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Fig.1 Schematic of microwave photonics RF SCI system
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Fig.2 Impact of amplitude mismatch and delay mismatch on the cancellation depth
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Table 1 The theoretical maximum interference cancellation depth under typical amplitude and delay mismatch

Amplitude mismatch/dB

Delay mismatch/ps

1 0.5 0.1 0.05 0.01

—17.65dB —22.46dB —26.57dB —26.80dB —26.88dB

2 —17.98dB —23.49dB —29.77.dB —30.23dB —30.40dB
1 —18.20dB —24.26 dB —34.39dB —35.82dB —36.40dB
0.5 —18.25dB —24.47dB —37.18dB —40.43dB —42.35dB
0.1 —18.27dB —24.54dB —38.65dB —44.48dB —54.43dB
0.05 —18.27dB —24.55dB —38.71dB —44.70dB —57.22dB
0.01 —18.27dB —24.55dB —38.73dB —44.77.dB —58.70dB
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B 2R S8 147 2t A3 4 o ) o A R AR R A 2% (Analog—to—digital Converter, ADC) Xt 5% B T A5 5 iF
T RHFECRAERYRE BE VL E T R 08 W B 5% B TG 5 D R AR b i R B o TR Ot , 9% 1 B30 0k 52 B as 47 B 8 18 51
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UL, FRGEAER T 1 2k B b, X R B2 2 — 0 19 32 T 1 S 2 32 B OR AE BT I RS R e . A TR
E5 D REARMIE LT, Y8R5 5 DRk 8 ADC L8508 (% B 45, % R BE 1 i2F — 2P $2 3t 2 %2 3] ADC
FAERGBE A2 o DL b sk 2 P 3R A BT H 5 12 i W SIOH s 1) 5 B U
2 KX FHIMTFMITEEE

K345 T3 T FPGA MO F B T E R R s R R . 2565 TIRES SFR
H TG 52l RS B ADC #E472R4E , SR F FPGA S8 40 3 B (9 5B 2 ), o A 36 %5 F ADC Y
I B KO B AR 5 RS BTSSR AT R A B I E R4S . FPGA
I 3K B A ADC B SIS T AT A5 5 T RS S G5 90 AT M2 %55 L LF R TG
SRR IR RS M AT A IS DA g it o AR I AL 5 0 T 37 9T R T FPGA SR S 3 5 AH
% (Cross—Correlation ) 5 % 5 ki 7 B (Particle Swarm Optimization algorithm , PSO) 5 2% A 45 & (1 8 JF 5 Bt
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Fig.3 Flow chart of feedback control for microwave photonics RF SIC system by FPGA

After system's initialization, the 0° and 90° phase-
shifted reference signals and the interference signall
are down-converted and then sampled by ADC

Y

sampled signals

The cross-correlation algorithm calculates the amplitude's
and delay’s difference between two links based on the [

differences change abr

Whether or not the initial value is given
to the PSO for the first time

hether or not the amplitude’s and delay’s

uptl

_ The calculated value of the amplitude’s and delay’s
»~| difference is used as the initial value of the PSO iteration

v

PSO iterates and updates the amplitude’s and delay's
values of the regulation units in optical domain

L]

The residual self-interference signal will be down-
converted and sampled by ADC

is satisfied

Whether the algorithm convergence criterion

No

Output the amplitude’s and delay’s value of the
regulation unit and the total number of iteration

End
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Fig.4 Flow chart of cross—correlation and particle swarm optimization combining algorithm
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Fig.5 Schematic of vector coordinate rotation and solution searching
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Initialize PSO parameters: 8 particles, db and dt, iteration
numbers, inertia weight w, learning factor ¢, random
number 7

L]

The particles are assigned attenuation ¢b and delay dt initial
values equally in all directions of the initial value

Y

Eight combinations of particle db and dt adjustment are
sequentially sent to the optical domain regulation units via |«
serial communication

\
Collect the residual self-interference signal power and update
the individual optimal power pp, attenuation dbp, time delay
dtp, with the collective optimal power pg, attenuation dbg,
time delay drg

Update db and df according to the
current state
A

Update the inertia weights o, the

learning factor ¢, and the random

number r according to the number
of iterations

Whether the algorithm iteration
condition is satisfied

Output the PSO collective historical optimal values dbg, dtg to
optical domain regulation units

End
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Fig.6 Flow chart of particle swarm algorithm for microwave photonic RF self-interference cancellation
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FPGA-based Microwave Photonic RF Interference Cancellation Control
Algorithm and Experimental Verification

XU Longjian, LIU Changjun, HAN Xiuyou, FU Shuanglin, GU Yiying, ZHAO Mingshan
(Liaoning Province Key Laboratory of Advanced Optoelectronic Technology, School of Optoelectronic
Engineering and Instrumentation Science , Dalian University of Technology,Dalian 116024, China)

Abstract: The rapid development of wireless communication technology has made the non-regeneratable
Radio Frequency (RF) spectrum resources extremely scarce. The In-band Full-duplex (IBFD) wireless
communication scheme utilizes the same frequency to transmit and receive signals at the same time slot,
overcoming the shortcomings of traditional half-duplex communication schemes that can only transmit and
receive signals in different frequency carriers or different time slots, and doubling the utilization rate of the
RF spectrum. However, RF self-interference is the primary problem that must be resolved for the
application of IBFD scheme. Microwave photonic RF Self-interference Cancellation (SIC) technology is
attracting more and more attention by virtue of the advantages of the large signal processing bandwidth and
high amplitude and time regulation accuracy. In this paper, considering the influence of environmental
variation on the RF SIC performance, we focus on the control algorithm for the microwave photonic RF
SCI system.

Firstly, a theoretical model of microwave photonic RF SIC link is established, and the expressions of RF
SIC value for the single-frequency signal and the signal with a certain bandwidth are derived. Then, the
parameters that affect the RF SIC performance are analyzed, including the amplitude mismatch and delay
mismatch. The analysis results provide a basic reference for the design of the microwave photonic RF SIC
scheme, the optimization of the regulation units in optical domain and the construction of the experimental system.

Secondly, an adaptive feedback control system for microwave photonic RF SIC system is designed
and constructed, which is composed of the optical domain regulation units, RF signal down conversion
units, data acquisition units and data processing units. The Field Programmable Gate Array (FPGA) is
applied for digital signal processing, adaptive algorithm iteration and control instruction output to the
regulation units in optical domain via serial communication unit. Also the clock conversion is conducted in
FPGA to provide different clock for different digital unit.

Thirdly, an adaptive algorithm for microwave photonic RF SIC system in FPGA is implemented. The
algorithm is divided into two steps. One step is a cross—correlation algorithm to obtain the amplitude and
delay mismatch between the interference signal and the reference signal, which provides the initial value for
the other step of Particle Swarm Optimization (PSO) algorithm. The PSO algorithm realizes a further RF
SIC through the circle of the acquisition of the residual self-interference power by Analog-to—digital
Converter (ADC) , the optimization iteration for control instruction to the regulation units in optical
domain. During the circle, the tuning accuracy of regulation units in optical domain and the sampling
accuracy of ADC are considered comprehensively to optimize the iteration logic loop, which are applicable
for the really established system.

Finally, a microwave photonic RF SIC system with direct modulation is established, for which the
feedback control algorithm based on FPGA is demonstrated. The cancellation depth of 35 dB for the
2.4 GHz center frequency and 40 MHz bandwidth is realized by the microwave photonic RF SIC system.
The measured results verify the feasibility and efficiency of the FPGA based control algorithm.

Key words: In—band full-duplex; Microwave photonics; Radio frequency self-interference cancellation; Control
algorithm ; Field programmable gate array
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