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Abstract: Agricultural smart sensors are among the key technologies of intelligent agriculture. This paper describes the con-
cept, characteristics, and implementation methods of smart sensors and introduces the composition, development,

and application of agricultural smart sensors. The agricultural smart sensors were classified into three categories,
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based on the type of information they detect: life information, environmental information, and quality and safety
sensors. The life information smart sensors detect plant and animal life information, and the environmental infor-
mation smart sensors detect information about water, soil, livestock and poultry, and meteorological events. Cur-
rently, the application of agricultural smart sensors in China faces several problems. These include a low degree of
integration (modular implementation), a heavy reliance on imports for the core components of agricultural smart
sensors (sensor components and microcontroller), a low degree of intelligence, and limited application scope. The
root causes of these problems mainly lie in the lack of core controllers dedicated to agriculture, the lack of self-de-
veloped high-end agricultural sensors, and the lack of dedicated wireless communication network protocols and
high-precision smart sensor algorithms. The paper proposes some feasible countermeasures, such as manufactur-
ing China’ s “agricultural core” and high-performance MEMS sensors, constructing special agricultural wireless
networks, and developing high-performance smart algorithms. If implemented, these countermeasures will help
promote the intelligent manufacturing of agricultural smart sensors in China. With the rapid development of smart

agriculture, China’s smart manufacturing of agricultural smart sensors is crucial.
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The development history of smart sensors
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Fig.2 Basic structure of agricultural smart sensor

Al A7 B Z R, W A AT e A%
G R RIE IR — DR B2 M ER G R
A REAL AN G2 AN R] , R0 o A i s 6L
&

<
s

F

5
PLEREL i G 2 A REAL IR DT

A B REAL AR A X s Y A R A
HA G AR AR R R A B B AT RO B RE AL R
AROTY AR A KA LI AE SR B ARG 0 A SRt 2
FLFEAE Y 25T EARS AR A AR
RO AR R R RN AR YA — AR e RS
BREAL AR . shW A A B D2 B T A4
BYIAT R IR 4 BRR 23] AR 2O AR R

hu(l

PRIEE A B REAL AR B SR A8 X S A A A7
Y PRE 2 2R A T M A RE AR SR UL, PR A
B RE AL I AS 1 B AL A RN R RN Kk
ROV B @ RO et Ay . R REAL IR
T HERIREE L TR TRE AR SR K
2y AR I . ORI REAL AR I TR B IR
JE VR | A AR RO DL IR AR
Mo IR RE AL BRI T /K IR B K I (TR
BRRE T A A R SR R AR . AREAS /NI
2 SR T i K DA SR B PR £ B
REAZ I A 2 H AT PR BT (5 B RE A2 R 1 B 58 2
S SRR R AL R N T R S IR A R

T 3}

PION

C

=

),



R KEEFR : TR —RUBZHIRRET EZAR

£38 FHoW

6
EERRITA 5 A ~ R W = NN = P - = 1 Y1 2
PRI 2 R0 M I 5 A

AT il i J5T 5 2 4 RE AR SR AR S 4 X i 2R
[ SN S 'Jfﬁnnffniﬁ'ﬁ AW RE1L
PR, TR ALEILGE R RLSE T 5 SR BE L IR
FoARBI, ﬂj%ir‘r.i%”ﬁa%@ﬁﬂifﬁﬁ?%ﬁﬁ%hmﬁﬁﬂ@

JRCEAEE BT B AR A TR I o R A RE ALK
£ N IVA S E e R T T2 RN A At S e 8
PLE R REAL B B FAG™ fh 40 9 S i o L 52

WU O W . T Be AL AR N T SR N
B B I 7K SR R A N
3.1 &ME BB IR

3.1.1 YA G B e Es

FEPI 0 KR MR AR *E%ﬂﬂ#
JE AHY)ZEF RS REEY A KA ok
aJ/ﬂMlJﬁﬁﬂﬂ*EMﬁ%Eﬁik%ﬂi}ﬂﬂt?&,xﬂﬁ%
(AR IR PR, SRl A = BB U R4 A Al
S

w4 A R AR B R A R R 2
o I RSN LR 5 N I 7 A Y NS b
LRSS STC12C5A60S2 B ML, B & Hh Aty -
F SRR S A A, B G JCH AT
T 5 2 /N B AR A, I ) 7 S (R) N F 28 S 3
JFENAE N LT £ A8 6 5 o A R Sk 3k Rk SR
AT89CS2 1 M ¥ il A% > , 8 FH TCL7135 52 A I e
BB, Bt A 48 200 ok i B Sk SRR,
IR ZE/NT 0.2% , 38 BRI (DR BE e s e M
W o XUTLRBOSE N FIFH TR 3 15 JBeas A8 5 AL S BT
R R TSR A BB TG A st e, 0 A KRR X
7£0.42% , FITA s A HLAT nT AL L B Al |
KR ML B BEAL RS . Wi R ek
b 2% £ B A AR FH E 2008 AT 2 55 0 S e A A2
TAG IR, 45 A ToEGE A R, SEHU AR Y A2 I 0 G
PRAELR S WIS, 5 AR AL AR H AR T S i +
B W RGO IR R DR PHAE VE IR
WREE | AR AR A B A AR A, AR TC 4R A% JEkei I I
AV BRI mT SC B, (8 T 58 4 R IUTE £ Ak R ¢
HRESHOO)
3.1.2 i nls B R IRER

XSl AR ATk REIE I A S AR R A
HRE BN, A B X s A K & B IRASUE &0

PR, JCHSE R B P i RE RS Cln R e AR ) L ]
T ] SR A 2550 I %o 1 it ofe [ I b 2 o AR g A Ik
ar B SRR A L3 R A N T
RIS FR 50 T 5 5L N FH A (.

Shayan Sharif 558 £ % & & #L (Y CHETE T8 fig
1R A A8 B 3h Ak 2F AR A 9K ) 1 D o 7
&, o B RGBT IUE 2 AR & S ES 4L,
R EEEEHAE LA B EEEEHARY
it FHA Bl T 3000 B & e, [l s A i of 5 1R 17
A Y PR 27 i AR P2 0 #2087, Luis Nobrega %5 /48 T
SheepI T I [ , 5K NN T JOLR AL BB W 4% | 3% 4%
F a5 F TR 0 B RS R ML
JTTIEXT SRR FE 8l M0 7 S A TR R R
ik 91.78%, 1% Z2 48 i AT W H T HoA 35 8 A5 W I ee),
AR Al KA 58 N D3 OVR) g il % L T 438 15
BLHCFNR 3l EAS JRBEAGIRER BT — B I 2R
FAEAT R BEAG IR | FHOR W 5 2547 7 A0 80 i
1N N I S ST R N = vl e LU R e 2
WA o MR 11 2 2 [ e A 28 PR 8 A8, ] L ofe
B PR P AT 1 4 2 2 5 A R RS 0 0 45 2
RAEHI ., Rt K 2EEOSR LM Kt AT
TR A% s , STM32 T4 il # Al ZigBee L4 i 17
*%ﬁ%ufrtﬁ WE I BE R KR AT R R e A% A A5 B

DRGSR IR R OO W HER 22 100%
T Eﬂﬁ SRR NI DI RE . T S A AR EIHR
1L . = B2 S3C2410 18 FH JC 2k 43 4H b 55 o2k A
BT W BESRAEA T 0 I AR AL IR, SIS
SRR G 0 A SR X TR ERR i A AR
MPU6050 #5387 il 4% . GPRS T2k B0 18 {5 A,
E%ﬁ;itlj”kimﬁﬂ%ua‘éﬁi%?ﬁﬂvéﬁ VREAZ s 45

2T P 22 I 48 R, X S RO A 7oA R U
.auJ_\ 88.05%.

(5223

3.2.1 KA BEAE BT
W e AR TRLRE R AR R TR EH A
KRR T B 7, 4 R T XK= SR fe iRl 2f 45 5
FEETE K™= IR FH A K o, Mﬁﬁﬁ“ﬁkf%‘%ﬁﬁﬁﬂx P
KRB P SN SR R A . K SR

ﬁ'ﬂtmzuww— 0 I — H

b SN FE IR R B BRI A A AL LT R D
PIEL E*E & )% % . STM32C8T6 i 4% il &% | ZigBee Al

3.2 IMEEEEEE



oM

Bing PERUERERIHEA. RS LR 7

ESP8266 J £k i 75 Bt ) 1 IR T A 1 7K S5z W DU g
1A% B ST K P FR K SR AR R W R 4 $ T
FRIRCRFB 20T N7 AR R 22K SR it — 2P
BReAL . RV VR A Y N SR G OK AR R
PR B E 2 AL I B RS i SR A% JER S , MSP430F 149 i
J HUFI LoRa JCZk@ {5 8, B & Hh— 3 T Ak K ™
FREEK A e AL A , FLITIN K ARV i S 5 e A WhiR
2 /NF 0.12mg/L, 7 B 46 X 25 /N F 0.05°C , PH{E %
X122 /N T 0.017, 8 BE 48 X1 1% 22 /N F 0.001%. 4
JEUSIEE N A X 76 U 5 PR BT v K R A A R BR M L R
FHHELE R R EE (PHAE KA K IRAE IR AR , Ardui-
no . 5 HLAT SX1276 LoRa S A B | f il H — 2
WNTEF 53 7K 7= FR 8 7K Bt A e A 8% , R JC4ad (4
B R AL AR R AR B AL i 2 5545 AE 2 T 15 SC 80
I o AW VAR 5 SRR AR T O, EL A IR AE ARALAR 58
FHPER (N 45 2 55 B 4l T AR A% . Lore-
na Parra155 AR FHIR B R L 2L AR
Arduino Mega2560 {4 il #% F1 ESP8266 JG £k il {5 5
Ho W W £ 28 55 A AL IR, ARG T 90
KT , 308 3= 90 BT RIS e Wl 7 o A4 2 A
3.2.2 T HER AT RRIE AR

A FH - S5 PR 5 H5 0 SR B RIAIE 9 2 A Ml 5 8 o A
WG T 7, SN TS g A B+ R R 4R ik
FERTAE 7, KRB A A B fL A b, BETR B A R £
TIfE M+ e PR (1 B AL A%, T A B Tt
YE =tk o0 3 T B Al TS Y B &
B ST R S, TRt mT Bl 7 1 i e bs AR

fioe QISR R B L 423K 2 137 &R 42 (Global Posi-
tioning System, GPS) i 1% J&#% . STM32F103ZET6
THCps T 2% FAE S MG323 GPRS Jo£k 18 {5 6 e |, sz
RAE RO EAE B ARIREF B i GPRS HR
A5 1) B M5 BAL 26 B B ML T, IR 7E MySQL %X
AR . T REIAE AR RS 8 R\ PH %84
#r \TMS320C5545DSP # il #% 0> F1 GPRS JC4k 3 5 A5
e, W AR B 5 R SRS AT g
UE T ok B AR e 1k o AR Al 2 I IEFE N 51150
K 3K 5 IR RS P AR SRS STM32 i d 1l
#, SIM900A GPRS JCZk i {5 ik | & 11 7% 2
REAL AN , SR A 3 G PR R AR 7Y I 3845 B AT
R, #2057 A E BORAERCE . Rl R AR
T BE RN PH B AR SRS, 1 58 5% 3 3 4, Android 1
STM32F103 i 4 ] #% , LoRa FI ZigBee JG £k i {5 A

B B XEBE b T /IR AN RV e (L i As ) + 1S
AT I, 43 B0 e 2 R P S SR, K
PRH B 4 - e R i AT FIDRS M IE . Yang L2145 2%
FHVRRE IR PHAE \ECfE Y IR IIAES 7 Ab B2
RN #E 25 JC £k (Long Range Radio, LoRa) iffl {5 £
e, 25 GRS B A5 P 45 (Deep Belief Network , DBN)f&
BT DL AEG FUI 6 Fh e 25 A0 AT S A, ER 5 5 A
98.5%.
323 BB RLE GRS

XA A TR E R EAR R R
fie A OISR S HO W SR A BT
hE GRS B A IS RIE R B KA EH POR
PR &)™ i T 2 A 5 ), R IR & & 5
B T B R S, R, B A K R e A
() F e PR RN SR A 55 X AR S R L —
Ja R4

Lin Taol1 55 AE LRI 10 SC P 2 11, 25 Fh K & A 7
IR 0 S B W ) 2R 9008 R o 2 SO Al A ey
fRSAS R i BEHb RN AT RS AR PR U 19 A5 B AR A Y
BHE K. Pereira WF Z556R FAR B Ak 1) J7 12 44
T T DHT22 IR B AR RS \MQ-137 Hifb 2= 2 < f%
T A R 45 1% ) L Bc B AT TG 28 1% By 21 BE 1) Wemos
Mini D1 F ¥ 1i] #5 (4 = , Sunlephant ) %) {EC 5 A< Wi 0l
RYGE RS IFR B SRR B S A b5 %
FFAE T HLL iy AT S AR R B A s . T bRl
K2R AL AL T B T & S SR i
W 248, R T SHT30 &% 1% 544§ (Fi 1 Sensiri-
on) \MH-Z19B # — S fb il f& [ R AE B ) H Ak
255 MR AL S AL A ( H AR Nemoto) | A M 306
SDSO011PM, s/PM, HOGA% B R AR B & PR, Ik
FH T STM32L0 f 45 il #% . LoRa i {5 51 1t (Al-thinker
Ra-02 S AFALHLAT SX127 il fF 1L ) | GPRS AR B 45 3
[vi) ) e S R, e 22 S K RS 5 BRI ) S kW
A BT R A A PR AL R S L R R s
TEPE STC89C H - AL ik % 1Bk #% ( 3£ [B] SALLAS) |
MQ-2 fH %5 % [ (B e 8% ) Fll ADCO809 % 460 25 >k
AREUES B P 0 U0 B R 25 R BB, 30 3 R 25 v B2
SO W, RGO A SRS . Wang
Xuhail 48 ) STM32F103 i E#E Hl 4% B & T
MQ135 25 15 e B 8t RSP 6 1% ) W ) — 4 Ak At A
B VL R AL RS DHT1L () M B4 ) i 1%
R DS18B20( 35 [# SALLAS ) 3¢ S iif 1 i) 24 48 PR 5%



8 R KHTEZR . EFH—RUHZHFERETEZHR

£38 FHoW

THOL, R AAE & T 28 St ali & (8 R4 P i
A R RURR ) SFe I 4 2 i IR B R AR AR H fil R AR K
SR AR
324 SR AR L RER

XF AR AR B RO ERORE DGR IR
JE B SRR IR BRI AT BT GE R
R EAIFSILY/IAER SN I = K N = K et N 2R A A =V
B Sl 75 e SRR W, A Bh PR kA ll A 25 m]
Frel . it i 5 5 B S W I 2= A P
SRR ROl FAREY A K A BRI 00

TR 2B 5T A LR S300 21 4h — S Ak Bk
J HEBE RN R A% B, STM32F 103R fif 42 il #5
NR24L0 T2kl {5 B, ifF & R = 3515 B R se A%
B B BE L B B E AL BT LabVIEW #11
() A WL 2wt , RIDRT S s W 000 9 =5 R N 1) B B £
8o ZE/NFOEE )R DG RRGR B a SRIRE  A
etk .+ HEIK 53 F1 PHAE AL 4% , CBOS 1F350 {7 il &%
M ZigBee ORI {5 B, B &t — 3 Tk 1l A= 7=
IS5 B W I 0 R Be AL B, B e AR A A I A =
B A5 B3l i ZigBee UL [ B Wi 27 /5, SC IR
A H AR = IR B AR B W AEAf BT SRR AR
JSCAS I B A PG a5 o X B VTR ) A R R
JEHE R SR PH (R A R E AL R
EFM32G222F 128 filf 4% il #% Al LoRa Jo4k 3B {5 # bk, th
BT W A R BE A B B R 1L 2445 . Lakhiar [
A GE NIOSR I R 08 R | F A A B G IR W
TR KA E B AR B, Arduino TR 28
WRTnode J& 45 3 5 i 5, AfF %2 Hh W A< 55 4% 455 R b
TR MR RBAG IR 08D T AR RE ThON T  AE
il R R B B T ARG AR B AT SR R AT
Pk, Y R Y A K 58 RS HON L KR
IR AME B o FRATTHT VEF X it fin Z&UI0 S5 A 2 45 2
MG, TR RE AR T RE Y R E
B R AL B A AR BA /N RGE ARBA T
E MERE IO A L A SR B AR A R A A 5
PE A5 B JCZR A% I8 I 45 RIS RE A A S IR B <
P e s,

3.3 RFFmmRE e ENEEERSE
AT by b JEORGEINS 7 it 735 I IR A Ak 3P £

A EE S BECREE MR T BT O
T AR AT A RO A i b ORI 22 4, JE

TER A% R BN ST AT U gl 8
RBAG RS , XSS REAG BT R R I T E K

T Fee14 A Adi ] PEN3 H, 1~ & (Airsense, 4[5 )
1 SA402B HL F % 15 J8%#% (Insent, HAS) , X 191 Bk AS
[vi) L 1 L R R i 6 1) 2 B LA T IR 9T, e M R TR
FE TR RN R P /K A R R %) TR A T i e L XU i I 114 5
W), SRy T & AN TR) U 1) % B ZLER A T8 07 1) . A% 0=
BLONZE AR 3 21 A8t i (Bruker Optics, 18 5] ) il
PEN3 HL & (Airsense, 8 5] ) X35 52 5 B i A 7 IC i
U 4 N7 A 22 TN A6 Xof S SR U 114 ) 31) I A 3k
BT 87.7%, k3 B IR A o G AR .
SR FOX4000 HL T 55 (AlphaMOS,, % [# ) SR A
v it Ao R 7= e XS B4 e o i 2 50k , ST 4 )
R T Sl S PR R 6 7 b A BRI 0 o R 4y Sk
98.36% £l 97.65%; ifii K Fil USB2000+ % £F Yt i {X 1%
SRS SR B B T 6 S31) %) 7 L 0t o 93000 4 2R 97 %
F197.78% , X & W IL A AR 1) L+ B 7 i AH L TR 42
By 5t RARBUG IS & 25, BA AR R AR . Fok
0955 AR H PEN3.5 H 15 (Airsense , 75 [ ) > jl| &
R 2P, Geim kT S 4B A I T PR & R 1 4 &
P XU oG T 2 B, 5 AR i L 2 4 1 XL
BRI, %07 VR AL G2 0 T BT SR R R R
W, A6 2 TR it SRS I AL T R R S T . AT
AT 3 R JRUBR it S 7 T T, 6 | R A
W IE AN RN T 2 0 B AR R SR AR T
SET R RGOR A B AR A A SE A T s 1 ]
T4 S st s SR i SO0

3.4 LZEIFkR

PA_EANTR R FH 3 55t i Al 3 REAL R AR LT
G AR , BA A NTT R RRAS TR = R0
SEOLH, HR AL I L B oA S B 2R I B PR RE , 3X
T AN B R A R T B R . Aol
RE AL I L B R SR R Z BRI 5 A 4
1071 o AHR SRR , 3 E RO REAL B DHE ik
FAAEIE 2 1Al - 1) 4Ol REAE R 5L B 5 b Ak T4
G B, Z2BOCHRR FHH Tl 2 A% 1885 il & C
2t AR LA P2 18 07 S B, A B |, % I e
RAFER, AH T AR AR Wk 0 v R U R T
AV A7 5 2) AN REAL IR B A 7 ST A G —
I ARARUE ; 3) AP ARG AE DT T REFEAI(E B %
AxUTUAE T A A7 AR )AL, i TGk 8 4 B o B R AL Ik



oM

Bing PERUERERIHEA. RS LR 9

for BOFRAE , TR s o 2 2 A0 PR 0 AN 2, L H
T 2 R BRTJERR AT IE 5 4) A s i A D B A
BE O P B R AU AR I dh A B A
7 ity i SR 2 e 0 5 T RE AR TR I 005 5)
HET MEMS SR B AO B REAL AR A AR D

4 HELRE B BRRARTFERY B

R Bl R R A T R RS E R,
Hh L N RE AL RS B AR FE AR & S e R 5 B
Ji B IRRER L R AR B AR S B A e A
TCLk W45 TIHE N FH AT e o Al A% R L H AR ]
B AT EA ST IRSE 2 A E AR RS, AR
wr

4.1 B REESIER T E

AV BE AL AR A O R 1 DR B
S BB A . AR SCRE R SR AR 9%
AIF 5 i 0 SR ) = s il o 30 P AT 37 [ 0 ik [
X v [ g it A ) B B e I BB L o B
Mgk, LLE AR ST 23 5] STM32F103RCT6 {4 il %
), 2021 4E 6 A A H T 2020 4F 1 A A B8 58 iE Gk
479%. T g U A ELIE bk, AN ol fe
B RS AR 7 AR [ BS) S [A] 2 3 T Al AR 7= AR
XFF i E RO B e EER R AR
AR, H AT E P R Al R TS R TF AL
Aty VRESFGU, W TC L T IF & AR ML B R A
Ao A AL B — M T T R P AL A
TR Al B B 2 n AR B IR AR e U
AT st A b R B A BT 5K o R, s
MRS B THERAE iR R & g e, Bt i T [ b
PR AR EA R B AR AR B i)
SEPE IR E PRI T 28 05 7% 16, T 5 S BRI R H o

4.2 R fEREES A HE

Har, & E M & A oot L
100% ##F F1E 28 = i, 90% & 808 B ok F 1 [ A
FET21 ] A Rt Al LA AT ) 8 4 2 [ A ) 28 7 iy
&% A EEAH D, B OBEARBREANE EG
TRIFEF ., LT MEMS £ AR F /AL RS H N
1), i A LA FE 2 v, HAT IRABEAL 1 Lk BHF AT BA 22

AR IR TR R, A AT REWT A S Eh I i 18] T 373 17
F o /INEU ] 7 1 SR Al ME LAASE A Bt R 8y s i) A
TIRAS MY Sz o PN o i i A ™ o 3 8 A 2 2L
FEHE T AN FA e AL A B BRI AL AR
S ] 7 A S e A P 3 i L ] S PR BB AR L
TCAR T B A o [ ill ™ Al B — , BB
AL PSR e I R AR RS o IRIERT e A a
RE SN IZAFESETY, S WL R B m L, LR R 23 R L
JECBRPEAE i 22 BB 7 AR MU I A — 2
B 1 AR R A F T DU ) Tl T 2% R
5 T WA U A SRR I K i o Al s
PR IR A b o DAL, T Xl B2 2% 3R 45 T #Y
P/ /INEY ik Al FENE ARIIFE R R A
TN ARIRAS oy = 3k B RGOl 8 REAS
AR AR o BELL T A% B S AL T AR 4
PEAO R REAR AT, A A R R A2 BR X i 2 IR
B XA B BE A AR B B PERERN 55K
WAHN T 853 R AEA KRB B 55 (L

4.3 REBEHRATE

IO 5 AR TR AL i, SE BRI 7R 2k
s REAE AT AFRE AL IR R B AL AR Y
Ao XA A AR PR AN Y A A B
iR, Al B REAL T 5 1 B O AL IR 2% 4 ik
AR . JCZRAR IR 2% 52 FR T C AR 1E 9 )
FRRRPE, ml REOR ST | WReAT A A P A A S
AR SRR 7 A2 0 H A 52 o [R) I, 521 TR e
SN AN G2 1 0 SR PR, e s A IR . H
BT, 19 A B0 AR A s ) JC 28 1 By SR HE , AN [
A Ml B RE A R vh T3 A [ A RE Tk 52 BT [
— R M4 T LR T A I A S RE T A
B, TCEE AR BOR BB PR 3 i oAb, o2k 45K
P 45 A1 HE AT A% i B 5 i T AR VREOOR 2 4
P PUTHUREI8E o XAy RSN B oA
SFARZRAE A I A5 R A g 2 YRS

4.4 fERSRHIRAEFN 7T E

AN BEAL I — IO BB X RAG , b
FEAO A = BYPREE A 7 W o A I I B PR A O
28, G| AR IR R AR R 25 RS BE ARG, 111 T 5L
A A A B AN TR o ol Ak P2 FR 1Al



10 R KHTEZR . EFH—RUHZHFERETEZHR

£38 FHoW

RE AL IS 9 AT DAEFILES Fr X U RR ) , IR ) 22 A2
o Bl TR o RO P AR e A R B
XFRMUEE 22 7 ANV A B A% R 3 i ) T il Ak
L, HAT A R A U Bl i M R SE B T
B RTRAL A SR BRI LK RS K
R SCRR R G AT B S5 RGO AR B
FRES G LA BR , Tovk P | RO e A S ol A 7
J1o [RI AN B i 3L 2 028 5y R 55 A T [ AR
IREZ BRI, SEBAO R BB RAE R ]

5 fRRIEHEFIEIL

5.1 FRRIERNIF &R “ LAl

Sl HAT o i A AR MBS 3 B AR IR AL
s BB AR A S Aol T ) AT S 75 R4
F S BORBUR U A EWT R AR |l St s
TENERIAOE 5 51 FABHE A S =S A
FF LA 25 5l A0 S 5 SR e A R ST TRl Y
IT Molb A G Aol s ™ YA Bk SR B A e 25
BEE RO, (2 BEI I R A BOR A AR 5 S8 3 At
Fr OISR A AL, DT D %) 17 il B A

5.2 ik S 1EReL £ B 25

fEEAC 7 AORBPRL R 1 T8 15 S5 2 B 2
R s A AL A OB R Ty i o HESh R A FIRHIE
Wt BT A% I W VAT A DAL A 2 1) 1 JHF e e Ak, 0T
HE R 2 KA L R ) 2 B A MEMSs SR B H] T
AV REAL IR S, A PR BA UMY AR |
it SRIIFE S ERER TR0V B REFIRAS SRR R
WICEAE S 7R FE L b5 R sl RHIFA L s
Felga il A B ARHITER , e R MR L fE
AL, A AR T A 5, [ s [
RIS T A SR RE . e EREMEIRE T A L 1
ZET MEMs T Z YR AN REF AR (1Y 1 -0
K AR RS A B RIS AL B REAL AR AR Rl
I TSI A B PRS2 Pl B . IR T
Fenh SO S L R A A, D B e 4l
T

5.3 MR ERTLIE ML

AN 4.0 rBON T AL AR SR T T S 2K R
AL R R R B B A I A 2 A AR |
(IRAEFERDCZ L FTAAE AL, IR X 5 G Hu
SEIE AR B, RS i A A4 D (5 T 2%
o BRI BA A EH AL TCE R 25 45
VERGE TR BAISA (RIIAE S e eI
PZE IR RRESEETTS), - F PR AT RAERE Al
A GHHIVE (R B 224, e A REMESFDIRER Al L HIC
LRARIRRINZE . LG — RV T AL BB (5 URAR
e SR BRI R A e ] — e (F s F 3k
Al TARRIRESS . FRURARAR X RBER AR EAR Nt 522 4290
EREMBEE . 05 B2 AR AR B
AR B 24, SEEA R B AR

5.4 AR SHRELBSREREL

T ARSI, AL Ak SR RH PRI
FPE— i T et il as st
BHEE A2 AV R IR TR AR A o7, —
JEATEAE)S IRST AR ARIREN A: ZEk AT AE Bk
PRI Al A REF I 1Y i AR . [N
I PR R R R A PR A S : DBIEREEXT
ARSI BTIRAR D REFEIRA BRI & ks
JEREBIIATE . 2PRER N TR RESATS XA %L
PEHR B BRI eV R R At 2
GUIE IR 3) . AN BT IR S0l o
ARG RKERG NG B SS RGEAOAR BEOR &
H3E R A= H1, Al A= S (iRl e4s A
AP B . M A B e e
IIEZR e e A R = IR ] o

6 SESRE

TE [ AR B Ay KK R A REAL AR
0 B3 TR, AR SCE A REAL AR R S R IE S BUE
AR ZER L2087 1 b [ Al R A% Tt 14 A e A1
FL 20 A B RIE OKAR VB ah S SN R T
TS ANV B RE A% I 1 S BT SURMBCR BEAT T4
Sr T R B, FelE H A Al fEAL AR 2 R AR BRAL
CIER AR 77 S B, S AL AR BE i 105, 1o A HL 5
REAL AR A9 DY R AP A = PR RE , 2F 1117 i M



BinE : HERUEEERBHONA . DES LR 11

AT, AsE
SEREIRNEE

% ]

BEE fRssE5

SERRE AN AKK

Fig.3 Sensor algorithm application mode

FEEE AN e B K R e RS IR T ik =
18 T A 2B 5 1 “ Akt ™ MLURAT 15 4R A
PR RE B i BE AL IR AR T AR OF , TR JCLk 18 15 R BE
TETT I R B AT & . i), i A AL
v JCA AL I 225 RV RS D7 T % 3 [ AL B e A%
JEER K RSN T R SR AL

AR TEMES) & BRSO B B BERE
PAAMY B RE AR IS B OCH A S48, — A B 5%
BRAN AR 7 AR B RS A 00 13 25 W, B2 s ol
AP SIS BUBRE T [ 7R A AR B 9 v o
W RBHREA LR ARG AR RS R AR
B 55 R GEEAOM S BEARMEE S M B, P |
1R AR T AR A 7 g T B g Al L 4R T 5
S B A AR AR S IR A S A, TR Sk
B A TS Gen B g AR A 7 T R
T, DA A g ik SRR IR I B PR A AR AR A
i FF RN A 2R, S Al D HE [ B Al A ) S BE DR
M [ BRI R T e DU A TR R 52
£ JRTHAY AT R8RSR RETT , B I AR L S 3R 8
S IEEE ; — A B TR IR, AR AL Y
KIEESHESN T A BEAL AR AR F T4 A 7
RORARTE AR A 7 AR B AR AN A 7™ i i 52 70 1 42
T, B Sy sE B W s R B W TR, 7R ROl
PRIFA A4 T A BEAL R 1 v A i 2 2 2

S 3k
(1] A B . A 7 200 &% 1 2 45(2020)[R]. AL &L h
[ {5 18 F5%,2020:3-4.

China Academy of Information and Communications Tech-
nology. White Paper on China's Digital Economy Develop-
ment (2020) [R]. Beijing: China Academy of Information
and Communications Technology, 2020: 3-4.

[2] Kassim M R M. IoT Applications in Smart Agriculture: Is-
sues and Challenges[C]//2020 IEEE Conference on Open
Systems (ICOS). IEEE, 2020: 19-24.

[3] Johnson N, Kumar M B S, Dhannia T. A study on the signifi-
cance of smart [oT sensors and Data science in Digital agri-
culture[C]//2020 Advanced Computing and Communication
Technologies for High Performance Applications (ACCTH-
PA). IEEE, 2020: 80-88.

(4] [ i T HORBRIEAL DT TE B R REAL R AL A R 5 R

% W& H 2 5 [R/OL]. [2021-01-20]. http:// www. cesi. cn/
201908/5426.html.
China Institute of Electronic Technology Standardization. In-
telligent sensor spectrum system and development strategy
white paper [R/OL]. [2021-01-20]. http:/ www. cesi. cn/
201908/5426.html.

[5] Hauptmann P R. Selected examples of intelligent (micro) sen-
sor systems: state-of-the-art and tendencies[J]. Measurement
Science and Technology, 2006, 17(3): 459.

[6] Yurish S Y. Sensors: smart vs. intelligent[J]. Sensors & trans-
ducers, 2010, 114(3): L.

[7] Taymanov R, Sapozhnikova K. What makes sensor devices
and microsystems “intelligent” or “smart”? [M]//Smart Sen-
sors and MEMs. Woodhead Publishing, 2018: 1-22.

(8] XIZEAE, AR 5K 05,55 B REAL s R GE (M. 55 2 i P %
P22 AL TR R H R, 2010.

Liu J H, Tang Xiaojun, Zhang Yong, etc. Intelligent sensor
system [M]. 2nd edition. Xi'an: Xidian University Press,
2010.



12 R KHTEZR . EFH—RUHZHFERETEZHR a3t oW

[9] Li D, Wang Y, Wang J, et al. Recent advances in sensor fault
diagnosis: A review[J]. Sensors and Actuators A: Physical,
2020: 111990.

[10] Rymarczyk T, Krol K, Zawadzki A, et al. An intelligent sen-
sor platform with an open architecture for monitoring and
controlling cyber-physical[J].

[11] Boltryk P J, Harris C J, White N M. Intelligent sensors—a
generic software approach[C]//Journal of Physics: Confer-
ence Series. IOP Publishing, 2005, 15(1): 026.

[12] Singh N, Singh A N. Odysseys of agriculture sensors: Cur-
rent challenges and forthcoming prospects[J]. Computers
and Electronics in Agriculture, 2020, 171: 105328.

[13] Pathan M, Patel N, Yagnik H, et al. Artificial cognition for
applications in smart agriculture: A comprehensive review
[J]. Artificial Intelligence in Agriculture, 2020.

[14] Basnet B, Bang J. The state-of-the-art of knowledge-inten-
sive agriculture: A review on applied sensing systems and
data analytics[J]. Journal of Sensors, 2018, 2018.

[15] Yang L, Sarath Babu V, Zou J, et al. The development of an
intelligent monitoring system for agricultural inputs basing
on DBN-SOFTMAX]J]. Journal of Sensors, 2018, 2018.

[16] Channe H, Kothari S, Kadam D. Multidisciplinary model
for smart agriculture using internet-of-things (IoT), sensors,
cloud-computing, mobile-computing & big-data analysis[J].
Int. J. Computer Technology & Applications, 2015, 6(3):
374-382.

[17] B, 26 4538 . o B AR AR B A HAR S Jre IR B A7 AE R ]

JB0). A T AR 2447,2013,29(22):196-205.
Chen W, Guo S P. Development status and existing prob-
lems of China's agricultural information technology[J].
Transactions of the Chinese Society of Agricultural Engi-
neering, 2013, 29(22): 196-205.

[18] s aAe, S it g whi 43 B, 55 . RO AR IR BRI 9 i i S5
AEST AT I]. A R ,2017,13(01):38-48.

Zhang J H, Wu J Z, Han S Q, et al. Research progress and
performance analysis of agricultural sensor technology[J].
Agricultural Outlook, 2017, 13(01): 38-48.

[19] Baert A, Villez K, Steppe K. Automatic drought stress detec-
tion in grapevines without using conventional threshold val-
ues[J]. Plant and soil, 2013, 369(1): 439-452.

[20] Schlemmer M, Gitelson A, Schepers J, et al. Remote estima-
tion of nitrogen and chlorophyll contents in maize at leaf
and canopy levels[J]. International Journal of Applied Earth
Observation and Geoinformation, 2013, 25: 47-54.

[21] 248, BRI I ] 2% T 4 A BRGNS B8 U 28 R I 4
ST I R [J]. 67 [E122,2020(15):130-137.

Li K, Wei X M, He F. Research progress of greenhouse en-

vironment control based on plant physiological parameters
[J]. Northern Horticulture, 2020(15): 130-137.

[22] ERIESE 5K B, BB 42 . 3 I A 1y A A% IR A BIF 5 IR ],
RHALHIFFT,2013,35(08):236-240.

Qiu Z M, Zhang K, Mao P J. Research status of plant physi-
ological sensors in my country [J]. Journal of Agricultural
Mechanization Research, 2013, 35(08): 236-240.

(23] s/ SR B, 4,55 A ORI 2 UM B I R
W BR S KR 3 [3]. Ak MLk ¥ 412,2019,50(11):1-14.
Zhang X S, Zhang M J, Wang L, et al. Research status and
development analysis of wearable information monitoring
technology for animal husbandry[J]. Transactions of the
Chinese Society of Agricultural Machinery, 2019, 50(11):
1-14.

[24] TAF SR VR IK,ILE 25 AR AR BORTE 1R Sh A h iy

ﬁjﬂ%\fﬂﬂﬂ.*ﬁ%ﬁh&??ﬂ,zo17,27(06):52-55.
Wang Z L, Wang L, Hong W, et al. Application analysis of
life detection technology in port animal search and inspec-
tion[J]. Journal of Inspection and Quarantine, 2017, 27(06):
52-55.

[25] Sellier N, Guettier E, Staub C. A review of methods to mea-
sure animal body temperature in precision farming[J].
American Journal of Agricultural Science and Technology,
2014, 2(2): 74-99.

[26] TEIF 5, BEBETE 1 55 . 38 @ 47 B A B 5L AR D08 I 4

ABFFE R [J]. 40k T FE24#:,2017,33(20):197-209.
Wang K'Y, Zhao X Y, He Y. Research progress on non-de-
structive monitoring technology of livestock and poultry be-
havior and physiological information[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2017, 33(20):
197-209.

[27] Carlos Alberto da Silva Oliveira. Determinagdo da tens@o
de agua em solo agricola usando um sensor de dissipacdo
de calor Soil water evaluation in agricultural soil using a
heat dissipation sensor[J]. Pesquisa Agropecudria Brasileira,
1999,34(8).

[28] MR 22 25, E 3 A, TG4 BT GIS e /NS AR R 58 T AL

W R e [J]. Al UM A= 41,2015,46(03):254-260.
Lin L F, Wang R S, Yu P H. GIS-based visual monitoring
system for farmland microclimate environment[J]. Transac-
tions of the Chinese Society of Agricultural Machinery,
2015, 46(03): 254-260.

(291 BAGAT, E3 N, 53K/ MVRE A5 K™ SR B BAL BB R T
PR FF ] AL HL7412,2015,46(07):251-263.

Hu J Y, Wang J J, Zhang X S, et al. Research status and
trends of key technologies for aquaculture informatization

[J]. Transactions of the Chinese Society of Agricultural Ma-



BinE : HERUEEERBHONA . DES LR 13

chinery, 2015, 46(07): 251-263.

[30] Aunsa-Ard W, Pobkrut T, Kerdcharoen T, et al. Develop-
ment of Intelligent Electronic Nose for Livestock Industries
[C]//2021 7th International Conference on Engineering, Ap-
plied Sciences and Technology (ICEAST). IEEE, 2021:
221-225.

[31] Lakshmi S, Pandey A K, Ravi N, et al. Non-destructive
quality monitoring of fresh fruits and vegetables[J]. De-
fence Life Science Journal, 2017, 2(2): 103-110.

[32] ¥R At 2R T2 4 55 AEHE A i Fr R RS
WA T 5 IAI8 (1], AL H,2019,50(12):180-186.
Yang B, Du R Y, Yang Y, et al. Design and experiment of a
portable non-destructive tester for plant leaf chlorophyll
content[J]. Transactions of the Chinese Society of Agricul-
tural Machinery, 2019, 50(12): 180-186.

[33] S 657, 23 . — PP ORI A S KR AR T
1. AL 57 ,2016,38(08):96-100.

Shi Z F,Jiang Y LDesign of a portable corn leaf moisture de-
tection instrument[J].Journal of Agricultural Mechanization
Research,2016,38(08):96-100.

[34] XU A AR 2 . 0 H HL SR L B A% g BT i J5E
RIS [I]. ARAEARA R 2724417,2018,46(02):84-87.

Liu JQ, Zhu F A. Blade thickness detector designed with in-
ductive displacement sensor[J]. Journal of Northeast Forest-
ry University, 2018, 46(02): 84-87.

[35] Chai Y, Chen C, Luo X, et al. Cohabiting Plant- Wearable
Sensor In Situ Monitors Water Transport in Plant[J]. Ad-
vanced Science, 2021: 2003642.

[36] Lakhiar I A, Jianmin G, Syed T N, et al. Monitoring and
control systems in agriculture using intelligent sensor tech-
niques: A review of the aeroponic system[J]. Journal of Sen-
sors, 2018, 2018.

[37] Astill J, Dara R A, Fraser E D G, et al. Smart poultry man-
agement: Smart sensors, big data, and the internet of things
[J]. Computers and Electronics in Agriculture, 2020, 170:
105291.

[38] Nobrega L, Gongalves P, Antunes M, et al. Assessing sheep
behavior through low-power microcontrollers in smart agri-
culture scenarios[J]. Computers and Electronics in Agricul-
ture, 2020, 173: 105444.

[39] H & ¥, LR X B 56 FE T I W28 (4 R 64T
R BT T )] AL HLBK#412,2013,44(S1):277-281.
Tian F Y, Wang R R, Liu M C, et al. Research on identifica-
tion and prediction of estrus behavior of dairy cows based
on neural network[J]. Transactions of the Chinese Society
of Agricultural Machinery, 2013, 44(S1): 277-281.

[40] BL YN W B 82, T KA, 5 BEFR R RO AT S 8 30 i &

GEBCH{I]. B s A R 42,2013,36(05):133-138.

LuM Z, Shen M X, Ding Y Q, et al. Design of automatic
monitoring system for sow drinking behavior in group
breeding[J]. Journal of Nanjing Agricultural University,
2013, 36(05): 133-138.

(417 T T3 08 2R A1 0% Bl SR 5 . 56 T X PR AR R B ) i #E A T >
W 2 S0 0], ML T HE,2009,35(21):250-252.

Pu X F, Zhu W X, Lu C F. Sick pig behavior monitoring
system based on symmetric pixel block recognition [J].
Computer Engineering, 2009, 35(21): 250-252.

[42] X e A REACE AT O I B GEESE[D]. NS Al
K2,2020.

Liu F L. Research on the grazing behavior monitoring sys-
tem of grazing sheep [D]. Inner Mongolia Agricultural Uni-
versity, 2020.

[43] AL S0 | T Wy IR I H AR (1 R R K B M R G it 5
SCBA[D]. KR 2,2019.

Du J F. Design and implementation of aquaculture water
quality monitoring system based on Internet of Things tech-
nology [D]. Dalian Ocean University, 2019.

[44] X445, B I, b % . 2T LoRa JG£R 3 {5 B9 7K 7= 77 i Wi

RE W T T B [J]. 48 ARl K 2F 24 41,2020, 41(06):
154-160.
Liu C L, Chen M, Chi T. Design and application of aquacul-
ture monitoring system based on LoRa wireless communica-
tion [J]. Journal of South China Agricultural University,
2020, 41(06): 154-160.

[45] 400, T, L0050, 55 TRTIAE B il e 2 7K 7= 5
B IR 5% W 2R G A A (30, A ol TR 2 4, 2018, 34(24):
184-191.

Jin G, Gao Z H, Jiang X L, et al. Development of island
aquaculture environmental monitoring system based on low-
power wide area network[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2018, 34(24): 184-191.

[46] Parra L, Sendra S, Garcia L, et al. Design and deployment
of low-cost sensors for monitoring the water quality and
fish behavior in aquaculture tanks during the feeding pro-
cess[J]. Sensors, 2018, 18(3): 750.

[47] Garcia L, Parra L, Jimenez J M, et al. IoT-based smart irri-
gation systems: An overview on the recent trends on sen-
sors and IoT systems for irrigation in precision agriculture
[J]. Sensors, 2020, 20(4): 1042.

(48] B & AR H L HEAE B BEALCRAE R G RIWTFE (D], 1 5t 15 B
THRER2£,2014.

Xue F. Research on Intelligent Collection System of Farm-
land Soil Information [D]. Nanjing University of Informa-

tion Science and Technology, 2014.



14 R KHTEZR . EFH—RUHZHFERETEZHR a3t oW

[49] HI R AR AT, TR K 72,45 56 T DSP o 1 13 {5 BoR
S A IR HE BT [9] ARHLAR I 9E,2020,42(06):216-219.
Tian E L, Zhu F B, Zhang Y X, et al. Improved design of
farmland soil information collector based on DSP[J]. Jour-
nal of Agricultural Mechanization Research, 2020, 42(06):
216-219.

(507 X3k i, TUAHE, X 2, 45 . 1 A X g e EOR A

BOHSIER ] AL ALAERTFSTE,2018,39(02):352-358.
Liu H P, Wei J, Liu J, et al. Design and experiment of a self-
propelled watermelon potted soil information collection de-
vice[J]. Research of Agricultural Modernization, 2018, 39
(02): 352-358.

[51] mdldl . S TR M R LI SHCRE S5 R 5

WF5E SCBLD]. P9 L RHE R 24,2018,
Gao K K. Research and implementation of soil multi-param-
eter acquisition and transmission system based on Internet
of Things technology [D]. Xi'an University of Science and
Technology, 2018.

[52] Yang L, Sarath Babu V, Zou J, et al. The development of an
intelligent monitoring system for agricultural inputs basing
on DBN-SOFTMAX]J]. Journal of Sensors, 2018, 2018.

[53]1 4 Rz, G MBI AR, 55 . & & R A 4% 5 ae F

i % B AT T 9]+ RS B B F1],2019,34(2):
163-173.
Yang FY, Zeng Y Q, Feng Z M, et al. Research status on en-
vironmental control technologies and intelligent equipment
for livestock and poultry production. Bulletin of Chinese
Academy of Sciences, 2019,34(2):163-173.

[54] C.Alan Rotz . Environmental sustainability of livestock pro-
duction[J]. Meat and Muscle Biology, 2020, 4(2): 11, 1-18.

[55]Ren G, Lin T, Ying Y, et al. Agricultural robotics research
applicable to poultry production: A review. Computers and
Electronics in Agriculture, 2020, 169: 105216.

[56] Pereira W F, Fonseca L D, Putti F F, et al. Environmental
monitoring in a poultry farm using an instrument developed
with the internet of things concept[J]. Computers and Elec-
tronics in Agriculture, 2020, 170: 105247.

[57] 250 . HE T LoRa i3 & FRALEAE H Sl il R G5 0
HID]. el K, 2020.

Li S. Design and application of automatic mointoring sys-
tem for livestock breeding environment based on LoRa[D].
Hebei Agricultural University, 2020.

(58] Wbl 4% . 7 & 7 A PR 45 0 5 5 o) R S B 5 e
[D]. FEIRIMTE K, 2018.

Liang Y Y. Design and implementation of environmental
monitoring and controling system for livestock and poultry

breeding. Chongqing Normal Unversity, 2018.

[59] Wang X, Li W, Wang L, et al. Based on STM 32F103 cow-
shed environment intelligent control system[J]. IOP Conf.
Series: Materials Science and Engineering, 2020, 782:
052040.

[60] Zhang Z. Research on Intelligent Measurement and Control
System for Internet of Things in Greenhouse[C]. Journal of
Physics: Conference Series. IOP Publishing, 2020, 1486(2):
022037.

[61] £ T A # % AR T W55 5L T Jo L A% I8 A0 M 2% 1) TR 38

CO, ¢ J i 75 2 4 [J]. 4 lk HLBK 2 41,2017, 48(07): 280-
285+367.
Wang J L, Niu X T, Xu Z M, et al. Greenhouse CO,concen-
tration monitoring system based on wireless sensor network
[J]. Transactions of the Chinese Society of Agricultural Ma-
chinery, 2017, 48(07): 280-285+367.

[62] 25/ 22 PN AT B T BRI 1 4 FH PRI M R e
T[T 40k T #£,2018,8(10):19-23.

Li X P, Wang X, Sun Y C. Design of farmland environment
monitoring system based on Internet of Things[J]. Agricul-
tural Engineering, 2018, 8(10): 19-23.

[63] XIMLIL . HE T LoRaWAN H 15 [o-H A 1 4 FH BRI s ) 32 452
(T [D]. 74 A7 iR %,2018.

Liu Y J. Design of farmland environment monitoring sys-
tem based on LoRaWAN Internet of Things technology [D].
Southwest Petroleum University, 2018.

[64] Lakhiar I A, Jianmin G, Syed T N, et al. Monitoring and
control systems in agriculture using intelligent sensor tech-
niques: A review of the aeroponic system[J]. Journal of Sen-
sors, 2018, 2018.

[65] Li X, Xu J, Jiang Y, et al. Toward agricultural ammonia vol-
atilization monitoring: A flexible polyaniline/Ti3C2Tx hy-
brid sensitive films based gas sensor[J]. Sensors and Actua-
tors B: Chemical, 2020, 316: 128144.

[66] A8, Z 4 6, 0,55 B Ty TSR T BRI FLIR

FLIR B X & T L KU ot Jo A 52 M [ o [ 2 22 41,2021,
21(01):246-255.
Ren M, Dorana, Wang S, et al. Evaluation of the influence
of Lactococcus lactis on the flavor quality of fermented
milk based on electronic nose and electronic tongue technol-
ogy[J]. Chinese Journal of Food Science, 2021, 21(01):
246- 255.

[67] M fet 5L, 32 15 &, L S ¥ 45 KL T FT-NIR FIHL F B B R 1Y
SRR O JC BRI [J/OL. £ 8 5 & 1 Tl 1-8[2021-
06-03].https://doi.org/10.13995/j.cnki.11-1802/ts.025671.
Yang C Y, Yuan H F, Ma H L, et al. Non-destructive detec-
tion of apple mold heart disease based on FT-NIR and elec-

tronic nose technology[J/OL]. Food and fermentation indus-



BinE : HERUEEERBHONA . DES LR 15

try: 1-8[2021-06-03].https:/ /doi.org/10.13995
/j.cnki.11-1802/t5.025671.

[68] LM . & T HL 75 K AT WL — T 2L AP I 18 A 0 8t o % 7™
HEEHIFFFE[D]. A h Al R A,2018.

Wang B. Research on identification of egg varieties and ori-
gin based on electronic nose and visible-near infrared spec-
troscopy[D]. Huazhong Agricultural University, 2018.

[69] /K i M, 2 Big W], 45 T L 5 . GC-MS &5 &1k %1t

BT 2 AR R [J/OL). £ BL:1-14[2021-06-
03]. http://kns. cnki. net/kems/detail/11.2206.
TS.20210531.1355.018.html.
Wang Y R, Bai S, Luo R M, et al. Identification of roast
lamb adulteration based on electronic nose, GC-MS com-
bined with chemometric methods [J/OL]. Food Science: 1-
14 [2021-06-03]. http://kns. cnki. net/kcms/detail/11.2206.
TS.20210531.1355.018.html.

[70]1 Qi W, Wang H, Zhou Z, et al. Ethylene Emission as a Poten-
tial Indicator of Fuji Apple Flavor Quality Evaluation Un-
der Low Temperature[J]. Horticultural Plant Journal, 2020,
6(4): 231-239.

[71] de Araujo Zanella A R, da Silva E, Albini L C P. Security
challenges to Smart Agriculture: Current State, Key Issues,
and Future Directions[J]. Array, 2020: 100048.

[72] SRR, Al 50 2 B AR M 2 A MO 11195 20 T AR XL
5 SR S HEL[I]. B A5 J8,2019,31(04):113-120.
Zhang B H, Zha Y, Shi Y. Importation of smart agricultural

equipment, potential risks and countermeasures[J]. China

Agricultural Information, 2019, 31(04): 113-120.

[73] Khujamatov K E, Toshtemirov T K. Wireless sensor net-
works based Agriculture 4.0: challenges and apportions[C]//
2020 International Conference on Information Science and
Communications Technologies (ICISCT). IEEE, 2020: 1-5.

[74] Singh A, Sharma S, Singh J. Nature-inspired algorithms for
wireless sensor networks: A comprehensive survey[J]. Com-
puter Science Review, 2021, 39: 100342.

[75] Sun Z, Li Z. CoC-SCS: Cooperative-Optimization Cover-
age Algorithm Based on Sensor Cloud Systems in Intelli-
gent Computing[J]. IEEE Access, 2020, 8: 129058-129074.

[76] Chai Y. In-sensor computing for machine vision[J]. 2020.
Zhou F, Chai Y.

[77] Near-sensor and in-sensor computing[J]. Nature Electron-
ics, 2020, 3(11): 664-671.

[78] Reddy K S P, Roopa Y M, Nandan N S. IoT based Smart
Agriculture using Machine Learning[C]//2020 Second Inter-
national Conference on Inventive Research in Computing
Applications (ICIRCA). IEEE, 2020: 130-134.

[79] Vangala A, Das A K, Kumar N, et al. Smart secure sensing
for loT-based agriculture: Blockchain perspective[J]. IEEE
Sensors Journal, 2020.

[80] Maduranga M W P, Abeysekera R. Machine learning appli-
cations in IoT based agriculture and smart farming: A re-
view[J]. International Journal of Engineering Applied Sci-

ences and Technology, 2020, 24.



