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WHERT =) ZZHOR (1) DFIREEATHEL £ 5. (1) EFHIH

w= "= Hﬁz{sﬁ (IR = —k EHWCEHEET L
N-1 N— N—-1
2 T
fi = — C. in— —
k Z Cn exp ( nk) Z Cn exp (m T Nk>
n=0 =0 n=0
N-1

nexp(inwty) (0<k<N-1)

3
Il
o

LY Y. T THEBE nw O (H3R) RIRE) & & 3B

en(t) = exp(inwt)

ZEATNIE,

f = E,,e,,(tk) (k:O,l,...,N— 1) (3)

bl ANDR S5
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ZIZTAHUD t & t 12 LB
N—-1 N—
Z Enen(t) = Z p(inwt)
n=0

dﬁ@@§7~UIMﬁ®ﬁ%bfwi?#,ﬁ@naﬁmjéﬁﬁ@
<, EBUERBEBOER 7 — ) TRAOEIEIL TWERA. £ZT

exp(i(n = Mhote) = exp (i~ W L) = exp (50— k)

= exp <2Nlnk> exp(—2mik) = exp (2I7\;Ink)

= exp </n2_’_l-(l-k> = exp(inwty)
0 enn(ty) =en(ty) (k=0,1,...,N—1) BEL T2 LITHEL
9.
2DODB e, n(t) & en(t) IFHERD ETH, A tp (2B SHIF—
B0, AT XM TE R LDV SDITTY.
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FEAR N=4DEE, et) () & es(t) (B 1AL
b = %k (k=0,1,2,3) KBTS 72, BALT 3 2K
TEERA. FORE e(t) & e s(t) L FOBALEELLDTT
(DS, D).

FHR e (t) LHERR e_3(t) BEARNTR Do TWVET. TOLILBLE
ITA VTV (aliasing) EFFNET.
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L 2.2 (FEAR(LEH)

F(t) 28 T OREMBEHRY LT w = 2% LEE, ¢ & F(t) DEET —

Vrfpfie 95, 72 N ZEAME UTKRA [0, T] 2 NEFEDL

k
tk:NT LT, (Eo,..

EHr 35, ZOorEb L
N
HZE = CnZO
VAT
N -
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N AVAC R
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AL RTICAE (A) & #kd (B) DEKAEEZE L £ 5. M%Afib$
N

IWVWERKDEE, bbb N BMEHRORIE M= 5 1L, N EHDOL &
wm=""0 sy, i (A) () OBET - i
M . M . .
— Z Cnelnwt — CO+Z(Cnelnwt _|_C—ne—mwt)
n=—M n=1

YEIND I EEERUET. NI F(t) 10a N2 MR 0 JE R

nw M
Nw 7N

nw<l\/lw<7:?:7rFs
%%k?:t,Tﬁb%ﬂﬂuéihé%ﬁ@@%&ﬁﬁ%&&b¢
IWVWILZEHRUET (F = uﬁyfuyﬁ%ﬁﬁy
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c0:60, Clzfl, ey CM:EM

ERERTHDT, IKE (A) EEDET f(t) DTRTOEEZT — ) TR
cn WE(t) DY VTV VT T =2 (f(to), f(tr), ..., F(ty_1)) DO BERK

T ) IEMIZ X > TEMICRED 3. foT F(t) HEIER7—
THRE

Kiof%éﬂ@m?%éyaﬁﬂbi?

EAEEhde, BALEHE, e () YT 2R
ﬁ@%ﬂk@%&ﬁ@%%%%éi&ﬁ%“,:@ﬁyfuyﬁtio
THERIZE bW, DD f(t) 2 TV VI T—=R7EZID055%

WZELTEAZ L 2EHRLTVWET.
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- : 2 kT 2mi .
% I H AR - nwtx S i,
BRI EE DL : e™% = exp </n =N ) exp <N nk> ThHadh

n<0D&EFISITexp 2N7”nk> = exp (2,7\;( + N)k > WCHERT 5.
f(t) DEFE 77—V TRFADAIZ t =t ZRALT

f(te) = Z cpemt = Z Cn exp <nk>
27 27
= Z Ch exp (;\;Ink) + Z C_pexp (,7\7(—n)k)
n=0 n=1
M 2mi M 2mi
= Zc,, exp W”k + Z C_pexp W(N — n)k
N-1 o
= Zc,, exp (nk) + Z Cn_N €Xp <nk>

n=0 n=N—M

#1585, TZZTHREDITTCIEHZFDOLEDITFO N—nZ2Ho/-8OTn & LT,
S KB Bl HEARHT (2023 (TR ) W12l 1246 H)  10/38




N—-1 N+1

N EED L =13, M:T' N_M:T:I\/I—i—l THhh,
M o = 2mi
fr ="1(tx) = nz_(:)cn exp <Nnk> + %:H Cn—N €Xp (N”k)

£7%%. ZORIE (co, 15, My oMy Co(m—1)s - - -, C-1) DIEEEHT — Y
TEWH (fo, A1y, fy_1) f%é:t%%ﬁﬂﬂabﬂ\é. - T,
(co,€ty--s My My Co(M-1)s - -» C-1) 1 (fo, fi, - oo, 1) DEEER 7 —
IEWTHD. —S, (&, 8,...,Ev_1) (& (fo,f,..., n_1) DEEERT =V
IEWTH o105,

(C07C17 .. '5CM7C—M7C—(M—1)7 e ')C—l) = (605 Ela sy eN—l)

WAL 5. T okiamEas.
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5, N AEERD & X1 M:g—l,N—M:2(M+1)—M:M+2

&0,

M 2mi oy ori
fx = f(tx) = Z Cn exp <Wnk> + Z Cn_N EXP (Wnk)
n=0

n=M+2

Lo, bEFRROFEmIZED,

(coscts---5em,0,¢-pm, ..., c1) = (o, C1,y -+ -, En—1)

WAL B ehbrd, GEHKDD)
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BliT>0w= 0 eB<. EM0T] 2450 6=

(k=0,1,2,3) L UCHHI T OB F(t) =sindwt 2> TV LT
BT — ) TEHE KD D & (i — %” WIERD) sinwt D ¥ ¥ 2 RIREC
i

(f07 fl, f27 fé) — (07 1707 71)7 (607 517 627 53) - (07 *5707 é)
—7 f(t) DERT — ) THBURHIE (XZ4 F 7 D] 1.8)

3. .
f(t) = sindwt = (—i) (et — e_“"t)3

2
— _g’e/wt + ée3/wt + gle_Mt o ée—Slwt
DT, f(t) DEERT =) (R ¢, 1
3 .
c =0, clz—gl, =0, C3=é, cn=0 (n#=£1,4£3)

2:733@, C17551, C37553 éﬁtﬁbij— £oT 1)%%3% N:4%§Il\b7l':“}j_
YTV ITTRD E OB f(t) 2EICTEEEA. TIEN 20W<DHE
ceiuE, YTV VIR f(t) #EILTEBTLESH? Wb D)
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BRIz &Y, THRIES f(t) 2EAMET BRI, (1) IKEEN5EE
s % B EDHA B 55 UdRELTHBIE (B —sS27 4L
A—IFENSBELRMBECTEHTEZEY), YTV Lo TiHDOT S
O JEF5DART MIVHREMIZRETE, > TIHDEFE%ER2ITET
TEBZZLRDMD E L.

FBO MG TR, £ FEEES (1) & % DAL 0D B A %
9% & 5 7[EE (Low Path Filter) 2@ L TH S AL (B L Ml Z AR
BOW TS 5 BFL L IFEN B 8IE) 217\, WILZDF—& (R
NV) ZEE T — ) AWMU T, (&,8,...,6v-1) ZRDET. ZD5H
0<n< g DD n 2T 5 & 15, L OBEHIES F(t) DEET —
) TR, & B E T
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Lo T,
|60|7 |El|a -"a|6%_1| (i?”:ﬁ: |E%|)

M F(t) DARZ MLERUET. (|&] 1 F(t) ICEEND AP nw
DHEHREORIEEZ XL £7. )

2 ZIX, f(t) BEBE 441Hz OEFESEZRLTWS L LEL £ 5.
YT Y SRR F, — 44100Hz 352, 1M T = H11 % 100
FUT e T UT f(ty) DIEZFSRT 5 Z £I1285DT, N=100 &
RO ET. ST, B U F(t) DS 22050Hz B EDFEPEL S % & ATV
RIINIE, w=2r-441 2 1L T

49 20 4
f(t) = & + 2Re {Z E,,ei”Wt} =&+ Z & et | Zaefinwt
n=1 n—1 ]

DY F(t) DERY =) THEBUZ X BRRICHRD £
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2.3 MATLAB 2 & % &% i f##r
1. B o — ") TEHROE

15 R—=Y Ol (sindwt) DEHE%EZ MATLAB Tir>TAE L &k 5. fliHo
Hw=12F2LHMIET=2r 2507T, KHI[0,27] Z8%5HL
TH TV T UTAEL & .

¥9, "7 k=0,1,2,...,7 X7 Ml (0,1,...,7) £ LT
k=0:1:7;
iy e 2 ™ .

x = (pi/4)*k;

TREHETEET.
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f(x) =sindx OB TV 7%
f = sin(x)."3;

TREDET. £IT0VAELTE LALTIEE (f fi, ..., F) BFERE
nET.

Z O 7 — ) T2

c = (1/8)*fft(£f)

THATEE . ffit I3l Y — ) T2 % &HEIZFHE T 5 (Fast
Fourier Transform) BT, 7=7ZUIREDEFELE ST N TH LHID
HZELUET. £ZT1/8 #HITE L.
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2. BB DG & HE<

f(t) 2 ¢ (FPHAL) DR L T5 L %, f(t) DEZTENTAEL £ 5.
CD R EDTYRINERETIE, 1% 44100555 L7z t DEIZXTT S
f(t) DIEZES ETHRT MLVEED £3. 44100 L WS BT (7Y
VTR E WD) IFFHEIZHTL 20T, TNERIIZ Fs £\ D £l
TEHLTBEXT. 2L AP 1PHME2BS 20, KM [0,1] %
Fs ¥ LTTERRI M MLELELET.

Fs = 44100;
t = linspace(0,1,Fs+1);
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440Hz O B4RE) y = sin(27 - 440t) 1%

y = sin(2*pi*440%t) ;

TERTESEY. ZOFZMEITIIRDESIZLET.
soundsc(y,Fs);
HLUIZTARNL I ABAND TS —RERINEGEEIE,

restoredefaultpath; matlabrc

savepath

ZIIGZEIC) R =V F—TEIFTLTLEIN,
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RSV OMEZIE I, 72X AEBBAE g LT HL

ceg = sin(2*pi*264*t)+sin(2*pi*330*t)+sin(2*pi*396%t) ;

soundsc(ceg,Fs);
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3. FOEE EIWIE - AR MILVDER

FIERTOMEME L ET. VATLRERTE - YV R 5 AhE LT,
XA TPEHNTWE Z 2R L, BEZFHBLTIZI V. kI,

Fs = 44100;

r = audiorecorder(Fs,16,1);

EUET. RO TYH V7)) VTR EREL 9. 217HO@MRIE,
INPSERET DT — R r LW A EMNITTRIFET 2 Z L 2 &KL
E9. (Fs,16 XYV 7V VKR E T — 2Dy MIDIEE, 113F v
YAIVEL ) BLED 2 DO RN 1ERZ T AT I+ T
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EEIZERSZ 270121, 22
record(r,?2);

EUFET. 2 138G (A 2BELTCVWET. ARt Tl
X 3REBEHIIEZTLEZIW. ThEx AN LT Z—rvF—%ffd L,
Z O S ZOBEIF 2 BHEOZTNEGTEINT, r &\ 3 ZHBUTHKEN
INFET. BETENED2HENDDITIE

play(r);

EUTHALET. r OF—XIFEHR EDRRITIFMEZ VDT, I’
DEIIZLUTEEDOT —RIIEBETLIHENDH D £3. double IIMEHEE
INGERLUET.

= getaudiodata(r,’double’);
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INTEHRE LT —XB vl VWO HRTONRT MUK S N E U=,
(vi ORI ERAFHZ AT TV, AE»85 T 2581, &
DMHFT v OPDDIZv2, v3 RELETNENLDEDEHT — X &2k
ZET. )vi OREX (KO & Fs LHGEHM (B) 0TI,

size(vl) X7zl length(vl)

EUTHERT I LHTEXT. 48 MATLAB TIERZ ML R{75I0D
mTE (0 TR 1 2SHBELDT, 22 21E, vi OBRIDOKES (K
FHR0)ERDICIEvi() ELET.
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ITC, viDITITT7ERRIBTETHRIL & D.
plot(vl);
vi ¥ 2 x F, = 88200 (D EEMN SR LT MLTT S, EROKE

BERAIZIEZORZ MO 12200 HTHELRHDET. ZDTF
7 ORI ERZROFRS (155 88200 £T) XL TWET (FALEX).
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WD AR BELTWBEZARRDITT, AULTDHALTVE
F9. 2 xiE, £9 70001 ZEDS 71000 BH ETEZFERIEBI1TIT,

plot (v1(70001:71000)) ;

EUET (EAM). ZoMOE X 70001 HHZ #7212 1 FHE L&
MRTHBEZLITERLTLEI V. 5T

plot (v1(70001:70200)); grid on;

LT, 70001 HEH2 S 70200 HFHE CTZHO L TAE L & 5. grid
on THEEMERENET (FAEM). BEICH &5 E 1AM REIY L
£ 9 (FHR).
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plot(v1(70001:70100)); grid on;

1
0.9 0.3
0.9 o5
0.4
0.2] 0.2
0 o
-0.4 -0.2
-0.4 0.4
o. o
o 0 20 40 60 80 100 120 140 160 180 200 - 0 10 20 30 40 50 60 70 80 90 100

ZO1EAMAOT—RIZHAR (ZZTHf L LET) 2T THEE
L&D

f = v1(70001:70100);
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ZOBE £ IERES (WRIT) N 23100 DRZ MLIZ/e b £3. KBEOEH
Tl N IFFEBUZIS U TR ARV ET. ZORT ML
f=(f,f,. . ..,v_1) BD1IEBSOEOY VT v 7 F—&TF. /272U

MATLAB TIZRFEN 1 2SR FZDT

h=1£(1), A=1£(2), ..., fyv_1=1=£(N)

LIRB I EITIERE LTIV, JEBIE F /N (ZOHITIE 441Hz) &
AU
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UTFTRHT A28, ZOHOEBETIEN = 100; 2 LTHExT. A
RO WNVDTZ T THREN 1 TERLS 0SB ELEDITTEEHIZ,

k =0:1:(N-1);

ELTODS N—-1FTZEBEDETERI MLk ZEHELET. IRIZ

c = fft(f);

EUT £ Ok 7 —Y) =4 c 23R L ET. ZETD
(&,81,...,En_1) Y720 £, 7272L MALTAB @ fft & N TH|» %
TA. ULPULINEART PVORIZIZZEL WD T (EIZIZHZEL
92, [zLzznwZeizLEL &>,
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IRIZ
stem(k,abs(c));

& UT c OMEDES] (AT NV) (|6l &, .-, |eno1]) ZHESZ
7THRRLUET (FEX).

BALEEIZ LD, MKT —) TEROES, TAaDL [(N-1)/2 &
HETH, EROFHOBEET —) THEBELLTVE I L2V LE
L. =ERIZ1IER (&) 75 31 FH (|G0]) ETERREES I

stem(k(1:31),abs(c(1:31)));

Y UET (FHR).
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4, T— R DLRLIE L O U
T—ROMRAFEETHITIE, RETE 771V ERET A4 % RE
LEY. 2ezid

save(’voice.mat’,’v1’,’f’,’c’);

EIBE, T—& vl f,cHhELFEFHT, 'voicemat' E\WDKREIDT 7
AIWRIFEEINET. T2 T voice IFFERNFINIEEHMZI TRWT
T, HLRT cmat DT I DD IZLTLZI V. MATLAB TIERK
L7774V, EE7 AV ZDHO MATLAB &\ 5 7 4 )L Z Dz
RfEEhET.

BTIDT 74O —RT5I121E, MATLABD 74L& 4 v KD
(EDORE) DOHMKD 7 7 A NVEEATRX TNV 7T 50, £2id Lk
LD HHL ] BT T7 74 VEESET. 770 )VEO—RTHL
HDT =7 AR=2ZZIFTH I NERO 4T v, £, ¢ DRRSI N, Dk
INSDEREMHEAT LI ENTEET.
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5. fii A Tu sS55I

B 7 — V) T2 S AL Z W T O EFE S 2 AR —) =
g MEE] §26 707 L% ERLEL &S,

(1) A=a—nN—0 THH 27905 B EATIZ Vv 295L, Jl
D7 (Editor) BB DT, ZZ IO THT T LEASLET.
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function y = fourier(c,omega,k)

Fs = 44100;

t = linspace(0,1,Fs+1);

y = zeros(1,Fs+1);

for k=1:1:K

y = y + c(k+1)*exp(k*i*omega*t) ;
end

y = c(1) + 2xreal(y);

end

T FEBREA V-1 2RUET. ¢ IZKM[0,1] 2 FEHLTT
TR (BB EDTF+ 1) »5ubX7 MLEaRLUET.
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(2) 7RI TLDANNTT Lizo, A=a—nN—0D [{{fFE] 6 TR
7] Z2EATZ VY2 UET, AREEHESNC BEHEHAm (20551
fourierm) 722X TTITH, I TRIFTNEFETANZZIFBEL
£9. (BIRET .m 2Ehnk5i).

(3) BiEL 7 —V &M ¢ VT 21X 49HHETOAR 7 —V ik
BEED, vy LW EBITRET 2121, & UEDEBEAD 441Hz 722 5
¥, Command Window T

y = fourier(c,2*pix*441,49);
EANLET. 207 =) THHOFH 2T

soundsc(y,Fs);

LLUXTY.
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BA%K fourier(c,omega,K) 1%, ¢ 23 (co,c1y...,cn1) EWVINRT ML &R
T E, MEAKEHED w=omega DEFET -V THHDOHE KHEHETD
Ml (772U K < N/2)

K K K
fK(t) = o+ Z Cneinwt + Zc—ne—inwt =+ 2Re (Z Cneinwt>
n=1 n=1 n=1

EHELUET. ¢ & UTIHER Y — ) =& fft OFFEERZ2HVET.

FEALERIZE>T, 0<n< N/2 D& EEEET —) T2 &, 136%5

TV I c, L—HTE206TT. FHZ K=[(N-1)/2] £ ThiZ,

fi(t) 1, 1AM OT—% £ 2FHIANICHERL C 1 REICMIX L2 &%
KUTWVET. omega ZZZANIE, HLLARIEPHOZFIZT LI L

HTEET.
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