202644 f &k LAk 2= i o557 % 4 8

doi:10.6041/j. issn. 1000-1298.2026. 08. 026

ETERENTHMEE BEN AR R FRIRAREE

S 1,2 1 v 1,2 s o2 1,2 = 1,2

FreK A BAR AL x| F| A K= THE
(1. NZE Dol K2F s 2B, WEADIEG 4% 010080 ;

2. NET AR X B BRI R 53 & TRV O, MEAEEHE 010080)

T XA HPUAE 55 AR R AR~ ) SR 28 05 W F 4% ORI T 3™ 5 R e A 0L FEE A Ak DX TR X Y
(AL, 42— i 3 T 2 J0 R S S EhS 5 H IS R AR K PR B 25 A 19 8 T SRR O 5 o SR T StarNet B2 4 XF R AIE £
B 246 AT BT UL, A — R S 22 R UCRRAIE ) R 28 IR 245, JTT T 4R R OGS O AL £ S 9 TR A A A 22 S Y
SR 5 4R Hh — 0 2 0 3 R Rl A D, o IR 4 R A 0 A 7 2 , T S )RR AU T AT IS 4, AR R B R AR A B R
B, T JTC G B TUAR Y 4 AE DU B8 400 160 R 2 Bk s LT —F 3h 35 B 3 B 2k SR, 1% ArcFace Loss (YA BE 3 R EAT B 36 B
TR T 3 B A X e B E R A A IX 00 BE 0, ELBE NS 11 3 8 3t~ A AN () 2 ) 22 ) )RR AE 20 A1, 3 4R T AR
TIVERE o 18 B A EOE 42 AL TT B9 300 Sk 248 HUBOHR B2 b HE AT 58006 B0 TIE , i 4 3 T 35 %) 88. 42% 1 86.67% , KW T
SR A R AL . RS R B i A SO & L T MERE I, IS AT B IR B 15 /s A H A S s AR SUsE
ETE AR IR 5 EA A IR B ROR

R AR FRAEELS ;B3 A E R

FhE 4SS TP391.4 XERARIRAD : A XE4HS: 1000-1298 (2026 )08-0268-10

Cow Face Recognition Algorithm Based on Element-by-element
Dynamic Fusion and Adaptive Loss Function
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Abstract. Aiming at the problems of poor sensitivity of feature learning, serious interference of complex
redundant information in pasture background and difficulty in distinguishing high similarity individuals in
cattle recognition task, a cattle face recognition method based on element-by-element dynamic fusion and
adaptive loss function was proposed. Firstly, the StarNet architecture was used to redesign the feature
extraction network, and an efficient network integrating multi-level features was constructed to extract key
visual information and enhance the sensitivity of the model to subtle differences. Secondly, an element-
by-element feature fusion module was proposed to screen low-dimensional features and perform weighted
fusion on different feature maps to ensure that important features are retained, while irrelevant or
redundant features were suppressed and removed. Finally, a dynamic adaptive ArcFace Loss was
designed to adaptively adjust the angle boundary of ArcFace Loss, so as to enhance the model ’s ability to
distinguish high similarity samples, and adaptively balance the feature distribution between different
categories, which significantly improved the overall recognition performance. The algorithm was verified
on the self-built data set and the public data set of 300 cattle. The experimental accuracy reached
88.42% and 86.67% , respectively, indicating the effectiveness and superiority of the algorithm. The
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running speed reached 15 {/s, and it was applied to complex environment testing. Both of them achieved

high accuracy, which proved that the algorithm had high stability and robustness. Compared with other

algorithms, the proposed algorithm had better recognition effect on cattle face recognition.

Key words: cattle face recognition; feature fusion; dynamic adaptation
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Tab.3 Test results of different algorithms

ok - B HOE 4 AT 300 k4 FUEE 4R
BARIN A A /MB MER 2/ % iR/ (£s7")  BERINLE S R/MB HER /% iR/ (fs7)
FaceNet!?*] 2.279 x 107 87. 40 85.51 23.56 86. 38 84.39 23.38
MobileFaceNet!>) 1,003 x 10° 4.80 78. 63 38.25 4.61 75.21 38. 17
ArcFace!!”] 1.658 x 107 67. 40 83.72 31.28 66. 80 80. 98 31.09
SK_ResNet! 2% 4.359 x 107 22.56 84.22 24. 86 21.68 81.54 24. 65
VanillaFaceNet'?”)  1.051 x10° 101. 70 88.21 24.72 93.20 85.32 24.32
PocketNetS 2 9. 600 x 10° 4.11 80. 74 37.61 3.83 75.53 36.05
A SCE 9.467 x10° 90. 30 88. 42 34.74 37.63 86. 67 34.19

1 3 AT AL, AR AR HURG B T S s T A
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PORS BT I, % U R S SRR AL A B S A S N i
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MobileFaceNet #7 Py £7 i ] & F1 2 805 A X /DN,
HJE HER R AR XS AR . M R B A4 1 Arcface 5
Y AR SO L R A R IE X 28 et AL i [R) B, 4 A SR
(93 ) B BE, SK _ ResNet B F fif i £ 4~ SK _
Bottleneck SRl & 2 4~ BAIE B, 2480 DL AL N
AE 7 PR T AR SCHRE R (R TR o 1 2R R
JERAR T A CH 3L, VanillaFaceNet 2 £ i 1 5% Al
P o FH S A X 8 v, H M R I T AR BT
PocketNetS E >y 45 5 fb A 7Y H R JFL X6 99 28 G 17 ¢
A= HPRUI v TG v 4 BOK & G R0 AE 3 o 1 R 8
o &5 b A SO AR R HE B 5 1 2R I A

B2 3 A, SR T B RO 4 L O T A T B

EVUNROCR R HER A . A 2 5o 5 8o = F
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28 THECHE 56 40 23 0 B Sk RS A7 e 3 IBURFIE A
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2.6.2  FETRRAE U 250 b I

TEBCTFIE££ StarNet G5 F9 I, F5 E 255 7% IBAL
55 e R B BEUR LA R ALRRAE SR AR 0T o R Y
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Tab.4 Test results of backbone feature extraction network structure
A8 RSN W E i I s HE 2/ % UL/ %
S0 16 [1,1,3,1] 1.552 x 10° 5.179 x 10" 78. 40 77.82
S1 24 (2,2,8,3] 4.257 x10° 2.241 x 10" 79.28 78.25
S2 32 [1,2,6,2] 5.521 x10° 2.932 x 10" 79.75 79.01
S3 32 [2,2,8,4] 7.596 x 10° 4.111 x 10" 81.40 79. 86
S4 32 [3,3,12,5] 8.743 x 10° 5.660 x 10" 83. 82 82.28
S5 64 [6,6,14,8] 1.027 x 107 6.590 x 10" 83. 85 82.32
S6 32 [3,3,12,5,5] 1.224 x107 9.350 x 10" 84.02 82. 56
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FPR s B T 2, {E o A A T R — IR
JE Y42 T 2 A B AN 83.82% 1 K 5] 83.85% ,
{H S %0 N 8. 743 x 10° 4% 1. 027 x 107, 4k4:
T D) 45 o A 2 2 T AS BH S, TG 1 Wl A2 R B R g
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Fig. 6  Visualization results of middle layer features

2.6.4 KRB K

Sk UE W i SR FH 00 8l 285 4 % pR B8R 00 B 8 T
LR 28 S 3R sh 25 B 3& W ArcFace Loss 5 HAth 24
T 45 2% oK ECEH & A5 B R AT X B 40 A, ™ ke 4
WS MR R R R S s,
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Tab.5 Test results of different loss functions %

2k BB I R4 e R 3 HE R
= el R 91. 47 83. 32
AM Softmax 92. 11 83.47
ArcFace 93.12 84.26
ERrAETEN 96. 08 85.32

H13¢ 5 A0, i Fl AM Softmax , ArcFace | [ 3% Ji7
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] B P A B L TE R O 75, OF B s B AL Ak R .
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Fig.7  Visualization of cattle face in different networks
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Fig.8 Embedded platform to build physical map
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Fig.9 Cattle recognition results under embedded platform
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Fig. 10  Cattle recognition results under different

interference scenarios
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