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Abstract

To protect birds and maintain the stability of forest ecosystems, and considering the significance of
sound recognition technology in bird protection systems, this paper aims to apply a deep learning
model to recognize bird sounds, logging sounds, gunshots, and chainsaw sounds. First, the collected
sounds are preprocessed for sound source localization using the microphone array method. Second,
for sound recognition, extracting features with Mel-Frequency Cepstral Coefficients (MFCC) is a cru-
cial step. The model test results show that the recognition rate of bird sounds is 90.2%, and the
recognition rate of chainsaw sounds and gunshots is 96.6%.
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Figure 1. Flowchart of MFCC feature extraction
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Figure 2. Hamming window amplitude response diagram
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Figure 3. Structure schematic of near-field model (spherical wave) based on three-microphone array
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Figure 4. Schematic of the far-field model (plane wave) structure based on a three-microphone array
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Figure 5. Near-field sound source localization model based on 3D array (taking mo as origin)
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Table 1. Relationship table of concepts and characters in near-field sound source localization model with 3D array

F* 1. BTZHRIRIE R REMNRAS S FHNEXHRE

5 WE& FIF
1 2250 AR AL R Miic [0, n]
2 FEURIIAL TH AL AR S
3 FIR s B mi 5 ml AR 2 di
4 2 50 R B iR 5 1 BE ES Ri
5 TR s B R E [ FE B Rs

i EARE = AT M0, MIS, HAZEHA:

(R +d,)" = R* —2m" s+ R? a7
Je It a7

R> —2m]s—2Rsd,—d} =0 (18)
BT di s AT AR, SRbRMEZ M2 Mz, FIEARAS)A N0, FIER:

e=(R’-d})-2ms—2Rd, (19)

BEi OS2 HFMERRZEREL MG ZIRERME7], R B Y Al A JRARE s (x, y,
z), A REARIRZE I MR, R

n 2
arg minZ“[(Rl.2 —diz)—2miTs—2dei] (20)
i=1
B A R19)5 R 2
£=2RD+2Ms—& 1)
_ml | _x] Yoz | d, Rl2 _d12
m, Xy V2 4 ‘;12 R} ~d;
M=\m|=\x yy z|D=|q [6=|R-q} (22)
_mn_ _xn yn Zn_ (2 R2 —(22
A(22) AT ML A -
e=Au->b (23)

Hrh, a=[m ﬁ}ﬂ{;}b=%5°
AR TR T UZT N
f=(474)" Ab (24)

NRQHBONTREIR, R 25 RT3
1) 5E HEH] D BIBGEHERE A :

DOI: 10.12677/csa.2025.159229 121 TFEARY 5N H


https://doi.org/10.12677/csa.2025.159229

Bfit 55

DD’
=2 25
P, D (25)
2) ¥ D B A B H PR A
Py =1-P,=1-22 (s fisn) (26)
D'D
3) MRABRBCH R, BT LS R
A=Pp[MO0] 27)
4) ¥ AKXQT)HANQ3) TR
&= P,Ms—b (28)
5) AN28) B/ e B Ay e 4 i 4
AT S RN
s=(M"P,M) M'Bb (29)

6. L5RIE

AICTE I3 M IR B0 2R B D SIS 5 IEAT AL B, SEBLRT RIS 5 R USRAE, KB B (S,
AR AR, AT R EEPR L AR, R U R R A . R A IR T K
B, WECE B BUR LIS EARE R, S/ EPN R F IR MR . A, RSO EEE SRR T
PR 2R, IR SE R S FE R 90.2%, HLARAIAG S IR 96.6%, oS 75 IF R %
FBUAIR. 725 AT T T 0 R 2 P 2 2R BEAT R B, It — Btk

EEWH
LT RHER R A B AN I 2R TR H (X202510146100).
SE ik

SRR FET ZHHAERL A 2 2 R 7 R 5T [D): [ 22018 30, V% 5% P RHE K3, 2022,

XIS, BT, o, S B FEE L 2R R R —— DL R 28 R A R OB, R AES RS
SRR, 2024, 4(3): 39-48.

[3] MRZR, BEEME. T Mg RAURRNE R SCR R EANLVR E NS R[] BEEER S T, 2021, 21(11):

—_— —
N =
—_

4486-4491.

[4] RE, ZEWR. BT = HUHIER BE 2% 5 1 B 738 (5 N 2% BTGB 5 A O vk (0], BH BB 52677 71, 2025, 46(1):
104-106, 110.

[51 %%, EEE, . 2T 8 SR EER TDOA EMFEIR[I]. Z M SCHE 2B 224 (H AREBL2ERR), 2025,
39(4): 48-55.

[6] PBRberE, PhR, skiE, . FET ARS8 25 0122 00 KOE AL A B AL []. THEALRL AR 7K, 2020, 37(5): 1437-1439,
1444,

[7] SZERED, SRRA, BB F. T TDOA WA E MBI 7 SR AHI]. &Rt EHLS R, 2024, 14(12): 163-169.

DOI: 10.12677/csa.2025.159229 122 TFEARY 5N H


https://doi.org/10.12677/csa.2025.159229

	基于深度学习模型的鸟类保护研究
	摘  要
	关键词
	Research on Bird Conservation Based on Deep Learning Models
	Abstract
	Keywords
	1. 引言
	2. 数据收集
	3. 特征提取
	4. 声音识别
	5. 声源定位
	5.1. 基于广义互相关(GCC)计算时延
	5.2. 麦克风阵列选型与布局
	5.2.1. 近场模型
	5.2.2. 远场模型

	5.3. 三维空间阵列的声源定位系统实现

	6. 结束语
	基金项目
	参考文献

