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Abstract:Due to the nonlinear distortion of the power amplifier, the problems of in-band distortion and Adjacent Chan-
nel Interference will occur in VDB transmitter .To address the problem ,this paper introduces a digital pre-distortion
method based on memoryless polynomial model ,which can solve the coefficients of digital pre-distorter with indirect
learning structure. The results show that the digital pre-distortion method can effectively improve the third-order inter-
modulation distortion, the adjacent channel power ratio (ACPR) and the error vector amplitude (EVM) of VDB trans-
mitter, and it can also improve the performance and efficiency of the communication system.
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1. Introduction

Ground Based Augmentation System(GBAS) is used to provide precise approach and landing guidance to
the airspace of aircraft . The VHF Data Broadcast radio is an important part of the GBAS system. It modulates the
differential enhancement information generated by the ground satellite navigation reference receiver and transmits the
data with power amplifier.

The performance of the power amplifier is an important factor affecting the efficiency and communication quality
of VDB transmitter. When the power amplifier is in the area of the nonlinear, it will lead to the distortion and out-of-
band spectrum expansion of VDB transmitter, resulting the interference of the adjacent channel'. In order to overcome

the nonlinear distortion of VDB transmitter, the linear optimization is carried out with digital pre-distortion.

2. Pre-distortion Structure

2.1 Basic Principles Of Digital Pre-distortion

Digital pre-distortion technology does non-linear processing , so that the amplitude and phase characteristics of the
baseband signal are distorted in the opposite direction ,and the overall linear relationship between the input and output

signals is realized”. The basic principle of digital pre-distortion is shown in Figure 1 below:
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Fig.1The principle diagram of pre-distortion system

The principle of digital pre-distortion processing can be expressed as follows:

2(t) = G(F(x(1))) = L(x(¥) = Amp*x(t) (1)
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The symbol Amp is the linear magnification of the signal.

The objective of digital pre-distortion technology is to find the digital pre-distortion transmission function G (x), so
that the input signal can satisfy the linear amplification transmission after the combination of digital pre-distortion and
nonlinear power amplifier'”’,

2.2 Memoryless Polynomial Model

The common methods of digital pre-distortion include lookup table (LUT ) method and polynomial model method.
Polynomial model method has a faster convergence speed and self-adaptability, which is widely used in digital pre-
distortion design.

The polynomial model method includes memoryless power amplifier model and memory power amplifier model.
The signal of VDB transmitter belongs to narrow band signal and the memory effect is no obvious, so we select the
memoryless power amplifier model.

The memoryless power amplifier model means that the output signal is only related to the current input signal and
has nothing to do with the historical input[4].Generally, AM/AM and PM/PM distortion curves can be used to describe
the characteristic of the amplitude and phase in memoryless power amplifier models. The model can be expressed as
follows:

z(n) = Zakx(n)k (2)

=aXx(n)+a,x(n)* +---+a,x(n)"

where x(n) and z(n) represent the input and output signals of the power amplifier at the n moment, ak is the factor
of each power, K is the highest order of the polynomial®

The modulation distortion caused by even order in memoryless polynomial model will fall outside the frequency
band and be filtered by band-pass filter. In this paper, we mainly focus on the odd order intermodulation distortion which
is difficult to filter out in the intermodulation distortion component. Therefore, the power amplifier model only considers
the odd terms, and the polynomial model can be changed into:

z(n) = iakx(n)zk‘l
k=1

=ax(n)+ax(n)’ +--+axm* " s

In practice, it is necessary to involve the high power of polynomial calculation. In order to simplify the calculation,

the polynomial model is used as follows:
K
k-1
2(n) =2 axmxm[ " @
k=1

2.3 Indirect Learning Structures

Generally, there are two kinds of ways to obtain the parameters of digital pre-distortion model: direct learning
structure and indirect learning structure. The direct learning structure needs to predict the parameters model of the
power amplifier, while the indirect learning structure only needs a set of the input signals, output signals and the ideal
linear magnification of the power amplifier'®. This paper adopts the indirect learning structure to estimate the parameters.

The implementation block diagram of the digital pre-distortion with indirect learning structure is shown in figure 2,
where x(n) is the input signal, y(n) is the digital pre-distortion signal, z(n) is the signal of the power amplifier, G is the
ideal linear magnification of the power amplifier, v(n) is the estimated coefficient of the digital pre-distortion, and e(n) is

the error between the actual value of the digital pre-distortion and the estimated value. The estimated parameter values
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is modified adaptively according to e(n)[7]. When the error e(n) is zero, the linear amplification of the power amplifier

is realized.

x(n) Digital y(n) J 2(n)
— Predistortion 1 % Modulator » PA >
System ‘
A
\ 4
Digital Predistortion z(n)/G "
Coefficient <¢— Demodulator |« Atte?;lGator —
Estimation
Updated Parameter

Fig.2 The indirect learning structure of digital pre-distortion
The objective of the pre-distorter is to obtain the estimated coefficient of the digital pre-distortion. According to

equation (4),We can first define:

z(n) = ;ak¢k (x(n)) )

Then equation (4) can be changed to:
k—
#.00 =[x x ©

Define N*1 order vector of the input signal:

X =[x(1), X(2),--, x(N)]" ()
N*1 order vector of the output signal:

z=[z(1),2(2),--,2(N)]" (®
K*1 order vector of the parameter:

a=[a,a,,,a,] 9

Re-defined

¢ () =[d (X)), (X(NDT" (10)
D =[¢(X),$,(X),--, 4, (¥)] (11)

The equation (6) can be expressed as:
z=0-a (12)
According to the least square method*/(LMS)

The parameter vector can be obtained as follows:
a=(@"o)'o"z 13
The calculation involves the transpose and inverse of matrix, which is complicated and suitable for calculation in

the DSP processor.

3 System Simulation and Verification
Matlab is used to verify the linear optimization effect of digital pre-distortion. The main parameters of the VDB

signal® are shown in table 1:

3.1 Power Amplifier Model
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Table I The main parameters of the VDB signal

Parameter Value
Frequency/(MHz) 108-117.975

Power/(W) <= 80

Modulation D8PSK
Bandwidth/(KHz) 25
Code Rate/(KHz) 10.5

Filter Raised Cosine Firer
Roll-Off tactor 0.6

Saleh model"” is a typical narrow-band power amplifier model, which can well characterize the AM/AM and PM/

PM characteristics of power amplifier. Its expressions are as follows:

ar
G,(r)=—=
(1) 1+ B,r* (14)
G (r) = —=

1+ B.r* (15)

The parameters selected in this paper are as follows :
Be=2.135,8x=1.13,a=P= 1

T
AM/AM characteristic of PA

AM/AM characteristic of DPD
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Fig.3 AM /AM Characteristic curve
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Fig.4 PM/PM Characteristic curve
Figures 3 and 4 respectively show the AM /AM and PM/PM characteristic curves of the VDB signal after power
amplifier and the digital pre-distortion. It can be seen that the output curve after the combination of digital pre-distortion

and power amplifier is nearly linear, which effectively improves the performance of the power amplifier.

3.2 Critical Performance Analysis

The effect of pre-distortion was evaluated by comparing the Adjacent Channel Power Ratio(ACPR) before and

after digital pre-distortion. The simulation results are shown below:

“The PSD of DPD with order 1
“The PSD of DPD with order 3
“The PSD of DPD with order 5
“The PSD of DPD with order 7
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Fig.5 The comparison of the PSD with different order polynomials
Figure 5 shows that when the order is from K=1 to 3, the ACPR increases about 16 dB. When the order is from
K=3 to 5, the ACPR increases about 10 dB, and when the order is from K=5 to 7, the ACPR increases about 3 dB. If
the order K is above 7, the power spectral density after pre-distortion is almost as the same as the input signal. It can

be seen from the diagram that the order 3 and 5 are the major components of nonlinear distortion and the composition
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above order 7 is obviously reduced. Therefore, in order to reduce the amount of calculation, the order of K=5 is adopted

in engineering applications.

‘The ouput PSD with DPD

‘The ouput PSD without DPD
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Fig.6 The comparison of PSD
Fig. 6 shows the comparison diagram of the power spectral density of original baseband signal, the power spectral
density without and with digital pre-distortion (order K=5). As can be seen from the figure, the ACPR of the signal
without digital pre-distortion is -35dB, while the ACPR of the signal with digital pre-distortion is -50dB, and the
improvement degree reaches 15dB. It can be seen from the simulation results that the spectrum expansion is effectively
suppressed with digital pre-distortion correction, the power spectrum density is very close to the original signal, and the
final signal of the power amplifier has a good linearity.
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Fig.7 The constellation from the power Fig.8 The constellation from the power
amplifier without digital predistorter amplifier with digital pre-distorter

Figure 7 shows the constellation of the VDB signal without digital pre-distortion, and figure 8 shows the
constellation with digital pre-distortion. From figure 7, it can be seen that the distortion and divergence of the
constellation caused by the nonlinearity of the power amplifier, and EVM is 5.6%, while the constellation with digital
pre-distortion processing is more condensed and EVM increases to 2.8%. At the same time ,the amplitude and phase of

the VDB signal are corrected.
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The simulation results show that the digital pre-distortion method with memoryless polynomial model can

effectively improve the linearity of power amplifier ,ACPR and EVM can also be significantly improved.

4 Terminology

In this paper, by using the digital pre-distortion method with memoryless polynomial model, the nonlinear

distortion of power amplifier are solved effectively ,and the efficiency of VDB transmitter are improved. At present, the

scheme has been applied in the project, meeting all the indicators and achieving good results.
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