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Note: Py is the received power of the spread spectrum factor x; P, is the
received power of the spread spectrum factor y; ¢ is the time when the data

package meets; 7 is the packet transmission time of the spread spectrum factor x;

T, is the packet transmission time of spread spectrum factor y.
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Z# Parameters {& Values
S Frequency/GHz 2478
5 % Bandwidth/kHz 1625
¥ 4R ¥ Spreading factor SF7
4l 3 Code rate 4/5
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B N LB A R .

£ Request BT, —IRMIIHIEEREE . MLE
RIE— AR, I ML T 3R R I O 0 B[R] A
A RNk S an - A W AL VA A TR EY 6=
NS S gk 5 FIER 6 .

5 Report F Request #E3 THIEIR BRI TN R

Table 5 Success rate of data packets receiving in Report and

Request modes %
(5N RIE[A] IR 5 1 5 2 5 3 T
Mode Sending interval/ms Test 1 Test 2 Test 3 Mean

150 100 98 100 99

250 100 99 100 100

Report 500 100 100 100 100
750 95 100 100 98

1000 100 100 100 100

250 97 69 95 87

500 87 94 96 92

Request 600 96 90 93 93
700 95 92 93 93

800 96 93 95 95

1000 99 94 91 95

#F 6 Request #R T BN K B8]
Table 6 Response time in Request mode ms

e ) Ries T
interval/ms Test 1 Test 2 Test 3 Mean

250 122.03 117.00 119.98 119.67

500 115.56 120.52 123.00 119.69

600 123.07 124.03 123.97 123.69

700 119.27 118.59 122.52 120.13

800 1243 118.75 120.44 121.16

1000 120.98 156.63 124.62 134.08

7E “Request” BRI, T4 60 4% 4 1) R
#l, BNRIERBEREN 250ms. HFE 5 IS, AHEE
“Report” f3X, (5 R )50 B FRAG, I Ji DRI i 75 22
HATHEESE 2 YOB E AL, ENLEIERE T [RIFE 2 S0 I8 A4S Bl
Ui, SX1280 XA —sk#EWuEE, MmN RN AEZ
B A0 % 2 AU 2 LR USCR RE SR g oL, R
B FERE IR T AR T & L.

H#E 6 iTLLER], 7EiZRI%&MF T, Request #EzUI

SRS N B A 123.07 ms,  FEASTH S WO LEE
XFERMEBEGERRHATER. thoh, %8s KIS EIE
AR, WERR AW, FE, RIEZEATW
i S B 1) 5 B b A ks, s (6) AR A R
PG hmd %

_16P
T

Hrb BR NA MBI ERE, x10° bit/s; P NERERK
J%, bity T AWM, s.

R A 0 A W T AR B R R AR
33.15 x10° bit/s, [FIFHEYE semtech 2 &R ALHSH1H,
HIR AL RIE N 71.09 x10° bit/s. 5FSTHEAIEAER
KZRE, HIFEE 770 H T Request BRI A2 Wit H T
T A b U A e e, A5 1 g 7 B (RN R AR 1% T AR
RTS8 B UGS TR AL SR T[], [R5 s B s o
FERI RIAF RN . Uk, IR 58 e A 5
FEEm, 1Zat TR ENSEORAA SR EE, 55
WHENTE —EZEE.

6 & 1

ARLHWFF T 2.4 GHz LoRa HEARLEBE AR LEEE S
W25 R IR I, A28 T BRE WO LRI (5 ) 2% 25 46 7
TAERER, FRESTRT R IR AR, ] NS-3 W45 475 BF
BT T, 5 8 H ARG SR T BT ALk 28
ABERT IR, EELERWR:

D iES M T AR SR 74 BT R iEeE, 45
F WA MLTEIE A5 SR FH F AR 6 BE B8 DA B R s Lol s 25 2 i
RRNBAE. EFHSRTEERES N EML, &
B ] PRGN 22 (17T R DA S TR I O RIRR . 7E 1625 kHz
WoE 1s RIBMERE N, W FR2E95 25 AN ST 500 8
5. &Y N EE R L)y 30 ms, /MK T
10 ms.

2) HIERIGAE F B AT BT AT 3 £ o 3 59l AR T
Report 1 Request B xCHIEAE o 7E Report BT, AFIK
1A b A A4S T A 99.3%. #E Request KA, @
R Z N 92.5%, BN %k [ R B2 A BT AR,
F R N AT FE A 1 B OEIE e, AT R e S )
123.07 ms, A REHEEHEFLN 33.15¢10° byte/s.

25 I, LoRa [ 4 ] 3 A /2 B G USSR LI 8 15 0)
T2 GV % B AN I R] B R SR, WIRR 8 A 11 B 75 oK
T 2 BN P S BOR . Report 45 303 35 5 & (038 45
Wi, & T A ORI 28 EAR, Request 2
AT IE AR A A M IEAE . 2.4 GHz LoRa @15
FEAR R F A BOR LB E S B — 5 1T AT P s
BRAn e . [FIB, S0 BRI Se bRk i 4 BT LA 3, X
T ST SR i LA K = AUR (S R 3% 5, 2.4 GHz
LoRa 47 7E B R IGBk R, — 77 TH B FiZ B AR AL i &
FEREAN R, 53— 7 TR T K & A A B iU o,
T8 WO RS T R Re ), B D 2
TEREAF 20

BR (6)
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Communication method for combine harvester group using Lora
technology

Chen Jin!, Fu Shengjie!, Guan Zhuohuai?, Zhu Fuhao!, Zhu Linjun®, Xia Hui®, Xing Licheng®

(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China; 2. Nanjing Institute of Agricultural Mechanization,
Ministry of Agriculture and Rural Areas, Nanjing 210014; 3. Jiangsu Wode Agricultural Machinery Co., Ltd., Danyang 212300)

Abstract: Multi-machine harvesting has been the popular form to improve the operation efficiency of the combine harvester,
particularly with agricultural intensification, scale, and industrialization. The demand can also be required for the Internet of
Things (IoT) and wireless communication of the combine harvester group. However, the current communication technologies
of the IoT cannot fully meet the unstructured and large-scale agricultural scenarios, due mainly to the industrial design with the
relatively short communication distance, low reliability, and high cost. Fortunately, the LoRa technology has unique
advantages in the transmission distance, transmission rate, node capacity, and deployment mode. Moreover, the lower cost is
suitable for the large-scale deployment of agricultural vehicles. At the same time, the parameters of LoRa technology can fully
meet the needs of wireless communication in the operation scenario of combine harvester group. In addition, the 2.4 GHz band
can further improve the performance of LoRa technology and regional universality. Therefore, wireless communication can be
expected to apply to the scenario of combine harvester group. In this study, a communication network structure was proposed
for the working mode of combine harvester group using the 2.4 GHz LoRa technology. Firstly, the LoRa network structure
was constructed for the joint harvester cluster in the form of host and slave. The working mode of each node was then set using
the cooperative operation scenario of the harvesters group. A radio frequency chip model (SX1280) was selected to simulate
the transceiver mode, according to the application scenario. The optimal path attenuation model was chosen for the maximum
communication distance between the master and slave. Secondly, a simulation model was established to optimize the
application parameters of LoRa using NS-3 network platform, including the bandwidth, coding rate, spreading factor,
transmission power, and frequency. The static and moving state of network nodes were used for the simulation scenarios of
combine harvester communication network. Once the network nodes were fixed, a circular area with a radius of 3 km was
selected as the deployment range of all network nodes. All network nodes were deployed in the circular range, according to the
law of uniform distribution. The allocation scheme of spread spectrum factor was selected to accommodate the number of
nodes and the minimum transmission interval in the simulated communication scenario of combine harvester cluster. Finally,
the hardware and software were designed for the hardware terminal in the communication protocol of the combine harvester
group. Both simulation and field experiments were conducted to comprehensively evaluate the effectiveness of the new LoRa
for the combine harvesters group. The simulation results show that the spread spectrum factor with the specific proportion
improved the network communication performance in the application scenario. When more than 90% of the reception success
rate was guaranteed, the 1 625 kHz bandwidth supported by the 25 nodes to communicate at a 1 s transmission interval in a
static scenario. In the dynamic scenario, the communication delay was less than 10 ms under 1 625 kHz bandwidth. The field
test results show that the overall success rates of communication were 99.3%, and 92.5% under the “Report” and “Request”
modes, respectively. The average response time was 123.07 ms. Consequently, the LoRa technology was applied for wireless
communication between the combine harvesters, which can fully meet the requirements of joint harvester cluster
communication for the number of accommodated devices and transmission interval. The number of nodes in the cluster can
also be adjusted appropriately, according to the requirements for the communication interval. The Report mode supported the
higher communication frequencies suitable for the reporting data from the combined harvesters, while the Request mode was
suitable for the lower frequency, and responsive communications. The finding can provide a feasible solution to the mutual
communication of the combine harvester clusters during cooperative operation.

Keywords: combine harvester; internet of things; wireless communication; LoRa technology
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