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1. BEXRETENESRERERES

o BEFEHEXFHACHRSMEXENRESRRRERS, BEFREITEEHTL MR

1.1. 1HEBIRXEH

BREXHEEEBHRIIESESHREESS.
ETEWNESESHERRRMIER T (BARER) BN, AJLENZEEESH

FHit, AR EESES S EEXRECK TSRS EE.
BERXRETESE:

[ary

N
Rn(k):Zm(n-l—m)w(n—i—m—f—k)
m=0

HeR, (k) RERMEEEREL, HP0 <k < N, NRESHHM,

RBSCHAN T :

1 # EHCESCCH

2 filename = "./tangl.wav"

3 sample_rate, sound_array = scipy.io.wavfile.read(filename)

4 sound_array = sound_array.T[0, :] if sound_array.ndim != 1 else sound_array
5 sound_array = sound_array / np.max(np.abs(sound_array)) # J1—1t

6

7 frame_length = int(sample_rate * 0.01)

8 num_frames = Ten(sound_array) // frame_length

9 autocorrelation = np.zeros((num_frames, frame_length)) # &RWifEAHCAEL

10 autocorrelation_of_candidates = np.zeros((num_frames, frame_length))

11

12 for n in range(num_frames):

13 frame = sound_array[n * frame_length: (n + 1) * frame_length]  # #ZH

14 autocorrelation[n, :] = scipy.signal.correlate(frame, frame,
mode="full"') [frame_length - 1:]

RHERIZEE:
1. SEENES S (AR TG IR
2. IREMIKFD0EL, RDRHEEXRARNCREE;
3. BT ERXIT A,

s - .
1.2, 1 EEVE S B RxAE
15EIB1BXEREL autocorrelation f§, T—LHENZIMBIEBIRANEMNRESBBREERE.

BRESLIRLIRT, BERAEREER AR BEAMEERXRENNTE, BHBRAEIFSE
%, BAMEEEXRMRRERNUETFBEN, BEMRKENFAEFE. BTREMNDPEEFES—M
HEEERRRERE, LABBRAEHESSFEMNEZRIEL.

Fit, FEE—MAIRKERK, BEFSARBTEENMEEERBEHRARESR. BLESHE
RGBS ERERS
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1 le rat
< 80Hz —> min > e rate

min X ——— 80Hz
sample rate

EIEI

1 sample rate
> 400Hz — < ——
max X —e—— ’ e = 400Hz

sample rate

Gt BERBRERISEER

sample rate sample rate
400Hz ’ 80Hz

ATIUDPEZRIGFERERNESEY (AINEEREINMIETEL) | FLUSEEIMISREX
RYEN—BIRE, NMLDPERAREEINEZEBPINNES.

CRBSCEAN T -
1  min_peak_threshold = min(sample_rate // 400, frame_length)
2 max_peak_threshold = min(sample_rate // 80, frame_length)
3
4 autocorrelation_of_candidates = autocorrelation
5 autocorrelation_of_candidates[:, O:min_peak_threshold] =

np.min(autocorrelation) - 5.
6 autocorrelation_of_candidates[:, max_peak_threshold:] =
np.min(autocorrelation) - 5.

R&, tangl.wav ERXRETEERIN TR,
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I, yHNIRER, AHABEXERE. MEAFEITCERNRINEEXREWEN—MRE
AOEE (EeXEATR) .
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2. ISHKIDPEIE

REMBSMRIOPHEX, BZMES costFunction BRBIR. HBHMN, FIBAMRLEE
ERMEER, LB

DPEIERIS BT :
1. MIAHSE LRI REY
CostF (1,i) = Dist (ac(Can; (3))) (i = 1,2,...,L)
Heh:

o CostF (n,i)RrEnmMiE M ESEHRERNRITRMN,

o Dist () IEENE;

o ac ()RTEEXREFT;

o Cany, (1) R ENMAIE N ESEEHRES;

o LFRTNMERIEREL
¥ Dist () HHEIREN

Dist (ac (Can; (1)) = — normalize (ac (Cang (7)) x 2 x 10°

Hrfnormalize () FZRA—, XEATEHARNSETEEEINAEBEXRETEERE
RBsCIan T

1  costF = np.zeros((num_frames, frame_Tlength))
path = np.zeros((num_frames, frame_length))
dist = -(autocorrelation_of_candidates -
np.min(autocorrelation_of_candidates)) /
(np.max(autocorrelation_of_candidates) -
np.min(autocorrelation_of_candidates)) * 2e3

4

5 costF[0, :] = dist[0, :]

RIEERETRNMCREENERIRFICRETE, AERCEBIIMAIRTTEREL.

RSN ER
CostF (n+1,j) = min (CostF (n,i) + CostT (n, i, j)) + CostG (n + 1, j)
Path = argmin (CostF (n,) + CostT (n,4,j)) (i,j = 1,2,...,L)
Hep:

o CostT (n,i, j)RrEEBAMN: BniihBEMBELRVESRSSEN + 1PE M2
ERESICE, FETII—,

o CostG (n+ 1, j)REFN: ST Dist (ac (Cany (4)))HIE.
X—# BB RIS R NN S RAYE

o EIEXREHSTLEA, MESEERIRRTE:

o EYFNTLRTEY), BIESEMNLRATEN.
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XFMEIRERT T I—UIRIE, BIERIE(O, 1) 28, REERETINNERAT A TS
R, XE, BBEEXREIERINERER2 x 10°, BEEESNERER].

(TSI

1  for n in range(num_frames - 1):
2 for j in range(min_peak_threshold, max_peak_threshold):
3 costT = np.abs(sample_rate / np.arange(frame_length)[1:] -

sample_rate / j)
4 costT = (costT - np.min(costT)) / (np.max(costT) -
np.min(costT))
costG = dist[n + 1, j]
6 costF[n + 1, j] = costG + np.min(costF[n, 1:] + costT)
path[n + 1, j] = np.argmin(costF[n, 1:] + costT) + 1

ISR R T 2 TR
3. IRERMIEE

Iy = argmin (CostF (N, j))
J

BPHE RN B/ OGS SR E D TS SRAVEE SR Mo,
RRBCIAN T

1 T1_hat = np.zeros(num_frames, dtype=np.int32)
2 1_hat[num_frames - 1] = np.argmin(costF[num_frames - 1, 1:]) + 1

4. IREmEB

~

I, = Path <n +1, ZM)
FO0[n]| = FO0 (C’ann (in>>

RIS —ERIHEH BN R/NEIRT—I (UM &R/ VB ERIRE ST Path REHIC
x) . ARTEHZMAIET,
HRGERITEEIRAI AT

sample rate

FO(Can, (1)) =
(Cann () = =G0
HABSETNT:
1  for n in range(num_frames - 2, -1, -1):
2 1_hat[n] = path[n + 1, T_hat[n + 1]]
3
4  f0 = sample_rate / 1_hat

BITIALERES, AEHESESREMENNT:
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3. RHIEIRS I

o BITRHI—RELEEERT, WRNERH#ToN, SXMEBANEDRKAEE
(HEALL 1 PREIAY"Wo3 jiaod kel jingd fan1"YERMRKEISR, BHATESRDIT.
BEXEENT:
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i
:')0 %
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d
"ates 400 0 -80

EMBEERRECETTIR tangl NENEZR, EBETLBEANANREZ BB
—— XN, BRXERSERNRE, ENET REEFEERZCARIEE.

ERIDPEIATER, EHENML:
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MENE, IEINESREETERIDPEIRRRAVAET].

Et, %

1 dist = -autocorrelation_of_candidates * 2e3
155

1 dist = -autocorrelation_of_candidates * lel

HFAE, BXEITHEE:
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4. M

TEEIENGERD:

import scipy
import numpy as np
import matplotlib.pyplot as plt

# G WS

filename = "./tangl.wav"

sample_rate, sound_array = scipy.io.wavfile.read(filename)

sound_array = sound_array.T[0, :] if sound_array.ndim != 1 else sound_array
sound_array = sound_array / np.max(np.abs(sound_array)) # J1 ik

frame_length = int(sample_rate * 0.01)

num_frames = len(sound_array) // frame_length

autocorrelation = np.zeros((num_frames, frame_length))
autocorrelation_of_candidates = np.zeros((num_frames, frame_length))

# M E N80-400HZ, NIFZH Y] (RIZER) tH/NAsample_rate/400, FH AN
sample_rate/80
min_peak_threshold

min(sample_rate // 400, frame_Tlength)

max_peak_threshold min(sample_rate // 80, frame_length)

for n in range(num_frames):
frame = sound_array[n * frame_length: (n + 1) * frame_length]
autocorrelation[n, :] = scipy.signal.correlate(frame, frame,
mode="'ful1") [frame_Tength - 1:]
# A% A 0 IR A B RN Bl , (RS RIEAE B FEAEF RN, R —mi A
B EOA 2, DR HORE BRE P T A s A ka0
# I 2NEAAERME N I BAE S RECE A — AR NS, AT A LS AN TE B A 1) 252 ) A
autocorrelation_of_candidates = autocorrelation
autocorrelation_of_candidates[:, O:min_peak_threshold] =
np.min(autocorrelation) - 10.
autocorrelation_of_candidates[:, max_peak_threshold:] =
np.min(autocorrelation) - 10.

X, Y = np.meshgrid(np.arange(frame_length), np.arange(num_frames))

X, Yy, z = x.flatten(), y.flatten(), autocorrelation_of_candidates.flatten()
fig = plt.figure()

ac_3d = fig.add_subplot(111l, projection='3d")

sc = ac_3d.scatter(x, y, z, c=z, cmap="plasma')
ac_3d.set_xTabel('Candidates")

ac_3d.set_ylabel('Frame')

ac_3d.set_zTlabel('AC value')

plt.colorbar(sc)

plt.show()

costF = np.zeros((num_frames, frame_length))
path np.zeros((num_frames, frame_length))
dist = -(autocorrelation_of_candidates -

np.min(autocorrelation_of_candidates)) /
(np.max(autocorrelation_of_candidates) -
np.min(autocorrelation_of_candidates)) * lel
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costF[0, :] = dist[0, :]

for n in range(num_frames - 1):
for j in range(min_peak_threshold, max_peak_threshold):

# fO0 = sample_rate / candidate

costT = np.abs(sample_rate / np.arange(frame_length)[1:] -
sample_rate / j)

costT = (costT - np.min(costT)) / (np.max(costT) - np.min(costT))
# HA—1

costG

dist[n + 1, jl
costF[n + 1, j] = costG + np.min(costF[n, 1:] + costT)
path[n + 1, j] = np.argmin(costF[n, 1:] + costT) + 1

T_hat = np.zeros(num_frames, dtype=np.int32)
1_hat[num_frames - 1] = np.argmin(costF[num_frames - 1, 1:]) + 1

for n in range(num_frames - 2, -1, -1):
1_hat[n] = path[n + 1, T_hat[n + 1]]

f0 = sample_rate / 1_hat

plt.figure(figsize=(15, 6))

plt.subplot(2, 1, 1)

plt.plot(sound_array)

plt.ylabel("signal")

plt.subplot(2, 1, 2)

plt.ylim(0, 500)

x = frame_length * np.arange(num_frames)

y = f0

X_smooth = np.Tinspace(x.min(), x.max(), 300)
Y_Smooth = scipy.interpolate.make_interp_spline(x, y)(X_Smooth)
plt.plot(X_Smooth, Y_Smooth, color="orange")
plt.plot(x, y, "o")

plt.ylabel("Pitch (Hz)")

plt.show()
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