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Fig.1 Sketch map of mastitis detection technology in dairy cow based on visual sensors
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Table 1 Researches on mastitis detection technology in dairy cow based on visual sensors
FAR RERE % IRTS RRAE WA R SCiR
Year Collecting equipment Technical methods Features Research results Literature
2019 FLIR A615 #Z1X e g AL HR 7L U 2 AR5 s R AT HER 2R 87.5%, Babkpl s RERIER 33.3% [44]
2019  ThermaCAM B20 HSV #54% BT EIG A B FLI IR L5 RN 93.75%, HE5S1E 94.96% [45]
2020 FLIR A615 #484% ﬁfﬁlg&\iﬂ MR SR 2= FL5 R IHER 2 83.33% [46]
REES2]
2021 FLIR A615 #1Z1% WL 2] HRL L 22 FLB5 RATIRE 77.3% [47]
2021 MAG62 #UZAX iﬂ;g{i%@ MRFLEZ  IRPRBIALE RANERIR 91.4%, Babkfl s REMERSR 853%  [48]
2022 Fotric-625¢ #AAX ﬁg%‘ﬁﬁ %&Zﬁ@%}; TR R ARG E 76%, BMALKIRAEE 75% [49]
. , G YIS SR
2022 Guide C400M H{% 1% @y;&%%% * ?Lﬁ?vﬁ'n? - [(50]
2022 FLIR A310 #81% IREE 2] Egétgi FL5 RECAER % 87.62% [51]
2023 FLIR A310 #514% RIS *%%1%%%@ FL; FATIAER 2R 88.4% [52]
2015 B o B b a TR A 5 NI SCCAALL, L5 RAMUERZE 99.7% [53]
2017 Logitech5000 USB #H#l. pH k4t  $rv B b A P S5EEE SCCAHLL, FLIE RAT IR R 224 3.67% [54]
2020 KOs B Hor B Ak PR 2k 5wt SCC AL, FL55 RN R A MZILT 8% [55]
1.1 ETFIBEARIIMNEGRTFILE & AN A2 B A AR G5 A7 ] ALK 0 B AR S . H T

2L AN R1% Cinfrared thermography, IRT) 7 A A £
DA R R LL AR, R e 4 iR B s

R 2 ) 8 FUH IRT BOR, PRAS A% & 1 £ 7 B
Jv BBRARHE L PR LA R M L g L R
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BIRESAE: WyEFL5 R E SIH AR Uik 3

2 LR 52 B3 ST AT 28 DAL S R AK DR 2R R, L X 3k
TR A B JRE S NP WA U5 X SR A7 AE JORERT, IR
SRAAARIARAY,,  JENE X I8 R IR 2R IR . R,
2 W U B AR OO & 954 355 R R, IR
WA, ATTEEAT §h 4= 3L 55 28 Bl o

A LTI T IR I B A= T B bR 3 T R DA R AR AL
ARG ML 2 RIGIE L. WATZ 556 K T B v At
RS AR N K FLE 4, SR JE R BAZ A G4 5 40
PRI AN B, A8 A SR KA B BRI 4 4 s
F5 X3, FErE A B A X s ORI B . T AR
IRT £, MR8 G435 ORI B B Ak 2L 5 78, B
YN 93.75%, 51N 94.96%. FEHAGFEET 4R T
— P B T A EME  Wh AF 3L I oy A I B L D A A
J7ike EITIERT B WA e A e FLIX, i 2k )k
BT A FLIX IR MG TR, IR IRE A 2R R
PIIE A AT O A4 3005 R, 5 CMT BAEAHEL, @
FEALX AR ARG A 76%, IR AL X R ARG N 75%. 1%
WF S0 K 99 4 L IDCUR B 2 A AU 6 2R R 2R N 3L s 4
fiE, B T B AR R, BT I BUR AL s
Rl 7 5 B % . KHAKIMOV 255 FIF] IRT #F %8 T
W35 9%, =gy L p K kR R Z (R R &R o
W KR, B R A E R RS = ¥y & 2 (6]
B E M (P /R AH 9% R L (linear Pearson corre-
lation coefficient, LPCC) 4-0.96), g 5 F X i % iff
HregEz WA RERRZ (LPCCH 0.16) . ZF T
W F 2R FE Y N 32~36 °C HIFLIX A E NEEREFLIX,
JZ WA FE N 36.1~39 °C Ju [l N )7L IX ) e R R FLIX
VZITIRUESE T ARYE W25 3 5 B 300 B R EAG A= 2L s
RBAAE LU AT (FR, RARIE YRI5 R
KA WS B IS %, ERGZFREHINE. F=
I WA SR

eAh, WA TS R, R R R DX R R T
=, WIAERAZIR AN, TS A IR A e TT DL B b e
WL i . R, @A RA 5 3005 iR R ) I 22 S AE
— B R AT DU W A FR I . SR AR A R A%
G AR AL B 5 3 AT W AR IR S 5 3L 55 1) B 3l e
RGBT IR IR 2= I A 2 SR A A K. £
EIRA MR, ZHAERETHEGH HSV (hue, sat-
uration, value) PEAHFIES B ZURFE, H BI04 H S
8. FIFHEET B ZHRHE R SCFF &AL (support vector
machine, SVM) 7 RER, HaWI 4 E. i
M K5 SCC kil 25 K AT XL, CM A I v 1 22 Ry
87.5%, SCM #EMi %A 33.3%. BHHE N TR GEI P Kk
RE, IREES I EORORIR 2 H B T & 40 E 2 I 4.
ZHANG 2510 $ 7 — b 3 1 40 A% XU 308 il 18 58 Fr) T
JE 22 3] M 4% EFMYOLOvV3 (enhanced fusion mobileNetV3
YOLOv3) ', FIF [ s Ml B 15 rh 5 28 BRI 5 5L 55
frE, w2 s, e RER IR S5 HLE 2
B, A8 3 T K RS B PR P 000 9 i PR A5 s B Vo 1
MEGAT, " T RS R MPXE, &ER

EAAPE G B SR EU 24 IR LR 2 R W i A 2 75 i
AR, HKBZHERE SCC 41tk %5 K9
REVEMER R BURMEFRS 7500 83.33%. 92.31%
1 76.47%. T 2SN 3w 2R 3 55 R A RS B
£ YOLOV3-tiny W28 th 38N 1 4 MR ZEZE R H 3 A 4
Wil (squeeze and excitation, SE) ML, FFXF g pA %L
HEAT ek, R et JE i YOLOV3-tiny /948 30847 5 2 HR
W5 7LD e An, MRYE B Skl i 9 4 AR 7L 72 K )
RTEAIS R, WAFLE R RN 77.3%. R
TEH i ] YOLOv4 BERVEAT WY 4 AR IS 15 7L 55 0 L 1 1
A, BREEA I FS B (Average precision, AP) Lt
AL G BUR AL BT 548 51 T 3.6%, FLO5 Kl AP {E$2
BT 12.65%. ARIEG A IR LR Z AT LB R, W
2 CM K HERf 2R 91.4%, 5 PEN 80%, MU R
93.3%. FHZIHRAE 570 i 2 A AL 5 4, BAE—
SEFRPE R T WA AR S A I 45 R e, (R
Wb R U B S AR IR AR — g 2208, H W4 IR IR
ERBEMIRE, 75518 RN ZE R

) BRHE 2 [YOLOLayer !
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thermo graphy) and deep learning!*®’
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B9, R IRT BRI F 72 4 AL EHZE. HARL
A BG AT UK I 31155 5 7L 5 98 7L IX 5 R IR G 7L 55 4 1)
X, HRKREZEREZE. Wik, a7 DARE 45
FL55 U5 25 RAG DAL 9% o AH I 29 W 2= 22 A5 PO 7L 5 [ s
A I RN, P EE ZE SR, RIE AL
RIRZ. Wik, WANG &P 7 —FhE TR E B
I A3 55 R ZE A R T vk, %5 iR YOLOVS I
JE 2 S 410 B3R AR IR S AL AL B R, IR
R X 5 7L X e KR E, SR A% Lo @ A e A WL s KL
KiRZESRIAEZE, W7 G RS E . 4551 R,
VA ORI G A L s o HERAPE L S P RN 4y
87.62%- 84.62% K 96.30%, 1% J7 V% W 45 R /> 3 455
AMARRE SRR R T

B 55 TR B 2 ST TE ML A B AT (o s R J8, BRI AL
R BB R ER N T 9524 L5 26 1 B B, SEEL
T BT YRR R, KA P A IR
S a s G, T R B 5 7 R R A
RS, 55 00 ResNet34 28 FH T 044 L 75 4 4>
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RBERPI R, KD HER 2N 88.4%. Z T IEAMUIR &
TR R AR R, 4R T 428t lE], B R
TT AR 2B & RRZE B =iz R
RIRNIRI ResNet34 W25 FH T F UG A 7L 55 20l B
FHIREE, JE2EWTFRVEAN T S AL, $RIE &
PTG RAFFE, ASE 3L 28R RS B

FETF- I A G I @ 2 3L 55 S J7 3 mT DAIG 2 i
TGS A W0 5 2 L s BB S L, I LT DASE I SR B
Wk R, BORFEEHARRE T shEF]. (Hi2, FIH#RG
AT A A5 R, AR T FLIX R PR T R
AT, MEREERZZRRSETI, EREL R R A
KA S
1.2 ETFATEGROTEIBEREN

T LT BRI W A= 255 oA 3 2 FE X 9 4 5L
T EMENE . pH AR EG ST A 5 A0 EE, SR
YR SCC FMIBERL, AR A shit B AFLH kg0
Bl 4= 50 s R B i

e T A BB B8543 55 # A 71, DE
MELO 2534 7y 28 3194 J5 4 RGB 144 181 4% 20 /9 Lab i
s ia], N K BE BREE LR G R 5 b
5, B K AR BRI AR A R A, SR A R
PR AT TR TR T VRS N AT B, 05k
REML LL 99.7% [FIHERA R B BhiT 5 e 2 3 F G b 4m
MR . GAO Z g Pk il 5 4 28 LT v R 4 i %,
TR T — R F W0 T AR g v B . 12X AR e
H BRI A 1 R AR, I8 F E SR A et B A
B ATRE, AR5 ST B WU AR 2R A e PG o0 R R
3¢ 5 K B /> e RIS W FL R 4 B[R] B, Jd st 38 )5
VRSB A0 B ) B BT A A M B S PR
FossMatic 5 000 =5 ZL T SCC ARG 25 S HEAT X L,
BRI ZEART 8%, IE T 1ZAXAs A FH % .

TE 2T 77t pH 4% A 95 4= 2L 5 28 a0 Il 5 1T
B — RPN R e A B L 4 M DABE VA 2 e, R

HR T LB AL R AR W5 2R Pt pH ARG, filA B
BRHE S TR =B 715, oy B AR A b 2 e B X HE 3R
I RGB {H, #5595y 4 57 RGB {5 %71 SCC
PR, F3EF Android B¢ ALE[H 4% X 5 & i I
KT E RPGER I R S, MR IR S 20 4
FLIT SCC #ATXI L, Ak 7 V2 PRI R 22N 3.67%,
FRUEZEDT 1.88%, I /& TR GH I W A= Bk 3L 5 2% (1 B i
a8

BTt BRI A4 7L 5 2 KA ORI 7T, T8 R A
MIFLIT SCC KSR =, H R Z W 50 RER BT o7k T
SRR G R A A U5 AR, RIS 26 A RS P
KEDo ASRME TN E E LRI SR, KB w4
FLit SCC FIAR R N FH T 7L 75 RAGI, S22 R
() R SHAR A

ZE L RTIR, BT B WA L RAT IR AR,
AT DATCA TG O S I 0 A= 255 2 ks, e R T
A HNEMG T AT, BB T A SR )
= UG REAT o AR, KRR R B T Bh A
Fl, (HEET IRT KGRI RSB AN m. T
THEMR S A= FL 5 A IE AR, FEFLIT SCC Al Hh B A
TSR, K Z 506k SEBRAS I 5 4= 2L 55 2 1R AH
Kkl . AHECT AMS F1H A A% 13K 2% SR B0 4 3 5 R 4L
Wi, Z 7L BRI T OB A T R R SRR, R
B T shitEFl. (E3RIER R N —, HEG Pt
BN T RZER R, Kk A

2 ETEIFNRGNGIBEREMEAR

T HENE I RGP I RO, JE
AR AMS RED A FITE R, IF8a AR EdE
BN TSR EMEE R, RS2 KT50E, M
FEYYE LS RATIAER, 8 TR K Pl ik, 2
PSR AL+, S A e R I AL PR T 1 Bh B 0 &
ey E3L s 2 B S I B ARAH ST TSGR R 2 P

*2 ETEIFMRGHNFILEREURA

Table 2 Researches on mastitis detection technology in dairy cow based on AMS (automatic milking systems)

F4 FFAIE BRTT:

IShEREN LR

Year Features Technical methods Research results Literature
2001  HSFE (electric conductivity, EC) « /i oAV FL55 AT 98%, HUEHE 100% [66]
2008 EC. RGB. =& EAuAElE| - [67]
2009 Wiy EC pERcdElE] FL5 KA BRI 68%~88% [68]
2010 FERS PERYREL. A A TS 2% - [69]
2010 EC. RGB. #iRJGH. SRS - e i AR AL L 98 8 PR 4k 2> 35% [70]
2013 WAER. YiE. EC. F SCHRFIREAL L5 R EURNE 89%, i F1E 92% [71]
2014 IR ERARAY Gk e PR B 55 2 A AU 63% [72]
2019 SR TR L A R PE 7L 55 A MIBURRTE 84%, FE 51 46% [73]
2020 EC. ¥y-iEshit. R4, ik WHIRGHA BSR40 ROC #IZk F U7 (area under curve, AUC) 092  [74]
2022 EAE. ECy PR, Py s B T 5 B AL 5 RAG T HER F 88.8% [75]
2022 EC. = §yit%% | R IR A A M5 PR B L5 AT Rk A e e 78%, ARp iR 97% [76]
AMS 2 A SAT IO R 2 —7 . AMS MY (9%) LR FHAMMEZR (1%) V0, AMS fEk, A3

OB N THI SEGET ARG, 2B R,
FRTF AP R — R 5 7RV, 2020 44 BR AMS f#
MEEL 5 A, FEEEPERIM (90%) . IEX

PR LT AR IS T LU E S ALt ik i s,
B LSRR R B, X A A T
KA EEFAC . T AMS WTRLE ). P, #E
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BIRESAE: WyEFL5 R E SIH AR Uik 5

R FLIT PR E R, B R AR A AMS 3k
B A L5 BTG RAS AR

FET AMS B854 7 55 98k M AE B T4 3 2 K 1)
FRZR M B A U7, MR SCC. EC 54 & 55w e
PREEAT WA 3L 55 2 BRIk B R U . DEMOL 251000 3
T AMS it T — MR R B SR IIRER, ZAR
EAFE AWy 2R EC AN I R 741, 28
BRI S EMRE T 2. Yk EBEE e EE X
i, BRI R LD A AR . A R e I LS A A
FEAL, AR 25 SLAE A 29 033 RS REA, KERiE A
98%, HURMEIEZE] 100%. AR AT IR BEEC iy, ARk
PG EREARR B D, ToIRAIEZ T 1A SE bR 3L s RAG
P (g SR . KAMPHUIS 25197 23k 3 AMS
AR RS EE, BFEFLIT EC. RGB 1B LKA AR r= &,
JE I T B e REUAE S A LU PP AE 2% T2 20 O =
WA CM PR EEN ., 2R 5iHE, REENS
BONFLIT EC, MEta S5t i@iE(E, Al LR SHUE
KWL 55w LA I B AR T AR ', (H IR
) FH 7 A TI000 A B A R L R A AT . CLAYCOMB
SIS 27 AMS T 729 1.5 m A K W5 22 235 A A5 S 3
MEGIAFTY EC, @ik 5 AR N AN Ak k3T,
SEL A AN Z WA E T 5, M 4 BT
1 EC AEAE AW 3L 05 % B RS H B i 3 2 4B br . &
MR, 1000 KRB WIFEA T 55 28 K I U Y
[l 68%~88%.

BEE N TR RE AR, T AMS 943175
RATINE TS SVM. - DU Hi7 9 28 ZE ML 248 5 21 7 V5060 4
47, B 4 4T 12 BT, MAMMADOVA %5 U1 4 F
SVM HiA, RIEKE AMS B 4FEHHE (WAEHR. 7=
Yy, EC. “FHIFWEE. =), HEHFAT+
SCC, FHHHE SCC A T 4= 7 75 i e L 5 4 B, %05
FEXT WA 3L 5 2 A () BUBE N 89%, FERMEN 92%.
HUYBRECHTS %512 $ H 44 W[50 2 i M 2 5N W05 4 755
ST R, R 4 ) AT DA 22 A B R A LB B a3t AT S
TR N B R 2 . ST T R A AR,
FF R FEMR T P R 42 AR 2R = 0 28 3L 55 28 1) 5 A
Kl CM BB N 63%. 2B 70 8 VUK B TR 4 i R 2
FHF 952305 R, AEAS RS BEAS &, S5 82 58 mT LA
fil & 22 1S S PR A T 2 R AE 09 W0 A L s 98 A WA A
BONESTROO 2511 Jf 55 1 —Fh 3 1 I 2% R i 386 560 43
FBR M EB R RAG AR, ZBALE ] SCC. EC.
AP & E. IR AT Bk E . =
B R = W R B T W A2 L s 46, Hieb SCC. EC
53k E8ERE AMS. ZEF R 7 N0
TR AL BRAS B Bt AT I gk, AR 34D 7 AN FRAEIZ T
B A A P REHEAT IR IR 4SRRI, AZ A A XS
A8 L S5 2RI ) R SRR 88.8%,  TH B M AH ¢ R AL
(Matthew’s correlation coefficient, MCC) & 71.2%, AUC
N 96.4%. BAUSEWEIN 25U 45 H R [ 1] it i JF & 1
AMS KM G2 CM RS EEAN IR, DA ] g 3 B AR A I 475 2

BEVENIRIE X 5, 2 AMS &0l CM BURMELE 31%~
78% Z [al, FEFYELE 79%~97% Z [,

IR AR AR AMS [FLYT SCCy EC. 7= &
5= SRR L5 9% BT TN . I — LR AR
WA s s FLT AR B SRR I RS 2%, W
HUAS 7 W v i s R 7581 WITTEKR 260730 B2 0 1 ALt
FR4 K Z Coxygen concentrations, OC) Tl 4 4= 3L b5 %
SRR DL AR R B T FL s % AR TR 2, W9 ARFLVT
RIS FESE S, SCC RN S3 OC Ik, Kk,
B L OC 5 SCC Ik &, il OC Kl
SCM AT 47 . it %t 690 13 W 2E FLI REA I 0 546
W, KL OC BE#E SCC MI¥G N FEA%, i EC 3.
FIH OC Kl 54 SCM BUBNE N 84%, H5 718 46%,
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Fig.3 Sketch map of mastitis detection technology in dairy cow
based on other sensors
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WHHN 6.5 mS/em I, CM KM HER:Z 94%, SCM ki
MAEFIZ 67%. MOTTRAM 25190 541 7 —Ffi b 2 % ok
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Fit EC M 7E 26 2 & K 4 I8 i1 1  Cin-line composite
somatic cell count, ISCC) A& & 212, 7655 3L 2 o i
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HL SR A7 55 48 24 EC EEHL I F A 25 mO/em
W, BEARE T A A IS K, WA R RO I ) ABURR
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chi-squared automatic interaction detection, Ex-CHAID) .
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Table 3 Researches on mastitis detection technology in dairy cow based on other sensors

G liFas =] FFIE BT Mg R SCHER
Year Sensor type Features Technical methods Research results Literature
N . CM KrilERIZR 94%, SCM o JilHER) =
2007 LSEilk EC. pH & I fE 67% [94]
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2017 7745 2 UM L X5 2 S I CM KU TE 62.5%, $¢5F1H 96.7% [98]
EMENEISpuive+ 3
2022 L SR T I AEWi. BwAM. L. pHME. EC%  (Multivariate Adaptive FLI5 RATIAER I 83% [99]
Regression Splines, MARS)
2022 GPS WA BT S5 SAT A BRI L5 RN LER S SCC —5 [100]
2023 MRS, DR LRSS TR, EC. WIiE. RANH BEMLAR K FL5 RAIAERZE 88% [101]
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CM 21 95 Sk Atk BE Wy 24 i 7L s W FEREAT 1 % L 5E o
oy 3L 5 R B AL, ARRLTT BRI S, WL
J v T 0 R . T LA T E CM R WA L

WA AL G T R, A CM L X AR T H
by 3L DR B B . 12 BF AR 4% WY A R s TR 2 1) L A
FEW) 2 SR BT AR L5 RAS AL 6 i 22 5
BN 0.425 kg I, AUC 5 0.817, HUKRTERN 62.5%, HF
SN 96.7%. FENGEE!" Bt 1 — AN T 0Bk M 1 4
A4k S AT 9 IR RAE ZE BRI A L R AR 7, RN
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Fig.4 Dairy cow social behavior perception framework based on Internet of things
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Research advances in the automatic detection technology
for mastitis of dairy cows

CHU Mengyuan, LIU Xiaowen, ZENG Xueting, WANG Yanchao, LIU Gang™

(1. Key Laboratory of Smart Agriculture Systems Integration, Ministry of Education, China Agricultural University,
Beijing 100083, China;, 2. Key Laboratory of Agricultural Information Acquisition Technology, Ministry of
Agriculture and Rural Affairs, China Agricultural University, Beijing 100083, China)

Abstract: Cow mastitis is one of the most serious diseases in the healthy development of dairy farming, due to the high
incidence and wide range of characteristics. Mastitis in dairy cows can also reduce milk production and quality, leading to
human health and herd turnover costs. Dairy cows with clinical mastitis vary greatly in the abnormal changes in their udders
and milk. In the case of subclinical mastitis, there is no outstanding appearance in the udder and milk, where the economic loss
is more severe than before. Physical and chemical property testing has been widely used to collect the milk for the diagnosis of
mastitis in dairy cows at present. However, the testing environment and the long testing period cannot fully meet the demand
for the rapid and real-time diagnosis of mastitis in dairy cows. Fortunately, advanced electronic information technology and
equipment have been widely used in the field of agriculture in recent years. The automatic detection of dairy cow mastitis has
achieved better research for the high requirements. In this review, the current research progress was introduced into the
automatic detection of dairy cow mastitis, according to the different types of sensors in the data acquisition. Three aspects were
also included: the visual sensor, the automatic milking system (AMS), and the rest sensors. Firstly, the automatic detection of
dairy cow mastitis with the vision sensor was divided into the detection with the udder thermal infrared and the milk images.
Automatic detection was achieved in mastitis in dairy cows without damage and stress. Especially, the mastitis detection with
the thermal infrared images shared the animal welfare, but the detection accuracy needed to be improved during this time.
Mastitis detection with the milk images was achieved with high accuracy during lactation somatic cell count (SCC) detection.
But it was still lacking in the test trials on the accuracy of mastitis detection in dairy cows. Secondly, the AMS was often used
to collect milk information in the automatic detection of dairy cow mastitis. The local data or manually recorded individual
information of dairy cows were then combined to construct the detection model of dairy cow mastitis using machine learning
classification. The automation and efficiency of mastitis detection were greatly improved, as well as the accuracy of detection.
However, the AMS was easy to cause injury to the dairy cow's udder during milking, even to the animal welfare and the high
cost. Finally, a sensor or multi-sensor system was developed using the rest sensors. A mastitis detection model was constructed
using machine learning. The milk or udder data was also obtained to verify, according to the mastitis characteristics and the
changes in milk physical and chemical properties. The detection can be expected to fully meet the harsh needs of the rapid and
accurate detection of mastitis in dairy cows, due to the low cost and simple operation. Different types of sensors were used to
detect mastitis in dairy cows, where the accuracy was quite different. As such, a critical review was proposed on the current
progress of accuracy, real-time, and sufficient automation in the detection of mastitis in dairy cows. The future trend was also
given to important technical support for future research on the automatic detection of mastitis in dairy cows.

Keywords: sensor; machine vision; smart farming; dairy cow; mastitis
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