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Research and implementation of DBO-CSS system based on USRP
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(School of Electronics and Information Technology, Sun Yat-Sen University, Guangzhou Guangdong 510006, China)

Abstract: LoRa is one of the mainstream alternative technologies of Low-Power Wide-Area Network
(LPWAN), which employs Differentially Bi-orthogonal Chirp Spread Spectrum(DBO-CSS) as its physical
layer modulation. Rapid timing acquisition and reliable receiving in low SNR are the two most important
issues when applying DBO-CSS in typical Internet of Things(IoT) scenarios. Therefore, a LoRa system
supporting multi-user access is built utilizing the Universal Software Radio Peripheral(USRP) of NI
Company. And two essential technologies including synchronization algorithm based on improved matching
filter and diversity scheme based on 2D-Rake receiver are proposed and verified by simulation and
experiment on this system. The results indicate that the improved synchronization algorithm has better
performance in accuracy and the 2D-Rake receiver can provide 3 dB of gain in SNR.

Keywords: LoRa technology; Differentially Bi-orthogonal Chirp Spread Spectrum; software defined

radio; 2D-Rake receiver
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Fig.1 Transmission procedure of DBO-CSS system
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Fig.2 Reception procedure of DBO-CSS system
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Fig.5 2D-Rake receiver based on EGC and MRC
Pl 5 3T EGC I MRC [y 2D-Rake H2UiHL

BB RS x, it BEGC AbHG 2 MMIHL Rl y, My, . BT EGC d P £&EY

B, OBIES y, iy, 7TE R x Zad b E i 3 B 7S (Additive White Gaussian Noise, AWGN){5 i
y,=hXx+n

D hocen

K h BRFENFEMNEEZEREG n e o BRsEn 7t 25, W] 15 20 f# 8 0 )1 267 5055 5 8
to=[t,ty, ute], ARHIZIFIIFF SN G =4t .t 1, W h AR

2

HEAT T 49 4b
BEE S

1 &t
hy =15 I 3
2 ©
WU LA I 05 X, T S S b R . U 0 (0
_ 1 —hz
Y hen o, 2 @)

3 ZRAPENAREIT

USRP
User 1
DBO-CSS K LoRa F &t 3= 2w I T Wy ok 9 i 4 e 4 %O@

P AFE AR, PG BR T 58 R0 s 5 R LR 7 S it

S, ASCE R T T DBO-CSS (£ il P A%, I USRe PAY
DAl 5 AL FE 7 R 5, R LabVIEW 5Pk 25 7 A9 - e
UL B R T — 2558 86 1 2 1) P B A OR 2 5 Base Sation

B 6 JE %0 2 55 IO R 2R L e A5 AL BT \\2\\me
ARG, Hodv 1 & USRP &5 PC ¥ A R 53, 551 3 <3ﬁé§$uw3
£ USRP 4} 55 PC 3 BEAE 0 J1 o3 FH P s b0l 77 2 3R

Fig.6 Architecture of the multi-user system
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Fig.7 Bit error rate curves of the 2D-Rake receivers
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Fig.8 Multipath detection in air interface transport
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