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Abstract: [Objective] In order to design an intelligent feeding Internet of Things system for lactating sows,
and realize the remote monitoring of feeding status of lactating sows. [Method] The system transmited the
custom TCP communication protocol through Netty to realize the function of data transmission and instruction
reply with the terminal equipment. The design of human-computer interaction interface was carried out by using
SpringBoot and Vue front-end and back-end separation architecture, including pig farm production detail
interface, sow feeding information query interface and statistical data download interface. [Result] The test
results showed that the average response time of the system was 0.33 s with 3000 connections, and the amount
of data processed per unit time ranged from 750 to 1180. After the system was added into the custom business

thread pool, the number of data processed per unit time increased by 250, and the processing capacity increased
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by 31%. [ Conclusion] The system meets the practical application requirements of connection management and

data processing for intelligent feeding equipment in nursing house.

Key words: Suckling sow; Internet of Things platform; Feeding system; Data transfer; TCP; Netty

VIR EL AR R T 48 7758, 1T DA SRR 3
Ae AR T R S e 4 AR A B R 40, A ]
TR B KT YERE ST IE A IR A Y, W
A AR Re AL R B A R T,

N A2 0 T e T AR ORHIE AT . B AME YY)
FEHE S FH BRI 4 AL B, fif 2% Nedap 22wl HF K
] Velos & H &%, {# F RFID J5 2Ust 8l T #E5% B
WA RS B RS, INE K IYGA BHE A A 1
Gestal R GESLHL 10 I FLEERE 4> H ah A, HeR A
oLk L R FE RO A M 2%, ] DAVHE A 45 1 BESE (1)K &
i QRS DO /035 = e R 0 i N e 28
HHHAS T2 TSR RAADE E X E
MEWR T ISR RS, FIH Zigbee LTI AL
W7 T AL R AR T . S A
I BERE A 5K R G S B T A IR B R e A
I e g oy H AR e B R (GPRS) S SR HUHAR 5 Al
WA WEEEE . K5 E B e
RGO, XTI AR 55 i FE
FHORSCHREL D o T BERE 77 58 I B4 8 B, X 4 vy
Kt ) R EEAERY.

AR SCAEHT N FCIR SRR b, 3 55 R % A i

Fr—— - - —— — — — — — — — — — — — — =

§D<:‘<:>

B v Web [P
Client Web site

FTIT T, Bt 17— Py 2L BRI R R TR R I ) R
4. K F Netty. SpringBoot HEZ2 DL &2 MySQL
A, BL TCP/IP Vs S al i v+ 2 Fl@ A5 9, LA
SI B W 7L B ) K AR A e R o R A R AR
s N SEEIUIR FL RS B Re R PR A AL BRI S

1 RGBT

ARG HERRR ARSI N R R, & A
JZ& 22 T T I B XA B 4%, T M 7L B
FFRTHAL P AR B 15 BAR . 15 B AR, WegdE
I — s R SAE RN RGBS I 1 Fs.

1) JEENJZ « AR B i ) L i A PR A v A e
Sz il e A, B ST EHE RS B B
(KA b A% DAL RE P2 48 4 M 8L 5

2) el FEARSE GPRS , B2 1) 1P Hh
bk B vty 11455 AR 4% #5857 TCP 4z, K B2 Arak
5 R Bl AT R P A s

3) B AYJZ e e R 55 gy FH P DA R R TR)
HE PR L. S5 TR LTI RE D - Pl PR AR UL
HAE G Web M3l iR 5555, 8T @A 7 24 PC
S (A R 551

B g

Central control unit

r L] L]
4 Y R 4
TR 1-1 TRVEEE 1-2 TAVEEE 1-n

0 |

Feeding Feeding device 1-2 Feeding
device 1-1 R 1 BT device 1-n
| _ _ _ Sowunitl _ _ _ _ _ _ _ a - —

——

1AIMEE n-1

Feeding Feeding device n-2 Feeding
device n-1 . s — device n-n
B n 5 HI0
______ Sowunitn _ _ _ _ _ _ _ .

RV n-n

|

|

|

|

v v S~
(AR n-2 :
|

|

|
—— | e
<):(> | Application
[ I layer
Bl N A Hh |
Data access software Database JI
I £ A5 20
Network
transmission
__________________ --—-1---
_______ S, |
= D
o e 2 L
Central control unit |
| | s
,!‘. !f !f | Te@lnal
=! = = | equipment
|
|
|
|
|

El1 FHFLEPEEREK N R G SR E

Fig.1 Architecture diagram of feeding IoT system for lactating sows



1

RN, A I L RERE R RE TR I R e it 59

1.1 IWImgE
W& K 2 Fros, & eerE RS Kl 2a fir
7N, AR AN ] 2 20 Rk, 22 BEERIEL R 7 P

a: R RE TR

a: Intelligent feeding machine

P85 A0 2b B, A IR B G R
il a2 0 2 & B R RAY i, 15T 5 mimid AT
e

b oo ]

b: Central control unit

E2 DpgsE
Fig.2 Field equipment

1.2 RGHAK
Bl & PR B AR B R R, [ N A 27 35 T A 5%
FARBAT TAFER 2K, 8 TR bR N

R, RS BRLUA MR BN RS 58 1 T HoR &
B, 2R 1 iz

®1 ARV RG R AL FR
Table1 Technology comparison table of feeding IoT system

B2y AE P piEpe STES 17 30 KA H
System Communication protocol ~ Data acquisition frequency Storage mode Image transmission
At &5 I € P SE I A ML A 7
Other system Fixed protocol Fixed time Local storage No
KL ARGE H g XL SR PN Y i f
System of this Custom protocol Real time Local and cloud Yes
paper storage

VF 2 MR R G 1 B e B % A TT IR K K
G, BT B R B s AR AR
BB L 55 R KE RS R R A R AR
b 55 7 SRR E iR Y, BT DL SCk R i
Netty 48 S22 2 W 2% I 5% 25« H 7 SCEUHE
WTE RS SE I A e, A R R R
PEo B0, ASCHT 5 G0 BRI T 2K, SEBl T
Bt R GRS BRI Ah, mAE i Re s it
FAFRRICR, PRGOS E A, RN E 24 08 i, i
R TC AR T RE"

2 REEHIEEE

B GBI A% i 0 73 T SR R R B Y
BRI AR & TR . BE#B 70 B T Netty 2% 18
TEHEZR S8 IR RE #4217, i A A H5Hls A% i i 3L
BEAT A B AL

2.1 Netty fRfLi% 3+

Netty s& — 5 1) 3 T 304 IR 30 1 X 28 [
FAREZE, & F DABR IO K P e i ml 58 14 1R ) 2%
/O 2 F1". Netty HEZEAH FH B 26 #2155 40 Ok T
Reactor BT, fRIE T AR R IRTC e 5+
BB AT AT S AT, Netty {8 H =5 01, HE4b B2
WAEHEAT Socket 125, &4, HIZHL 7% TCP,
UDP ST AL S i S

RGHET Netty HEZEHF A E s B2 o B e, AL
Pt Ja sh it i@t ServerBootStrap 45 & 3 M ir —
AN 2% i 1o 4 o S AR B RO
WorkerEventLoopGroup R & 11 1 H & W is ik
AT H A DRSS AT o

O AR AT 56 S BEAT L 55 b 3, 20l FE TR B
W] B85 e . 5 AE Netty ] Worker 2872 71 58 Aok 55



60 RGO K ZE 22 (hitps://xuebao.scau.edu.cn/zr/hnny_zr/home)

44 3

KRB, Rt 2 5 i AR 4 YAURE B ) e AR R AR
BEARAN H TE SCE R MR AL BEFE I M 55 2 4 , BE T 32
ARG AL B TERE . AR iR KRR R R 4
BRIRBR I, B 2 RE A T IC PRS2, Dkt f it
UG RAE MOR I M RE A

Ne=N:N;(1+T/C),
A Ny AR B EHG N, A CPU I AL
N, AT CPU ORI 265 T/C AR5 5515 R 7]
AT [ LA

22 HHEREWOLT

A B A DR AR o 5 W R v T S AR A
R P, AR S T o LRI, R AR
23ty 55 WA Sy Y SR A 3 Y T LA R s T AL
AT S B AT RE N, T LR 55 75 SR A T
PEHLARAL o

ARSCHELE PGS KB 2R, B S
JE B L R 2 K ot B R B, TR
Ky s, A SCULAE 5 20 AN S Kt itk
AT e, BeEmioks sCanial 3 pror .

4 AT

n A Four ——

4 FAT L5 | L 2 FAY |
<—— Four ———>| One One |[«— Two
bytes byte byte

n bytes

a: EP‘EE S

a: Production information data frame

1T 1A
One One

2?11

Two

4 7
Four
bytes

Four
bytes byte | byte bytes

-ﬁ‘b

_)‘%

4 7

Four

4 7

Four
bytes byte bytes

4 T 1%73
Four

bytes

_)‘(_

b: G HE I

b: Image number frame

4?13 12| 29 4 FH 4 7y 47 17 | n54 4?11
Four —| One | One [~ Two Four Four Four One Four —)|
bytes byte | byte bytes bytes bytes bytes byte | n bytes bytes

c: BB A A

c: Image content frame

E3 HiEvUREE

Fig.3 Data frame diagram

X PSR B T A A WU AT G — R, &AL
BAEHAWTF . sk WUR: ARl — N EE MU AR 45
W, ) FH F A R B R 0, I s R A6« o) B
HER Sk iR BRI AL AN BT A B U, HL
I\ ABCE R VE SRR s bR EAL: FERFRIR R GRS
[F) 2 250 (R 5000 o, 90 dn B A O . RS B
P4 KEAL: FIRBR Bk Wi 5 B 2 H R M)
KBE; 5 Hl 4% ID: M ID J& T g il 28 (M — A
W TRIMEES ID: I 1D J& T 1A MR8 1 £ I ME — bR i
W 7L BE S TD - ] MR 35 18 2% X L 1) Wl L B 4% 11 o —
FRifo
221 AFFEHKEWN G EEEDWE 3a
Frow, e B 9 25 AR R A WAL, %A B B T
FRAE S B A =5 SR AN A RS2 . EE R
BRI MRS B, BFE0 AR B E. OKE. &
R == N T

222 BfgxaEh BHEEGELRRTTS Rgat
HEBREEAR R RGEREB, SRiZE&
oy % Bttt . ARG EALHT, K BI BRI E R
AR T 2 JE RO BB o B, ULRCE T 2 BUR
JEAERTA Bob B A A B 1 4 5 AR SRR Kt 1 9
SRR B PHEEIL . SR BB N E G S
MU B (R P 2 T 2 ol

B S i P 3b o, Herb o3 1 BN S
A WUAL, SR A B AR U A ) Pl 45 2y 22 /b BUEKR
BEAT A%, 3 AR BB AL W1 17 20 K% %
. Bl FBEGE 5, W BB 5 Rk iT %
i, R ORAGA 5 K BB ARG S Rk, R 5 5%
i LR e A R AT B R DD e B R

B P BT an 18] 3¢ i, Herb 21 Bo s fin
BEE R A WAL . 24 /T BT 3R 2 AT B B
P o3 BE e B R 51, BN RS0 G % B



%1 SV RS

BHE 61

MR 2 S i

(I 20 5 5 Vel 45 Bl 17 %o B v o0 Ja 1) — ik
il 4
2.3 HIELRRIE

RGHARE RS TRE, TKE. SEHER

2t T WL R L T SR AR TR 3 I R RN A% T A5 T
Bt N LPURERGREAR TN E. HEGEEE
AEREE 4 PR,

WAk
Device offline

IR
Begin

y

A

A

PG S pAaE n K I ST i H?

NRFEEG
Issue the command to
acquire images

l—

Yes v
B AR A
32 No Pictures taken by equipment,

Three times?

y

e
Split image data

A

K&

fiu 52 ik 25 45% 1O
B

Trigger server I/O
read event

&4

F G 1) 68 [i] 5 I 0] [ 4] MR 2 4% K PR R 4R
i, TN AR B fir & R R A B, T w4
R AL T R IR s # B R Bos B &
ol P R ot R I o P A B0 AL 5 1ty A 4 T B
SHIEBR N BN R REE RS, faxt G
#EHEAT CRC KE™, Rk BB A% far i) IE A

Gl B B s 2EAT R AW, RIS
AFAIRZ AL ERRE PP, HE K e BB it . R4t
SE IS ORAF I B P i AT e A7 G B K2 THAENAE

3 R

3.1 IR

A5 FH R B 25 e 45 s e 21T B nd(ecs.nd.small)
BHA L RG, kS BEEE S S H0N: Intel(R)
Xeon(R) CPU E5-2682 v4 @ 2.50GHz 1vCPU2G,
2 G WAF, 100 G filfifit, ¥ &4ty Alibaba Cloud
Linux release 3, JDK MtAK ] 1.8. tAMEEH 2 &

Image content frame

Elfg Lt5Th

Fig. 4 Flow chart of image uploading function

The number of frames
equal to the total
number?

Image entity append data

A

Rk

Create image entities

CRC K46 pi T ?
CRC verification
succeeded?

SivS el

Image number frame

PR ELL?
udgment flag bit?

EL

TR &

Save image

WA SRR U B 2
Length bits, etc. verified
successfully?

ERERAE/T
Discard data

&b 2y
Be JIL

EE

8 #% CPU Wit &AL, /£ v EMAL, LA RS
RefE oL YA (5 S 240N : Intel(R) Core(TM)
i5-1035G1 4 # 2%, 16 G W AF, 500 G [ A4, £
YE&4:8 Winl0.

3.2 ARG FEINE RATE]

Ui W 5 R GUIEAT B AR, e I (A 2
e ARG Al bR — o RENNLS &g
AT TCP iEH:, JAERRIE— A 4 a7
A 2 R B Sk o R GE R J5 B P i 2%
(R A4S B 9F 5 [ R B HL, L2y 203k [a] 1 %
P AL, BCH R A B TR 8RS B 5 2 BT s (A BB, 4
WS S A, vHECE S A R g 2
FiR e
33 ARGHUBACIEMEEMNK
WIS “3.27 R, MAENNLS R4E
B, IR RIE ARG B, BN ER KR
i TE] TE] BE R 1 s IR E 3000 AN IEREEUF K% H



62 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

44 %

*2 MORZEYERIE AR

Table 2 Test result of response time ms
EEHER )
. 1 2 3 4 5
Number of connection Average
1000 245.056 137.227 160.899 131.782 137.191 162.431
2000 371.362 304.717 318.287 197.372 259.581 290.264
3000 143.550 368.450 257.350 329.670 567.300 333.624

i, BN IERKOIE 200 D EE 0, B a R4 Bl
S B N 0 B TR, PR A A B LA T

35 SR A 1) A R AT o 5
HERT 10 4, P HFEI . IR 3 TR

"3 BEEBABEESER

Table 3 Result for the amount of data inserted into the database %
Wk 1 2 3 4 6 7 8 9 10 T
Frame header Average
T 789 764 790 798 752 841 819 814 823 795.7
No thread pool
LRI 1135 1058 1067 1084 1087 1102 1081 1057 1039 1036 1078.9
Have thread pool

RIGLE R LKW, KRG 3000 MEZH T, T
M 2 BN (8] 2059 330 ms, H7E A7 s T) P A 28 7 25030
HN 750~1 180 %%, i S5 EALHL I & B E
PSR E TR [, Rgudik G| N Az SOk
LR, ARRRAERT ML S5 HRAE, AR T 55 e,
BTN ) AL FR IR T2 250 4%, AR E T 31%.

4 4NEKM N A

FERFIE B — R 2 (5 D&
o) wH TR RIS, BN ERICE 1 A
e ER A 56 B TR AT . I R EE 2021
7TH1THZEIA T HAEPG R, XY RS EAT
JS2FH 38T o

| &EKa

215 =

4.1 YEHENMRZGERT

1% F TH 0 4 3 MR A% s AT L AT Se it
BoRe MoRNAEERATHE . BATELNE L%
& H B, A FE AT H TR RE U 1 4
RN, ELRW &N IE R BT IAMEREE, R
20308 I AA AT R o o 4 R [ AR o, A5 B e )
TN 3 1D, HIE N R TELR, TP ATELR B %
e, FRMWE S s,

42 BFAREEZER@

ZAH s G TR AR S B RS R . 1B
AR R4, A A ) HY 1% 8 4 AR I RS B i AR
FEAE BAE, OF B U & BRI E B R % B
HRIF R EEMYOKE. YEPEYHREEDT

2021-09-22 BHI= 22:58:46

O PEETNE) @ SENEHKG) @ SKREH) @ SHHEAI(

REROKES

U iz ]

215 s

5 MHENAGERE
Fig. 5 Main interface of IoT system



1

RN, A I L RERE R RE TR I R e it

63

WA TR T EHE 40% B, RGN E ZEERE 7
W, E AR H SRR VERE 8 o st
ZAE DL B MRS A S Wi 6 FrR
43 XREE®

ARG T RKEGREMS, B Ae B A& B0
WG, TG G 0 BER = FE A0 A7 B3k 4T 53
Mro SEBIanpE 7 s
44 GHEERTE

Rt R S B IhRe, BUR e RSN
BHEFER LB H R & . RG] DAAERS [ 48
X AR AR AR AT Gt PTIRCARRE E B 5L A

HEID: 2140002
RO OR) : 0

\

= (X) : 35
BERES: EE

Kol 10 1577, I B BB vk R A ) g
TRNEFE ARG T 2% .

R GURAE 1 S 8l v i R e, 4
THANTR] = 3 BESE R S S A OK B & dad it
ANTE) 73 0 T J TR B B R S R B R B AR
PR, TS AN R 20 W i I 8] (0 BRSSP 2R &
BEMYOKEE 8.

M GETH 4R M AT RN, Je 2 BESE AR 72 0T 3 d,
KA EMYOKERAA YR TR £0hA R EER
[EYOK. TR sea, R EMYOKEIT
GHIFHIGIN, 7d AR TR E .

N7 N\

RFEID: 270546 RS 12-38E
atkEitt (%) : 60 RERE: IR

/Z N\

sR(O/kE) O SFEAEKG) O HEKED) O BHRLEARW)

2021-09-18  9-29 10-04

& 6

10-09

' el = -

10-14 10-19 10-24

BRAREEEORE

Fig. 6 Query interface for sow feeding information

7 EIEREEGRELS]

Fig. 7 Example of remote pig image acquisition



64 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

44 %

—a— PR A 5 Average feed intake
—m— P IRK & Average water intake

3 4 5 6 7 8 9 10

t,4/d Day of delivery

-S54 -4y =30 224 -1 A0 3 IER AR XU ET 5. 44 3424 1 d A4 H
-5,-4,-3,-2,-1 and 0 indicate 5, 4, 3, 2, 1 days before delivery and the delivery day respectively

B8 TR MEEHENHE BETIH SRR

Fig. 8 Average daily feed consumption of lactating sows on different day of delivery

5 #5118

1) A SCB T T — g 7L BERE B R 7] M A7 B D)
RYE, JFRIES M Java, $4E 1% MySQL #
A, FIH Netty HEZESZHL 7 B4 AL R 55, RGN
WEB #5431#i i} SpringBoot 5 Vue HEZY, LAY J& Uit
ATk, SEIL T BB A RS B R AR BB EL
P RN 25 I FE T AR D RE, 38 G000 1l M BI040 i
AT ST 3 A, N A RERE PRI M ORI, 458 0 R 3 T R
AR S5

2) RGilid H o SR AL Y VS R AR FE N
Mb 2SR AE, R DL 0 v A0 A i R A A s AT R
IR E AR R RS0 55 TR, W2 1 08 I iR M
SHERER 5SRO E R, RYELFRNH
W, BT RROE . B R ARFE Ry, T DS S A RS 1]
WAL, LEA I e i v B SR R FHAME -

SE WK :

[11 ERZ, LW, XNGE, & 2RSS AR E
B B0 AR 7 BE B S R D). ARl TR R, 2019,
35(6): 190-197.

[2] LIS, ZHAI D, DU P, et al. Energy-efticient task offload-
ing, load balancing, and resource allocation in mobile
edge computing enabled IoT networks[J]. Science China
Information Sciences, 2019, 62(2): 243-245.

31 ® k=, B, SE, 55 & SRR SRR
F TH % 25 FOR B Fe R (1], b B R 22 B B T, 2019,
34(2): 163-173.

(4] Z0RE, EFH, Ak, & B @ IR R atke % 515 B
FRWE A R[], R R RT3k, 2021, 42(6): 18-26.

[5] REACHE, IR, B, &5, o I & Aol Pk N SR R
W FLE R[], £l THRES24], 2015, 31(S1): 237-246.

[6] GUANZ, YANG W, ZHU L, et al. Achieving adapt-
ively secure data access control with privacy protection
for lightweight IoT devices[J]. Science China Informa-
tion Sciences, 2021, 64(6): 140-153.

[7] ZiEs, R, AR M BB Tt e 5 % a7y
Hr[J]. AU, 2018, 49(1): 1-20.

(8] HEE, ST Velos B Re L RERE B B R Gt 45 1) 77 i 12
HHAE S SRR ST B AR, 2014, 30(3): 141-142.

[9] EflAm, s, skt al, 55 A% TR A B TAE R DT

FUILARE KBS HT[I]. RAVHU A4, 2018, 49(11): 1-14.

[10] &F8, BT, =z, LY R RS J s
BB FEERE[T]. T ELO AR S, 2019, 21(4): 79-87.

[11] KM%, Bz, B0, TN R E &5
8 R[], Aol TREZEH, 2012, 28(11): 177-182.

[12] &Z, X EMr. BT BPERL R RERFFR SR fe
WL R G T, BT B4, 2021(10): 41-49.

[13] STHREK, SARVE, mg, 55, mAE ] 5 o4 E BARE
b A1 B 43 B 5 R BT AR ALK 25 i, 2021,
52(S1): 351-359.

[14] VERDOUW C, SUNDMAEKER H, TEKINERDOGAN
B, et al. Architecture framework of IoT-based food and
farm systems: A multiple case study[J]. Computers and
Electronics in Agriculture, 2019, 165: 104939.

[15] XM, 254, W apa, 25, 35TV 0 Fr ot 1 57 B L
5 RG T KR [T]. Ak TRE2R, 2018, 34(16):
205-213.

[16] i & &, (TEN 4, BE B B. £ = 17t 2 8 B R wf 7
JE[DN. HHEALTFE, 2020, 46(10): 18-32.

[17] BPREE, X7 f=, JekE, %5 3T Netty 1 loT & i fE
MRSs RG], THEBUR 554, 2019, 36(4): 135-139.

[18] SUJ, DING S, CHUNG H. Establishing a smart farm-sca-
le piggery wastewater treatment system with the Internet
of Things (IoT) applications[J]. Water, 2020, 12(6): 1654.

[19] ZEbkEE. Netty BUBHERE[MY]. b5 B Tk AR, 2014.

[20] 5KA%, MRJG, Tk 452, 5. HI ) Java 2 2RI 4 14
FATTVE[I]. IRt TR, 2018, 38(11): 1149-1155.

[21] GOETZ B, PEIERLS T, BLOCH J, et al. Java Concur-
rency in practice[M]. Upper Saddle River: Addison-Wes-
ley, 2006: 1171-1177.

[22] £EACK, AL, sk R, S5, T m 2 E B A S Bl
HIBA S SEI]. THENL AR ST, 2017, 38(2): 550-556.

[23] &5, S, RO TR ERAER TR ERE
L[], BT 515 B 2E3], 2021, 43(4): 1057-1063.

[24] 4K, S0, 2%, %, 3T Netty A1 Kafka [#) 0T %
Ui RS R G 5 R[], Wi TR 2= 4k (H SRR 2
i), 2020, 43(2): 240-245.

[25] BRI, T, R R L T Netty f1 Kafka B98P %L
WHNZRGI]. HENL RSN A, 2020, 56(5): 135-140.

[26] BXIE, Hbx, X HE, & ET Netty A Marshalling 36
F AL T FE 0 W R GERE AR 0], A b AL 2E R,
2020, 51(8): 145-151.

[(RfEmiE £ #¢]


http://dx.doi.org/10.11975/j.issn.1002-6819.2019.06.023
http://dx.doi.org/10.7671/j.issn.1001-411X.202107050
http://dx.doi.org/10.3969/j.issn.1002-6819.2015.z1.028
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.01.001
http://dx.doi.org/10.3969/j.issn.1002-5235.2014.03.012
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.11.001
http://dx.doi.org/10.3969/j.issn.1002-6819.2012.11.029
http://dx.doi.org/10.13881/j.cnki.hljxmsy.2020.08.0018
http://dx.doi.org/10.6041/j.issn.1000-1298.2021.S0.045
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.16.027
http://dx.doi.org/10.3969/j.issn.1000-386x.2019.04.021
http://dx.doi.org/10.3390/w12061654
http://dx.doi.org/10.11999/JEIT200141
http://dx.doi.org/10.3778/j.issn.1002-8331.1811-0261
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.08.016
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.06.023
http://dx.doi.org/10.7671/j.issn.1001-411X.202107050
http://dx.doi.org/10.3969/j.issn.1002-6819.2015.z1.028
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.01.001
http://dx.doi.org/10.3969/j.issn.1002-5235.2014.03.012
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.11.001
http://dx.doi.org/10.3969/j.issn.1002-6819.2012.11.029
http://dx.doi.org/10.13881/j.cnki.hljxmsy.2020.08.0018
http://dx.doi.org/10.6041/j.issn.1000-1298.2021.S0.045
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.16.027
http://dx.doi.org/10.3969/j.issn.1000-386x.2019.04.021
http://dx.doi.org/10.3390/w12061654
http://dx.doi.org/10.11999/JEIT200141
http://dx.doi.org/10.3778/j.issn.1002-8331.1811-0261
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.08.016
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.06.023
http://dx.doi.org/10.7671/j.issn.1001-411X.202107050
http://dx.doi.org/10.3969/j.issn.1002-6819.2015.z1.028
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.01.001
http://dx.doi.org/10.3969/j.issn.1002-5235.2014.03.012
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.11.001
http://dx.doi.org/10.3969/j.issn.1002-6819.2012.11.029
http://dx.doi.org/10.13881/j.cnki.hljxmsy.2020.08.0018
http://dx.doi.org/10.6041/j.issn.1000-1298.2021.S0.045
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.16.027
http://dx.doi.org/10.3969/j.issn.1000-386x.2019.04.021
http://dx.doi.org/10.3390/w12061654
http://dx.doi.org/10.11999/JEIT200141
http://dx.doi.org/10.3778/j.issn.1002-8331.1811-0261
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.08.016
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.06.023
http://dx.doi.org/10.7671/j.issn.1001-411X.202107050
http://dx.doi.org/10.3969/j.issn.1002-6819.2015.z1.028
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.01.001
http://dx.doi.org/10.3969/j.issn.1002-5235.2014.03.012
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.06.023
http://dx.doi.org/10.7671/j.issn.1001-411X.202107050
http://dx.doi.org/10.3969/j.issn.1002-6819.2015.z1.028
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.01.001
http://dx.doi.org/10.3969/j.issn.1002-5235.2014.03.012
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.11.001
http://dx.doi.org/10.3969/j.issn.1002-6819.2012.11.029
http://dx.doi.org/10.13881/j.cnki.hljxmsy.2020.08.0018
http://dx.doi.org/10.6041/j.issn.1000-1298.2021.S0.045
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.16.027
http://dx.doi.org/10.3969/j.issn.1000-386x.2019.04.021
http://dx.doi.org/10.3390/w12061654
http://dx.doi.org/10.11999/JEIT200141
http://dx.doi.org/10.3778/j.issn.1002-8331.1811-0261
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.08.016
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.11.001
http://dx.doi.org/10.3969/j.issn.1002-6819.2012.11.029
http://dx.doi.org/10.13881/j.cnki.hljxmsy.2020.08.0018
http://dx.doi.org/10.6041/j.issn.1000-1298.2021.S0.045
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.16.027
http://dx.doi.org/10.3969/j.issn.1000-386x.2019.04.021
http://dx.doi.org/10.3390/w12061654
http://dx.doi.org/10.11999/JEIT200141
http://dx.doi.org/10.3778/j.issn.1002-8331.1811-0261
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.08.016

	1 系统整体架构设计
	1.1 现场设备
	1.2 系统技术

	2 系统数据传输
	2.1 Netty优化设计
	2.2 数据传输协议设计
	2.2.1 生产信息数据帧
	2.2.2 图像数据帧

	2.3 数据上传流程

	3 系统测试
	3.1 试验环境
	3.2 系统平均响应时间
	3.3 系统数据处理性能测试

	4 物联网应用
	4.1 物联网系统主界面
	4.2 母猪饲喂信息查询界面
	4.3 采集图像
	4.4 统计数据下载

	5 结论
	参考文献

