2021 4 11 | AT R A= 14 5§52 4 HT

doi:10.6041/j. issn. 1000-1298. 2021. S0. 045

ZEREHSTE&BEFRARERIFHNAZTSRE

o1 1,2 1,3 1,2 o 4 2 1,2
T B g FEE TR BAHM

(1. o E b R2E b A AR AL AR B Ak AR v fL S 5256 %, b AT 100083 ;5 2. R Rl K24 fF B 5 T2,
LT 100083 ;3. [E Al K222 Be , L AT 100083 5 4. ¥ FXEC (db 20 B A BR A, Jb s 100080)

FEE . FRETERM A 7 AT SR A T A% G0 i A 7 2, i AR K A 0 W IR B i ) B, AN R T AR B AT e R
g o L AR R B B Bl 5 R O B A R A v A, T N T3 DA e g AR 7 T 2K e i T A ke, R ARl 2R
BA T mEIEN . BB B Tl 3 6 BOR  To 458 15 H AR DL 8¢ B R 58 7 T T Al A= 77 i, AN AU RE B
A A 7= A RS 2, T DL R S Al A PR AR A B TR AR A A S R Bkl ﬁkﬁlv\]%i@ﬂqﬂﬁﬁim
R B PR #E AT 25 3R, IF 40 B R BV S5 T Y i A M BT T i R A ) B R A T A TR, IR B, U9 4 A
ZigBee \WiFi LoRa NB —ToT 5G 45 38 {5 B A A 76 11 I BRI D 7 58, S S5 48t 56 FR S 40 T 4008 K I AL E’J
M ] %“kT%&ﬁ%i&E@*lﬁl H4 56 B AR N B A ol 37 8 2 ) A & SRR WF ST T 1), RIVR A% IR A5 B R R S B
{58, 3T 5G M4 I 4% B iRk 55 25 5 2= wity , 6 L 647 0 B b 2L, AT 4880+ TE B 1 R 5

KEW Z%ﬂkm&??t%h TLBEFA; 56 AR ; Gk

thE 4522 TN92 X ERFRIRAG: A X EHES: 1000-1298(2021) S0-0351-09

Review of Remote Control Technology and Wireless Communication
Technology in Agricultural Applications

JIA Jingdun' LU Xiangjie'> HUANG Feng'® WANG Bingbing'®> WANG Xianji' GAO Wanlin'?
(1. Key Laboratory of Agricultural Information Standardization, Ministry of Agriculture and Rural Affairs ,
China Agricultural University, Beijing 100083, China
2. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China
3. College of Science, China Agricultural University, Beijing 100083, China
4. Dolphin Shulian ( Beijing) Technology Co. , Lid. ,Beijing 100080, China)

Abstract. Wireless remote control technology plays a very important role in agricultural production, but
China still uses the traditional production mode in agricultural production, which will cause a lot of
human and material resources waste, at the same time, it is not conducive to the sustainable development
of agriculture. Remote control technology can automatically, efficiently and accurately control the
terminal equipment, so as to liberate manpower from the traditional mode of production. Therefore, the
application of modern industrial control technology, wireless communication technology and Internet of
Things technology to agricultural production can not only improve agricultural production management
mode, but also can improve agricultural production efficiency, and help to transform modern agriculture
into smart agriculture. The application of remote control technology in agriculture at home and abroad was
reviewed, and the problems existing in the current use of remote control technology in agriculture were
analyzed and summarized. At the same time, the problems and solutions in ZigBee technology, WiFi
technology, LoRa technology, NB — IoT technology and 5G technology were summarized. Finally, it was
pointed out that the application of 5G technology to agricultural remote control was the future research
direction, that was, the use of sensors and other technologies to collect data and information. 5G
technology shortened the time for data acquisition and transmission and expanded the space for data
collection.
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agricultural intelligent greenhouses

(2) 3015 5 E P

ZigBee KR 15 5 R HEAT A6 6, 78 L3I ), ph T
A BT S B L 15 S A 2

(3 ) 0 vl b 9 30 e LA SIE 190 46 45 5, 0F 5 38 47

ZigBee (454> 00 4% 7 5 0 HE 1T 155 B SR 4 08K
P LA L I 100 464 5 i i & b TR R R 2
AR AR 2 /0 20 mA i J K #9046 5 1t 2 #E
— R 150 mA, PRI, i R i 4K 30 Ok fi A 100 4%
Y IE BB AT R R R

(4) ZigBee i A A I T A 4wk LA AR

ZigBee {9 AEA T AR S 15 1 B 4L IR R 8 7 B
R T LA 0 4% 1 A5 0 B LA L B A i, B
e
2.2 WiFi HAR
2.2.1 WiFi £ RH#EAR

WiFi 3£ F IEEE 802. 11 P, i &G H T A=
B R T S R S DX R Y T
2016 4FEH H N A 1Y 802. 11ah WiFi 4y i 1Y) 78 o5 Y5 [
AkE L km E S ER, EARS BT . HA,
WiFi iR R B H T Z M LB ERAZ —, A
AR ARH 3 e TG L, 5 4% U AR IR B , 7 7
JRAS AR 5 4L I 7 6, 3 2 17 B S A DM 8 — (8 )

TCP/IP Pl ; 1% i ol B MR, H A d5c D ot B n] Sk 80|
JK 5 BB B4 4 A H I M 5 38 {7 BE B KGR 305 m, 7R
B X 3 P T 35 100 m HOR G B A %),
2.2.2  WiFi [ fr 77 14 ) B K B 45 i

TE WA K A v, Wiki B )32
BN &MY E AL BAAAFERZ 60, nfeoe e, bt
Z 58 W AL, P2 T 1 B0t WA 5 % 47 22
SR, W AR 41 B0 R J 00 B e B 5 o %
HHEB D, BRI T AR Wik R TE
{7 FH 3 R v 7 R R B DI RE 5 45 B 52 I 48 O HE Y K
v, B g g A

R T RAIE Wik JCZk W 2% 47 A 1 2 2 f |, PR
ARG R SRS BRI — N Ee TR, FE
AU 4 477m

(1) 4% 5[] 42 ol

i 3 R 3 7 ) A R SR R 2 B Il 9 7 1) AR
FR, AT PR TIE X AN 7] 2 42 G4 8 i 43 J2 DR

(2) B 1k DOS Yty

3 35 X TG A P B il R A wE AT DA AT Ak
T4 Z 8, T LI E (8 SSTD 37 1) 45 1

(3) 5 WHHEAT ol A5 A A

0 Ao e TR 2 5 A R B R A A s



I BRI A RO AR ] 5 T A5 B AE AR P BT 43 A S R 355

ME AR EARIT A

(4) H B PR B

SR FH TG 2 0 % U OGS TC 26 ) 4% {5 18 N 4%, Jin o
Xt TG 2 il 1) W g
2.3 LoRa A

LoRa J& 3 F Sub-GHz 451 Bt ity {IX D) & 1 I ] 3
AR e T 4% St J0 238 {5 B R T8 12 7] i) 3 oot 5@
i 1 285 R D) R 1) S R, LA I R R G B B
ALLTFH

(1) fRT#E

IRIRABE T A& AR AN T AR, THFEHL I 4 pA,
LR R LA 10 mA |, H LoRaWAN 1] DUAR 5
EREEEERERD) RN 8 il ) B 1 N Y L
A

(2) 3 5 FE 2 i

LoRa fiff Fi )47 5 46 2y 36 FUE M LU 9 7 T B R,
FLY G 25 v AMEALHEEE B o AR TF R ) 25 0 b Ay
15 B B8 53 3k 15 ke, 38 1 (9 5 A LA KR X 3 52
PHIC LR W) 45 78 35

(3) A

LoRaWAN SZ 5/ M 48 FF HOAUE , & 55 81 B3
H TG A 2%, 0 i AR 2 4 €0, M A% 1 E, B IG
TR

(4) Al S

LA R 1) 2 B R AT 2 T AL e b 0 R
ERSSE =T iC LI A

(5) L THiae Jr5m

LoRa TAETERBARI B , i 15 HAE 25 Kb H 4 A%
FEEE 0/, LoRa 38 i 34 in 4 451 P 4 25 40 31
YK, 7 5 A A R e U S R AR 4 T
T # G fase bt T gk

(6) 5 THE MY &

RGA RN, TR E BT A 2o 1 a5, RS
PR, SRR 3G 0 R OGBSk AL AL 4N, S5 4
] B, 5 B A SR AN 1) M IR AT RGP

LoRa $ R g 1 4 3 55 b I ALK L 2 75 it AR
b DX FLRS Bl (5 5 25 11 ] 81, 8 L R FH -1 Al i e
PR G, T LASE BN R P T R L CO, VR FE Dl
HE B, 8 S B I5E R 7 (3 A W 4, RSB ) ol DR M o
A2 i ANl R RS T R AR 55 [R]85 ZE 7K ™ SR v, ] LA
WD K AR PR 858 X7, A K (AR 7 i 4 i L ER B L pHL AL
TR A5 S T 7 P K T W B R B P e T
ST HS I A D S X T B A% i A A [ 2P R
TRl AR Al H N s 2 L& 3 i o
2.4 NB-IoT #iA

NB — ToT J& 3 T e 153 I 45 119 78 ol ) 16 0 42 K

?
Ay Cry Oy . |
m —— N e
LoRa
[3R% LoRaWAN[¥ 5% vk i FHART

3 LoRa B A FEA Ml it 7 % 2
Fig.3 Application of LoRa technology in agriculture
RETE3K) 2 35 AR TR AR B0, B T 424X
W s, AT R E T LTE M 2%, H & 3R
B A N TG RE /17 . NB - ToT A R 48
o tnp 47 R, EEA N S 4y NB — ToT £ 3 |
SV PR R R ()
Bif . A 3 FhARE Iy ok i Sr A AR B A

WNRE

L ik
X B

vk

a5

YR RN & = Jy N H
NB-ToTZX %
K4 NB - loT FEAHHE]
Fig.4 NB —IoT basic architecture

NB —ToT HA 4 D FE LY.

(DfE5EFE) NB— IoT 1 B Uy 35 68 )
(20 dB #4525 ) , BE 5K FHEAE I 25 F i, WA 15
Sk

(2) IHFEAK : NB — ToT LA 3 4 [n] 5 A1 1Y IO #E
43> NB i 3 HLI ] 7T UGS 3 10 4F

(3) 355 i K NB — IoT — AN Fi X E % 2 %
10 JiASEE3E , S SL i B 2 T A 5 T A4

(4) AR « 30 175 55 e i AR ARAIG , B A BE AL A A
HREE] S Eu 2 N 2= AR, A A TR R 1 A
M.

NB — ToT £ A R H T4 Mk P 3¢ W vp Sk Ak 9
AL TR R SR IR T H R g NB — ToT 5%
T AR BRI S AR X 8 i B S i ot
RAEY SR AT S W, T AR AVE Y B A Kok
U, T 3 2 il B R B FhRE 7 3. NB - ToT 5 AR
el T A b Pk ) 4 A8 B, 4 T T ARl 0 306 I 1)
PN &7/ QI TR o o i 1 a5 1
NB — ToT FEAAE 1 1 4k 4y 3¢ X 3 BE AL JE 1k, NB —
ToT [ 4% J2 3 4o b A oll 2 7 3 72 vp 19 435 80 6 47 1
£ JF 38 o B 2 AT B 5 A B, AR (R L
I ) i 1 % R A B b B
2.5 5GEERAR

2.5.1 5G {5 AR
5G 2455 S AU sl fF £ R, B wm R AR
HE FFEREFE AR 58,56 MR 1% %



356 gk AL B ¥

2021 4

HRETTA 10 Gh/s , AT LS B 15 S W45 BB 1) 197 [ £
T o R N 4 4B SR IR T 1 ms; B R

BB T LRI T2 s i e ) A 43
S FH SR 7 5 R 28 PERE T SR W3R 2 BT .

R2 RAFE R B = W 4% RE R R

Tab.2 Network performance requirements of typical scenarios in agricultural field

IVRRERZ7B Y itk AR TR Pk
I 4% X [f) B AE /ms - #7 55/ (Mbes ") QER
H b5 5 3855 TR = W Ksiaw, 2k <200 2~4 90
G B RE S5 M5 RO FEfGIRA MR RE 2R S R S i R 90
WA R (PE I ) BRI A |5 Al <18 0.05 ~0.1 99. 999
B R E L & A (RUATR 43 ) LS TN N <50 30 ~ 100 99.9
Je AL IRIRTAE 5 P14 RS0 2 <20 >50( FAFHR) 99. 999

& S R s 3

5G H AR i 0] AR F R B e, R B T
REPERE ® ™ 5C HARTEAR L BLAR AL S8 11 B
MY AR AR LA N AR T AL B SR
FHECAR AL 25 KBCF AN 2o il il s 56 4
AR, S B N R AL BE R BE 2 iz B b B 22 il R
PRG54 8 1 00 A% i ok e v Al S 1 A e Ak
,@[64*65] .

FEAC MY A2 7 Hp A 7 3 I AR S A R AR AT W)
(5 BB, FIHT SG I 265 K ok 2 5odi b 1% 3] Ik 55
o 1 2 Ui, FF R RCE AT o0 A Ak B AT A B 5 3 Y
fifp DR T3 58 5 TR, JE N5 B AR L AT A S G R) 4 2k
T 7 il S 12 i £ 5, B e g bz 4% 7 3 19 45 %> o SG
FORTEAM BUAC A B A 258 S, AR ARl
R IR BEANEL S Bz o SG BT, AT B4R i
Py i B AR SCAS T A , o AT AR R Ml 2 i ARl 2R 7

RORFAAM A T
* ==
|—as= =

= : .
S m.j#:.i ~ _J
Wil il Bk WJFH?:
i
WHEBRESEMTEE

|~

RlZEERRFE

AHBLA
K5 56 HoRTEAR MY A R 7R A
Fig.5 Application diagram of 5G technology in agriculture

2.5.2  S5G WAFHOARA AR R

5G BB A AR A JUAF fe HLHTIE PR A BOR ,
Bk sh et 2By R e B, S B ™ b Bl &, (R 78
ot R A ) A ] BN, L A TR A — 26 AR i R Y

[Fa)

(1) 15 B2 4= )i

2 AR LA B AR 51K 35 R 190 2% T ik
] 2 HE BT 10 T AE 22 4 B 5 (R I U R AR 51 A
SG BRI R B B B T2 2 A AU

(2) %% 3h 5 47 3 0

HI T 5G9 F 2l 98 1% 5 , KOs A% ey o 5 7%
T, I, 5G  2 AR /N R (H 5 AR 2
(19 07 2ol 23 7 A TR IR 2 4 B

(3) % 2l 2 i [ 850

5G AR BORA S T 2 FloE BEOR 0 7% 2l 2 Ui
4 A AL IR )02 45t 10T A BEOR , PRt , 5 B ST B )
28 U ETALL N S

3 REERE

ULAF R, IO AL M 2545 ) 1 R W HT , (EAE AR
b AR FTIB AN A o 28 A D) R i SCHR A B, AE AL
JO7 P 2z A A B RO AT ST R ORAR T, R B
ZigBee £ Ay BEAl ) B WE4E R G 28, I R AR
] 2 R A 1 A BT 1) o A X E A L I AE AT AR
PE L2 AR SRR IR T B, 5G  4% ) T H: 3 419 Y
DL, nT AR i 5 i (45 U0 i S w55 A
Gt AR E M5 A, N2 A R T kAl A
M Sk, Hoh 56 A LU (AR B 4E | 5 n] 48
W55, B LA A e 19 ik A 4 LR B 4 T O A )
o LR, e RN 5G BEA, BT RUHE B A4l 2% 45
BREAL B SR A, B g OO a5 A U
o oA 4 B ) K Hls HEAT 20 M, SR A3 F) iR DR T 565 AE
TNRHLH R SG HA , AT LUREAR i E , 52 ) 457
SRR . W TR B B B HOR R
i 2, AR 4 R R TAE N S AU A LSS &
AR R 2 50 A SR A BT AT AR (F A N A
R B IR R SE 3



B B A5 T RRAR ] 5 0 2l 1 AR AE AN B R 43T 5 e B 357
2 % x
[1] #RiE4. FT Android RELAYIRZE FREE W APP BF5 5IF & [ D]. 1% FH - pg Bl 47 K% ,2015.
(2] BER, LW, B, R PR E AR R 2 [T v B s B R Al , 2016 (35) :48 - 49.
[3] kA, XL K, k. BP - PID i Jr ik 7E 2 S L R p R A [J]. AR 7 H K ,2012,35(5) ;192 - 194.
[4] MXBE RN, ZRE, 55 Rl APP WY HER MR [T]. fRV R ,2016,12(2) :59 - 64.
ZHAO Pu, ZHU Mengshuai, QIN Bo, et al. Research advance and outlook of APP in agriculture[ J]. Agricultural Outlook,
2016,12(2) :59 - 64. (in Chinese)

[5] MOGA D, PETREUS D, STROIA N. A low cost architecture for remote control and monitoring of greenhouse fields[ C] //
Industrial Electronics & Applications. IEEE,2012:1940 — 1944.

[6] KEERTHI V, KODANDARAMAIAH D. Cloud IoT based greenhouse monitoring system [ J]. International Journal of
Engineering Research and Applications, 2015,5(10) .35 —41.

[7] PARAMESWARAN G, SIVAPRASATH K, SYSTEM P. Arduino based smart drip irrigation system using Internet of Things
[J]. International Journal of Engineering Science and Computing, 2016,6(5) :5518 - 5521.

[8] KHELIFA B, AMEL D, AMEL B, et al. Smart irrigation using Internet of Things[ C] // International Conference on Future
Generation Communication Technology. IEEE 20151 - 6.

[9] HEMALATHA R, DEEPIKA G, DHANALAKSHMI D, et al. Internet of Things (IoT) based smart irrigation[ J]. International
Journal of Advanced Research in Biology Engineering Science and Technology (IJARBEST), 2016,2(2) :128 —132.

[10] RAJALAKSHMI P, MAHALAKSHMI S D. IoT based crop-field monitoring and irrigation automation [ C] // 2016 10th
International Conference on Intelligent Systems and Control (ISCO). IEEE, 2016.1 - 6.

[11] MATI, KASSIM M, HARUN A N, et al. ToT in precision agriculture applications using wireless moisture sensor network[ C ]
//2015 IEEE 12th Malaysia International Conference on Communications (MICC). IEEE, 2017 .24 -29.

[12] KHAN S. Wireless sensor network based water well management system for precision agriculture[ C] //2016 26th International
Telecommunication Networks and Applications Conference (ITNAC). IEEE, 201644 - 46.

[13] KOTHARI D, PARAKH A. Application of wireless technologies in agricultural pumps [ C] /2017 International Conference on
Computation of Power, Energy Information and Commuincation (ICCPEIC). IEEE, 2017.75 - 84.

[14] SRIVASTAVA A, DAS D K, KUMAR R. Monitoring of soil parameters and controlling of soil moisture through IoT based
smart agriculture[ C] /2020 IEEE Students Conference on Engineering & Systems (SCES). IEEE, 2020:1 -6.

[15] A8, FhBofh 3L 4 55 JE T GPRS Mic B HliR = A ity R st [T]. Rk T# 2% ,2016,32(23) ;51 - 57.
QI Lijun, DU Zhengwei, JI Ronghua, et al. Design of remote control system for automatic sprayer based on GPRS in
greenhouse[ J|. Transactions of the CSAE, 2016,32(23) :51 —=57. (in Chinese)

[16] AEASC,#3CH, Jradfe. s KMDERE S H il Rt [J]. iRl .72 ,2017,41(4) :36 - 42.

ZHENG Renwen, HU Wenfeng, FANG Jihua. Design of remote integration automatic control system for greenhouse[ J].
Tropical Agricultural Engineering, 2017,41(4) :36 —42. (in Chinese)

[17] A5 00, BnF J5 42 55, 45 T Ik 0 1 48 e g e R AR = R Wh o [T BRI XL, 2020(32) <12 - 13.

(18] 3 RIFLL, oK. R KNE — LB e Hil REcIT & SMHLT]. P ERAE E ,2019,31(6) ;116 - 122.

CAO Jing, SONG Jiaohong, WANG Bing. Development and application of intelligent irrigation control system in agricultural
water and fertilizer integration[ J]. China Agricultural Information, 2019,31(6) :116 —122. (in Chinese)

[19]  JHBRF. A H TG A AR ALE R 45 ) R AR Lom et [T ] R ML AF 5T ,2020,42(12) 101 - 106.

ZHOU Junping. Operating terminal design for the remote control system of agricultural plant protection unmanned aerial vehicle
[J]. Journal of Agricultural Mechanization Research, 2020,42(12) ;101 —106. (in Chinese)

[20] WfZESK B B 5T LoRa HARME EA I ERGEMSC[T]. ALK HL,2020,47(2) : 105 - 106.

[21]  FEJFLl. 3T Android F-HL 5 5 F ALY Be A #EWE R e it [T ] BT &R #HL,2020,51(11) :15,17.

[22] RE,FE8, XK, % 5T MQTT R IIAER e R e it [ T]. {7 Bl 15 ,2020(7) ;117 - 118.

[23] W, PRAE, B UE , 5. AR i R G A Bl i = T g i LT ). o B B BF 4% ,2020(23) ;110 - 114,

[24] k¥, %8055 LR BahE MG AC LT [J]. 4l T ,2020,10(12) ;28 - 31.

ZHANG Qing, LI Fangliang, KONG Qingbo. Design on mobile fertilizer irrigation machine [ J]. Agricultural Engineering,
2020,10(12) ;28 —31. (in Chinese)

[25] ERTF,ZEA,JEAQ, 5. AT ESP8266 il = KM R g iseit [J]. BHAH 5 B ,2021(6) :53 - 56.

[26] &Ml —BhiE s KPS 5G ML e R [T]. BF 8K ,2021,50(2) ;128 - 129.

GAO Zihang. Study on 5G robot positioning system for greenhouse[ J]. Electronic Technology, 2021,50(2) ;128 - 129. (in
Chinese)

[27] RAMYA C M, SHANMUGARAJ M, PRABAKARAN R. Study on ZigBee technology[ C] /2011 3rd International Conference
on Electronics Computer Technology. 1EEE, 2011,6.297 —301.

[28] ‘R¥. 2T ZigBee BARM A RER M IRE R G ST ] AR 58K ,2019,15(24) 1229 -230,239.



358 PG AT A S 20214
ZHU Tao. Intelligent agricultural temperature control system based on ZigBee technology [ J]. Computer Knowledge and
Technology, 2019,15(24) :229 —230,239. (in Chinese)

[29] FEHFEW, KA. Zighee HARTEAM G R HILCT /55— J [ PR T AL B+ 3RO A A it 0 B 25 8 58—
b R R E B AL R I8 14,2007 :251 - 254.

[30] UNAL I. Integration of ZigBee based GPS receiver to CAN network for precision farming applications[ J]. Peer-to-Peer Netw.
Appl. ,2020,13:1394 - 1405.

[31] RAJESHKUMAR S M, HABIBMIYA M S. Wireless data acquisition system using the fusion of ZigBee technology and
LabVIEW[ C] /2014 International Conference for Convergence of Technology (12CT). IEEE, 2014:1 —6.

[32]  BRIPES OTARYE. BT ZigBee AR ME REAON KM BT [T]. R 54 AR ,2017,13(21) :176 - 178.

CHEN Kunming, QI Xiangtao. Design of intelligent agriculture greenhouses based on ZigBee technology [ J]. Computer
Knowledge and Technology, 2017,13(21) :176 - 178. (in Chinese)

[33] K. ZigBee BEARLER REAL AN RIS R b i i FHBFSE )] WAL A ALAL ,2019(16) :48 —49.

[34] R EET ZigBee AR B REM5[T]. B @ FH A ,2019(7) 128 - 129.

[35] s siUff, 2k, 28 55, — Rl Rl Py I0e 9 T2 £ 36 42 il s i it [ ] REZ R (T AT ,2020(6) 2251 - 252.

[36] OMPAL, MISHRA V M, KUMAR A. ZigBee internode communication and FPGA synthesis using mesh, star and cluster tree
topological chip[J]. Wireless Personal Communications, 2021,19(4) .1 - 19.

[37] #ABING. T ZigBee FAR B A KM P58 1R B2 I R Ge i 3T [ D] WA IR ¥« M R I 3 TR %% ,2012.

[38] QIU Weimin, DONG Linxi, WANG Fei, et al. Design of intelligent greenhouse environment monitoring system based on
ZigBee and embedded technology[ C] // IEEE International Conference on Consumer Electronics-China. IEEE,2015;1 - 3.

[39]  XUTCHI, &R i m) Bt Al 1 ZigBee HARAE KM B b e R G o 52 BLT ] Sl Ol F2#,2020,40(12)
97 -102.

LIU Yuangang, XIONG Gang. Application and realization of ZigBee-based automatic monitoring system for protected
agriculture in greenhouse[ J]. Chinese Journal of Tropical Agriculture, 2020,40(12) :97 —102. (in Chinese)

[40] BERR, EXR A 1, 55 MR 0L I8 15 R AE L6 I v (g i T [T ] B9 38 f 2, 2021 (4) 51 - 53.

DAI Huiling, WANG Zhixia, YANG Shikun, et al. On the application of wireless communication technology in the internet of
vehicles[ J]. Digital Communication World,2021(4) ;51 —=53. (in Chinese)

[41] L, REIR , 4. ToL M 5 BORTEPUE ZS@ h g B [T]. & 6B T ,2021,7(6) : 163 — 164.

[42] W& T Wili R H A EBR RGBSR A D]. gt f E o™l K% ,2020.

[43]  BRAAT, IR 3CH , R W, 4. JE T Wiki #% B RE B S T0 LRI S5 M i [T h E R 24 4k ,2019,35(4) 1125 - 129,
QIU Caihong, SU Wenqing, CHEN Jiaming, et al. A structure design based on WiFi for indoor intelligent vegetable soilless
cultivation[ J ]. Chinese Agricultural Science Bulletin, 2019, 35(4) ;125 - 129. (in Chinese)

[44] W& LR BORTE LY PR A [T]. 38405 % Jop kL, 2021,50(2) :99 - 100, 114.

[45] BKJR b AR ELEERATERERRE Mz ] 5 HoR 584 T ,2021(3) :20 - 21.

[46] JalHEZK. ToLil 5 BORTERT ML PRI [T]. R K S 14 ,2020(24) :231.

[47] ZEFE. & WIFT B W AR K4 m [ T]. 45 Bid &8, 2019,20(5) 247 - 248.

(48] WEFA T AT WIFL HOR I TC L W &5 4 Ax ) ke x5k [ 1] b BT {7 ,2018,20 (13 ) 1145 - 146.

[49] AEWIBH,SK-FN, E8H, 5. BT LoRa HRMRREWIRM RS [T]. WA ,2021,11(3) .74 -75,77.

[50] BRELAK, ok 8 F1E, 58 JET LoRa 19 AN MR I R ge i ise it [T BURIH53 01 ,2020(32) 99 - 104.

CHEN Shilin, ZHANG Jinghao, DAI Zizheng, et al. Design of outdoor agriculture monitoring system based on LoRal[]J].
Modern Computer,2020(32) :99 - 104. (in Chinese)

[51] FE3Eom, 5k TW, ELLW. LT NB - ToT poR Bdli R AE R G m it [J]. BN AR 5k )i ,2020,30(2) :206 -210.
WANG Yinggiang, ZHANG Weigang, WANG Honggang. Design of agricultural data acquisition system based on NB — IoT
[J]. Computer Technology and Development,2020,30(2) :206 —210. (in Chinese)

[52] koK, w M, 15, 5. NB —ToT BORNEE L NHLT]. iH LR 5 & R, 2020,30(7) :51 -55.

ZHANG Yongqiang, GAO Shang, SHI Ying, et al. NB — ToT technical features and applications[ J]. Computer Technology
and Development, 2020,30(7) :51 —55. (in Chinese)

[53] FEFE4. HT NB—ToT HAR BYbR I Wiy W kg g [ J]. Mol #5811 ,2020 (10) 166 - 68.

[54] AR, KNE, R BE ZigBee Al NB —ToT 4V Wy IR W 4245 B2 1 Koz HT [T T M Ll B 22 1R 2 e 22 4l ( [ AL 2
i) ,2020,38(6) ;32 - 38.

SHI Guimin, ZHANG Weihui, YU Wensen. Design and application of agricultural IoT system framework integrating ZigBee
and NB —IoT[J]. Journal of Foshan University( Natural Science Edition) ,2020,38(6) :32 —38. (iin Chinese)

[55] FEaie, 285, NB—loT 1 JC 8RR S T AR Wy Bk I i i iz I LT ] o 7 F0R 5 3k T2 ,2017 (16) +20.

[56] T L. WIKMERE T SC WAFHORN A LT]. 757 ,2021(6) .5 - 6.

[57] sk&IFH, 2 EK.SCERN B IR E R R AT [T]. AR GEHA,2019(2) :65 - 68.

ZHANG Chaoyang, LI Xinghong. Analysis of the application prospect of 5G in driverless cars[J]. Unmanned Systems
Technology, 2019(2) :65 —68. (in Chinese)



B M A5 AR AR ) 5 J0 LR A B AR AR A P i B 4 A 5 R 359

[58] TR, SBHEMKR. BT SCBEHR AR T MRE T ANB B AR [J]. I E T AR ,2020(12) .15 - 17.

YIN Xunjun, GUO Xiaolin. Discussion vehicle driverless technology based on 5G communication technology[ J]. Automobile
Technology,2020(12) :15 = 17. (in Chinese)

[59] WEZSFZA. 56+ " BB T AT AR [T]. REKZ K ,2019(6) :20 - 21.

[60] HSU C K, CHIU Y H, WU K R, et al. Design and implementation of image electronic fence with 5G technology for smart
farms[ C] //1IEEE VTS Asia Pacific Wireless Communications Symposium, 20191 - 3.

[61] PG, VR IF 3L, W%, 55, 5G + Wk M IR B8 T Ae & mil b 5t 0y 40 B 5 @i [T ] AR J R 4% ,2021(2) : 104 — 111,
SUN Tao, SHEN Kaiji, GU Wei, et al. Analysis and suggestions of intelligent financial application in 5G + IoT environment
[J]. Modern Management Science, 2021(2) :104 —111. (in Chinese)

[62] ZLMofe, okE BRUL R 4. ROV YR EOR BUR 5 & B 3 [ 1] B R 2 4k (ROl 5Bk i) ,2021,47(2) :135 ~ 146.
NIE Pengcheng, ZHANG Hui, GENG Hongliang, et al. Current situation and development trend of agricultural Internet of
Things technology[ J]. Journal of Zhejiang University ( Agriculture & Life Sciences) , 2021,47(2) ;135 - 146. (in Chinese)

[63] A## ARG, 2K, %, 2 R —RITE 5G + T EAT W AR EBFFELT]. KL BaE 15 ,2021,34(2) :217 - 219.

[64] MHIHIE. Wk 5C #HES T Ml A & IR SaT st [T]. B Jr &R HL,2021,52(3) :13 - 15.

YANG Junfei. Analysis of the current situation and Prospect of agricultural modernization driven by 5G[ J]. South Agricultural
Machinery,2021,52(3) :13 - 15. (in Chinese)

[65] HHisl.5G H ARG T M8 E AR MO AR [T]. Rl TR H AR ,2021,41(3) :45 - 46.

[66] Hp¥h. kiR G RBIMER AN R 2MELT]. FHEZETF ST ,2021,29(12) :56 - 57.

[67] &z K. 5G B {5 R %A )], i {5 HL U4 R ,2020,37(16) : 145 - 147.

CHENG Yunfei. Security issues of 5G mobile communication technology[ J]. Telecom Power Technologies, 2020,37 (16) .
145 = 147. (in Chinese)
[68] B ZAE. 5CEHAE T RPN [T]. {5 Bi(5,2019(8) ;207 - 208.

(#5309 I1)

[16]

[19]
[20]

[21]

[24]

[25]
[26]

YANG J, HONAVAR V. Feature subset selection using a genetic algorithm [ J]. IEEE Intelligent Systems & Their
Applications, 2002, 13(2) :44 - 49.

MIRJALILI S, LEWIS A. The whale optimization algorithm[ J]. Advances in Engineering Software, 2016, 95: 51 - 67.
PETER A G. General least-squares smoothing and differentiation by the convolution ( Savitzky — Golay) method[J]. Analytical
Chemistry, 1990, 62(6) :570 - 573.

SRR, FE#R. Savitzky — Golay ~F- ¥y JE I #% i e /D L& IR LR [T]. BF-@ {5, 2011(1) :65 -70,84.

ZHANG Y, LIM Z, ZHENG L H, et al. Soil nitrogen content forecasting based on real-time NIR spectroscopy| J]. Computers
and Electronics in Agriculture, 2016, 124 .29 —36.

HAVLIN J L, TISDALE S L, NELSON W L, et al. Soil fertility and fertilizers: an introduction to nutrient management[ M ].
7th Edition. Upper Saddle River: Prentice Hall, 2004.

HORLER D N H, DOCKRAY M, BARBER J. The red edge of plant leaf reflectance[ J]. International Journal of Remote
Sensing, 1983, 4(2):273 - 288.

GITELSON A A, MERZLYAK M N, LICHTENTHALER H K. Detection of red edge position and chlorophyll content by
reflectance measurements near 700 nm[ J]. J. Plant Physiology, 1996, 148(3 -4) .501 - 508.

FILELLA I, PENUELAS J. The red edge position and shape as indicators of plant chlorophyll content, biomass and hydric
status. [ J]. International Journal of Remote Sensing, 1994, 15(7) ;1459 - 1470.

DAS R. Photovoltaic devices using photosynthetic protein complexes[ D]. Massachusetts Institute of Technology, 2004.

Je s, AR PR RR AT L RE T MBI ORI AL B [T]. #E R 5 3K, 2017, 32(10) :1749 - 1757.

LONG Wen, WU Tiebin. Improved grey wolf optimization algorithm coordinating the ability of exploration and exploitation[ J] .
Control and Decision, 2017, 32(10) ; 1749 - 1757. (in Chinese)

PRETIE, Jp S —FREEHLIE R S B e A SR [T] . B sORS TTRR, 2017,17(12) 168 - 73.

ZHONG Minghui, LONG Wen. Whale optimization algorithm based on stochastic adjustment control parameter[ J]. Science
Technology and Engineering, 2017, 17(12) : 68 —73. (in Chinese)

NASIRI J, KHIYABANI F M. A whale optimization algorithm ( WOA) approach for clustering[ J]. Cogent Mathematics &
Statistics, 2018, 5(1) : 1483565.

LIU H, ZHU H, WANG P. Quantitative modelling for leaf nitrogen content of winter wheat using UAV-based hyperspectral
data[ J]. International Journal of Remote Sensing, 2017, 38(8 —10) ;2117 -2134.

WANG R, SONG X, LI Z, et al. Estimation of winter wheat nitrogen nutrition index using hyperspectral remote sensing[ J].
Transactions of the CSAE, 2014, 30(19) :191 - 198.



