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2 125023 2 125023 36.8477 2 125023 36.8477
3 17.4099 3 17.4099 0.7054 3 17.4099 0.7054
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57077 LIRTKRTT %,
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EOEFETHREILXT v I TEET,
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[H%R ] <Fddk/ET=F—>KF 270y LTI ORHIZHEA
T5HE, @l LICEONZT—F I EEE kI NET,

[JHIA ] Chart I3FEBRICT—4 278 L TN TH, FRED LA
LEdHVET, ZHNUI Chart P A7 00— )V E—RTR< L Ea—
RS> TWAEHRITEZ D ET, kAT —FY A1 0 POr—%Id i
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>HKRY D (E2A—RY >OE)IINA TA1 FERITRDET,
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WORCEL ET.
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ROREELET B,
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R MFEBIZHE>TWBENS LNFE R A, ZOEEREE Eoiékt
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J—izo—Ranzxrzanfifgasngd ),

[ ] ATy TEERGFREZTFy 7 LT BnENnEL TWi
WINEDIMEMERL TS ZE W,

[ ] 27afHLlnbDTH 256, AT v TINEL HERE
NTWERWAIBEMEZ S U 97, R HEE A8 2NN Y 7 & T -
TLEOZWRENHDXTOT, BEMKLELTIZZ N,

Io5wa
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NS TINVNERMN LERA, ZORTTIVNROIRLFEALZ
5., YATALAAT 4 Falb—a  NEENTENZ ENERER
bNEd,
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(W] TAAIVTFzwZHADY T NI T 2> T, BMEOHA,
R ZRATLZE N,
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[FHR] 77U =23 T4 ATDEINI ST TINNH DA,

(X ] FUZFHoay 7 EIN=T 4 A5 Chart Z2HEA >
ZR—ILTLEE N,

[FR] a2Ea—85—T4 )V ADRMEDRKEMNS LNEE A,

(MR ] DANARKAY T NI T T4 A2 Fowv 7 L T<
I, TAIIVANRERINZS, BROMEEOH D TRTHI >
Ea—%, T4 A7, N7y 7T&Fzyr7 LT, BRAINEHE
13T DB EERITHRELTLIEE N,

[RK ] 7075 LABEICHEND S RED S50 bHNEE A,

[ ] ST TNDAHEFETLZNEND T RSN, HRTDE5, &
DERIZIRR TR Z > N TEALTFFICEREL T (a2 7 1 Fa
L—rald47ul Ry 7 AefioTRaW, RV T 27
FEREBMAT) HHETITEE TS W, Rl AREEAET,
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T —X1Z &5 Tlid Chart OfENTEERED T RIT & 2 B 7asEM %
HoT, 2T EARTT, TTTEHARTZ NI LT 4 > RIT
FbNB 7Y XLDOFMZRNET, F/2, EEANBERSTF v
CHIEBEIZHE DS ERENED D ELZHEHICONWTHHHL ET,

ARG S ALD4 2D FFT

ARY b T L (Spectrum) (&, BIRT—F 2 AR N T LERT D
Fy—bIVAT >33 >TY ERTIREARY b I LR T
To ANRY F I LI EEE T — ) 284 (FFT) Z > T2z
JABE I AN L £9 . AXRT b T LIRS AT 58 2

A 7 HREGRE E L TERLET,

ERT— U IEWTIE. BONDT—FRA U hEED “YR” %

T TEHD, ZDONT—IZHELLLET(TUITY XLICHA

Y ZNMARY NI Lty T 4T A 2 RIIRT FFT YA X
TY, AA—TUA > RUOEREEHZ ZOY A X TED, EBHUEE
LTEDAXRYZ b LZ2HEHELET, YO0y hINDART FT A

3. NSO ART R T LDEE T, ZOHETART NI A
7R =TT 5 EREORENR ELET,

BELET—FHRA 2 MUCREINE 28561, 2 HUET 2 E1THE
DZEYOUEL 9 GRREFHOERD DT —F KA1 > hofFflzEF O
WL FT ) ARZ T LTA 2RI, BHHELEZAXRT T4,
BREFNOT—FRA > MIIFFT 4720 D5 —% K1 > M.
FFT %, B0 LURA > MEEERLET,
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968 RPN T — & N1
> b 968 % 256 @ FEFT
Y41 XTEDE 3 DDFFT
& 200 DATHN A i 1 5%
5DT. ARANCART ~F
A56 ZEDHEL TEOou
ML 4%EHDFFT &5 5%,

<+ BEPEHA=968 T—F R > b ——p
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% QLB
FARAT LA
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k 130, 1. 2. .N-1 T, ¥ FINRT > MBI Z0RITE
RO Z XML TWDERELET, MG, HAHFOEMMENH D
¥9 ., FFT XN SRR OS> IV E2EH L h RV b, X
A EIND BN OIRIEEFFS . RO > 7L H
BEEIREZR B £T,

N RS> bO7—0) B hi 13, ROLSICEHRTEET,
N-1
HnE 2 hk62nikn/N
k=0
ZOEMIE, NEEGH hy 2 NEEEK H, OBRICLET (FlA
., Fr—bhTWS K57, PHENBRERNST—FYE]D, hild
Yoty A REERSERNET ), H, 1 ZEEEKOEET. K
FEE 1/ A B TRia s MiZ2Eb LY olSt o Ho =
Hyy, ©96 AEKOIEn =024 L., +OFEKIT 1<n<
(N/2) D IZHHE L £, n & HOREBEERR D OB K OMAEE» %2
NZFNRe, Imn&T35&E, nBHOMEERDDAXRT BT LITRD
FRICEEET,
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Re(H,)’ + Im(H,)’
N

AR N T LD n FHDRBEFEER S OIRIE (modulus) 14 :

P(n) = 2

A(n) = 2P,

Z ZT 213 RMS @i S iRIEANZEHT 5 KEL .

EEICRONDIRBISHREIGEH T, MPEREZAI—-T T >
RIMSEIH S NS BN, BXITTORKME LIy ) ITHT 5
FRIEMEZ R L 9. JAEERIT, BRART FITIF AL 0 TN
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MRS ETHRNHE L WISk 2 RA< LET,

N dB=20log(A1/A2) KD FHFEINET,

1> FUBE#

AR U7z X512 FFT 1Y > IV & B 091 7 )V EER = R D

THOEMELET, TeAMEigIcT 2 EMENECET, 2
EZE BT T D RIS IRIEOWIM, R OB AE %
TLBHBEOYNETADT, SLEEEMEN FFT Ik Y > 7Y >

T4 RIDKRMETT 4T 7 bINFET, TIUIKRHENR EMEIEXN
F9., U1 2 RIBEEEIL FFT 25727 —7 D1 > R RimDF:

P2 L F9 ., &> T, Kb 54T D8 — 7 CMHBET 5%
REBEET, U > RUMBEKZEFES & AU FINT—FET 4
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HHEL Z W(k)hkezmk”/N
D=0
AR NI ATROBELSHOND 4HEOREKZRLET K C-2(
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k
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c-2
AR NI LATHWSENS
A RUBEKEER n
13-N/2 & (N/2)-1: NiZ
BT T8 a3 0.54
DBl iE

Cosine Bell 7 4 > R Hamming W7 4 > R

0 0
N2 0 N2—1

—N/2 0 NI2—1

w(k) = 0.50[1 + cos(z_;:[_kﬂ 21tk)

w(k) = 0.54 + 0.46cos(—
N

Blackman 7 ¢ > R Welch W+ > R

0 0
N2 0 N/2—1 N2 0 N/2—1
2nk 4nk (ka/z))Z
k) = 0.42+ 0.50cos| == | + 0.08 cos| === = ][22
(k) + cos( N )+ cos( I ) w(k) ( ~/2

FOE

ARY 5T LDOT—5 EREHENBOT — 5 KA > MEDEE L -
FFT A ZOERTRZWEER, T -1 XOARZRL T
MELYOUBELET. YFERZEOT—YICHEMALZET, &S
ZHELEYOUEL £,

A N-—R- 7o

M DER

—/RBAEL

—REERERATL > FOARNIL, AL—T 24 2Ry (RR) K

DERA > MU THEBR v =a + bt DFH — Tk THIS
. RANTdy/dt=b 2RO EXT,
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—RBEIEL

TORBIECR A RA O NOAENE. AL—T T4 Ry (X B) W
DEFA > ML TS v =a + bt + ct? OEFH —FiEOHEILT
BN, KW Tdey/dt2=2c 2RO FT, TOWHEEIT Savitzky-
Golay ¥ 2 TEfFEINET,

RimzhR

F BRI Y > TIOAEIT AT LRICHE S B > T E O #EIBAD S A S
NET, Wo T, HWEIIT Y70y I OBEVDER (XiFHKHD
DEL) ORA > MTEHASNEE . MHTI AT > a i3z
DEI7HRA > bRt TRIELZRA > EFLWERICE S
AET, WoT26 D4 » RURER >S5, T—F 70y 7D
BRAID 128 A > NI TRH CHEERKZF S, AT —5 7
Oy 7 OfED 128 RA > FBREICHKICIZD 9,

FOIINT 4 II—DEE

Definitions of fy & df DEZ

{Ei@iE low—pass, mEGEE high—pass, ##8#i# band-pass, &
Vig{E1E 7 4 JL4 — band-stop filters, f1v A 7 EiRE cut-off
frequency fy ldHIRIEN A IRIED ¥ (-6dB 72 1/4 /87 —K
A28 IZHEB DA (3, #HEEECHEEN R o2&
TY, g df S RESADRIED 1% M5 99% O D E 5
#HPEDOZ ETT,

Petiii@i 7 « )L — narrow band-pass filters @ f, IZHEFEHEE T
To ZOABPBETHNRBIIANIKIBOD2< EH 99.5% HD KT

BEIE7 v Fx—a>? 0.04dB BETY), df IZHHIRENAS

IRIED 1% LA LoD JE i T,

I FT4I)E—D fy \ZHTMERETY. ZOFEETH IR
ANRIBOEN 0.5% T (BT vTx—3>0bia<Ed 46
dB &0 £9). df iZHIRIEDSAFIRIED 99% LLT O J& 8 K #ipH T
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fo & df DFRE

fo DR AR/ FERIEZFNZEN 100 kHz & 0.1 mHz T
N, BEOT 4 IIVY—Dhy M4 TEEEITY > T > TR L
WD £5/20000 205 £5/2 OEFHICE SNET ., df OFAEEIEIE
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Window Method ! 2 {81 - 72 3t T, 0.5% LLT O I8558 i 0HE Wi 2
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53D —DIFNERRIZDTT,

1y b A T E R D SBGER T 4 VY —id. AT —Fn5EU
Ay " T B Ry OARSEGEE 7 )Ly — I 2R L TERI L &
T MR, AR ZRED ) v F 74—, ANT—=575
[ U [l J e B2 Ry D Pdoie 7 « )Ly — i 2 #2BR U TIER L &
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WEGEBR T 4 VY —TIZET. —O0Hhy MFTREERD S BEET
AT 4 )Y —EFo THEMAL, RICTDDH Yy b T ERED
BRI TEREEE T VY —TH I E T VY —UEL £3, ik
W7 4 VY —I1ZANT—F D SPgEEE 7 VY — DO Z R L
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Z4NVF—DREI ERHBIR
FIR 74 WA —(+50DO—Z2R5ERICEDHEZZERETIC) O
STV 2 EMREIRIROID TR ENET

3.84f,
l= g
daf

7073, BEOT 4 NVY—HhNT Oy 7 OEREBA TEET
BLZFIR 74N =04 RO X DBEBETERWY > TIVEZEMNE-S
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THIBLKE TLET, NS OREHREIHDOKRS LT 1)V F—Dk
2D 1/2TY,

{8E5@ M 7 ¢ )L 4 — Low-pass 1. 70w 7 NORY EREEZEDOER)
OS> TN ERETAHZETERALET, ZOME. &£70v 70
A ERFZIETHEHAIRIC/R D £97, &EG@EE High-pass 7 1 )b
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PeEGE M Band-pass 7 4 VA —I3EEGEE 7 ¢ )L Y —1Tk < K
BT 4 I —THRINTHETOT, KRBy > TIIEEAT—
IR CTIERA L £9°, Bl Band-stop 7 1 )V ¥ — D ARZI R
TEIRIIA ST T — 7 D SR80 EE 7 « )V Y — ORI RAM 2 22k L TE
MALET,

df & fo ZBATERERBZAST

KA v N4 7 EERE LN v — T REB RN ELRWERIZ. |
D 20% LA LD df 2 @NITEERE, 74 VY —DES, ROKH
NROEIZRTELIBLDZENTEET,

BWEICEHC TN Af IR EFIL. +00—0BENFEZ /2 NDT
fo > /12 DRNRARTT, v —TREBNLERGE (AIB/hE
Wd) i /12 BLEDS (/12 IFET f) 2SI ENIE=DDHE
R CHEERMZH ST I ENTEET,

AL—=TUDEE
=f3 (Bartlett) Y4 > KD

AL—=2 2 TIE—RENIEMETFIPMEON R TN, RIET ST
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CREEMEDOEEIDELIBDET, 3- KA ALY 2T TR
MEIL 1/4, 1/2, 1/4 T, 5- RA 2 b AL—2 27 TIIMEZ
1/9. 2/9. 1/3. 2/9, 1/9 72 EIT/2 0D X9,

RimzhR

BA L= 2 G > TIOVEIT ST LRIk < B> T OUVIE O &P
SIEEINET, o T EEIZT—F 70y 7 OBEE0DEIL (X
WSO OOET) DR > MAZEHINE L, AL—Y T Ty
AT >2a3FDEIRA > MNeRilBETEHE LZRA > R
LWEBICEEHMAET, o T 266D 1 > RIlEEE 725,
F—=T0v 7 DEIID 128 RA > MIRTHEHCAL— > Thi%
b, FERICT—4 70w 7 OREd 128 11 > b B A UKICULEE
L7,

BEEANBEETF v o RIVEEEDIEE

WHAN EF v > FIVHE EORICIEA —NT v TTBE 355D
T, UA V)L — FEREADBEDY A 2L ORERF v > )
WELDH AV IVER (FA 2 VERDT—5 5y FERETH 51 R >

AT RETATIINADT L RTREND D > RS ) OFOF
Tra EEHLET:

EEANEEDOMNITF v > RIEEOMY EEELET « £/2HD
DIEBEANEREDORNITF v > FIVIBEOMEY DA T2 a TS L
I, (FEEWEANEEDO - DDAL—Y 213 F v > RIVIEED
AL—I 27 L3R HEEEEREL TVWET,)

ETHIT HEANET v FRINERTIRER 2 FENAVW S (FlX
W HEANIF > T4 2 TF v ) WEEISFERIBCIEA 7 51 >
THWSNET) FTDT, ATLHHRBME TIIRRDET., =D
DERMEHEAT / F v >FIVFEREOBRICE > TGElENZD EN
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TOT, ZOF ¥ >HIVICRESNY T D THEEICHEDE
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NFERROEFEHIITEEANTOFNL DL DET, ZOEWVITE
TOMBETAEEAN EF v o FIVEEICERALET,

HEANTIRINRT 2T =Y 2ZTDEEW> THEWETH, Fv
CHIVEEIIY RN TEEDT—F R 1 > FERHIDOES 5MIC
EELTHWET, 2T Z7IIVERICGERHSNET., i
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BEICHWSNDATT, ¥ RORA > MEITH DD WIEDTE
BATSCHEHSTF v o VEETIE, ZHUIERICIZZD ER A,

HEANETF v > IVHEIEY A Z VRO FEITENWDH D £
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JVOIRIE R RNZIUCHHBE T 2 F v > R VEEA T2 a o oY1 7
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Oppenheim, A.V. and Schafer R.W., Discrete-Time Signal

Processing, second edition (Prentice Hall, Upper Saddle
River, New Jersey, 1998).

&

Press, W.H. et al., Numerical Recipes in C: The Art of

Scientific Computing, second edition (Cambridge University
Press, Cambridge, Massachusetts, 1994).
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A PP ENDTIX D

T—% /Ny FRETE#EE

TREIZT—% /%y ROBINZEAZINLHARICHNWS N HHEED U A
rEZOEROERZRLEZHDTT, DU A ME Microsoft
Excel THHATEDHAEZTOMICELZHDTT., INSDMENS
DFENZ Microsoft Excel Help 22&I1C LT Fa W, FRLICidHRE
ERXFTHRLTHOETN, T—F/8Ny RADANTIKXFETH
INCFETHHEWER A,

ABS(number). Returns the absolute value of a number.

ACOS(number). Returns the arc cosine of a number.

ACOSH(number). Returns the inverse hyperbolic cosine of a number.

ADDRESS(row, column, ref_type [, al] [, sheet]). Creates a cell address as
text.

AND(logical_list). Returns True if all arguments are true; returns False if at
least one argument is false.

ASIN(number). Returns the arc sine of a number.

ASINH(number). Returns the inverse hyperbolic sine of a number.
ATAN(number). Returns the arc tangent of a number.

ATAN2(x, y). Returns the arc tangent of the specified coordinates.
ATANH(number). Returns the inverse hyperbolic tangent of a number.
AVERAGE (number_list). Returns the average of the supplied numbers.

CEILING(number, significance). Rounds a number up to the nearest
multiple of a specified significance.

CHAR(number). Returns a character that corresponds to the supplied ASCII
code.

Chart Software

221



CHOOSE(index, item_list). Returns a value from a list of numbers based on
the index number supplied.

CLEAN(text). Removes all non-printable characters from the supplied text.

CODE(text). Returns a numeric code representing the first character of the
supplied string.

COLUMN(reference). Returns the column number of the supplied
reference.

COLUMNS(range). Returns the number of columns in a range reference.
CONCATENATEC(textl, text2, ). Joins several text strings into one string.
COS(number). Returns the cosine of an angle.

COUNT (value_list). Returns the number of values in the supplied list.

COUNTIF(range, criteria). Returns the number of cells within a range
which meet the given criteria.

COUNTA (expression_list). Returns the number of non-blank values in the
supplied list.

DATE(year, month, day). Returns the serial number of the supplied date.

DATEVALUE(text). Returns the serial number of a date supplied as a text
string.

DAY (serial_number). Returns the day of the month that corresponds to the
date represented by the supplied number.

ERROR.TYPE(error_ref). Returns a number corresponding to an error.

EVEN(number). Rounds the specified number up to the nearest even
integer.

EXACT (expressionl, expression2). Compares two expressions for
identical, case-sensitive matches. True is returned if the expressions are
identical; False is returned if they are not.

EXP(number). Returns the constant e raised to the specified power.
FACT (number). Returns the factorial of a specified number.

FALSE(). Returns the logical value False. This function always requires the
trailing parentheses.

FIND(search_text, text [, start_position]). Searches for a string of text
within another text string and returns the character position at which the
search string first occurs.
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FLOOR(number, significance). Rounds a number down to the nearest
multiple of a specified significance.

HLOOKUP(search_item, search_range, row_index). Searches the top row
of a table for a value and returns the contents of a cell in that table that
corresponds to the location of the search value.

HOUR(serial_number). Returns the hour component of the specified time
in 24-hour format.

IF(condition, true_value, false_value). Tests the condition and returns the
specified value.

INDEX(reference [, row] [, column] [, range_number]). Returns the
contents of a cell from a specified range.

INDIRECT (ref_text [, al]). Returns the contents of the cell referenced by
the specified cell.

INT(number). Rounds the supplied number down to the nearest integer.
ISBLANK(reference). Determines if the specified cell is blank.

ISERR(expression). Determines if the specified expression returns an error
value. If the expression returns any error except #N/A!, True is returned.
Otherwise, False is returned.

ISERROR(expression). Determines if the specified expression returns an
error value. If the expression returns any error value, such as #N/A!,
#VALUE!, #REF!, #DIV/0!, #NUM!, #NAME?, or #NULL!, True is
returned. Otherwise, False is returned.

ISLOGICAL(expression). Determines if the specified expression returns a
logical value.

ISNA (expression). Determines if the specified expression returns the value
not available error.

ISNONTEXT (expression). Determines if the specified expression is not
text.

ISNUMBER(expression). Determines if the specified expression is a
number.

ISREF (expression). Determines if the specified expression is a range
reference.

ISTEXT (expression). Determines if the specified expression is text.

LEFT(text [, num_chars]). Returns the leftmost characters from the
specified text string.
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LEN(text). Returns the number of characters in the supplied text string.
LN(number). Returns the natural logarithm of a number.

LOG(number [, base]). Returns the logarithm of a number to the specified
base.

LOG10(number). Returns the base-10 logarithm of a number.

LOOKUP(lookup_value, lookup_range, result_range). Searches for a
value in one range and returns the contents of the corresponding position in a
second range.

LOWER(text). Changes the textual characters in the specified string to
lowercase characters.

MATCH(lookup_value, lookup_range, comparison). A specified value is
compared against values in a range. The position of the matching value in the
search range is returned.

MAX(number_list). Returns the largest value in the specified list of
numbers.

MID(text, start_position, num_chars). Returns the specified number of
characters from a text string, beginning with the specified starting position.

MINUTE(serial_number). Returns the minute that corresponds to the
supplied date.

MOD(number, divisor). Returns the remainder after dividing a number by a
specified divisor.

MONTH(serial_number). Returns the month that corresponds to the
supplied date.

N(value). Tests the supplied value and returns the value if it is a number.
NOT(logical). Returns a logical value that is the opposite of its value.
NOW(). Returns the current date and time as a serial number.
ODD(number). Rounds the specified number up to the nearest odd integer.

OFFSET (reference, rows, columns [, height] [, width]). Returns the
contents of a range that is offset from a starting point in the spreadsheet.

OR(logical_list). Returns True if at least one of a series of logical arguments
is true.

PI(). Returns the value of the constant pi.
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PRODUCT (number_list). Multiplies a list of numbers and returns the
resu