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Wavelet Analysis of Interfacial Waves in Cocurrent Two-phase Flow

in Horizontal Duct
Masava KONDO and Yutaka KUKITA
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‘Tokai-mura, Naka-gun, Ibaraki-ken
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Wavelet analysis was applied to spatially-growing interfacial waves in a cocurrent
gas/liquid two-phase flow. The wave growth plays a key role in the transition from
stratified-wavy to slug flow, which is an important phenomena in many engineering
applications. Of particular interest to the present study was the quick growth or decay
of particular waves which were observed in experiments together with the general growth
of waves with distance in the flow direction. Among the several wavelet functions tested
in the present study, the Morlet wavelet and the Gabor function were found to have
spectral and spatial resclutions suitable to the analysis of interfacial wave data taken
by the authors. The analysis revealed that 1) the spectral components composing the
interfacial waves are propagating at different phase velocities which agree to the
theoretical velocities of deep-water waves, 2) the group velocity of the waves also
agrees to the deep-water theory, and 3) the quick growth and decay of particular waves

oceur as a result of the superposition of spectral components with different phase

velocities.

Keywords: Wavelet Analysis, Interfacial Wave, Morlet Wavelet, Gabor Function, Deep-Water

Wave
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) 1wy
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- 2 2 2
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o3, L L,
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r— Ty VEMET - IERERLR), T(RONLT =T Ly FREBEOAEELE
EEAT AR TREAET o FNWL, FALITCEON Y 2 — T Ly MERIC L B AMERT
%é\*ﬁt‘Wl“f&ﬁF%%%ﬁ@:ﬁﬁ7~Ul%ﬁmﬁﬁéﬂv—XN7Fm%ﬁ%ﬁw
3T ALFE - ERATI L EBERS . IREY - T Ly PERP-RICERERIC L A EH
TRR(T LA L BRATHBD L ThA, Thbb, 72Ty MEROBE {e ] HIER
Dy b x T LTRRERAT OO0, FLIERL TV DT TERVEY,

IxI* = ZI(X e; )lz ' 4.3.9)

-

Xei0. BRLEN Y 2T Ly PTRAF—LEY 7 PRIGERTES NEEV, ThAEZ, =
DBEDT -7 Ly VERREEY 2 - 7Ly VERE R D, BHEEAT -V E YT PROHA
LI BWTORE D 72,

A THERREA AT LY T by MEHO -0k LT, Haar ¥ (Haar £K) L IiE
RBUTO LS GHBAF RSN Tna

1 (0<s1<1/2)
w(t)=1-1 (17125t <1) (4.3.10)
0 (t<0,r21)

CORFRT LS Haar ¥ x— 7 by FRIRESEKCTH D SEARBCELT, ORI EL
DA FHREREELE TSy 2 — 7 by FEESHEET A,

¥ EEMR -7 Ly FERE LT Meyer @7 = — 7 L v b & Daubechies D7 = —
Sl D 2EOABHLNT VDS, FREROREREIRICE T SHRE Figs. 45,46 1TRT,
Ae 2RO T = — 7Ly MU TRLERL TR, AF CRECRET MO TRZEET
HBE Fr FLEOT—T Ly P —HIRE o0 TIRE(, BEOKHEHALEIIV
TERLFORIRCBZEREFEEN TV S,

B, L0 TL—TF Ly FRERTH), FFEETBCTROLLEND S,
Daubechics D™ = — 7L v & (N=8) 2B L TI3HH8 B ICCHK (15, 16] T W TR LB 7
9 PN L 5 I
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5. 7xz—T7Llvy MIKBEHE

KR TRATRO T = — 7Ly MEFREIT ) dicn ., ¥y AREO 2 BEEE (BT,
Mexican Hat Bl = —F 1L v b) . Morlet @7 = — 7L v F R Gabor % 7 =~ 7L v REE
LCHGDZEE Lo SABDY -7y MRV TROECHCEATEY, [ ]
mr—T7Ly MEFICL DRSS, T HEOT = —T Ly PERAVEI LTSN,
wr—TLy NEROBEILL o Ty = — 7Ly MEFOREFED LS LA L2ET S I L
WTE L,

Figs. 4.2 - 4.4 |ZR L7 BISRA O BE LMD X910, MexicanHat By = =7 v M2 L B
BRERIAO 220 2 —T Ly FOEREREFTIEILC LS, ThbE, GEOFERESIC
%L, Moret @7 x—7 Ly kR Gabor ¥ IEQTIREE 5 2 D% Mexican Hat 77 = — 7
Ly Mk ABBIIEOLRERES D, WAL, AFBTRASICHBITE 5 &) i- Mexican Hat
ey —F Ly Mo AEBRERIOVWTRIOFFRIREEEHZ L E LT,

F7-. Morlet @ = — 7L v F RIF Gabor MEIIEERERTH LY, EEHE Y =—-T L v }
©# 5 MaxicanHat M7 2 — 7L v b EQRET 572000, 20EEBOLFHEIIAVLILLEL
Fzo B5ICMorlet @7 = —7 by MIER k, . Gabor BEIIER o, PEtds, KA TIIHE
OUER, WRETIEEEERFER LT #EIL b, =6. 0, =21 £ L7

5.1 oA

W r—T Ly FERORHE [—o4e] DHFETER SN TVE O, BEFHELEY 2 —
FLy N GERHE) 25 =0 A LEND I ORTARIIELIET (20 =0 FEDHEFH
ST v, MexicanHat Bl c— 7Ly PEBFICHREE, 2O T2 —T Ly FIREERIZ BT
f—0DEEITRAEL R EDY, FREBERBIIONTERITA, T2D5,

W@Jﬂ=2a%—%} ~045  (Hiff) (5.1.1)
v(23 )| = 11exp(-6) ~273% 107 (5.1.2)
‘w(ﬂ«ﬁ)‘ =26 exp[— -221) ~3.56x10° (5.1.3)
|w(i445 )‘ = 47exp(~24) ~180%10° (5.1.4)

Yhrh, TIT t=md3 ELTA0OE, BEEEOBECMELREIZELZEIZLY, BEN
bR T B ThE, ZORRL) . FFRCELELFERELE2ERL, UV 1E
w(0) ® 10~ LT DA — ¥ — R LES b0k LURHERIBEEDR, $7%b b, Mexican Hat &)
r—7 by FOEER,



JAERI-Research 96-037

—33<1<33 (5.1.5)
P Lt WA, A=t a, Y7 FED b OBEOTETERG
b-33a<t<b+3y3a (5.1.6)

Eld,

AR Morlet D7 = — 7L v F OB, t=mal6 (k, =6 O, m AEL BT
@E%t%ﬁ‘%@@ﬁﬁz—ﬁﬁwmﬂow4MT®i~¥—t&é;5Kﬁﬁﬁﬁ%%bto
TOEEERERTOE m=8 LEDOBEETH L0, BEHEHE

b—iEaSrS.b+—8£a (5.1.7)
6 G

& L7z

Gabor MEDB AR r=ma/o, LBV TEEL L 00, BED Y- 7 EIHT L1
ﬂmﬂw”@ﬂnﬁgﬁwpﬁﬁﬁ%?%%o@iﬁ\%ﬁﬁﬁ%MMm®@l—7Vvk®%%t
FE#ROGEEIZX D,

b aci<h+ g (5.1.8)

&Jp C!Jp

L7,
:h%@%%ﬁﬁ@%%ﬁﬂﬁbf@KS%KTX#—Wa@ﬁ@tﬁt@ﬁ?%D

5.2 Ab—VERHEROBER

KETIRY 2 —T Ly FRFEROKBRF O, vx—T Ly FNEEDSIE. T4DD
z#-w&97b%%%%%@#ﬁ%&%ﬁﬁﬁﬁmﬁé%i%:k%a&to97F§Kﬁbfﬁ
%ﬂtﬁ%?%%@%%%%%oikﬁ@%#ﬁ&%ﬁ\7l~7bvbﬁﬁ@ﬁ§§%§?l#_
MCEEL Tid. B OBERFEROCRTI L@ LY, 22T, 72— 7Ly FEROREERH
Mt BT A EREERAREL L, A Ve EEEE OBEMT 2 E AT,

s v A 2 & & L 72 Mexican Hat 87 = — 7L v b, Morlet Oy n—7Fly PR
Gabor BT VTR b BREERICBVT, Ay —VOMICL o TERLT S 1 DO RRBAEREAT
B EERYs—TLy FERTAIEE, FOEFEEINIBAOBREBRSOID. 2T
vvF%ﬁ@iﬁ%ﬁﬁﬁﬁ@%ﬁﬁﬁﬁ%m&?&:ktﬁ%f%o?&b%\:n%&ﬁTﬁT
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EUTOEHih 5,
EE QBB f,(1) = Asin(ar) #F X D, TOBBEBESOT = — 7Ly FERIZ,

T,(a,b)= %J’:’u—{’ ;b )sin(ax)dt (5.2.1)

b, Tx—TLv FEBERBRBEBEET A% 5,

T, (a,b) = Avasin(wh) | §(r)cos(war)dt (5.2.2)
LRy, ShER7-)IEG ¢ EHWTETE,

T, (a.b) = Av/a sin{wb) Re[ y{wa)] (52.3)
Ehd, B6IT, HEEE, Thbb, YT R b AFBHL—EOETHE LRET S & (523) R,

T, (a) = Aj~a Re[y(wa)] (5.2.4)

rEm bt E S, FMEICAHVSZ E & Lis MexicanHat Bl 7 = — 7Ly T Morlet D7 . — 7L v b
% 1 Gabor B2, AEEERICB Y TWIRb R BREFLTEY. FOAM ST Va DF
REDNLForkEV, WA, M ae B7—JITRS ¢ OEREAKRE L2258, Tabb, y
ﬁﬁkk&%%ﬁnﬁﬁ%ﬁIudﬁﬁﬁﬁkuﬁé&%&&%o—ﬁ\ﬁmuﬁ7—Ul&%&
®$ﬂEﬁﬁ#%%ﬂ%t\E%%&Tﬂ@d%ﬂﬁﬂd<o%ﬁ@i‘ﬁlﬂfbvbﬁﬁﬁ\
Br—TL oy PEAKEWVD EERT A AT —FHW, HREEEE ) ORREBICET 2HTOHA
DL [an Rl T - Y

Arena. v MR b OBEDY =T Ly s (0| o0 TEL R, Bk
:kfﬁ&éﬁ‘%ﬁl*?bvF%ﬁ®$@%ﬁﬁ@?7P%K%b%fgﬁﬁ%%oit‘wf
Ao r—7Ly FEKD 0>0 OERIBVWTREREARRIBWTOMEEL L 5. @ 21T,
70 ERABER &%u}(w)w PR BEMBERDED D,

MexicanBat Bl . — 7L v FO5E w= ﬂ (5.2.5)
a
k

Morlet @ = —7 L v e w=—r (5.2.6)
a
w

Gabor BB DEE w=—"tL (5.2.7)
a
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Sritt bbb, -7y MERIBOLTEEORY — IV a PHET 5B REEGE, Lo
BRATHLONL I A EHRLT VA, bokd, BEEERICBILE Y 2 -7y MEEIZERE
EERIE BN TOAY I TRWEE L 270 5 BT RV0, BRESHECERI PSS, L
PL. CALOEERTRSNLEERRSFRES BFCHE SN LV BENL, RRTHIO
A — R EEEREOBEFHVTAr - VERRRCERTLILOE LT

5.3 AFr—No#EHE

B I — 7Ly MERETFISETY. REHELT I CEIE Y - Ty FEERT
%%@H%k&%?~&%%ﬁ&féﬁ%ﬁ%%oL@L&ﬁ%\%ﬁﬁtuﬁﬁaﬁm—TbyF
HEOKESIEAY — N g DEEHIZELT B0, BELOBENAr —Vili-> TR{ELTL
ié&wé%%ﬁ&%oﬁﬁb%\x&%»@ﬁﬁméw%%@ﬁ;—fvvFﬁﬁﬁﬁﬁ%if
[t o7] bOLRAD, Fg 5.1 IRT &) My -7y FREERHA CERILTS
Seihd (AviaEREY o —T Ly MEFOREERIERT S OH L) YL — LY
BERNDID) o FICATr— LOEARZVESIE. FEEEICREEL VL OOLEL LITH
HEEENRLE D, HEEFEAT I IREFD L,

20T, KFETRAY THL A — VOB E 5. 1 B TR 2 ROMWEADO T LM 2 FEET
Bibic, Trx—T7 Ly FERSFOMBOBRIIMbL L TR TRIEHTH L,

j“}{i}i=0 (5.3.1)
Y |

Y sstt (4 2HBR) ¥, BEALLY 7Ly PREBAET I L AHRE Lz MBYICE,
SEMOXRET B 09 ~ 100 Hz DFEEF YT IAr - Vvo@BRHCB»T, Bl = —
FLv FEAKE S | BITEOLRSERIIBV TREAES L., FOMMENERTE SEHICIRE
HBIEEHMAELL, Thbb,

()

P BERAEHION R E T EA - LOBEBTE RN IO A HR L GHRIET~TEE
ETET) o

<107 (5.3.2)

5.4 EAREME

W ORDENERE, v — 7Ly METIC L AETEREOWENEREI—EIISA0N
TV, ¥, T UIBIFSEr BT AEHLVWEETHL LAY, FORERILHLN
Twnd EiITEVEV, #0T, BIFEROEMOBEE T, B ERTHERREE L LT
DY z—T Ly VERGEHRIIOWTEHELLERFECICE LD,
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6. FREHOEREKST

KEKFEY 7 FRBEB BT AHRROKET— ¥ O—Fl% Fig. 6.1 1TRT (S
K10m/s. ZBR129mfs) o CNEDAMFF—2iZ 1m BRTRES N5 BEOKMENIL - THE
R S N OB (UGRERE 1K) TH Y. HTREIRE ERMA S IEICERE 5 A
TRLTWS, Z07d, RBHH % Lide o THRACRET L2 /R, Mol (Rmfkes 7 —
g OBRGERD) 56T (FHREKET -7 DBWEL) ~L 202Ky, LrLidfs, 38
AEORBEREAKAFOREHE Im) 2EBTLIHEL L EAERLTLE I 20, SKIL
F— Z ZHEN-RERZHLIOHMTTT 2103 A REHRIIES 5 2B KET- 254
OREEDHEEOTEMELITH ICEBRYVS B, bo kb, &8, FEHCRVIEEILEE & FHE
B E AR IRV EAT AMEAEZ R LTV ADRELH»TH L, T2, REEOEREEYF F. b
LBt THALTWALRET 44201, FHAHSEAL TV I E,s, FHERD
BMALTWwWAI EZR A,

RHEERICELTIE, LDEDEANEFA—Toh oL LTHE-ORRERT I & 34%
W AL TLEAENREV, bokd, HOUNIEOS LD &SI % B EMEIZIZHE
CRonD, $o, BOLEESG L TR LK T -2 2B L, 3TN LB L AR,
REROIZE ARG WERER E RERISES L TRSNARHERE WRET SBRFTRE
P AL

HB. DT TIEICKS 2R, Fig 61 #0—8#RLAKEIFT—% (15~ 60fH) %
SEEONBET L, BAMNFT— ¥ IEBOKBI—EOERG T T, REEIIITERIZER - T
HERBTFAIEL-bDTHb, $7-, ATZFTRIRBEL TRV,

6.1 WEEO/$T—2A~2 N VEE

AR O TR R T OREOEH L5 20% & VRIS 2728, LD =36~ 108
OEFICRE LY 6 BOKMEDEFRFRIISVT, OBEOKRNF—F 0727 FVEE
BE% % sk THER L 722, BHEIX 60000 . (60 X 1000 Hz) DRILT — ¥ % 1024 ¥ 07— 5 7 1
¥ ¥ (Bingham 5') AL THEIL. 2084127 - ZERPHLTY—XXY P VEEBMK
ko, TOTHE LD (FRILOLD) L) FECH o720 HB5NLNT — ARy P VBRI
% Fig. 6212, BHRIZHWA 707 7 A58 DIZEET.

WENROKEF— 755 ., DEoOEBRERKE FIPOBRBIION T E BN TR
B/ — ANy M VEEREAEO N, TR BBRLAMEEES L. TRLVECEO
By o BERRSPEE L THRAMEAER L TWAILERL TS, 72, 2OEEL TV
EHEESOBEER, SREERL VBN I ORTREBEMNICN IR AERIIHH T EERLT
Wi,

R AR PVEEBEOMGEICIL AR, I, 1) ERRARESEECIE o TRER
Mk 7 B, 2) SREARERUTN L) EERORS OBENEE I KT S, 3)
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EREEN L Y EREORSOEEREBCELLTIRZ-ETHE. 4) FRARKL ) EEEX
o WT R HT 587 — ARy P ABERBOBRSENIEEBCEDL TIIZ-ETH 5,
Yo 2RSS B, EREEROEREE~OY 7 MIREAROTEBEORKE, ST -
2y F ABEEROMARITEYESORAY FAFTAEAERBRIIBVTERNIIRTOTHY,
EEERL HT b, T, BERKSONT-ANY PVEERESIZLACRBIIL o/l L
CELTH., BERICHTAES GRIE) OKXSLRREFHLLOHLEDRL,

6.2 FEEOYz—T L v PERFRR

LD=94 =B AKMEF— 5 EEDOY =T Ly MEREE (727 1y PR
Mexican Hat ®lvr = =7 L v b, Morlet @7 =— 7L b, Gabor B33} % Figs.6.3 ~ 651173, =
neDOETREE, ThbE AL Vi 09 ~ 100Hz (28 &) OFHEBICHY T HHEMEATHET,
BEIIEARUL T FER O~ 158 (1500 ) OEETRLTWA, /2, Yo~ 7 by PR
BOKE S SRR SUHBIITRELTVS (ESROBSTRE, HE(HRBERIV) o F
%@tbK\Hgastﬁgeswﬁlw7vv}%@%ﬁ%sﬁﬁfuvhwﬁﬁfiﬁbtﬂ%ﬁ
T

WFROY 7Ly NEREACTUE LB ACB YT, REROEEFHEN S HE
(V7 B CHWEDO Y — 235, $HEOSTBENSENIIRCEOE -2 2TBNE, ZAHDL
HDEE -2 NERLEEE (A7 =) REEOEEMML (W5~ 10H) 5L TV A,
B4 DRERICL > TELOEHFERONE, Thbb, B4 OREHRS EREERIIELIZIE—HK
LTwandoolizioTEy, 7— ) EHIC X 2 5BAEN (6Hz | Fig. 6.2) BEDFHELR
LTwhERIBIENTEL,

Hgﬁmﬁsﬁau‘Eﬁ%ﬁﬁ#Bﬂﬂk%ﬁ&wﬁ%ﬁéﬁﬁﬁﬁwﬁﬁ&ﬁﬁLtﬁ
HAELTWAZ ERFLTV S, JHUIHY EERORSPEE L TREREEILTED, »
s FALHEREEROMA LML LTHEELTWS I LR ERT 2, 72, BREFHLLLE
SR TS A AR 2 BEAFR SN EA, TR/ A2 FVEERE (Fig 6.2)
FRLTVE L) CHAORESASMHENIRD LT AR EEbIRE, 275, BEOKRILR
Wik lrB LT (Ml By T 13 ~ 14s) | BREEORT > S BEEO IS T TREV B
Wbz TRMAIHRI > Tnd 2 EFREINT,

3EOYx—7Ly MNEBIC I AEHEEREL BT SE. Moet DV 2T Ly FEW
Gabor - & AL MOBRIZIZIEZLAYZRERSAZ VS OO, Mexican Hat 17 = —7 L v b
kA EROBERIMO 2ODBEEAE( R o/, TNiT MexicanHat By = — T L b o EE
B REREDS Morlet D77 = — 7 L v b BRI Gabor BRI ARTH - TWaeH EEbIL L, FEEE, A
S CIBWTRELASAREK f() =sin(120) (Tabb, BEREBICBTE 7V IEE) ©
M-Sy FPERERICOWTH, MexicanHat By = — 7L v P o 7B AT B I B R
FHEE S o R E LN, BRESEESO 2 o0y 2~ 7Ly MIERTH s TwH I 2
FRERTWD, '
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Ao ki [me—TLy PARZ PP 25 0BRETEL, ZRBTHE, Vx—T L v
FANRZ R THa) BRD L HIERET Do

ﬁ@:%iﬁmm (6.2.1)
~ .

TIT N BELOEOETHY ., ToREVCLOLET L, FRTHMICANTWE 7z —T7 Ly b
M WTRAERL TRV, 62D R TERLAZTz—T Ly PANT PVEHOTIRL
E-SLEHTEIEIETERV, LEL, 20T —T by FART PENT-ANRY FVEE
MEERETAZECED, 20 [Th] OREYTEETAELETLILFTEDLLEDLDNL,

Zadyr—T7Ly MERIC X AERERIZDVT Tz T by PAXT PAVERD, £41
2N ANY MVEEBRE B LAERE Fig 67107, 2720, Yz 7Ly PAXT PV
RUNT—ANRT FLRE—- 2R LICRRELTH Y, £0MMERERE R L. FSRERR
E D ECEREERIC BV TIE, Morlet @7 2 — 7L M RIS Gabor BEEUIC X B Y = — T L v A
7R idssT— Ay P VEERRE BT L7z L2 L, MexicanHat Bl = —F L v b O
r—FLy FAAAZ PAENRT—ANRS PABERBL DO RBICRE RER L o, INITER
i B RIS RE O K 2 WERERS OEED, MexicanHat Bl = — 7L v FOGHEDOR
Bir b 0 EEREEERIRATEREEEDN S, #iC, Morlet ®7 2 — 7L F RU Gabor BEEUZEE
LTid#9 L2MEOREVWEERESOEEL T Tnhn Lh b B2 B #iE
EHLTWLEBDLNS,

6.3 FREEOBKEBEOEEEE

AEEF— s %z —7 by VERLAHE, REEEHET 5E4 D00 €OMEL RS
LA NMT LN TE, FhWA, EETL 2 AV THRLCKEZHEL, £ho%
vr—7Ly MERLARIC, SEEE (Ry-V) BUAHTRNERERD L2510, REEIUL
GOEBCETAHRAHEO P TAZENTRTHL EBDN L, Thbbh, KR x() & ()
D x—T Ly FEREREFNLFR T(a,b). T(ab) £T5AEMEERER,

C(a,7) = T, (a,b)Ty(a, b+ 7) (6.3.1)

i, MEMBER Cat)id. 77 BYVEE: 2o0R5¢HEEE T L TABRT A5G,
FOTLTHE ¢ FSERFROEEEES O 2 SEHOERICET LML —HT 5 HEEBRIC
HELOELHEMEN D,

Fig. 6.8 ~ 6.10 (% I m OBA% BV THE LA 2 BOKIT— 5 (L/D=80&94, 50T
DY =T Ly VERREOMEMBEEETH b, FAr—MIDWTE > (BE) »HEEH20
AR AR R T D 2. ZOWRE S OMBOM 2 OM%IT BT 5k L OB E D
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LB THb, T70. EOUEBOBIRAAT PRI L TREFEZ 2T EP0HOY -2
LHET.

EEROERIIL L, FORBSEOHEEERT Y -7 (M TREITRY) B, &b
W Z TR b 0o, 3~ 10Hz &) BBALVEEEERIChZ s TR 3D LRAUTED,
SR PR A AP A, T b B AHREIENE VI HEER L. ThTEEERIIS D
REEE VISR GERTHoTh, REETBET 28HSEEEREECRL L EZRFL 2
ST L AR T EET A E AR LT VA, ThE/ST AT PVEERN (Fig 62)
FHET L, FOEERRSORENERBEROZAD 1050 1 LTIZEL T THERMEES
HHIEHbL, BEEIICRL L, 20Hz D EOBOWEREESICHEL TiZIRE A CMOMHME S
BoRhhoiz. T2 32 UTORSCEL Tk, REROTBICL 2HEE BL o LREME A
T LRWAHBELHESELELTEY . REEOEBRUNOERPXENTH LI LERL T4,

Fig. 6.8 ~ 6.10 DAREARMBI R & - TR S N BE BB S BOMAHZEEORE LT ) 120
12, FO/RAPSAREY RS, BERIIE LTy P LN Fig. 6.11 123§ BIZIZHE
DIz T =) TR L o TRO7AAER Ulw)

tan (m‘}

b EARBEOMAEEDBRE Vogee

w
Vphuse = -k" = \/% (6.3.3)

RERTRT, 7270, K@) 132ARZ MV (7 BAARZ PAVOER) | Qo) id7F FART
b (P OARNZ FAOBRLE) | (22 AHOERTH L, i, HRT 5ERICEREDNAERE
OEEREI KO TE 1.03 m/s RPSHRBME BV TH - ORETHA T LIREL THH) %
ME L7, 7= LM ORRETAAEF—ZIZBL T, Yo—7 Ly MEROREGER T
%:&ﬁ%ibﬁotﬁ\ﬁﬁﬂtm%qmmmM@E%Gﬁ%ﬁ\?&b%\—%*~§®ﬁ%ﬁ
OETEZ bR AD, |75 1m OBEIE Fig 612 1 RT £ AT WAL ZLATER
ot FIT, 7Y THEAI L AMAHAEECEBCELTOA, [=35mm O 2 #HOKRER 1/
D=94) OF— 7 *HVTRELITo7: (ZOBADMMAY Fig.6.13, Tk —1L ¥ A% Fig. 6.14 {2
) .

HE DR, Morlet ™ = — 7 L v MZk BAAEEE & Gabor BEUT L A AR L 3w E
KL b0, EREOESRES ZEILHESRO N, S0 hIT SH DT ORBEES
CHELTRASSEENRES NS, THEEBRTRAEROGEBUNCERPXENTH - 2720
FEbHND, MexicanHat Bl = — 7L v Mo X AITHLER G, S8ERKTH S 6 Hz f{HETIZO



JALERI-Research  96-037

=Ty M BUMEE R LA, 2FNIIHERCEESRII(WENEZRLAE, Th
i Mexican Hat By = — 7 L v F O F RS BEFATHICE GO, EREEEDEE o Bk
BB RAZZ-DEB bR, 8B, —EO 7z —7 Ly FRFOFEICHW 075 Lk {1
D9,

—%. 7= BT O RO LAAARE S SRMIIHERICEE SR WERER L7,
T EBREEOHN L2 MoK OBEA 35 mm EABRICE,r o0, BEBEKSECER
BEoE3N RN Lol b —AVd 5 Bbhs, 7., BRENTRE(MERL - 7ME
mMERLCEBE LT, FREOZDIZT— 7 2R 1 HOBRO Y7 4 » F—2 03 TG En
EZibNb, Thbh, BH W) ERERSEHEER CRO A ICEESEY LOBRENICR T —
FE T IEREA LULERS 272D TE v Ebb, Yo7 Ly MERTHELREBESS
SNk o7z 20Hz DL EOBEEOEACE L T, EBAROMAEE oM L eI R R B EMN
S LM, T, KITEOBBA IS mm LB, oIt AL LT, Tk — LY AIX20H I
B L7z, ZH LT &P 5 20Hz AL OBEE ST, 3Hz DUF ORBEER D & AR @Ko
EHRUN O BERNP X EN 2 HEBFERTH L L bbb,

Gabor B xHWTEKD 7 7Ly FEBRBEEOHREHEMEEOH S, BHERD 5.3 Ha.
T 7A%0.630ms, 0.722ms 2BV TRIBVRRFEACY - PR LN B, T EKIEDEREC
Lo THEUAHETH L, TOF 7P 5EAKREOREE, b, BEELTROLE 14~ 1.6mfs
RN, FOHGE

w 1 /g
Vgroup + vliqiud = + Vliqiud ==, T Vliqiud ~ 1.4 (m/s) (6.3.4)
2%, 21k,

LIZIT B LTz, 2L, KROVE Vi & 1.03ms (ROPHBHE BV IH—DRETHRATY
HEETELTES) Bl ok ¥ 191m' (KOFEL2ZE LB EOREE 53 H oY) &
L7z, EHTidH 2 PEREVEREL V) LPAEDOMET LD, KORBMFLFREOHE
ERIZEVMESNTWEDERbRS,

CNHORREELHER TR 64 RTF6SIZEBT RS, Y7 FE 10~ 13s DEMICE:
Do THAETARERIZ. BEELXREEFIEAERON V0D, ZOKIF*BETAEMNET
BEEORELRER THIo bbb, Thbh, TOREMBIZL 7 FE 13 ~ 14s DEEHIC
FAET 2 REED L9 B AWBERG ONADH - 7 FEIE TH o 7285, KA OBSAIRE L7z
BETER L7720, ERGHEREE 2 o7, Lo L, B4 0BBREESEHER LD TS
Wi -7y PEBREFT S &, BEBEERCESIT R WIRRIORET e BB Lo v R
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Fig. 3.4 Flow Pattern in Test Section Lower Stream (1/D 715.7)
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Fig 3.5 Rippling Wave Growth
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Fig. 5.1 Wavelet Function Dispersion
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Time / Shifting Parameter (s)

Fig. 6.4 Water Level and Wavelet Transform Coefficients (Morlet Wavelet)
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W =0.012522 o € Fa d3 /Y; AP (A1)

CORIEBVTRERIZNFNUTOWEREZRTLINTHY), £F V71 AH
HOLEEIZE L TIZ#FDfE% Table A1 1Z7R7T,

W  Weight Flow Rate
AP  Differential Pressure

o Flow Coefficient

€ Expansion Factor

Fa  Thermal Experimental Factor
d,, Orifice Diameter at 20 T

Yr  Fluid Density

TZTERE AP I

V-V,
=V~ Vv, \Pma (A2)

ThHhH., HEEHIL.

Differential Pressure (Maximum Value)

max )
V Output Voltage
Vo " Output Voltage (AP =0)
Vax Output Voltage ( AP = AP .. )
Thbo
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Table A.l

Fluid Name WATER WATER WATER WATER
Full Scale (m3/h) 500 150 50 25
Line water pump 1 water pump | water pump 2 water pump 2
a ) 0.7202 0.6149 0.6598 0.6179
€ ) 1.0000 1.0000 1.0000 1.0000
Fa -) 1.0007 1.0007 L0007 1.0007
d20 (mm) 157.1 93.13 51.91 37.93

A Pmax {mmH20) 5000.0 5000.0 5000.0 5000.0
Flow Range (%) 17.2- 100 10.6 - 100 30.2- 100 23.6- 100
Fluid Name Air Air Air Air
Full Scale (m3/h) 600 250 1000 400
Line COmpressor COMPIEssor blower blower
a ) 0.6546 0.6109 0.6284 0.6040

€ (-) 0.9936 0.9941 0.9858 0.9865
Fa -) 1.0009 1.0009 1.0004 1.0004
d20 {mm) 41.36 27.64 67.82 43.74

A Pmax {mmH20) 1000.0 1000.0 1000.0 1600.0
Flow Range (%) 29.7 - 100 25.1 - 100 21.6- 100 18.6 - 100
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1§ B Daubechies Wavelet DEH 71275 A

’f*
N8.c [ Calculation of Daubechies Wavelet (N=8} )

Produced by M.Xondo

Ver. 950927
*/
#include <stdic.h>
#include <stdlib.h>
 #include <math_h>
#define max 100
#define M 15

FILE *fopen(), *fp;

maini}
{
double AO[M][M], A1[M]I[M], zinmax][M], :
phi [M*nmax], psi[M*nmax], x[rmax], alpha[M+1];
srand{ ( unsigned int) clock() );
make_matrix( A0, Al, alpha };
make_z0( AD, z };
calc_z( A0, Al, z, x };
calc_phi_psi( z, x, phi, psi, alpha yi
output ( phi, psi };
}

calc_phi_psi( z, x, phi, psi, aipha }
double z[mmax][M], x[nmax], phi[M*nmax], psi[M*rmax], alphafM+1];
{

int n, k;

double a, function psi(};

for{n =0, a =0; n < Mnmax; n++, a += 1./mmax ) {
if( n/100 == (float)n/100 } printf( '%3d¥n", n );
for{ k = 0; k < M; k++ )
philn] += pow( -1.0, k } *alpha [M-K]*sqrt (2}
*function psi{ z, x, 2*a-k );
psiln] = function psi( z, x, a }i

calc_z( AC, al, z, x !}
double AO0[M][M], AL[M](M], z[nmax][M], x[nmax];
{

int k, n;

double a[M], r[M];
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printf( **** calculating £ & x ***¥n" );
x[0] = O;

for{n = 1; n < mmax; n++ } {
for{ k = 0; k < M; k+t+ )} al[k] = z[n-1} [k];
if( rand(} < 32767/2 ) (
x[n) = x[n-11/2;
calc_Ab( AD, a, T );

1

else {
x[n] = { x[n-1] + 1 1)/2;
calc_Ab{ al, a, r };

}

for{ k = 0; k < M; k++ )
z[n]l {k] = r(kl;

make_z0{ AQ, z )
double AO0[M][M], z[rmax](M]:

{
int i, ix, iy, itr, itrmax = 50;
double a[M][M], R[M][M}, a[M], r[M], sum = O;
printf( **** calculating A*A*...A ***¥n" };
copy_A_B{ AQ, A };
for( itr = 0; itr < itrmax; itr++ ) {
calc_AB( A, A0, R );
copy A B( R, A };
}
printf( **** calculating Ab ***¥n* );
for{ iy = 0; iy < M; iy++ } aldiy] = 1.0;
calc_Ab{ A, a, ¢ };
for( iy = 0; iy < M; iy++ ) sum += rliy);
for( iy = 0; iy < M; iy++ ) z[0][iy] = rliy] / sum;
}

make matrix({ A0, Al, alpha )}
double AO[M] [M], ALl[M][M], alphalM+l];
{

int  ix, iy;

alphal 0] = 0.054415842243; alpha( 1] = 0.312871530914;
alpha[ 2] = 0.675630736237; alpha[ 3] = 0.585354683654;
alpha[ 4] =-0.015829105256; alpha[ 5] =-0.284015542962;
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alphal 6] = 0.000472484574; alphal 71 = 0.128747426620;
alpha( 8} =-0.017363301002; alpha[ 9] =-0.044088253931;
alpha{l0} = 0.013981027917; alphalll] = C.008746094047;
alpha[12] =-0.004870352993; alpha[13] =-0.000391740373;
alpha[i4] 0.000675449406; alphafl5] =-0.000117476784;

clear_A( A0 );
clear A( Al );

ARO[ 01[ 0] = alphal0]:

AO[ 01[ 11 = alpha[2]; A0( 11[ 11 = alpha[1]; AO[ 23[ 1} = alpha[0];
A0[ ©1[ 2] = alphal4l; AO[ 11{ 2] = alpha{3]); AC[ 21[ 21 = alphal[2]:
AO[ 3][ 2] = alphalll: AO[ 4171 2] = alpha(0];

AO[ 01[ 31 = alphal6]; AO[ 1]1[ 3) = alphai5): AO[ 21[ 3] = alpha(4];
AO[ 31[ 3] = alpha([3]; AD[ 41[ 31 = alphal2); a0[ 51[ 3] = alphall]:
A0[ 6][ 31 = alpha[0); -

AO[ 01[ 4] = alpha[8]; AO[ 1]( 4] = alpha(7]; AO[ 2}{ 4] = alpha(6];
AO[ 310 4] = alphai5]; AO[ 4]( 4] = alphal4); AG[ 51[ 4] = alpha{3];
a0[ 61[ 4] = alpha(2]; AG[ 7Y[ 4] = alphali); a0[ 810 4] = alphal0];
a0[ 011 5) = alpha{l0]: a0[ 111 5] = alphal9]; AO[ 2][ 5] = alphal8];
AO[ 31[ 51 = alpha(7]; AO[ 4]1 5] = alphal6]; A0[ 51[ 5] = alphal5];
a0[ 61[ 5] = alphal4]; a0[ 71[ 51 = alphal3]; A0[ 81[ 5] = alphal2];
A0[ 97[ 5] = alpha[ll; A0[101[ 5] = alphal0};

A0[ 011 6) = alpha[12]; A0[ 1][ 6] = alphalll}; AO[ 2)[ 6] = alpha(10];
AO[ 3)[ 6] = alphal9]; AO[ 41[ 61 = alpha[B]; . AD[ 5][ 6] = alphal7]);
AO[ 6)[ 6] = alphal6]; ao0[ 711 6] = alphal5); AO[ 8][ 6] = alphald];
AO[ 91 6] = alphal3]: a0[10][ 6] = alphal2]; A0[11][ 6] = alphalll;
A0[12][ 6] = alpha(0):

A0[ 031 71 = alphal14]; a0[ 1)[ 71 = alphal13): A0{ 2]1 7] = alpha[l2];
a0[ 310 7] = alpha[ll]; B0[ 41[ 7] = alpha[10]; A0[ 51( 71 = alphal91:
a0[ 61( 71 = alpha(B); a0{ 711 71 = alpha(7}; A0[ 811 7] = alphal6];
AG[ 91{ 7] = alphal5]; A0[10]1[ 7] = alphald]: AO[111[ 7] = alphaf3);
A0[121[ 7] = alphal2]; A0[131[ 7] = alpha[1]; AO0[14][ 7] = alphal0];
a0[ 11[ 8} = alphall5]: AO[ 21[ 8] = alphafl4]; A0[ 31[ 8] = alphal[131;
AO[ 4] 8] = alpha[i2l;. a0[ 51( 8] = alpha[1l]; A0{ 6][ 8] = alpha[10];
AO[ 711 8] = alphal9]; AO[ 8][ 8] = alpha(8]; A0[ 911 8] = alpha[7];
A01103[ 8] = alpha(6]; A0{11] [ 8] = alphal5); A0[12][ 8) = alphald];
AD[13][ B] = alphaf3]; A0[14} 1 8] = alpha[2]:

2A0{ 3]1[ 9] = alphall5]; AO[ 411 9) = alpha[l4]; a0[ 511 9] = alphall3];
A0[ 61[ 9} = alpha[l2]); AO[ 71L 9) = alpha[lil; AO[ 81[ 9] = aiphal10];
AO[ 911 91 = alpha(9]; AO[10]{ 91 = alphalBl; A0[111[ 91 = alpha[7];
A01121[ 9] = alpha[é]; A0[131[ 9] = alpha(5); AO[241[ 9] = alphal4]:
A0[ 511[10] = alpha[15]; 0L 61[10] = alphal14]; A0L 73110] = alphal13];
AO[ B1{10] = alpha[12]; AO( 9}[10] = alpha[il]; AO[10]1110] = alphal10];
A0[11]1110] = alpha{9]; A0[12}[10] = alphalB]; AD[131(10} = alpha(7];



ACQ{14][10]

AD[ 71[11]
AQ[107{11}
A0[13]111]

AO[ 9){12]}
AQ[l2}([12]

AO[11}{13}
AC[14]11{13]

AD[13][14]

Al[ 01[ 0]

Alf
All

all
Al(

All
al(
al[

Al
ALl
Al
Al

Al
All
Al{
Al[

ALl
All
Al(
Al[

o1l
31

01l
311

el
311
611

0l1(
310
611
91l

01l
311
61
9il

011
311
611
911

Al[12]1]

Al
All
Al[
ALl

03l
33
611
911

Al[12]1(

Al[
Al(
Al{

2]
511
81l

Alf111(
Al1{14](

Al

41(

1]
1]

2]
2]

3]
3]
3]

4]
4]
4]
4]

5]
5]
5]
53

6]
6]
€]
61
61

7]
7]
7]
7}
7]

8]
8]
8]
8]
8]

9]

1]

H

3

alphal6];

alpha[15];
alpha{12];
alphal9];

alpha{l5];
alpha(12];

alpha[15];
alpha[12];

alpha[15];

alphalll;

alpha{3];
alphal0];

alpha(5]);

= alphal2];

alpha(7};

= alphal4};:

alpha[l};

alpha[9];
alphal[6];
alpha(3];
alpha[0];

alphalll}:
alpha[8];
alphais];
alphaf{2];

alpha{l3]:
alpha(10];
alphai7];
alpha(4];
alphall);

alpha[l15];
alpha{l2];
alpha{%];
alphal6];
alpha[3];

alpha[15];
alpha(12];
alpha[9};
alpha(6};
alpha(3};

alpha([15];
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AO[ B8][11]
AQ[11]3{11]
AD[14)[11}]

AQ[10]{12]
AQ[13][12]

AQ[12][13]

AD[14][14)

AL[ 111 0]

.Al[

All
Al[
Al[

All
Al

ALl
Al{
ALl

all
ALl
Al{

1M

11
41

11t
LIRS
I

1t
411
710

110
4]
ni

AL[10)[

ALl
ALl
All

111(
41
711

MI10]1]
AL[13](

ALL

AL[
ALl

11{
4]
71

AL[10} [
AL[13)[

All
All
A1l

31t
6} I
9ll

Al[12]!

Alf

511

1]

2]
2]

3]
3)
3]

4]
41
4]

5]
51
5]
5]

8]
6]
6]
6]
€]

71
7}
7]
7]
7}

8]
8]
8]
8]

91
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alphal[l4];

= alpha[1ll);
= alpha(8};

alphal[l4];
alphalll];

alpha{l4];

alphall4];
alphal0];

alphal2];

alphald}];

= alphalll;'..

alphalé];

= alphaf3];

alpha(0];

alpha(8];

= alphal5];
= alpha[2];

= alphal[l0];
= alpha(7};
= alphal4]:
= alpha[ll;

alphal[l2];

= alpha[9];

alphal6];

‘alpha[3];

alpha[0];

alpha[l4];

= alpha[ll];

alphal8];
alpha[5];
alpha(2]);

alphal[l14);

= alphalll];

alpha(8];

= alpha(5];

alpha(14];

ACG[ 91{11)
Al[12])[11}

AC[113{12}
AC0[14]1112]

AD[13][13]

Al

FAN

Al

Al[
Al

Al[
Al(
Al[

al[

LAl

Al[

21l

21
511

211
511

211
511
811

211
51
Bl

alf111i

Al[
Al
Al[

21
511
811

Al[11]{

ALl
Al[
Al

2]
511
811

A1[111I
Al{14]1(

Al
Al

411
711

AL[10][
A1[13]1[

ALl

611

1]

2]
2]

3]
3]

4]
4]
4]

51
5]
5]
51

6]
6]
6]
6]

73
73
7]
71
7]

8]
8]
8]
8]

9]

alpha{l3];

alpha(10];

alpha{13];
aiphall0];

alphali3];

alpha[l];

= alpha([3];

alpha[0];

alpha{5];
alpha(2];

alphal7];
alphal4];
alpha{l];-

alphal®?];
alpha[6];
alphail];
alpha[0];

alphalll];
alpha(8];
alpha[5]:
alpha[2];

alpha[l3]);
alphal[l0];
alphal7];
alpha[4];
alpha([l]:

alpha(l13];
alpha{l0};

= alpha{7];

alphal4];

alpha[13];
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All 710 9] = alphal[l2l; Al[ B][ 9) = alpha{ll]}:
A1[10][ 9] = alphal9); Al[11][ 9) = alphal[8];

Al[1311 9) = alphal6]; Al[14][ 9] = alpha[5};

B1[ 6]1[10] = alpha[l5]; Al 710101 = alphalid);
Al[ 91{10] = alpha(l2]; A11101[10] = alphalll];
Al[12][1C] = alpha(9]: A1[13]1(10] = alphal8];

Al[ 8][11] = alphal[l5]; al[ 9]{11) = alpha[l4]:
A1[11]1[11} = alpha[l2]; Al[12)[11] = alpha[ll];:
al[141[11] = alphal9]:

Al{i0][12] = alphal15]: A1[11){12] = alpha(l4d]:
A1[13)[22] = alpha[12]; A1[143712] = alpha[ll];
A1[121[13] = alpha[l5]; Al[13][13} = alpha[14];

Al[14][14] = alpha[15];

for{ iy = 0; iy < M; iy++ ) {
for{ ix = 0; ix < M; ix++ } {
AD[ix] [iy] *= sqrt(2);
Al(ix] [iy] *= sqrt(2);

calc_AB( A, B, R} _
double A[M]{M], BIM][M}, R[M][M];

{

/*

calculate A*B . */
int i, ix, iy;

for{ iy = 0; iy < M; iy++ } {
for{ ix = 0; ix < M; ix++ ) {
R[ix] [iy] = O;
for( i = 0; i < M; i++ }
Rlix] [iy] += ( A[i)[iy] * Blix][i]

calc_Ab{ A, b, r )
double A[M][M], b[M}, riM];

{

FAd

calculate A*b */
int i, iy;
for( iy = 0; iy < M; iy++ ) {

riiy] = 0;

for{ i = 0; i < M; i++}
rliy] += { Alil[iy) * b[i] ):

All 811 9]
A1{12][ 9]

Al[ 8][10]
Al{11][10]
A1{14][10]
A1If10][11]
A1{13][11]

A1{12][12]

Al1[14][13]

alpha{l10};
alpha[7];

alphal[13];
alpha(10];
alpha(7]:

alpha{13];
alpha{10];

alpha(13];

alphal(1l3];
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*/

for{ iy = 0; iy < M; iy++ )
for{ ix = 0; ix < M; ix++ }

}

}

clear Al A )

double A[M][M];

{

/* Ax=20
int ix, iy:

}

copy A Bl A, B}

Alix][iy] = 0:

double A[M][M], B{M]IM];

{
* copy from A to B
int ix, iv:
for( iy = 0; iy < M; iy++ )
for{ ix = 0; ix < M; ix++ )
Blix]{iy] = al[ix][iy]:
}

output { phi, psi )

double phi[M*nmax], psi[M*nmax];

fp = fopen{ "N8.dat", "w" };
= 0, a = 0; n < Mnmax; n++, a+= 1./nmax )

{
int n;
deouble a;
for( n
fclose( fp ):
}

double function psi{

fprintf{ fp, "%5.3f, ¥5.3f, $5.3f¥n", a,

z, X, a)

double z[rmmax] [M], x[mmax], a;

int k, n, £=0;

double x1, xh

x1 = =1000.0;
xh = 1000.0;
if(ta<0)

. pl, ph, ans;

|| {a=>M)) ans = C;

*/

896-037

philn], psi(n] };

P P



=
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else {
for{ k = 0; k < M; k#+ } {
for{ n = 0; n < mmax; n++ } {
if{ x[n] + k==a ) {
ans = z[n][ki:
f=1;
}
if{{ x[n}] + k<a) && (x(n] + k>xl1 1) {
xl = x[n] + k;
pl = z[n] [k}:
}
if{( xn] + k>a ) & ( x[n] + k< xh )} {
xh = x[n] + k;
ph = z[n] [k];

)
}

if( f==0)ans= (ph-pl)/(xh-x1)*{a-x1l)+pl;

retuwrn ans;
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48 D Fourier B 70 77 4

/i
Fourier2.c [ Fourier Transfer for EDX1000AS data )

for EDX-1000A3

Produced by M.Kondo

Ver. 960529
*/
#include <math. h>
#include <gtdio.h>
#define FIMAXSIZE 40000
#define PI 3.1416

FILE *fopen(), *fp;

main{ argc, argv )
char  *argv(]l;
int argc;
{
char output_filename[20];
int chl, ch2, n, nmax, nf, nf_all, input_int(};
long nfld, nfo_step, headeri20], input_long();
double sampling, freq(FTMAXSIZE/2],
coh [FTMAXSIZE/2], phase[FTMAXSIZE/2]),
psl[FTMAXSIZE/2], ps2[FTMAXSIZE/2],
csx [FTMAXSIZE/2], csi[FITMAXSIZE/2],
frl [FTMAXSIZE}, fil[FTMAXSIZE],
fr2 [FTMAXSIZE), fi2[FTMAXSIZE],
ch_info(32](6];

EDX1C00AS _read_header{ argv(l], header, ch_info );
EDX1000AS printf_header( header, ch_info };

chl = header(5] = atol( argv[2] ); /* chl */
ch2 = header(6] = atol{ argv([3] }); /* ch2 */
nf_all = header[7] = atol{ argv(4] ); /* data size */f
nf0 = header (8] = atol{ argv(S] }); /* start point */
nf = atoi( argv[6] }: /* processing data size */

sampling = 1./header(3];

mmax = 0;
while( max * nf < nf_all } nmax++;
nfQ_step = nf - ( (long)nmax * nf - nf all }/( nmax - 1 };

zero{ psl, nf/2 );
zero( ps2, nf/2 };
zero( csr, nf/2 });
zexro( ¢csi, nf/2 );

if( ch2 > 0 ) {

for( n = 0; n < nmax; n++ } {
printf( "%71d to %71d¥n", nf0, nf0 + nf );
EDX1000AS read data{ frl, chl, nf, nf0, argv[i], header, ch_info };
EDX1000AS_read _data{ fr2, ch2, nf, nf0, argv(l], header, ch_info );
pre_calculation{ frl, nf, header[9], header([10] ):
pre_calculation{ fr2, nf, header(1l], header(i2] );
zero{ fil, nf );
zero( fi2, nf );
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Fourier{ fri, £il, nf );
Fourier( fr2, fi2, nf }:
PSD{ sampling, frl, fil, psl, nf };
PSD{ sampling, fr2, fi2, psZ, nf };
CSD( sampling, frl, f£il, fr2, £i2, csr, c¢si, nf );
nf0 += nfl_step;
}
frequency( sampling, freq, nf/2 };
post_calculation{ nmax, psl, nf/2 };
pest_calculation( nmax, ps2, nf/2 );
post_calculation( nmax, csr, nf/2 );
post_calculation( nmax, csi, nf/2 );

COH{ psl, ps2, csr, csi, coh, phase, nf/2 };

make filename( argv(1], cutput_filename, *F", chl, chZ );
EDX1000AS_fprintf_header{ output_filename, header, ch_info };
CSV_output( freq, psl., ps2, coh, phase, csr, csi, nf/2, ocutput_filename );
1
else {
for{ n = 0; n < nmax; n++ ) {
printf{ "%71d to %71d¥n", nf0, nfC + nf };
BEDX1000AS_read_data{ frl, chl, nf, nf0, argv(l]), header, ch_infoc );
pre_calculation( frl, nf, header(39], header(1C] );
zero( £il, nf };
Fourier( frl, fil, nf );
PSD{ sampling, fri, fil, psl, nf );
nfd += nfl_step;
}
frequency{ sampling. freq, nf/2 };
post_calculation{ nmax, psl, nf/2 );
}

make_filename{ argv[l], output_filename, "F*, chl, ch2 );

EDX1000AS_fprintf header( output_filename, header, ch_info };
C8v_output2 ( freq, psl, nf/2, output_filename };

check_sinwave{ x, nx )

int X;
double *x;
{

int n;

for(n = 0; n < nx; n++ }
5.*sin{ 2*PI*n/143 );

* 3+

check sinwaveZ{ x, nx )

int nx;
double *x;
{

int n;

for({ n = 0; n < ox; n++ )
*x++ = 2. *sin{ 2*PI*n/20 ) + 4.* sin( 2*PI*n/25 );

wlenwv{ %, nx, ch )



int
double
{

/* These water level convert coefficients are for gl29.
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*y;

double a, b;

switch{ ch ) {
case 1 : a = -132.8; b = 700.3; break;
case 2 a = -135.3; b = 700.6; break;
case 3 : a = -131.6; b = 700.3; break;
case 4 : a = -130.3; b = 700.4; break;
case 5 : a = -129.0; b = 700.4; break;
case 6 : a = -130.0; b = 700.3; break;
case 7 : a = -145.4; b = 700.4; break;
case B : a = -131.2; b = 700.4; break;
case 9 : a = -133.7; b = 700.4; break;
case 10 : a = -133.4; b = 700.4; break;
case 11 : a = -139.1; b = 700.3; break;
case 12 : a = -240.1; b = 700.4; break;
}
while( mx-- ) {
*Ro= o*x Y oa + by
*R++;
}
}
pre_calculation( x, nx, average, stdev )
int nx;
long average, stdev;
double *x;
{
int n;
double sum, sum2;
/* average calculation */
sum = sumZ2 = 0;
for{n = 0; n <nx; nt+ ) {
sum 4= *x;
sum2 += {x[n] * x[n]};
}
average = sum / nx;
stdev = sgrt( sum2/nx - average*average };
for{ n = 0; n < nx; n++ } x[n] —-= average;

average *= 1000000;
stdev *= 1000000;

/* window */

for{mn = 0; n < nx/10; n++ ){
x(nl] *= zin{ PI/2 * n/{nx/10) };
x[nx-1-n] *= gin{ PI/2 * n/{nx/10) ):

post_calculation( mmax, x, nx )

_68_

>/
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int nmax, nx;
; double *x;
{

while{ nx-- j *x++ /= (mmax/0.B75);

zero( X, nx )

int nx;
double *x;

{

while{ nx-- } *x++ = (;

frequency( sampling, x, nx )

int nx;
double sampling, *X;
{

int n;

for{n = 0; n < nx; n++ )
*x++ = n / { sampling * 2*nx };

CSV_output{ x1, x2, x3, x4, x5, x6, x7, nx, filename )
char *filename;

int nx;

double *x1, *x2, *x3, *xd, *x5, *x6, *x7;
_ {
| int Ii;

fp =« fopen( filename, “a* );
fprintf( fp, *fregency, PSD1l, PSDZ, COE, phase¥n" );
for(n = 0; n < mx; n++ )
fprintf( fp, *%12e, %l2e, %lle, %12e, %12e¥n*,
*X1++, *X2++, *E3++, Fxda+, w54+, Fubr+, uTH+ )

fclose( fp );

CSV_output2( x1, x2, nx, filename )
char *filename;

int ;
double *x1, *x2;
(

int Ii;

fp = fopen{ filename, *a* );
ferintf{ fp, "fregency, PSD¥n" };
for{ n = 0; n < nx; n++ )
forintf( fp, *%12e, %12e¥n*, *xl++, *x2++ };
fclosel( fp )

make_filename{ filename, filenamez, ¢, il, i2 )
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char *filename, *filename2, *c;
int il, 1i2;

while{ *filename ) *filename2++ = *filename++;
*filename2++ = *C;

*filenameZ++ = ( 0x30 + il );
*filenameZ++ = ( 0x30 + i2 };
*filename2 = Ox00;

int input_int( s )
char s(]:
{

int i;

printf{ "$s = ", 8 ),
scanf( “%3&", &1 );

return i;

long input_long{ s )}
char sl];
{

long 1;

printf{ *%s = ", s };
scanf( *%1d", &l );

return 1;

PSD( sampling, xx, xi, psd, nx }

int nx;
double sampling, *xr, *xi, *psd;
{

int n;

for(n = 0; nn < nx/2; n++ )
psdin] += ( sampling/nx * ( xxrin]*xx(ni+xil(al*xi[n] }):

¢SD{ sampling, xrl, xil, xr2, xi2, csr, csi, nx )

int nx;
double sampling, *xrl, *xil, *xr2, *xi2, *csr, *csi;
{

int n;

for{in=0; nn < nx/2; n++ ) {
csrin] += { sampling/nx * { xrl[n]*xr2(n] + xil[n}*xi2[n] }};
csiln] += { sampling/nx * { xil[n]*xr2([nl - xrl[n]*xi2[n] )}

COH{ psl, ps2, csr, csi, coh, phase, nx )
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int nx;
double *psl, *ps2, *csr, *csi, *coh, *phase;
{

int n;

forin=0; n < nx; n++ )}
coh[n] = sqrt( esr(n]*csrin] + csilnl*csi[n] )
/sqrt( pslin]*ps2[n] }:
phase[n] = atan( csi[n] / csrin] J);

Fourier{ xr, xi, nx )

int 1x;
double *xr, *xi:
{

int ir k. n;
double x[FTMAXSIZE], s[FTMAXSIZE];

for(n = 0; n < nx; n++ ) x[n] = xx(n}; .
for{n = 0; n <= nx/4; n++ ) sln] = sin(2.*PI*n/nx);
for{n = 0; n <= nx/4; n++ } {
s [n+nx/4] = s[nx/4-nl;
s{n+nx/2] = -g[nl;
s[n+3*nx/4) = -slnx/4-nl};
s[n+nx] = s(n];
}

for({ k = 0; k < nx/2; k++ )} {

for( j = 0; j < nx; j++ ) {
n = {k*j)$nx;
xr[kl += (x[j)*s[n+nx/4]);
xi[k] += (x[j]l*s[nl}:

EDX1000AS_read header( filename, header, ch_info )
char *filename;
long header(20];
double ch_info[32][6];
{
int ch;
long sample, read bytes{}, size cof file();
double read reall():;

fp = fopen( filename, ‘*rb* );

header Q] = read_bytes( 631, 2 }; /* Top Channel
header{l] = read_bytes( 8§51, 2 }; /* Last Channel
header{2] = read_bytes( 671, 2 }; /* Channel Size
sample = read_bytes( 691, 1 }; /* Sample Rate
switch( sample ) {

case 6 : header([3] = 10e3; break;

case 7 : header[3] = 5e3; break;

case 8 : header(3] = 2e3; break;

case 9 : header(3] = 1le3; break:

case 10 : header(3] = 500; break;

*/
*/
*/
*/
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case
case
case
case
case
case
case
case
case

11
12
13
14
15
16

17 :

18

19 :
=*** [Jse Manual Sample Rate !

printf (

case

20 :
"*** [Jse Manual Sample Rate !

printf(

case

21
printf( “*** Use Manual Sample Rate !

TAERI-Rescarch 96-037

. header([3] = 200; break;
. header{3} = 100; break;
: header[3] = 50; break;
: header[3] = 20; break;
: header{3] = 10; break;
; header{3] = 5; break;

header{3] = 2; break;
;: header[3] = 1; break;

header(3] = 0.5;

header[3] = 0.2;

header([3] = 0.1;

for( ch = 0; ch < 32; ch++ ) {

*k*n 3o break;

*#¥xr 3. break;

wxkr ). break;

ch_infolch] [0] = read bytes( 42*ch + 961, 1 }; /*N/A */
ch_infolch] (1] = 1; /* A %/
ch_infolch] {2] = 0; /* B */
ch_infol[ch] [3] = read real( 42*ch + 1241 ); /* FS */
ch_infelch] [4] = read bytes{ 42*ch + 1301, 2 ); /*z */
ch_infolch} (5] = read real{ 42*ch + 1321 ); /* CF */
}
fclogse( fp )¢
/* Number of Points */
#if SOF
header[4] = { size_of file( filename ) - 128 * 22 ) / header[2] / 2;
#else
header[4] = 0;
#endif
}

EDX1000AS_read_gdatal{ x, ch, nx, nxC, filename, header, ¢ )

char *filename;
int ch, nx;
long header[2C], nx0;
double *x, c[32][6];
{
int idat;

long n, ofs, read bytesi();

fp = fopen( filename, “rb" );

for(n = nx0; n < nx0 + nx; n++ } {
{ n* header[2] + ch - 1 } * 21 + 128 * 221;
(short int)} read bytes({ ofs, 2 ) / 16;

ofs
idat
*X++

}
fclese{ £fp };

+ c[eh] [2];

EDX1000AS_printf_header{ header, c<h_info )

long header{20];
double ch_infc{32](6]:
{

int ch;

printf( *Top Channel

=¥t%31d¥n", header[0]

cich} {3]1/2000.*{idat-c[ch] [4]}/c[ch} [5]*c{ch]l[1]
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printf( "Last Channel =¥t%31d¥n", header(1] }:
printf( *“Channel Size =¥t%31d¥n", headeri2] }:
printf({ *Sample Freguency =¥t$%31d¥n", header([3] };
printf( "Number of Points =¥t%61ld¥n*, header(4] };

I
for( ch = 0; ch < 32; ch++ ) {
printf( "%3d:F = %5.3f, A = %5.3f, B = %5.3f, *,
ch, ch_infolch) [0), ch_infof{ch][l}, ch_infolch]l 2] );
printf( *FS = %5.3f, 2 = %5.3f, CF = %5.3f¥n",
ch_infolchl[3), ch_info[ch]l[4], ch_infolch][3] J;
. }
i */
! }

EDX1000A5_fprintf_header( filename, header, ch_info )
char *filename;

long header[20];

double ch_info[32][6};

{ .

int ch;

fp = fopen{ filename, *“w"* );
fprintf( fp, "Top Channel =¥t%31d¥n", header[0] };
fprintf( fp, "Last Channel=¥t%31d¥n", header[1] };
fprintf( fp, "Channel Size=¥t%31d¥n", header([2] };
fprintf( fp, "Sample Frequency =¥t%31d¥n", header[3] };
fprintf( fp, "Nurber of Points =¥t%61d¥n", header(4)] );
fprintf{ fp, "¥n* );
fprintf{ fp, "Estimate Channell-¥t¥6ld¥n*, header(5] );
fprintf{ fp, "Estimate Channel2-=¥t%6ld¥n', header(6] );
fprintf( fp, *Estimate Points =¥t%61d¥n*, header!7] );
fprintf({ fp, "Start Point =¥t%61d¥n", header(8] );

fprintf{ fp, "Average =¥t%7.5f¥n', {double)header(9] /1000000 };
fprintf( fp, "st. Dev.=¥t3%7.5f¥n", (double)header[1¢]/1000000 );

fprintf( fp, "¥n" );

for{ ch = 0; ch < 32; ch++ ) {
fprintf{ fp, *“33¢:F = ¥5.3f, A = ¥5.3f, B = %5.3f, *,
ch, ch_info[ch] (0], ch_info(ch] [1], c¢h_infolch] [2] };
fprintf( fp, "F5 = %5.3f, 2 = $5.3f, CF = %5.3f¥n",
ch_infel{ch] [3], ch_infol[ch] [4]. ch_info[ch] [5] );
}
fclose( fp };

long size of file( filename )
char *filename;
{

long filesize = Q;
fp = fopen( filename, *rb* );

while( getc{ fp ) != EOF ) filesize++;
fcloge{ fp };

return filesize;
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double read_real{ ofs }
leng ofs;

{
int f=1, i =5, i_exp;
double sum = 0;
fseek! fp, ofs, SEEK_SET );
if( ( iexp = getc{ fp } ) =0} (
while( i--)
sum += (double) getc{ fp ) * pow( 2, -8*(i+1) + 1 ):
if( sum »>= 1.0 ) {
sum -= 1.0;
£f=-1;
}
sum = £ * pow( 2, i_exp - 129 ) * ( sum + 1.0 J;
}
else sum = 0;
return sum;
}

long read_bytes( ofs, byte )

int byte;
long ofs;
{

int i = byte;
long sum = 0;

fseek( fp, ofs, SEEK_SET );
while( i-- )} sum += getc{ fp ) * pow( 256, byte - i -1

returmn sum;

long lpow( x, a )
int a, Xx;
{
long sum = 1;

if(a> 0 ) while( a-- } sum *= x;
else if( a <« 0 )} while{ a++ ) sum /= X;

return sum;
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1% E Wavelet B 707 7 A

/*
WIC.c (Based on MHC.c)
MexicanHat Wavelet Transform Program
Produced by M.Xondo
for EDX-1000AS
Ver. 960604

*/

#include <math.h>

#include <stdic.h>

#define DATAMAX 100000

#define ENLARGE 8000

#define NA 28

#define PI 3.14155265

#define SOF 0

#define TAUMAX 1200

FILE *fopen(), *fp;

main{ argc, argv }

char
int
{

/l

/*

*argv(];
arge;

char filename mhl[15], filename_mh2[15],
filename gbl[15), filename gb2[15],
filename_mll[15])., filename ml2[15].
filename_mhlp{15], filename mllp{15],
filename_gblp([15], filename datip(15],
filename _datl[15], filename dat2([15],
filename mh_cxy[15], filename gb_cxy[15],
filename ml_cxy[15], filename dat cxy[15];
int ch, ia, ich, input_int{};
lony n_dat, n_we, start_add, header(19], input_long();
double a, sampling, ch_info[321([6], cxy[TAUMAX],
mh_cxy [TAUMAX] , gb_cxy[TAUMF\X] , ml_cxy[TAUMAX],
datl [DATAMAX], dat2 [DATAMAX] ,
mh1 [DATAMAX], mh2[DATAMAX], gbl[DATAMAX], gb2[DATAMAX],
mll [DATAMAX], ml2[DATAMAX];

Reading Experimental & Calculating Condition */

EDX1000AS read_header( argv(l]}, header, ch_info };
EDX1000aS_printf_header{ header, ch_info };

ch = header[5] = atoi(argwv{2]);
n_wc = header{7] = atol{argv[3]};
start_add = header(8] = atol{argv[4]l):
n_dat = n_wc + ENLARGE*Z;

header([6] = ch + 1;
sampling = 1./header[3];

Preparing Data */



/*

/‘*

*/

/*

/*
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EDX100CAS read data( datl, ch, n_dat, start_add - ENLARGE,
argv(l), header, ch_info };

EDX10C0AS_read_data{ dat2, ch + 1, n_dat, start_add - ENLARGE,
argv[1], header, ch_info ):

wlenv( datl, n_dat, c<h );

wlenv{ dat2, n_dat, ch + 1 J;

Making Qutput File */

make_filename( argv([l], filename gbl, "g", ch };
make_filename( argv[l], filename_gb2, "g", ch + 1 };

make filename({ filename gbl, filename gb cxy. *c*, ch + 1 };
make_filename( filename_gbl, filename gblp, "p*. 0);
EDX1000AS fprintf_header{ filename_gbl, header, ch_info }:
EDX1000AS_fprintf header{ filename b2, header, ch_infoc };
EDX1000AS_fprintf_header( filename_gb cxy, header, ch_info );
EDX1000AS_fprintf_header( filename gblp, header, ch_info };

make_filename( argvi{l], filename_mhl, "m", ch );
make_filename{ argv[l], filename mh2, 'm", ch + 1);
make_filename( filename mhl, filename_mh_exy, "c¢*, ch + 1 };
make_filename( filename mhl, filename_mhlp, *p*, 0 };
EDX1000AS_fprintf header{ filename mhl, header, ch_info };
EDX1000AS_fprintf_header( filename mh2, header, ch_infc };
EDX1000AS_fprintf_header( filename mhlp, header, ch_infc )
EDX1000AS fprintf_header( filename mh cxy. header, ch_info );:

make_filename{ argv[l]. filename mll, *1*, ¢k J);
make_filename( argv[l], filename mlZ, *1*, ch + 1 );
make_filename( filename mll, filename_ml_cxy, "cr, ch + 1 ):
make filename( filename_mll, filename_mllp, "p*. 0 };
EDX1000AS_fprintf_header{ filename_ mll, header, ch_info );
EDX1000AS_fprintf_header{ filename ml2, header, ch_info );
EDXlOOOASﬁfprintf_header{ filename _ml_cxy, header, ch_info );
EDX1000AS_fprintf_header{ filename mllp, header, ch_info ):

make_filename( argv[l], filename datl, "d*. ch };
make_filename( argv[l], filename dat2, rd", ch + 1 };

make filename( filename_datl, filename_dat_cxy, *c", ch + 1 };
make_filename{ filename datl, filename_datlp, "p", 0 };
EDX1000AS_fprintf header( filename_datl, header, ch_info )
BDX1000aS_fprintf_header/( fileriame _dat2, header, ch_info );
EDX1000AS fprintf header{ filename dat_cxy, header, ch_info };
EDX10C0AS_fprintf_header( filename datlp, header, ch_info );

Main Loop */

for({ ia = 0; ia < NA; ia++ ) {
a = sampling*10.*exp!(double)ia/4*log(2)};
printf( "%3d¥n', ia ):
Gabor ( datl, gbl, a, n_wc, sampling );:
Cabor{ dat2, gb2, a, n_wc, sampling ):
CSY_write_line( gbl, n_wc, filename gbl );
CcSv_write_linel gb2, n_wc, filename gb2 );
Cxy{ gbl, gb2, n_we, gb_cxy, filename gblp };
CSV write line!{ gb_cxy, TAUMAX, filename gb cxy };

a = sqrti{2.)/{2*PI)*sampling*10. *exp { (double} ia/d*log(2));
printf( "%3d¥n*, ia };

MexicanHat { datl, mhl, a, n_wc, sampling );

MexicanHat ( dat2, mh2, a, n_wc, sampling );
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CSV_write_line( mhl, n_wc, filename mhl j;
CSV_write_line( mh2, n_wc, filename mh2 J;

Cxy( mhi, mh2, n_wc, mh_cxy, filename _mhip );

C8V _write_line( mh_cxy, TAUMAX, filename mh cxy };

a = 6./{2*PI}*sampling*10. *exp{ (double}ia/d*1leg(2));
printf( "%3d¥n*, ia ):

Morlet( datl, mll, a, n_wc, sampling ):

Morlet( dat2, ml2, a, n_we, sampling );

CSV_write line( mll, n_wc, filename mll };
CSV_write_line{ ml2, n_wc, filename ml2 };

Cxy{ mll, ml2, n_wc, ml_cxy, filename milp );
CSV_write line{ ml_cxy, TAUMAX, filename ml cxy };

CSV write data( datl, n_dat, start_add - ENLARGE, filename_ datl );
CSV_write data{ dat2, n_dat, start_add - ENLARGE, filename dat2 );
Cxy{ datl, dat2, n_dat, cxy, filename datlp });

CsV write_data( cxy, TAUMAX, 0, filename_dat _ecxy );

printf( skx* Dopa | ***¥n- )'.

Cxy( x1, %2, nx, cxy, filename )
*filename;

chaxr
int
double

nx;

*x1, *x2, *cxy;

int
doulble

x1_sum

for( n

1 sum
X2__sum

for( n

x]1_sum

for{ n

}

x]1_sum
x2_sum

tau, n;
x1_sum, x2_sum;

= X2_sum = 0.0;

=0; n < nx; n++ ) {
x1_sum += x1[nl;
x2_sum += x2[nl;

/= {float} nx;
/= {float} nx;

=0; n <« nx; n++ ) {
x1[n] -= x1_sum;
x2[n}] -= x2_sum;

= x2_sum = 0.0;

= 0; n < nx; n++ ) {
x1_sum += (x1{n]j*x1[n]}):
x2_sum += {(x2[n]*x2[n)};

=~
]

(float) nx;:
(float) nx;

-~
1l

fp = fopen( filename, "a* };

fprintf{ fp, "%l2e, %12e¥n", xl_sum, x2_sum );

fclose!({ fp };

for{ tau = 0; tau < TAUMAX; tau++ } {
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cxyftau] = 0.0:

for{n = 0; n < nx - tau; n++ ) cxy[tau] += {x1(n]*x2[n+taul):

cxy[tau] /= (float){ nx - tau Y:

MexicanHat ( dat, we, a, size, sampling )
long size;
double *dat, *wc, &, sampling;

{
int i, ib, it, half size;
double b, t, psi;
half_size = {int) ( 3%ggrt {3} *a/sampling );
printf( *a = %5 3e¥tSize =%4d¥n", a, 2*half_size + 1 ):
for( i = 0; i < size; i++ ) wcli] = 0.0;
for( i = 0; i < size; i++ ) {
ipb = i + ENLARGE;
b = (double) ib * sampling;
for( it = ib - half_size; it <= ib + half size; it++} {
t = (double) it * sampling;
psi = -({t - b)*{t - B}/{ a*a ) - 1)
* exp{ -(t - bi*{t - b}/( 2.%a%*a )};
weli]l += { 1./sgrtla) * datl[it] * psi * sampling
}
}
}

Gabor( dat, wc, a, size, sampling )
long size;
double *dat, *wc, a, sampling;

{
int i, ik, it, half_size;
double b, r, t, psi, wpi
r = PI*sgrt( 2./logl2) }:
wp = 2.*PI;
half_size = {int) { 7.*PI*a/wp/sampling );
for{ i = 0; i < size; i++ ) wc[i] = 0.0;
printf( "a = %5.3e¥tsize =%4d¥n", a, 2*half_size + 1 );
for( i = 0; 1 < size; i++ ) {
ib = i + ENLARGE;
v = (double) ib * sampling;
for( it = ib - half_size; it <= ib + half_size; it++) {
t = {(double} it * sampling:
psi = 1./sqrt(sqrt (PT) )} *sqrt (wp/T)
* exp( -{t - b)/a*wp/T*{t - b)/a*wp/xr/2. )
* cos( (£t - bB)/a*wp );
wel[i] += ( 1./sqgrt(a) * datiit] * psi * sarpling );
1
}
}
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Morlet( dat, we, a, size, sampling )
long size;
double *dat, *wc, a, sampling;

{
int i, ib, it, half_size;
double b, k, t, psi:
k = 6;
half_size = (int) { 8./k*PI*a/sampling };
: printf{ "a = %5.3e¥tSize =%4d¥n", a, 2*half_size + 1 );
i
i for( i = 0; 1 < size; i++ ) we[i] = 0.0;
: for( i = 0; i < size; i++ } {
: ib = i + ENLARGE;
b = {double) ib * sampling;
i ‘ for( it = ib - half_size; it <= ib + half_size; it++} {
1 t = (double) it * sampling:;
3 psi = cos{ k*{t - b)/a }
* exp{ -(t - b}*(t - DB)/( 2.*a*a )};
wel[i]l += ( 1l./sqgrt(a) * dat(it] * psi * sampling };
}
}
}

wlenv( x, nx, ch )

I int ch;
long nx;
double *x;
{
double a, b;

/* These conversion data are for gdl8%-92. */

switch( ch ) {
case 1 : a=-70.90; b = 686.8; break;
case 2 : a = -68.36; b = §87.3; break;
case 3 a = -69.59; b = 686.3; break;
case 4 a = -69.33; b = 685.8; break;
case 5 : a = -70.02; b = £86.8; break;
case 6 a = -67.67; b = 687.0; break;
case 7 a=-68.71; b = 686.2; break;
case 8 : a = -68.72; b = £87.2; break;
case 9 a = -67.66; b = 686.4; break;
case 10 a = -68.16; b = 686.1; break;
cazge 11 a = -69.42; b = 686.2; break;
case 12 a==70.92; b = 686.4; break;

}
while{ nx-—- ) {
*x = *x * a + b;

*XA4+;

make_filename( filename, filename2, c, i)
char *filename, *filename2, *c;

int i;

{

while( *filename ) *filename2++ = *filename++;
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*filenamezZ++ = *C;
if(i>9})1+=7;
*filename2++ = ( 0x30 + 1 );
*filename?2 = Ox0C;

CsV_write_linel x, nx, filename )

char *filename;
long nx;

double *x;

{

fp = fopen{ filename, "a" );
while(nx—-) fprintf( fp, "%12e, *, *x++ };
fprintf( fp, "¥n* };

feclosel fp )

CSVLOG_write_line{ x, nx, filename }

char *filename;
long nx;

double ‘*x;

{

fp = fopen{ filename, "a” };
while{nx--) fprintf( fp, *%12e, ", log(*x++) );
fprintfi{ fp, "¥n" };

fclose( fp );

CSV_write data( x, nx, nx0, filename )

char *filename;
long K ;
long nx0;
double *x;
{

long 1:

fp = fopen( filename, "a" }:
for{ 1 = 0; 1 < mx; 1++ )
fprintf( fp, "%71d, %12e¥n", 1 + mx0, *x++ };
fclose{ fp );

EDX1000aS_read_header( filename, header, ch_info )
char *filename;
long header{20];
double ch_info[32][6];
{
int chy
long sample, read bytes(), size of filel}:
double read real{):

fp = fopen( filename, *rb" );

header[0] = read_bytes( 631, 2 ); /* Top Channel */f
header[1] = read bytes( 651, 2 ); /* Last Channel */
header[2] = read_bytes{ 671, 2 };: /* Chamnel Size */
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sample = read_bytes( 691, 1 J; /* Sample Rate */

switch( sample ) (
case 6 : header([3] = 1l0e3; break;
case 7 : header{3] = 5e3; break;
case 8 : header([3] = 2e3; break;
case 9 : header[3] = 1le3; break;
case 10 : header{3] = 500; break;
case 11 : header]3] = 200; break;
case 12 : header[3] = 100; break;
case 13 : header{3] = 50; break;
case 14 : header (3] = 20; break;
case 15 : header[3}] = 10; break;
case 16 : header (3] = 5; break;
case 17 : header(3] = 2; break;
cagse 18 : header[3] = 1; break;
case 19 : header([3] = 0.5;
printf({ **** Use Manual Sample Rate ! ***" }; break;
case 20 : header[3] = 0.2;
printf( **** Use Manual Sample Rate ! ***" ); break;
case 21 : header[3] = 0.1;
printf{ *"*** Use Manual Sample Rate ! ***" ] break;

i 1
: for( ch = 0; ch < 32; ch++ ) {

ch_infolch] [0] = read bytes( 42*ch + 961, 1 }; /*N/A %/
ch_info[ch] [1] = 1; /* A %/
ch_infolenl[2] = O; /* B */
ch_infolch] [3] = read _real{ 42*ch + 1241 ). /* F§ */
ch_info[ch] [4] = read bytes( 42*ch + 1301, 2 ); /*z */
ch_info[ch] [5] = read_real{ 42*ch + 1321 }; /* CF */

}

fclose( fp );

/* Numbexr of Points */
#if SOF

header[4] = ( size of_file( filename } - 128 * 22 ) / header(2] / 2:
#else

header 4]
#endif
}

C:

L]

EDX1000AS_read data( x, ch, nx, nxC, filename, header, ¢ )
char *filename;
int ch, nx;

. long headex[20], nx0;

| double *x, c[32][6];

int idat;
long n, ofs, read bytes();
double average, stdev, sum, sum2;

sum = sum2 = 0;

fp = fopen( filename, *rb" };

. for(n = nx0; n < nx0 + mx; n++ ) {

i cfs = { n * header(2] + ch ~ 1) * 21 + 128 * 221;

: idat = (short int) read bytes{ ofs, 2 } / 16;

! *x = c[ch] [31/2000, *{idat-c[ch] [4]}}/c[ch] [5]*c[ch} (1] + c[ch]l[2];
! sum += *x; .

sum2 += {*X ¥ *x};

K++;
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)
fclose( fp };

average = Sum/nx;

stdev = sqrt{ sumZ/nx - average*average };
header[9} = average * 10000C;

neader{10] = stdev  * 100000;

EDX1000AS_printf_header( header, ch_info !
long header(20];
double c¢h_info[32][6]:
{
int ch;

printf( "Top Charmel =¥t#3ld¥n*, header[0] ):
printf( "Last Channel =¥t$31d¥n", header{l] );
printf( *Channel Size =¥t%31d¥n", header(2] };
printf{ "Sample Rate z¥t%31d¥n", header[3] };
printf{ "Number of Points =¥t%61d¥n", header(4] };

/*
for( ch = 0; ch < 32; ch++ } {
printf( "$3d:F = ¥5.3f, A = %5.3£, B = %5.3f, “,
¢h, ch_infoleh] [0]1, ch_info[ch][1], ch_info[chl] [2] s
printf({ *FS = %5.3f, Z = %5.3f, CF = %5.3f¥n",
ch_infolch} (3], ch_infolch][4], ch_info(chl [5] }:
}
*/

EDX1000AS fprintf_ header( filename, header, ch_info )
char *filename;

long header(20};

double ch_info{32][6]1;

{
int ch;

fp = fopen( filename, "w" );
fprintf( fp, "Top Channel =¥t%31d¥n", header([0] );
fprintf( fp, "Last Chamnel=¥t%31d¥n", header(l] );
fprintf( fp, *“Channel gize=¥t%31d¥n*, header(2] );
fprintf( fp, "Sample Rate =¥t%1ld¥n®, header([3] );
fprintf{ fp, "Number of Points=¥t%61d¥n", header([4] }:
fprintf( fp, "¥n* );
fprintf( fp, "Estimate Channell=¥c%61d¥n*, header(S] };
fprintf( fp, *Estimate Channel2=¥t$61d¥n*, headexr (6] );
fprintf( fp, *Estimate Points =¥t%613¥n", header(7] }:
forintf{ fp, "Start Point =¥t%61d¥n", header{8] );
fprintf( fp, "Average =¥t%7.5F¥n", (double)header(9] /1000000
fprintf{ fp, "St. Dev.=¥t%7.5f¥n", (double)header{10]/1000000
fprintf( fp, *¥n* );

for{ ch = 0; ch < 32; ch++ } {
fprintf{ fp, "%34:F = %5.3f, A = ¥5.3f, B = %¥5.3£, ",
ch, ch_infolch][0], ch_infoi{ch][1], ch_infolch] (2] };
fprintf( fp, '"FS = %5.3f, Z = %5.3f, CF = %5.3f¥n",
ch_infolchi[3], ch_infolch] [4], ¢h_info[ch][5] )i



fclose{ fp );
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long size_of file({ filename )

char *filename;
{
long filegize = 0;
fp = fopen( filename, *rb* );
while( getc( £fp ) != EOF } filesize++;
fclose({ fp );
return filesize;
}
double read real{ ofs }
long ofs;
{
int £=1,1i=75, i_exp;
double sum = 0;
fseek( fp, ofs, SEEK_SET }:
if{ (i exp =getc{ fp ) ) 1=0 ) (
while( i-- } .
sum += (double) getc{ fp )} * pow( 2, -8*(i+l)
if( sum »>= 1.0 ) { -
sum -= 1.0;
£ =-1;
} ) :
sum = £ * pow{ 2, i_exp - 129 ) * { sum + 1.0 );
}
else sum = 0;
return sum;
}

long read bytes( ofs, byte )

int
long

byte;

ofs;

int i = byte;
long sum = 0;

fseek{ fp, ofs, SEEK_SET }:

while{ i—— ) sum = getc{ fp ) * pow{

return sum;

int input_int{ s )

chay
{

sl
int i;

printf( *%s

"
.

s );

256, byte - 1 - 1 );

# 1 ):
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scanf({ "%d*, &i );

return i;

long input_long( s )
char sl];
{

long 1;

printf( *%s = ", s };
scanf( "%d*, &l };

return 1;

Daubechies{ dat, size, sampling, phi, filename }
char *filename;

long size;

double *dat, *phi, sampling;

{
int i, ib, it, iphi, half_size, n; )
double a, b, b0, be, £, psi, wc [DATAMAX] ;
for{m = -6; n < 2; nt+ ) {
a=powl 2, n};
nalf_size = (int) { 8.*a/sampling ¥;
printf( "a = %5.3e¥tsize =%4d¥n*, a, 2*half_size + 1 );
for{ i = 0; i < size; i++ ) we[i} = 0.0;
b0 = bc = powl{ 2, n );
for( i = 0; i < size; i++ ) {
ib = i + ENLARGE;
bc += sampling;
if{ bec >= b0 } {
b = (double} ib * sampling:
bc -= b0;
for{ it=ib-half_size; it<=ib+half size; it++) {
t = {double) it * sampling;
ipni = (int) {{t - b)*D8_N/a);
if{ abs{iphi} > D8_M*D8 _N/2 - 2 )
psi = 0;
else
pei = phi[iphi+D8_M*DB_N/2]F
wel[il += { 1./sqrt(a) *dat[it] *psi*sampling };
} L
} .
else wcli] = weli-1];
}
CceV_write_line( wc, size, filename ¥
}
}



