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Lightweight Convolutional Neural Network-based Method for
Abnormal Vocalization Recognition in Cage-housed Chickens

Tang Yurong'®>  Xie Binbin®® Fan Jiajun®’ Yuan Chao®® Li Shangmin® Tong Haibing® Shen Mingxia’"’
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. Key Laboratory of Livestock Equipment, Ministry of Agriculture and Rural Affairs, Nanjing 210031, China
3. College of Artificial Intelligence, Nanjing Agricultural University, Nanjing 210031, China
4. Jiangsu Institute of Pouliry Science, Yangzhou 225125, China)

Abstract; Aiming to address the limited stability of abnormal vocalization recognition in caged layer
houses under complex acoustic conditions, where strong background noise, scarce abnormal samples, and
class imbalance pose major challenges, a lightweight convolutional neural network (CNN) for three-class
chicken sound classification was proposed. A dataset of 691 audio clips, including calls, sneeze-like
sounds, and other sounds, was constructed from recordings collected in commercial hen houses and
divided into training, validation, and test sets. Each clip was converted into a 128 x 130 log — Mel
spectrogram as model input. A lightweight SimpleCNN was developed and compared with Inception V3
and ResNet —50. Results showed that SimpleCNN achieved an overall test accuracy of 0.95, with F1-
scores of 0.95, 0.91, and 0.98 for calls, sneeze-like sounds, and other sounds, respectively,
demonstrating strong recognition performance for both the minority abnormal class and the noise class. In
contrast, Inception V3 and ResNet —50 achieved overall accuracies of 0. 56 and 0. 32, respectively, and
showed clear class bias, with ResNet —50 exhibiting class collapse. Confusion matrix and interpretability
analyses further indicated that SimpleCNN more effectively focused on key time-frequency regions of target
vocal events and reduced confusion between sneeze-like sounds and other sounds. These findings

suggested that lightweight CNNs offered robust discrimination and practical deployment potential under
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small-sample, high-noise conditions, providing technical support for abnormal sound monitoring and non-

contact health warning in layer houses.

Key words: cage-house chicken; poultry vocalization recognition; log — Mel spectrogram; lightweight
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Fig. 10 Grad — CAM visualization results of different models on Mel spectrogram



32 gk Bl M % 2026 4
250 F -
200 ‘
60+ (1
i
150 |- ‘ | ’ |
= m 40+ | 3‘1“ ‘
= 100 \{H ,E[H‘
- ('S §
501 2 "
‘ 0/ f i
Of | I 1 1 1 1 0, L I ! I L
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
SR e /M
(a) M7 A3 (b) WA AT
- 3849.4
- 4000 -
3500 MR
200 0001 2975.2
i 2533.7
150 |- o 2500 51417 22249 2247.7
% 52000 F
100 & 1500
50 1000 -
‘ 500
Of | I 1 1

L I
0 1000 2000 3000 4000 5000
F5i%/Hz
(c) PIFP S ARG L

0
FRBNSE  RABE
=
() PR LR

1L 7R S I S A ST X L R G A R A

Fig. 11  Spectral comparison of voice and sneeze sounds and statistics of key frequency indicators

ALUL YRR 7R 2 ~ 3 kHz [X[A) 5 80 0 BE R
£ IV WA X 28 H ) 2 DG 25 4, 3 B U 3 o A L
ARoRmE D SERENE AR RN &
7 T L A PR B REAE . AH L Z R, (W R
1) 1% R £ E T 9 (14 A0 Al 0[BT, T B AR 2
A Jry BB WA AR, T) Ao A0 B AT A A — e R ) 7, R A
FEPL Y EE IR ) FE A R SRR . iR 2E R H W
P51 72 HE AL A — 2. My 0 I A AR B R iR Bl i
T M A S A R b A A
TGRS TEA I, DR O A 3 fi A 0 A O B
Hk, Bhg st g B/ (K e) #F— 2 8Hmnm T
MmN S 2R Pk
RS TE TR B AR B e S, U IO
B AT RE SR SNNR A 1Y) JE R YR 5 T T = AL, W 2k
B 2 B BB A A A B R S 2 U6 B aR R AE , DXL Ut AT
TERX IR TN EEMNIRAE R, X —HR2dwn
TE— o PR BE b i B TR VA O B v /D o P g e
e, RIS A3 g A A S A e R sl R R
e A A I, HG ) R 1 TR AT e 2 0T 2K A i A 4
(R NTTR: )1 IR v = N U B2 B 71 D95
KM RS RS (K 11d) y bk 22 4 ik 1
ISP, PR A5 SR R B, mE SR e R R R
3849.4 Hz, 5 T M 75 19 2 975. 2 Hz, 5 W] o 5 7=
A R AR A A3 5 PR i B T B R R (R
M W JS e 0 T L T AR i O A Al 1 R A
MR M7 A 3 S 00 % w8 T g i 2 A B O
e I B AR A AR E . RORE Wi

HAT e O T BT A S A AR E T S
RN F I ORI AR E , X B X 7y
PRI B R AL T B B A Y P A
3.5 HERTRFESFFABBESH

R M 2 78 1) T 9 S X 4 PR T 8 AROREJRE A 7 R
B BAT S A SCR H X B 2K 0 1 18] (log —
Mel spectrogram ) {2 45 BB 25 0 45 (1) i A, T R 1
el FH IS UG W 8l 1% 48 MFCC R fiE, H E 2N
12T, log — Mel BLAT " H4EWS IRZ5 44 , REWS B 5¢ B i IR
B Jr B 1Y 5 I ) A2 A A5 B fE T CNN LIRS it
¢ 2 14 77 A ORI RR AR, 4 e 7 R A 3 I/ A
PRA5 A, LA B W I 2 B 58 1 A I 2 98 RE B 0 A .
MEZ T ,MFCC BAEfE—ERE FRIEEEER,
B HCARR 4 s 4 38 R PT BE 11) 583 6 N S 5 S A2 i X Bz )
Jay AR B 25 S

HEGAIE log — Mel A b iy ARFIE A & B VE, A< SC
TE A TR K3 Xl 7 | ) 45 25 K A0 25 S T, 4 log —
Mel \MFCC 1 J5 # % JE i A i 47 1 XF 10k 56
(F£3) . 4FRKW, log — Mel FEHEM R 7 F1 735,
TR ] ARG bR b IR R 0 4 R JC AR ¢
K7 DB W S RORS B0 R R R
oy B B e, DU B AT R S Ak I 1B A S R
WP 7 £ Jaa 750 I A S0 PR A RE R AR AR . A 2
T MFCC 52 BR TR 4k 5 45 , % 4i0kL 2 35 F 22 5 19 £
BN 2 5 LA IR i R AT B B 55, R W AR/ RE
A% SRR SR i 2 it P 3 AR I R AR P
RRAE 7 2] E T3 BER B vy , Mk LS o R AR



%15

FEHIE S Rk T A e Al A BB 28 000 2% 1) B SR NG S R AR U O 12 33

£3 TRBNFERTHREEE

Tab.3 Comparison of different input representations
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