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Abstract

An assurance of a serial call in internet telephon

Tatsuya Yamamoto

As a time progresses, informational record and transfer are attained, and a lot of
information came to be transmitted quickly when a telephone was invented about 100
years ago and broadcast started about 50 years ago.

In recent years, the digital technology is begining to occupy the big status to informa-
tional record and transfer. The digital technology is combined with a computer, and it
has permeated with the technology which transmits, processes and records information
our surroundings.In this, the role with important information compression technology
is played. There are a digital cellular phone and mini disk as the good example. The
function and performance which are required of information compression coding have
changed quickly. The market scale of expanding is infallible, the expectation for infor-
mation compression will increase increasingly.

And now, the user of an Internet telephone is increasing. An internet telephone is
a voice telephone call carried out with real time through the internet network. As the
factor of this increase, on the other hand it come out the spread of the internet and the
low price of the phonecall charges, but they are in trouble with the sound jump and the
trouble they can’t hear the talk. This is cause of the internet network. I express the
original sound as faithful and few information as like a digital cellular phone or mini
disk by removing part of the original sound which the human being can’t be caught.By

carrying out like this, I thought that was mitigable confusion of a circuit it is guessed
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that it is the direct cause of an audio way piece.
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3.4 Karhunen-loeve Transform
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VERINTWS (AHES) LELTWS. ZORENEBEOLIEICEWT, AXZ MU
DEEELECFEREICR->TWS,

BEB 7 — U TEHBOFIR L LT,

1. EABBEEADEHRTH S0, BHLMTORBEBHE TOREIRSTHS.

2. BT IVT) XL THEEHT — Y TZH (FFT:Fast Fourie Transform) % it
TE5. FFTIC& o TRELN OIS U THEFIEESED N2 BH D Nlog, N HIC
WPT 5. FETE, ANOBEBEHN0 THEDOT, FICREEE L EHREICHIR T
=5 [4].

AETHND.

3.4 Karhunen-loeve Transform
3.4.1 Karhunen-loeve Transform(KLT)

W BT AL E S B H s O I LT DR Y 2RI U TE LS 25T 5 F
HETHY, FEBEE L TOBEREFHAL TRV, 5T 2G5 3 E S = ki
DL TH o =, HEHSFHFFICE W TRESFR 2IEEICRE TNIE, B
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N RFTEDATEERY MV x5 = (210, - ana)T & N 4T N FIOEHITIH] A (47515
S aif) Kk o THIMEERY MV yn = (Y1n,- - yng)T IKEBLTHELT S, I
hb,

Yn = AXy, (3.18)

TH5. EEL, Riti ODARIES zin, yin FEFNEFN =11 M XTS5 MME
DERINEETH B, BABERI My, 22HETIHIC, EEREY hOETFEE Y
NI EABND L, ZHhERTIIC R, €Y N TOESDULTETET S, Thbb, K
RNOETFLEY MR 5 R 5.

R:iﬁﬁa (3.19)
N P
ZOLERFT yin Dn=1,2,-- M IXBTF20H8% o), £T5L, Kiui TETZEF
HEDIT o, 1,
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3.4 Karhunen-loeve Transform

— Rl
ol =C-27Mg2 (3.20)

TEALNS. CIRHHIERTHE. BESNERIEERNT My, OERHLEESHK
ol DRIRTTICHE=>TOREE I, K (3.20) &V,

E = CZQ 2Rig, (3.21)

THo. BHEE yin 2EEE Y NS EITVETTEZLICL - THRLNLEENET
fLiEE LEDFE G(S/N M EE) DRERE2LDHT L,

ERCVAP DI
(T lay»l/N
b, BEIE (BRI K 509 AEEE)G TBEICEEEOLBRO A TR L, EARNE

REEEE Y NESBERIITONESREGD S/N MEEERLTWS.

ZNE TOFPE TEBELEEMTONEGEOEEAB O LRI OWTRARER, HFAD
BHFG & 52 2 BEHREEEBROFEEHOMNCT IHENH S, K (3.22) DFFRM
B, BHFNE G 2BAL T 5EDICIEREDOEFTOSBOR/NENMR T THRA (FHFRFE
BB i E v, RICZOFHEEICOWTERS.

X (3.18) TREHBELEZEHER I, BAk OBIES yin IKOWVWTEZEER,

(3.22)

N

Yin = Zaz‘jfﬂjn (3.23)

i=1

DEDITEHBLRE ai; EATEF vjn DWERELLUTRENS. £ZT, yin DnlilD
WTDHH o, &R (3.24) TRENDEHEBBOIERILRHGDE & TRALL (BriMb) T2
ZerEXD. ZOFRMFIEHIEDOE T ORI BEN -T2 E-DDRGETH 2.

-

I
—

@l =1 (3.24)

¥
J

BHEE yin DKICHT 25 0p, 1, N (3.23) &Y,
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3.4 Karhunen-loeve Transform

M N

y 1 Z
o, = — A;;X5n E a; 4 T;
Yy 11\([ 77 J ]

n=1 j=1 1=1

N N
= Z Z a,-jaimcjm (325)

7=1 m=1

b, 22T, ; Faj, OKICHTEEEMETH L. £, ¢jn &, KiBj L m OAN
BEEOLDEHTHY,

M
1 _
Cjim = 37 E TinTmk — T;Tm (3.26)

n=1
TEABND. ol OMEEZRDEE=DICTT SV Y aDRERBEEA VS, ZOHED
WA, R (3.24) DEFMRETHY, REFRBE A LT2L o, 3K (3.27) M=
SNBLEICHMER L 5.

N
Z GimCijm — )\ai]' =0 (327)
m=1
Zhid, NEOBHRE a;(j = 1,2, - N) KOWT DI —KABRTHY, ZhAH
W a;y = aip = -+ = a;y = 0 ZRELRWEDICIE, FBRBOITFIRN 0 TRITNIERS

W, LEN-T, 78 - £2#dT751% C (THIORDE cij), BAATIET & T5L,

|IC—)\I|=0 (3.28)

MRYVIEDDT, SV S5V VaDRERBIKCBTS N\ &, 4% - £0%4751 C OEAEE
THo. £, X (3.28) Zo#K - HOBITFIOREFBER L IFENG. ZOEAHE ) 22X
(3.27) D a;; BT 2EV—KRABRICRAT DL, NHORD > BARLH—DI 1K
ML R ARY, BYDN-1HORER (3.24) ODIERLSM L HICHTIE, EHER
Boai; ARED. ZOERERRBOMEEEE N ICHTLEERT ML LIRS, K (3.28)
AN DNRKRABERNTHEDT, N OBEINME (A, A\ny) BEL, ZHISHIHLU TIER
B a;; BNM (1=1,2,-- - N) BETS. Riti DEHBEF yin OFHE 0}, 1E, X
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3.4 Karhunen-loeve Transform

(3.26) &3 (3.27) & V),
N N
O'Zi = Z Z A jGimCim = Ai (3.29)
7=1 m=1
5. Zh&kY, o) BiBHOEAEME N ICEFLL, MOOSRIIFEADETHLDT
A\ >0 THab.

DI, EEEIUATOHEEET 5.
N
c|=Tx (3.30)
=1

N N
trC=> ol => A\ (3.31)
Eﬁb,ﬁC:cn+Qﬁ~~+mN.T%ﬁo%?Nﬁ@ﬁﬁﬁ@%ﬁ@N%ﬁ@ﬂﬁ
BHOSHROBFNZE L., U EBRREFHEIC K > TREERER S W EHAEF RS
MTHEWCEHBETHY, ANBFICEELTWERTHOMHENRES L, BFEFER
BRLR5.

N RFGDEHE B EREL Y NIV ETEHEEIT O ZLIC & > TRL N S REE R
FIAF (R (3.22)) DRERICENIE, BESOSH 0y OHBEGETEZRY/NSLTH
SEHEHENBREENG. 20, o, FOKNENKEWE, BBEERIE G 2
WZEERLTWS. LA, o), ORKRE (BuME) 12, AIEFDO5E - £58BITFI0RK
REHE (B/NEAE) ICFELWAD, BRSO L REIZATE S ORTEOHEBIN S —
BICEE . Thabb, BEERTHENE G %, 58 - HHBIF C £EIZ0OEEMHE A
DFEHL LTEZHHNIT,

/NN trC
= (Hf\il /\i)l/N = (1/N) |C|1/N
TH5. N (3.32) FEZRLHEIEIICES S/N HERBDERETHY, WL EREH
BZDfER ERBREREL Z LI TE RV,

AERAN= & D12, —ERMANDKRTHEOFE= (58 - oK) KESWTEHRES

DRNEERRETOIREERE#E I — R - —RZEH# (KLT:Karhunen-Loeve

(3.32)
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3.5 BBy A UEH

Transform) & IES. KLT I3BEHZICBW TR ERS SITEL FIENTE Y, EWITHED
5 5 SREDOFEEDF O EHR = A WVICEMHB DB OREGFHEEIC, BROBERI BN
RDEDICEHLUTERHITIEOFELE LTHWSNS.

3.4.2 RS

KLT i, ZHMICEZLOMENRDS. £7F, ZHRINET 2HBEENEEICREZW, &
BRENLTBZE, 9, ZHEFETBOEDICENE N2 HOREVDETHS. Tk,
HEES TIMHEOME, $RbEIARY MVERORN 7 V—LZLICET . 20
28, JUV—LZLICEHBEEEERY NUVEHET 20E N H L. £7=, BEEPEHEN
JINVEZOEEEET DL, BEBRDERL RS, EAEOFET N3 04 —X OEE
BEHELXL, NAW128 U EX#d 2 DFT % DCT @ 1,000 fEFEEDHEENHEL Y,
ERMRY AT LANOBAIFIHENTH S [4].

3.5 BBV A 2 EH

BB 39 A > % # (DCT:Discrete Cosine Transform) 1345 5 R 5 2 EEBIL T 5 Z L 1C
&Y, BABERSEMAL BN, BEENODFT &, N OFH CERCHEEL =
B D 7 — V) TBHICHE T 5. Tabb, RENODT— XD DFT 23HET 554, NO
JARCERICHE YV RTBEBOREBETEL TWSZ LICRE., ZIKHLT, BRENOD
DCT iZ N 280 E A2 U THHICH YR LZT— 4O DFT ICHET 5. LENST,
DCT W N OFHTHVELUEZEBOREBEFTET 2 ZLilks. K (3.2(a) ICRTES
EEZDEEDFT 5T 2L, MRYDEFREIMRHENTLE O, K (3.2(b) D&
DNCTHOWE RHITZE D L DIIERIE S LIELAMRIBEMEO N, EFHEET DB A
fibnsd. DY DCT IEN OFHTH YR LU ZBEBOEEBEHET 2 Z LIl 5.
DCT & ZDHEHL, ATD& DIlkb.
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3.5 BBy A 2ps

| I » | |

|
0 1 2 3 N 'n 0 1 2 3 N 5 62N-12N
( (b)
3.2] DT d}7= i< fip BB B DXL ‘ ‘ ‘
" N
N-1
X(k) = ,\/%a(k) > ol cos S (3.33)

:c(nl) = h/% z;:l a(k)X (k) cos % | (3.?4) ‘

n=1 |
EEL, a(0)=1/v2, a(k)=1(k #0). .\I:8 ID%%@%}EE@%?S{L;E (4.2) D& IS, ‘

n=3 | ‘ ‘
X 3.3 N=8 D& DI

DCT OFEEHIT 3 &,

1. DCT & DFT ZHEBRE OGNS, DCT #BII FFT *FB L CHET= 29,
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3.5 BBy A UEH

EEBHNRETH 5.

2. BT O v 7 DEEHICHBT BURROBEN DR,

3. MHBOREVWEFICH L TEIREEREBRTHLAN R Y V- R"ELH#H
(KLT:Karhunen-Loeve Transform) ICHR® T WEBAEME SN 5.

NETFHNB [9]. ZhSDOFERIERE > THHET 5.

3.5.1 FJ&E1

DFT ¥ %2 FIWT DCT ¥ &2 kD BICIE, RISRT FREICESE. NV YT ILVDEE
x(n) D, R (3.35) IREND & DICHHR 2N 2 T VDEE y(n) 21E5.

_Jx(n) (n=0,1,--N-1)
y(n) = { (2N —=1—n) (n=NN+1, -2N-1) (3.35)
ZZT, y(n) DDFT R Y(k) 2Bb i L,
1 v 27kn
Y(k) = i ; y(n)exp (=) —7)
2 = M + 1)k
= \/;exp (J ﬁ) z(n) cos % (3.36)

0
ULENST, x(n) D DCT RE X(k) &, y(n) D DFT RE Y(k) L DREICIE, X (3.33) &
X (3.36) D,

k7

X(k) = a(k)exp (~j5 1)V (F) (3.37)

DMK YLD, ZhkY, NEOD x(n) »5 2N EOD y(n) 2EY, y(n) E FFT $52
LICko>TDCT B X(k) ERDBZ LN TES.
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3.5 BBy A&

3.5.2 F&E 2

RIC, DCT AMFBLABEDFERET 27 0 v VgD AERMEIC &k 20D RnWZ L %
AT, AJMEE x(n) D DCT ¥k X(k) 3 5L, X(k) 22T EHZ LIk VETL
MY EL) AMMbs. LENST, HERTHEDNS DCT HE X (k) i,

X'(k) = X (k) + BE(K) (3.38)

THd. Zhk DCT FEHT 5 L HAES = (n) 1,

!

z (n)=2a(n)+e(n) (3.39)

7Y, BICAIMEE x(n) ICETLHES e(n) Mlb oL 5. ETLE Y NBAT4
RETNER (3.38) DL IICANEE L BHBELREFLMT EHEZELZLATRTDH
BN, BEFEENEEIEVGEICIBTLEZOX D RBEENMEINE LITES 2
W, $abb, HEELRMEEBESOAZKRL, BEERESED LD RIEEREEMTDN
LEEEMND D, ZDEHE H(k) TREIE, DCTHEK X (k) i3,

X'(k) = H(E)X (k) + E(F) (3.40)

v s, HK) W, PSS e S oA Th 5, e R TEERT I,

z (n) =h(n)*z(n)+e(n) (3.41)

b, ZZT, x ZFHEHNERAA L TN,

h(n)* z(n) = 2_: h(k)x(n — k) (3.42)

TREHINS., LENRSTHEAERICE Ty 7oEE L HETHRET ST Oy 2 b0fE
FORNAADRD Y, BEFERTOH VR LEANMDL Z LIk, ZhExT O 70Ok
SR LR, UL, RICERNEFET DCT BEERHET 284510370V Y0EED
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3.5 BBy A&

BELEHRDEFLIIZELVWDT, Z0O& D> RERHEETOH VELUELDBEINNE W,
DCT 3R DT — X DOBHIEA TEBOERIC S, DFT TE—RICOREHTA
EHIHRRS N W, DCT FERFRICHERE NS, DFT EAERRAICEE NS EERED )
AXERYER L =DICHRBEE 20T =Y 350, DCT IT#ERICRE =8, REBMNR L
TYEABETEH2EENS <25,

3.5.3 F|&ES3

RIS, DCT OEAXRY MU EMOEREBROEAN7 MV HBELTHAS, X (3.4) &
DFT & DCT, KLT iCDOWTRAH N=8 iICH L TOEERYZ MLELDHLEEDTH
5. ZhiCkY, DCT OEBARY MURIEIE KLT OFARY MUICELWZ L RS0 5.
KLT 3REEXERTH LN, BEOFANEEIKET2Z2ehD, HFEAOEHIX
BEMHTIERY., 5032, KLT OEERY MUICHEW DCT AMHE#EN%THE WD
ZLiioTR5.

5 RRRIARIC & 2 3 R IR T B = SH DALEE
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|
3.5 BEEERaY A BH

m Tl
A |l

] 1
. |11

] T 71
1] L

‘Ill ‘ |II
[ a1l L1
T [T
L] ]| 1

(a)DFT (b)DCT

3.4 S8KDEEFYT NIV
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4.1 é"ﬁﬂf

B O FBEBER 5T 5ICHh > THWS NS DFT, KLT, DCT OFEEFEAN
5Z¢T, DCT ARLEETHDZ NG o=, REEREHTHS KLT & DCT ITH
HTHEWEEZRT [22] A, —ICEE7IVT Y XLNEE LW, BT Y10
WHENEETT, IAPIMNERESNTLUES. DFT ZIEE7NVIY XL THEERT—V
T (FFT) 2 @0 CE, HEENIDIT 20 EELH2H, 1Y HLUEETOHM
ICBRAUEEMEVEINTWS LIEL THEET DT, EBIUET 5 L EICAXY b
VDEEEEAITLUEDILWIREELH S, ZO3DRLBLT, DCT WE#ETH 5 24
BLEMN, BEY MU= ROFBICBNTT OV 7 EBRRENEDE WD REDRD S.

Bl (4.1) EHB2AIEFERLTVWT, K (4.2) 3Eh% DCT LEEETHS.

—-

4.2 HEE

<

N

AREFZEL, 3, AV X2V NEFEOFFROBYNDORREEFHL, ZHMNEHEOEME
ISk BDIEEREDRT, BRORETHLZLERLE, ZLT, ZOMIKL LT, AM
DOEEFFEEZFIHTHZZL T, AODEELZZLDTERWEDEEE, TELET RN
BHRETHRBETLIZLERELE. Zhid, TAVRNEREELIZT A A7 R EICHTE
HAEhTWT, EEEFICEENITEEERVERL, ThbbHERE/FITEZLTH
HERBTLZLTHD. £, ANEOERFELR CIZERBIHRTEX 2 Z ML, I
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o J

0.02 -

0.01 -

-0.01 | ‘ 4

-0.02 - — -

-0.03 - -

-0.04 I I I I I
0 10 20 30 40 50 0 70

4.1 AHEE

BICEOEEAHEIZOEERFHICETTEZLDT, FEBIHR B2 ETTEZZIC
Uz, B COR BB A%, WEOE/Ht, EREEASL, F5e
YL THESTHTEL, ) AV AEY T REDHFEIFARNDH LN, ZOHTHHE
B HEDRE WEIEHEFF L 2RI 2. BT 5{0ICiE, DFT, KLT, DCT A

-~

| | | | | jf’I

— [o0) © < N o A
o o o o o O
S o S o o S
o o o o CI)

4.2 DCT LEHEE
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HWohah, ZO32ki#T222 T, DCT N#EYUTHS LYWL= DCT THH
BEEFEITHI LT, ERROBEMIBERSNLIT TH2.
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AWREEITOCHEY, Wi8E, ZBEEHWEEARELEMCR BHVELET.
£, AHEOEREE U THWEBNAEER, SHEERICERBHVELET.
BA#IC, HEDSZMEICDE > T 2 HOWEEARREZEOERICEHVELE T,
ZOHGEMEVT, BRICEHOBERLET.
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8% A

7 — 1) THEK

BEEFHT L - DDREBWNGEIC 7 -V THREBEAND S, ZNMEF2RENS A -

2t QBB CAEL, ZABBOMTREAT S 5ETHS. ¥=, 22
fEELBEDLT 5.
JFEIT 25088 % a(t) LFET. $abb, TRTOLT

e(t)=az(t+1T)

MEYVINED LT B, ZOLE, (1) TELS2EH {0}, {b.} ZHWT,

ag N 2mnt . 2mnt
z(t) = E—I—Z{am cos ( T )+bns1n(T)}
n=1

rRING, 22T, R(AD) 27—V THBUEM, {0}, {b.} % z(t)
CIES. T D& B ICEARFH LIS,
WENED X SRMED {an}, {bn} TEINEN%ELBICI,

T/2
a, = z/ z(t) cos (27;nt )dt

2 T/2 2mnt
bn:—/ z(t) sin (—— )dt
7 |y, 0 ()

TIRHMEBITEH

(A1)

D7 —1) THEH

DEERZEFIHT 5. A (A1) ~ (A3) IMEBDEMBBIN 1T oo ICEZHATEW.

BEVNERIESR L 256, B EREHERTRET S L, FHLE,
PR (A2), (A3) 2ZDEFIIRLTREITHZLMNTE,

Gp = G_p, bn = _b—n
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n<O0lIXLT

(A4)



LERTZENTES, ZorxE, X (A1) 2BBLT,

LEF5. EEL,

1 (172 2mnt
= f/ a:(t)exp(—j—T )dt
—T/2

(A.6)

TH5. R (AS5) BHRT— ) THIER, & (A6) D ¢, BHRT— ) THEHE .
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&% B

Ik - FITE

B.1 4

WA X DB g(X — p1n)? DY

e @)

7t = Elg(X = = [ (@~ wPiFG)

— o0

:/OO (z — p)? f(z)dz (B.1)
o WwD. EEL, p WX DOEETHSE., £2, o BEEFELVD, —RICF B

YT T DAL

plE=rl s gl o) (B.2)

a C
MBALT . DF Y, BEDFENEY 1+ co BBATHHTHHRI c L BTN AR
5. LEDNST, FHE5HOER Y RHEERT.

B.2 Ho#K

TODOWHERBH X LY O—RIEGZRERTEL UTHSEK

Cov[X, Y] = int™ int™(z — pa )(y — piy) f(x, y)dady (B.3)

WNHd. EEL, p py FENENX &Y OFYTHY, f(xy) IEEHEBEETHS.
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B.2 H4H5Ek

Cov|X,Y
p= CoulX Y] (B.4)
L0y

RHERBE VD, EEL, 0, 0, BX &Y OFNFAOERRZE, Va2V YORER
DD |p| <1 HEIND. p=0DLEX LY FEHETHLLVD., BV X &
Y ZEHETH LN, FRLTUEEELARY., Xk, V = oX + 3 25 HIBERMNEAE
TLLE, a DIEAIKIBUT p==41 &25.
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g% C

BER Y A > 2R

functions used:
dctil
idct1

#include <stdio.h>
#include <math.h>
#include 'dcti.h"

void dct1(),idct1();
void main(){

double sO[L];
double sOr[L];
double xk[L];

int 1i;
int s_len = L;

FILE *fp;

fp=fopen("sp2","r");

for (i = 0; i < L; i++){
fscanf (fp,"%1f",&s0[i]);

}

fclose(fp);

printf ("ASMEE \n");
for(i = 0; i < L; i++){

printf("47.4f ",s0[i]);
}
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printf ("\n");

dct1(s0,L,xk);

printf ("DCT L5 \n");

for(i = 0; i < L; i++){
printf ("%7.4f ",xk[i]);

b

printf ("\n");

idct1(s0r,L,xk);

printf("IDCT L=fE8\n");

for(i = 0; i < L; i++){
printf("%7.4f ",s0r[i]);

}

printf ("\n");

void dctl (
double sO[],
unsigned int s_len,
double xk[] )

unsigned int n, k;
double ck,x;

for (k = 0; k € s_len; k++)

{
if (k == 0)
ck = 1/sqrt(2);
else
ck = 1;

for (n = 0,x = 0; n < s_len; n++)
{
x += cos((2*n+1)*k*PI/(2*s_len))*s0[n] ;
xk[k] = 2%ck*x/s_len;
}
}

void idectl (
double sOr[],
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unsigned int s_len,
double xk[])

{
unsigned int n, k;
double ck;
for (n 0; n < s_len; n++)

sOr[n] = 0;

for (k = 0; k € s_len; k++)

{
if (k == 0)
ck = 1/sqrt(2);
else
ck = 1;
for (n = 0; n < s_len; n++)
{

sOr[n] += cos((2*n+1)*k*PI/(2%s_len))*ck*xk[k];
}
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