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Abstract

The research on the operation technology of a single agricultural machine gradually tends to be
mature, and few research reports on the communication technology of joint operation of multiple
agricultural machines are seen. During the operation of multiple agricultural machines, a large
number of different types of data (images, videos, etc.) are continuously collected by on-board
sensors. Whether 5G can meet the transmission requirements of these data on bandwidth, time
delay, speed, etc. to realize the cooperative operation of machine groups is a scientific problem
worth studying. After carefully combing the research status and dynamic analysis at home and
abroad, it is proposed that wireless communication technology supporting multi machine cooper-
ative operation is the key technical feature of the smart farm; It is worth studying whether the
coverage and signal strength of 4G and 5G in the farm support multi machine cooperative opera-
tion. In this paper, a national agricultural science and technology farm in Xinxiang, Henan prov-
ince is selected as the experimental base. Through the design of experiments, the received power
of reference signals and the ratio of signal to interference and noise are tested. The coverage and
intensity of 4G and 5G signals are measured by on-board instruments and hand-held instruments,
and the measured data are plotted for visual display and analysis, so as to provide a scientific ba-
sis and guidance on how to use 4G and 5G hybrid networking.
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1. 5|15

B Tl A5 B A SIRBL R sl BRIE M FAL AL 1057 3 J1 g im0k 57 3h 1112
WA 5 LR ] RIS, ORI A A A R BRI 2R o ARRHER AL, A A B8 At 2 3R R ik 75
ORI R, AUV ENL R E R T EE R, RIS S, AT N BRI RO T ORIRA 2%
o BEE B RKBERONE AL T NRIDIFRBUR A TENEBFRRANHE R, & AR T
NS B EARNAT R, LR T AN R . AL “HLEs BN BEAT RO AR
72N ERAE R IR BRI ) 75 SR H S AN [1] [2]: B BERMV R AR KR R T 1), S BAR L)
GO 3] [4]e FFXPARAEYIRIE X, SEBL “BE. B B U 327 PR ITE AR L R EAE AN
KH) AN EHANEE S G EINL IBRAESE), HAOIRBRIETE SRR 5 08 J27HR )
PRVEIRSG . BRARR P 97 B SR 5 ST TR N AR S . B8 8 B N B R LA H AR ik ) 16 hm?, 17
Bld P2t REIL 2 12 km/h, RS BEAF LA 4 T 18 I R 045 B s 2 o0 N T2 BiAE & ARV R 5473
R 2 33.3% 5 50% [5]; FEZLAN. SRUENL. ZRBCHILSEBNERIIGBI T, fEh LRI AR
BRI N S BPIRAS T B PR R A 3l 2 BRI S A s A AT, A
RBEARIAE SR 505 G R, SR I IR A IR S [6] [7]. ML B Sh 2 B AN A8 B 5 22350
B AL AR BB E AR A EAEE R S A S AL E, A R BT B 4 OF Lok
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W ULTE VR ML R 4 AR [8] o 32 T Hb B 2 (] 4 0 o7 Bl & 1) 4 3K 2 it 222 %2 i (Global Navigation Satellite
System, GNSS)Al rf [H 1t 2} S P22 % 4i(BeiDou Navigation Satellite System, BDS)f] & 7 552 A S #E AL
323 [9]. EF 1992 4, EE Trimble /& RTK ARG K AL,y GNSS 7E4 M L [
AR TRERF[10]. FE TR A S S MEAR KT LG T 2004 DR, S+ REMIFR, R
B TR, NS BSAIRE . EEEEE 10 RIOCHEEA, BRI TIEFHL FERL. USRI
RSN SR, EKH 5 A3 A7 E T B FRSE KT [11] [12]; 1% 6e P B TE A 2 3R AL
FeARLE EANET KA B H AR R A K. Bl R, BRI E B TR L. |k
IBIRCE FE AR G PR A F AL IRE TR AR A FA%ES 5 TR FAHE AR 5T TAE[13] [14]
[15] [16] [17]. ERSR&AN IS AR E BB N S BRI bR AL TAE, B2, 4u7E b Bisi s
G — HTE B AEXT R AL 3025 BRR FEFEAT 73 20, WA X B 32 SR HLR RS b . iibs2e
PENAREE . R R ARG FE A3 AT M PPN B — 1 8% 2 LT s S R

%2538 15 (Vehicular Communication, VC)W 51 35 # [E %238 5 TAZIM IR ER . 2280815 2 H & RAF K
BE YR, B E M IES— bsitE, TR LS E VAR SR 1) & B R BE 2538 {5 (Dedicated Short
Range Communication, DSRC)#i R brifE . F-7E 1992 4, FEE A RHAL r 23 (ASTM) i © & T 4f 51 %) 4 #5i8
{2 DSRC iR HLZ[18]. DSRC i AARHEFE AR - & IEEE 802.11a #rifETE 5.9GHz Al I (A% T4 1
3%, AL IEEE 802.11 Philtiirh, DSRC ##% N IEEE 802.11p [19], J&8 TR A, J&s4txt
DSRC RN FL /> [20]. 810 LAH EAARER 138 T i 5 Il 5 HoR 1) LTE-V2X AR gl e, Bk
FE AR USSR BB 5 AR R SL it 5 2 A AH ORI, B ARG NGRS B B . 5IRETA
BRI, KYLE SRR BT HE . TR R R 2.5 oK) AR DR i P e S
g

gr b, B E NN TR B e A SCHERIREE AT 1, [ 9 AR R T AR A UEAA R I P TG 206 ) 28 38 A5 4%
REFEM ARG —, ATV FARMBEARAE L B To 2R X 48 1815 H AR S B A& 1% [21] [22] [23];
LG RMUEA A 0 5 I8 ) 3, B8 H F 20 2 G AR MU S 1E ML X 253815 F AR Bk Fo o, i
HE PR L H B FAR I 7 iRIE . Rk, TF R FEAE B AR SEdE L ik B EER
it X ERHNME. EIACBAE %M T, ATREEISE, TEZ G B3EHRIEEFE
PENK[5] [23]. TEEZFKECGRIHERN T, AF LHOREREE T ROV A =R NG B4 Baeth. A
AR, R B B A CZIZE T . N T S SR REL, RHUEL AR @t
TR RIS AW R A K E AR SR (. BHESE), I B RER ML BT, ZakaA
FoR . BdEmwittis. AR5 )5 & (Quality of Service, Q0S)%5 75 SR iFEAT A FH[24] [25] [26], X HeHdE X4 562
BPAE, 7755, QoS SFERIYAIE; il ik 21X LAl i Rr 8 AL 4 ZE R, ASEIUA LR B [RIE b {E A3 5T
(I 1E) . 4G, 5G. Jo&k R M (Wireless Local Area Network, WLAN)IT 4F 3K & Ji& ifid 3 HAS 28T 12 1)
HE. ZEESEMANIERRE A LUET 4G, 5G. WLAN #HTAH HiRH) 515 B B MANERE . AL
RPN FORERAE Z LU AT EE H AR M SRR TR R, AR YOIl AS BAR UM 10 88 B AR, B 70
fARF 4G. 5G. WLAN JBA4MN, AL LU EELSREEE ISR SHAR S, SHRF-RERYIE &
TEHARME R IR AN RO R A B A E A SE = S

2. RIHEFRMBSLE SER D

AW TEAMUEARA L R TE Lk X 2530 5 AR R B AE 753, S ZEWI A A B o 2l 15 O il
PEFAT R BT RN ZR . SRS E . S KA SRR S AR A
WAL RIBML 4G, 5G FEuifi B mE it LMLy, WARPIZZIEE, WS 555
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% (Reference Signal Receiving Power, RSRP). “F#{5 & 5Tt Nk L (Signal to Interference plus
Noise Ratio, SINR), Ji BH {56 5 th 8 (5 P50 M A% an 1

1) MARAFIE]: 2022 4£ 3 H 19 5, 9:30~11:50, KA %=, B

2) MikLom: F04 p40 (11.0.0.990SP11). H LA KIS L {F(DT_Cool Test 3.0);

3) MPARACIHE: AT AL 8 km/h, 3R ZEMNR T 14 238 30 km/h;
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Figure 1. 4G reference signal received power
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Figure 2. 4G signal to interference plus noise ratio
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Figure 3. 5G reference signal received power
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Figure 4. 5G signal to interference plus noise ratio
4.5G ES5FHMMESLL

RSRP 5 SINR 215 578 f M N iR A48 h5: RSRP /& 4G W48 i i IR TCL (G F 5 E K
SR RHRENEFT R —, REENFTSNARSHERE S IIA BIER T ERIEINE S TIER
SFHME: SINR ZIRHEINA - 5 158 SHRI TP 5 (M 75 A0 T30 (58 B2 R OB, TRFRCH “A5
Wbl o GBI 1~4 AL, A3 4G (5 SRR TE 5 %64 95.82%, 4G T35 RSRP -85 dbm 745, “F#5 SINR
7.db 7245 . B 5G HEuhFE B AR I7 4 5 TK(Km), 417 5G BERME 55 %4 35.77%, 5G “1-3) RSRP —104
dbm A4, “F¥J SINR-0.94db £ 4.
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FEFESEMFATIC R, ERJE R BIR 28 8 18 A M B = mdb AT A B, 4o 2= 0 M 2 e i T I 1t
AN, ARBLBCEARIESR AT BRI .

3.5G M & iNEEIHXIESES

N BREAE Z AU R RV B T T, 8 sURMUAT Bk S A VI 2 A~ 3438 47 1 B AR T 30 km/h,
TENERE . AL AR AR P AR T 20 km/h, — R URMLE T IRIRIZ AT ERTZE 5T, $exURILTE
HIGIEAT B 5 T X I R AR A, HH APGEEETS, S ZR RGN B 7E 17 ms 2N,
NIRRT ZETE 15 ms Z N, BT DA A URMIMENL oK WHECR 25, 3208 & Fh AR I TE AHL RAT I B
T 30 km/h, JE T EE WATIREE; SEXTHCR 25 508 B MR I 0 A MU IS AE SR T A, H
ANPUBEIREET, 5B RKE R R 1E7E 17 ms Z P, /NIRRT AELE 15 ms 2 P, PRILILA A Mid
FEHARME L R T ANENESR, R ANEN IR, —J5TH, TEXNWE AWM 5G ik 1)KL FE
BEAT RS, BIE AW ESAR BT AE XIS S0 S —J7 T, H9hn 5G Bl E 4 E, ¥ K5GES

K3 4G (558K %R Y 95.82%, 4G TS %15 50T % (Reference Signal Receiving Power,
RSRP) —85 dom %47, V#1555 T-Ht inmk 5 kb (Signal to Interference plus Noise Ratio, SINR) 7 db %45 .
RIE,  BoxT S B SRR A IR AE sUR ML AT LR 4G B ER; T WLAN H1# WIFI-6 BAT AL
A KA T AR, RO BRI E F A 2% AR T ) Sk ] e XS
PUATAE 28 7] LR WIFI-6 BE47 X558, SRI 2 AR IR AR R AR B BUR . LS 2 o0y s, ARy
RO IS R T AL i B
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#J RSRP A—-104 dom 747, “F#4 SINR N—0.94 db /45, #1%43% 4G, 5G L5 5B HEM, MR
4G, 5G M WLAN H (] WIFI-6 V& 1 2 1A I 28 454 o R ML 804 IR R 4R 2 A 18 4G AR5 31 )
BINGM; TANE 5G 7 55 X AL 2 2L ZMs Ak e QMg . AL 2R i@ WIFI-6
TR B M ZG DM, TEMEDSMBATEICER, 1R G WEHE S 28 0 A WA 2 = o it AT A3,
Gk B o i R IR TR RS ML, RHLB AR T S PAT X SR, S 2N EE LS 2
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