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Wireless sensor network communication based on backscattering
and software definition

Liu Qiang

( Guangdong University of Finance and Economics, Guangzhou 510320, China)

Abstract: A communication architecture based on backscattering radio and software definition is proposed for WSNs which require low
bit-rate and ultra-low cost sensors. It consists of a central Hub for RF carrier generation, homodyne detection and complex information
processing, and sensors with carrier modulation function. In the former, a software-defined transceiver is constructed to transmit the
carrier and receive the reflection from various sensors, and extract and process their transmitted messages. In the latter, the transmitter
for each sensor is simplified as a transistor connected to an antenna and each sensor is designed around a low-power micro-controller
driving a low-power RF switch, and the information from each sensor is modulated onto its unique subcarrier. Thus, a complete
backscattering radio link communication system is established to achieve communication between each sensor and the center Hub. The
simulation results based on the theory and the experimental results from the prototype show that the proposed WSN communication system
not only achieves a wide range of reliable communication and data transmission and processing, but also has low complexity and ultra-low
cost.

Keywords : communication; wireless sensor network ; backscattering radio; minimum shift keying; subcarrier; bit error rate

FLZESEEHE BT 4 M 7 A DA 8 00 P B R
FERCRI R Gerl , JoL LI 1 U £ 2 — FRARAT 025 g
MO T | AR R B B R A B (55

oLk WL 1) B B ARG T BB (radio (RS BRI R RS RO TR 15 5 Rl B L 1
frequency identification, RFID) 555, 76U RFID B (RSSO TR RS b bR s 1k 3 0 1 52 30
PR B 5 B 2 LB W DB MOV (3 T AR B R oo s 0, i A B i 22

0 35

[l

ks H 1#1.2019-07-23 Received Date: 2019-07-23
* JEATH  HE RS E F 2018 4R —Ht =2 ARV E T AT H (201801194058 ) ¥ i)



- 42 - LSRR R e o

5 34

BRI (/N T 2~5 m) B RS0, RFID ARZE 0T LI B
BEAr B 5 5 h AT IR . XA IC R L M AR 45
PR A TCUE ™, iy ELIE 3k 35 ol 28 8 AR A5 19 B K B g B e
THRZE AR 5 i 42 IO 9% WL TR A RE 5 R TR TR
RFID HAR T 2R A, (H— & i JC IR RFID R SEH9iE15
U R AT BIR , G — 1 P ) Ay i 28 ) 3 7 5 W 42 00 2 A7
PR A S AR G R AN e 1 A

ML Z T, SR BR TAER B B RFID RS8R HI
BRAEFR A 2 TR Bl i Al B 1 ORI bR 28 I
FEH (05 TR bR % —FE WR TS ] HUR AR A 8
fEALH o H A T 4R VR BR 2 RS AL 1) 1S 0 )
i, PRI X R 28 A LATE SR RS F N A Tl . 2
TRR 28 (14 o A 0 B AROSE T Bel 13e 2 H2e Sep Los vT A 45
% LY, ( signal-to-noise Ratio, SNR) , 13X i3 R AR T R 4t
S, TR B AR R ) T AR L P BRI RO AR A
i ESIEL ARy &N s TGN I E Y G e AN
ARG USR5

TEVFZ RFID 2B, LA 300 50AR X 85 e, R R
RFID PR B 7E 1 s PG HAR B A% 3 45 e 132 2, T 76 TC
LA J A8 M 2% (wireless sensor network , WSN) H | iX — 2
38 AN PR DRy 3K N B R Al R Y, R
TE—EFERE LA LGE A 7R “ AR ” (WSN il 2 15212 )
e Bel i (WSN HiAR A Hub ) 22 8] R FH AR b 4R ok
SEEL, B FLER AR ZE 10 bps SEAR, AR 0] LISEZ I
PR R A% B 7 1 [ 67 '8, BE A% 3% 28 b ) HO ok B T
Hub W5 5 s TEVFZ R EORAE AR TE s ~ min AR [E]
i) 8% 2 U0 281) ) 5 4 ( A PR3  G  oe BE E  UR
) R 7E W A X < S48 i BR B AR A N T v,
JUMRSE B B2 LU R 28 T

A2 I I 248 SR I 1) WIS Ry i A et R S LR 4L
T MR TR R A BT Ty 56 . BB IR AR K
SHAILAT LA AL — > B — B 45 (radio freqency, RF)
PRAE IO | DT el 75 /1 A2 SRS 114 1 3 g AR R 4 75 5K
FEZ AR, RN 1) RF ARZ A 5248 2 0] — i KA
JUK A 2, 3 b AT PR 1) 38 155 3 FELAARI T ) 132 4 3] A
ZEEE T DL R A N RE B 5 2) KRB B 14
K P sl A5 ), RIVAS I A Sk i R 422 AU 6 3 B8 7 [) — A
T, BT AN T A AR AR R T AR IR R LR
RSN, 5 U TR AL T A M 28 R R 45
PR g A B A% s (B ) R BRI 3 ] Hub (BR324 ) 145,
AR T 228k | H 4121 ( Ad-hoc ) % R A& 24 X 45 4244

SCHRL 7 1RG5 RFID (L8 ) Ay WSN (2 8k) /)
RERLIHAEIEAT 1 I8, R WT T 38 15 V0 B AN A% J2% s 40 Fh vt
SR T R AR B OC 3R 5 SCRR[ 8 ] XA U RFID R 4¢
9 ALOHA #2 A\ 77 S8 PEREHEAT T /B A3 Ar | L v A 4%
AN S 32 M — U35 A8 R Ik o 5 5 SCIR[ 9 ] X6 i T

S AL R G i rh B n) 8, T 2 8 1Y ) el B 2 A%
FBOEAFRERY 25 T X EE A B (5 1 T P R 1 P =X
fife , I ;SRR % 5 B BUERR S W J7 v, 20 B 1 52 )
J& U 2 A% BGE 15 2 40 b W R A OC R, SR s Il
S 2B IR AR G AT SEME A R TR R T S %
fik[ 10] 3T LabVIEW Fl1 USRP -4 42 H T —Flos )5 1)
U AR R H T IS A% B M 45 I3 i LabVIEW FlI USRP
S ST 1) 22 A% 80N | AT B AR DA | AT G
Ji ) HACE O AT % ) 24 SR D 7R 3 3k TG 2k S 0 g £ 3K
BEURIAE BT i 0 555 1 e P 7 b R I T R DI AE 5 3C
BRO LD DB T — b 56 T R o ST 28 JEVARL Ay 3 700 4% Jek
A 8 ZR 8 A | I B4 e Y R T 4% SR 4 i
S FaE A 3 )2 B U4 O S BB B
Pl B iR o g, A T A U B R A W
KAETAT I R G, DA DA 58 TC L A% 13835 ) 45 17
TERY A JR FRYE

SR FREEXT WSN a5 5 i T — 2 e %8
B WSN H i J 1] B £ 3R 207 S8 — el R A PN 3R
MR 1) MRS 2 B AR IR (BR2E) |, LA R AR ARAS AR
DIFEF/IMARTRAGZEK | B AR B8 0 & S LTl — A~ 5
— [ AR B, SRS TE 2 RS Z R U) e R 4L BB
(R & i AT 5 1 7t A & 7 5, {2 Hub #2000 LA 45 5
(55 Ab 35 2) B a3, 7E ST Y RFID R v,
FREALFE— AL, X Fe VAR ZE K I B 5 At AR 2 41
Y0 (ORI ) |, I8 i Ao B TS A A A 2 A2 ok T Ak
ZE i), X 3T ALOHA 33 T8 1 B Al 48 5
B = E AR T WSN P A5 B A R IL, R
M Z ASAE A P38 s TR A5 LR 5 3 ) 3% 22 A5 Tk A T
1, WSN H it 42 35 A% B 2 34 22 b 5 ] SO e AT 015 B
4) IR 245, 21 E LA RFID RSP AR 12
TR, PR R O T Y TC R LA 4 A R
(line of sight, LOS) H HLRFR 2w, R EEZR , BES
FEAR B AR E T 1] P, DASEARLTE S 14 5 =5 e 22 0 31 1)
FE IR R, WSN R E AR Y L AR R B R A I
5 AR R I 0T g2 N 2 A kAR AR T B AR b, L
rp st a] [] B 2 T LA He AR, B XS T8 2 (i A 2 5% o)
P ) A B, BT — I R 6% 25 2 33 i bt 3 iy e 7 22
PRI, A S [ IR 0 2k fRL A IR 25 X 265 1 38 15 iR AT
TUIF#5E .,

D)3 TS O 8 A5 1 e O AR AT, B
THRR R A T ) B TG Sk AL IR AR X 4% 1
O AR AF S A BRI B AR SR O N

2) Bt T AT S EUHGHE (5 AL A R AL, B A 2T
AEf Ly Hub G AS (1A% 2% , 38 0 B 07 B 45
SRS G S 25 J e TR A R



5 6 3]

BT 1) S AR R SR T A R i M 245 T 15 - 43 -

1 REERREN

ARCWFFEI B G5 K2 N =100 ~200 AR A%
JEHSAE I, 33X e A5 R A T B 0 Hub 29 4, = 100 m
TEL AN 1 TR, 2 A AR AR AL R R AN S
Hub & S A28 , A% B W - RS2 18] Hub 1 45 B I )
RIS i, BRI, RSB RS T 1 LR R
BRI, K214 10 bps/ 514

BT T 1) B 9 2 S 19 4 A1 Je)

Fig. 1 Layout of a Backscatter-based sensor network
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(a) Hub

2) {2 )dn

BB IR BT AR 58 85 — IR SR D)% RF JF
NI FE Sl il #5 (FE MRS MSP430) kAT, ik
i il i o g — AR AS T B i AR 7 ARG FE A 100

0", 7 ik B=[67 kHz,200 kHz ] i il Y , T &K os

PR S T 2800 41 38 P — A 3k 1R 19 B AH 28 ( phase-
locked-loop, PLL) ;=4 X {845 MSK & 5 T3,

BRI Hh F il B HL2F 3 30 T, B U T
TE/ KB RS ST B IR AT ARl it — 25 1
{EF VR OR AL B B R A IR AR Y T 55 5K 5
A e TR A3 TF, (45 5 1) B o4 B VR 7T LA
FES R BBl AT 5 L AN A% I v %) F it ik ] LR R Sy
WEDNRE E S E00 LT A e s I 4 (b) PR 3558
PRI — R R S B 46 — A 2 B AR 1
IIRESE AR B R — A I AR 18 i g il A — > T 3 IF
Kepitfil, WAMELE RAARZS 55 7E £, = 900 MHz [ ik 1) 56 45
T R R

e MBS R AR 5 I PR BB | $5Hs b #E A F5
ML R A E SRS , — AN XGE I ADC FlR 1 PC
FIRL, A% 22 RF ZLBR IS MBI B 5 Bl R AR IR AR
PEHEAT AR B AL AT B A 5 BBk R [R5
iRl



- 46 - LSRR R e o

5 34

2 ZBERKRSH

Sy T RASCHE R AR R G0 I PRV RE HEAT IRAY
K H 2 MHEIR, BAE IREFTE B NI L T 1 b B 32
A R GRS (bit error rate, BER) , 1 N{fE
FRrAE S EL

xR1 REMEETNHHESH
Table 1 Simulation parameters of system

performance evaluation

Ees fE
LR R 10 bps
WREEEE d,,., 100 m
T/ NEIEIEE d,, 10 m
RF %)% P, 30 dBm
A [, 900 MHz
RHT KL Gy 9 dB
PR L2 Gy 3dB
B RELLEE hy 3m
FEMORL A L by 0.25m
RRE -10 dB
BRI R N, -165 dBm/Hz

V5 7R A5 T4 i i 2 (e R A I g B B IR
L) d, =d,, =100 m [1& % | 153 iy i iy H:
BAG RS S) AR TE 10~ 100 m 31 Bl P BT 2% 5 951 2 b
ML, IS AT LAE 2, 4T 6 dB By h % SNR=E,/
Ny, S REHL ST B AL B T2 X T 100 &R A
RV, IR TE LT 0 A5 T W3Ry 2. 5%, 300 >4 Jgk
8. 5%, XIERINIE T BAE, WAk, — A~ S
Hub (AR TER 35105 ) A% B A S5 5 1) OIS
5 WEAE TR s TN, BEBAS SCHR 3 1S R4
X TR AR AR 1 TC Lk A5 B X 4 o 136, AN EL B AT T
HE I A, T ELRERS SO I B U 55

MNELS B0 E B, Y 40 R A5 0] S B ]
PRSI, BT 300 A& h IR SRR %,
PRIt , 2 A AL T R 46 T B - 2 B 3 22 () 3 A — ]
eI, RIKS 40 73 160 52 30 Hub 915 86 2% 1Y 7 21 D %
TR AR AL RS B AL 0 e - 2R R, [, AR s T
PEXT AR GE 1 K 22 8005 A R AN J& — N R, Ry
BEAME B Tt B A R, B mT A 2 00 B /)N
3~ 4 B, AT LASE I 22 AL s [l i T A

& 6 i WAL IR A 4 K ik 128 (IR - A
AR S5 — 1~ 128 57 Ay 31 B B T 15 31 A4 422 O IL Y s 1A
BER B4/ E45 AT o2k B R AU ALY B K BER 1Y
SIS S, P v R I T T (IR ) R I Y i
BER, MIE 6 /T WL, 54T #iE fcfE BER ML, A LR

150
A FENLS RO RS TR R

5 | S BEHLA oA IS T B BHR

~O— L 43 B A% R 48 1 BB R

| M

o
[

f=4
(=]

TR /%

50F
100 /M 32}
25
300 /ME RS
0o 1L & | & |A1 L 9 1L g
0 1 2 3 4 5 6 7 8 9 10
SNR/dB

Bl S AL FEE% (100 m) M fL AR BT B %
Fig.5 Outage probability for a sensor located
at the edge of coverage (100 m)

il MARPERE R LA 5 dB IOPEREE 2. 7T UL, 015
AN S B, AS(ELE 750 FEI 2, IR 6 T 5 A
+ (Fef) KA LAY 5 dB B9PEREZE ST

10°

LA R R
=R RGH LR
Lo AT R ARG L R
0 2 4 6 8 10
SNR /dB

K6 BER 5 SNR %%
Fig. 6 BER as a function of SNR

T JFRIHL SNR (H 1) L 45 RO FE = N LR =
Wb bt i FFE S Hub 29 15 m 907 BT, d T a2 si
Wy Sr A | e DT 3 A 55 B 2 B0/ 25 IR 45 R Dl A 10 S
JRZ AR, T LASRAT B0 00 i 45 2R 5 BRI 0y BB AT — 2
MR2E , WA 6 iTLAFE X AMRZETE 0.5 dB LA, fEil
AKX AR 28 R 58 A T LU AZ 09, U 2R AE & Ah sk A
i, TN U SR I BE A I A S A5 A LR
I8 AR 22 1 2 ik — 2L/ | DT 388 5 38 Rl e 23 ik —
AR OR M v Al A2 i 4y ] S

3 & g

ARSCRF R TCL AL AR M 28 vh ] 47 i | B o 25 )
fR RV 11—l (9 i DR J7 58, el 2 0 TR A 1%
SRR A I AR SO H 9 I 1) BRCS 3 A 2 — R T AT A 3
(EWESS

TERAHIDETE T, BATIT R — B R GER LA



5 6 3]

BT 1) S AR R SR T A R i M 245 T 15 - 47 -

PR, IR SN 003 B i A TR e 140 B A 0 2 412 H

oA,

27 Sk

(1]

(2]

[3]

[4]

(5]

[6]

(7]

[8]

(9]

[10]

XIME. RFID B A% i 5 2 (B I 5 AR 9 i 5%
R RUKEE, 2016.

LIU J. Efficient data transmission and accurate spatial

D].

perception in RFID systems [ D ].
University, 2016.
FESCIOGLU-UNVER N, CHOI S H, SHEEN D, et al.

RFID in production and service systems: Technology,

Nanjing: Nanjing

applications and issues [ J |]. Information Systems
Frontiers,2015,17(6) :1369-1380.

KA. 04X RFID RGEH B b BEEOARBEFE [ D],
A6 JE TR H K24, 2016.

ZHENG J Y. Study on data processing techniques for
distributed RFID
University of Posts and Telecommunications,2016.
AR WK RFID FoR T BIHE R B8 RGE[ T ], 9288
I HIRR ,2015,34(9) :265-268.

70U CH J. Supply chain system research of RFID in the
internet of things
exploration in laboratory,2015,34(9) :265-268.
SANDOUK U, CHEN K. Learning contextualized music

semantics from tags via a siamese neural network [ J].

systems [ D ]. Beijing: Beijing

technology [ J ]. Research and

ACM  Transactions on Intelligent and
Technology,2015,8(2) :1-21.

MBACKE A A, MITTON N, RIVANO H. A survey of
RFID readers anticollision protocols[ J ]. IEEE Journal of
Radio Frequency Identification,2018,2( 1) :38-48.

CHE Z Z,NOOR N M,ALI A Z M, et al. Utilizing active
RFID on wireless sensor network platform for production
monitoring[ J |]. Journal of Urology,2016,78(2) :18-21.
YUE K, SUN L, CHENG Y, et al. A hybird CDMA-
IDMA anti-collision protocol for dense RFID system[]].
Advanced Powder Technology,2014,25(4) :1394-1397.
Bt 0 30, it e | A5 S U 245 BGE {F
W[ T, W RE 224k ,2016,34(3) :293-301.
YANTT, HU SH B, SHI'Y F, et al. Outage probability
analysis for multi-sensor backscatter communication|[ J].
Journal of Applied Sciences,2016,34(3) :293-301.
BT, — AT IC B B T AL M 45 48R [ D).
BEBH : SR, 2016.

Systems

[11]

(12]

[13]

[14]

[15]

[16]

fEEE N

Liu Qiang received his B. Sc.

MO J R. A configurable architecture for backscatter
wireless sensor networks[ D ].
University ,2016.

ZEPIUE. TR E SO0 25 i) o2k A s I 45 i F 52
G D]. BAT: B TR, 2017,

QIN K L. Research and design of wireless sensor network

Guiyang: Guizhou Normal

based on software definition network [ D ]. Nanjing:
Nanjing University of Science and Technology,2017.
YAN B B, REN W B, YIN B L, et al

positioning algorithm and its experiment research based

An indoor

on RFID [ J]. International Journal on Smart Sensing &
Intelligent Systems,2014,7(2) :879-897.
JAISWAL R K, JAIDHAR C D.

Algorithm for a nonlinear vehicular movement in VANET

Location prediction

using extended Kalman filter [ J ]. Wireless Networks,
2016,23(7) :1-16.

HUANG K, ZHOU X. Cutting the last wires for mobile
communications by microwave power transfer[ J]. IEEE
Communications Magazine ,2015,53(6) :86-93.

BASHRI M S R,IBRAHIMY M I, MOTAKABBER S M
A. Design of a planar wideband patch antenna for UHF
RFID tag[ J]. Microwave & Optical Technology Letters,
2014,56(7) :1579-1584.

KOZLOV D S,SHITVOV A P,SCHUCHINSKY A G, et
al. Passive intermodulation of analog and digital signals
on transmission lines with distributed nonlinearities:
modelling and characterization[ J ]. TEEE Transactions on
Microwave Theory and Techniques, 2016, 64 (5):
1383-1395.

XI38, 1998 4F F 5 K K2k ig 2+ 2
37,2009 4F T-H 1 B T K 24 AR50 - 22 4o
PR AR &R A SR I, 25T

bt AL EAR AR S e

Biif7t008
E-mail :1qwhh7223121@ 163. com
degree from Chongqing

University in 1998, M. Sc. degree from South China University of

Technology in 2009. Now he is a senior experimentalist at

Guangdong University of Finance and Economics.

research interests

His main

include computer application technology,

educational technology, experimental teaching theory.



