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Abstract: [Objective] To develop a low-cost and simple operational system based on a smartphone for
measuring the transmission of LoRa wireless undergroud data. [Method] The measurement system consisted
of a smartphone with test App installed and its matching underground test nodes. Scene measurements were
carried out with this system. The factors affecting the LoRa wireless data transmission in soil were determined,
and the corresponding data transmission methods were discussed. [Result] The test results showed that the
system was reliable and easy to operate, and LoRa low-power wide-area network technology could meet the data
transmission requirements of wireless underground sensor networks in soil. [Conclusion] The system is
expected to provide the appropriate testing method for the engineering application of LoRa wireless

underground sensor networks in the future.
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X2 7 H UL TN H Sl

I RARTIFET 1M 1) LoRa TEZeAE M AR H
SR T TC 2R A T IO 5% 1 A B 2L T R A T 1 B
ARFBE, Silva SFUIBFFTR B, § 8 R T] DUECR
Tt B2 38 i T 4 FLRE {5 5 A b b B A RO .
LoRa 7£ 11| ok FH B WK 42 A (Chirp spread
spectrum, CSS) A A7 R FEARTC 25 S AEHL T L3 3F
B A5 2 5 8 28" LoRa Jo 2k A& %) R
15 —140 dBm, 78 AR [F) 2y 21 A% e B 2 i K
T ZigBee. W A Wifi fE5aB A, [RIFEHAR T2 T
£ G il 7 3R F 433 868 MHz A1 B 1 4% %
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AT LGN E 734 s, LoRa {R Ih#E. (R AAS HL
BRAL N B E . o] FE SRR S S ] T R Ok
BNl R A AL Y
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K, P G Gy o Ly S BINEE n K884 LA
R T R 5 v 4 A B S0 3 R N B AR AR
At S pIARER KA (transmit) 58U
(receive), KT DI BT HAL N dBm, 38 25 S FFE 1) B
KRy dB; P, NEEW DN ZR o BRARIAE W] IR A
Lpn=Lop+Len+Lap, 2

K Lo o Lo, 5 Ly, 00N n 25842 ERIE B
P FERFE S AE F T b 5 72 o A% Fa 454, AL
4 dB.

WIER LoRa JoZk AL 2% X 45 (1) BT 15 RUR AT
TR, HAL R AR W] 2y N SR (Under-
ground-underground, UU) #1425~ -3
(Underground-aboveground-underground, UAU)
%23, UU 25 UAU B4 s R sk £
52 S AL S 1E I BT AR SR AE S . B Y
AOHRUR  FRERY AHEWE 5l RS ) T AR A,
UU #8125 UAU B84 b 10 4% 4 58 & 40 i S A0 R RS
Pt 2 R AR AR . BEE T ARG N, UAU #6145 E
IR (5 Eh 2 i/b, T UU B8 42 B RE R b th &3
I BEE7K G1E I 3K 73 88 Im SR Bt 2 AUK 5
TR VL A o R b 1 K 8 e IR 2 B B
FiFE. FERZHIEOLN, BT UAU B4R EE 7 4
TEAH, HEBEHFEEEECT UU 812,

LoRa 5 ARAE 20 W I % )22 B R 45 46 Fh 45 14,
JIT DA 0 A% A 20 e IR AT 3R T RO6S R A% i RL
e o LA F R BT A I LoRa 18 {5 R H ik AR ik T
Semtech 24 ] H & R v, 1% B v 48 5 14 oKk 58
AT AN RES I A B K, T Todd
TR X 245 B A% 00 ) T RE S B0 B AT SE A . T A
78 WX Hp 3k 5 s A0 4% H i 2 % (Packet success
rate, PSR) 1E AR RCR I #iT 8 AK S . PSR 5E SN

PSR = N/ N X 100%, 3)

A, Ny 5 N, 73 iid LoRa 15 st [RDEAS il D2
e P B B 0 R I B B A

2 RGEEIRITS5INEE

2.1 FRLLEH

HETH AT LI HL T LoRa J628 s IS 0 4% £
B RGBS IE 1 P, R d 3 7
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B M8 AR BE T ALEE I AT B T R ) NFC #5325
Ja, M App 530, JF 87 5 T fl 2 18]
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BLE) ¥, 2 J5 M il FHLBE Ml S 0 F
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Fig. 1 Configuration of measurement system
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2.2 TR ARt
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NFC Fr25&. b 28 8 B AR R, B BR Ha it LoRa {5
R, TR B & 433 MHz KRR (K 2).

Tl ) 2% 01 5T T e 0 B B AR, Wb ReR
HANE AN EE . B nanoWatt XLP IJRE K
PIC16F 1947 X Th#Efiz Hl %% - BLE FHH T4z
SR BT, TR A 1) RN4020 #5715
Pk £ Th Rk 7 dBm, #:U8 R 8% ~-92.5 dBm,
AT DL DR B 1 i 78 3R DA BCKVE Bl 5 e
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LoRa (B E . 8 It 15 B iZ AR B Py 358 75 47 4% 9 UT
it 1 B Hh 3 T 2 5 R ZR A A, AT LSRR [0, 20]
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Fig.2 Functional structure of test node and App
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2.3 Android EEEFH App %It

4 I R Al H AR b RH 7 e AR R
FACT AL MR KR LoRa IR TFES 38 ¥R
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4.42 JF K . App I Ty e A5 B BA AR o i
HHE L MR 2 2 i 18] R AE AR R A )
AT T I EE (B 2). NFC Fr2E)fe Tl R A2 7
J& B FE S HOPR A8 TR T A ID I BN bR IR A (S
S o BLE B A F @S F 4 B R TFHL 577 05
Z B E A5 . 4G MBS BB Socket 77
T 7 o AT B S 45 iy 2 W28 Lo B A7 S
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HRNEE.
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ARG X BEAT 7 AR, 77 8 T B8 (040 i [l AR
X 35, J5 5 ) A2 A 2R X i DL ) A T o A 2R
Bio fE Bl 2 MR X s, 3R+ 7
RERZFIALR X, AR R EE 504 T 0~10 em
REE X IR, REARIR R EZ AT 0~1.3 m IR
X35 N o FERA YIRS DX B XA, 7R IR BE N
0.5~3.0 m ¥ [X 8] Ay 3 A 73 A A B4 ik TiT BUHEZK A
8 51045 B B, AN G AR AR B JE L 3 s S 4E
BEAGH) o LEFATLAR HORY IX rh, SRR 2R 3 2
I3 TR BTG A 20~55 cm {9 X 3. 78R AR Y
RUERAT BT R R IR v, SR PR AR A, i
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A RGER AT BT S RN R, S — S H K
o UHZEM N it R kit 23 548
o, G AT R DA R R B LS %, X e
ORI TREEF]
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FINI T 2 X 28 S i v, Gl 2 SR R0 T RURR B
LT R IR JE AR 7 SR AT HE . 4 b
RLHULE RN 5 1) ] A TC VRSSO s, B o 49 a7
R E A ik Ja TR B E B, 28T AR
REFE SR TR ORI, A7 W, F5 (58 1
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Fig.3 Data packet transmission success rate in Songjiang campus of Donghua University
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Fig. 4 Data packet transmission success rate in Songjiang basic farmland reserve
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