth=0; wh court=i; peak=f_datafi}; peak pos=i,
for (im:i%() (
i b
g L .
{_peaidpeak_omunt++}=peak_pos: peakel_datalpeak_posh
- A impeak ms; J}
D dlicpedol

=i peale=f_datali]; )
i Do
data[pezkms

upup i=peak_poss |}
/o check peak fra:mms renove closar .
for (i=1;i<peak_counti++)

ol fﬂ?ﬂaﬁ&ﬁﬁ?’mﬁmﬁ A (

fr i1 ‘Lmdﬂmmu

peak oourk
SR

/+ least square fitting */
for (i=1i<peak_ooumtii++)
xi=f_pealdi}+freq intvi
yi=log(f datalf_peak(il}) o
all+=10; al2+=xj; alv=xiex; bl B2+=xi%yis }
det=al 1+d22-al2¢alZ
slop=(al19b2-a12%b1)/cets
wm feature{0]=energy*1000;
wm_feature{1]-peak_oount:
wim featuref2)=F peak{0]+freq_intv;
wn featurel3J=f_dataff_peak{ 11Vf dataf_peald(]};
wm feature{4]=-slop* 10005
win feature{5)=f._peak{2}/(1.0+f_peak{1]);
wm feature{}=f peald2/(1.0+{_peak{Ol);
wm feature{7] -fMdS]/(l 0+f_peak{O])

himd =
wm.fme{O] 4, h_jmsi);
Wshmz(mmt{521+15, pot 51413, hjmsi, WHITE, 1)
govt{wm feature{1], 4, hirrsi);
Watring(paint{56}+15, point{25]+13, h_isrsi, WHITE, 1%
govt(wm_feature(3), 4, hinms):
Wtring(point[56}+15, paint{33)+13, himrsi, WHITE, 1%
gevt{wm feature{4), 4, h_imsi);
Wetring(poirt[56}+15, pant{371+13, himsi, WHITE, 1)
gevt(wmm featume5), 4, h_imsi);
Watring(poirt{52)+15, poimt{37)4+13, himrsi, WHITE, 1%
govi{wm featurel6], 4, hiimsi);
Wstmg(mmt{SZ]*IS, pointf41}+13 himsi, WHITE, 1)
gevt(wm featurel7], 4, h_imsi);
Wetring(pointE52]+15, poirt{45}+13, himsi, WHITE, 1)
govt(wm featurel8), 4, h_imsi);
Watring(paint{56]+15, point{41]+13, h s, WHITE, 1%
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g

/+ save data far PNN #/
fp=fqm( meLamnt” W),

forintf {04 Af %f A "{{ "t % Af\ﬁf %]mvf%mﬂ}r]dfﬂ win featurel7],  wm_feature{8]);
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