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Implementation of Behavioral Models in System
level environements and RF circuit-system
Co-simulation

A. Bennadji, E. Ngoya, R. Quéré.

Abstract— The verification of the system performances becoes
of prime importance and notably with the emergencef the soc, in
which, the spurious couplings between the functiotaircuits can
be critical. the needs in terms of system simulatiotools become
thus very important. This paper is divided into two parts, the first
part presents a method to implement the volterra ad nonlinear
impulse response models in matlab/simulink environent. The
second part presents a co-simulation interface beten
Matlab/Simulink and Goldengate (Agilent Technologi¢ circuit
simulator.

Index Terms— System simulation environment, Volterra Model,
Nonlinear impulse response.

. INTRODUCTION

The applications of modern wireless communication

require the reduction of the cost and the timehef design

process in ordeto answer to the demand of the commerciaq

marketplace. If nowadays, the top-down processitalde, the
verification of the full system performances susfénom a lack
of system simulation tools able to predict the imwdr effects.
The accuracy of the simulations of communicatiosteaps and
nonlinear circuits is in general dependent on tredlability of

integrals in system environment. These models paveen to
be accurate for all types of signals and their agtion is
affordable in common circuit simulators and measnet
benches.

In an effort to improve modeling accuracy, we have
developed a co-simulation interface that allows #ystem
simulator to access a circuit simulator for eaatetsample. In
our example we have considered co-simulation betwee
Matlab/Simulink and Goldengate (Agilent technoldgiécuit
simulator.

The paper is structured as follows, in a first isectwe will
briefly present the numerical implementation of téala and
nonlinear impulse model in system-level environmehhe
section lll describes the numerical implementat@nthese
models in Matlab/Simulink environment. The co-siaiigdn
interface between system simulator and circuit &bou is
escribed in section IV. Some practical result$vélpresented
In section V.

Il. NUMMERICAL IMPLEMENTATION OF VOLTERRA MODEL AND
NONLEANER IMPULSE RESPONSE MODEL

Some works have been reported in last years alewetra

models able to describe the behavior of the differe modeling approaches based on Volterra-Wiener thdegy, on

components with a high level of precision. Thesalef® must
be able to predict the influence of nonlinear effgsaturation,
memory effects, mismatches phenomena and noisegdver,
they must be associated to simulation algorithns gtbhandle
the information contained in these models. Theseg@ints are
nowadays an important research subject in orderatoulate
reliable link budgets.

In this context, this paper presents a methodofogythe
implementation of the models based on nonlineavaloition
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nonlinear time series [6] or on empirical structurdn
particular, behavioral models based on Volterréeseshowed
their excellent capacities to reproduce the effe€tshort-term
memory (Volterra model) [7] and long-term memorgigtinear
impulse response model) [8]. The constitutive eiguat of
these two models are expressed respectively as®l{1) and

2):

. 1 BW/2 . ~ ,
Yo =2 | HV(\X(t),Q).x(Q)EIQ‘dQ (1)
2IT—BW/Z
m
V(1) = [ he{ [X(t-1) . X(t-7) o @)
0

Where X(t) and Y(t) refer to the complex envelope
representation of the band pass input and outgoal.BW is
the signal bandwidthHy, (---) is the Volterra kernel and

hg(-++) is the impulse response.
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The computation of the integrals in Eq. (1) and(Egcan’t
be based on the classical integration formulas
Newton-Cotes formulas. Indeed, the use of suchigals can
lead to a large consumption of CPU time and memesgurces.
The basic idea, to circumvent this problem, is xpasd the

impulse responség(---) and the Volterra kernety, (---) in
series of functions, like below:

H % (1)].0} = a @ (X)) @
ne{|% ()]} :ggk ORACLS) @)

The coefficients of the linear filters are syntlzesi by the Padé

likepproximation [9].

lll.  SIMULINK IMPLEMENTATION

Simulink is a graphical extension to MATLAB for melihg,
simulating, and analyzing dynamic systems. It sujgplinear
and nonlinear systems, modeled in continuous tsaepled
time, or a hybrid of the two [10].

The Volterra and nonlinear response impulse modeds
written in C++ language and are then interfacedhgighe
Simulink C MEX S-Function [11].

Where f,(---) are well chosen basis function, we have The figure 3 shows the flowchart which recallsalleance of

chosen in our example the simplest casg pf-) =|x|™.

Inserting (3) into (1) and (4) into (2), we findspectively the
expression (5) and (6).

v(t) :;néfk{ X (1) 'iB\f:ZC‘k (@) X(Q) e d  (5)
va):égfm@ym{xa-g}xa-ﬂdT (6)

The figure 1 and 2 illustrate respectively the esgntation of
the Volterra model and the nonlinear impulse respamodel.
The models’ structures become basic cells calleehéfi (linear
filters o (---) follow-up by static nonlinearityf, (---) ) or

Hammerstein (static nonlinearity(---) follow-up by linear
filters B (---)).
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Fig. 1. Volterra model.
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Fig. 2. Nonlinear impulse response model
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our principle of modeling. We have developed twaada
processing modules; a module which carries out#heulation
of the filters’ coefficients and a module which as out the
execution of the model in Simulink.

The files resulting from measurement or simulatioost
have a standard format (.dat). They contain abrmftion of
the extracted data of the model (Volterra or n@dmimpulse
response). Following data processing with the ekta
module, the model is completely defined by a heéilief.head)
containing information on the linear filters. Dugisimulation,
the execution module reads these header files.

-

~

Generation of the model
CH+language
Simulation  Data extraction
Header file
Data
( | ’| processing

Measurement

N

/

/" Smiaon
.he Header file
Re
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Fig. 3. Principle of modeling.
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Fig. 4. Communication Chain (Satellite Link)

In co-simulation, the system simulator instantiates or Figure 6 shows the ACPR comparison between the AWM/A
several Envelope Transient [12] circuit enginesdmpute the AM/PM, Volterra and response impulse models withsults
output signals of the critical parts of the systdine interface obtained from a co-simulation. The agreement batwie
between the two simulators is based on a parelt/chresponse impulse model and the co-simulationiilyfabod, the
interaction (figure 5). Simulink acts as the parsimulator, AM/AM AM/PM and the Volterra models give predictiothat
which calls GoldenGate (Agilent technologie) at bieginning are 4 to 7 dB off. This figure shows also thatwdterra model
of the simulation as its child. The co-simulatedbéifier block dedicated to take into account short term memdectS is not
is instantiated into Simulink model thanks to acbased on a C able to predict accurately the ACPR, because, indhse the
MEX S-Function, during the simulation, the two slation QAM signal is stimulating mainly long term memofffeets.
kernels are synchronized and share data on tf@irQh the
Simulink side, a special S-Function block actshesdoupling System Simulator (Simulink)
element and it is configured for shared memory camipation

between Simulink and GoldenGat (Agilent technolpgie Amplifier

running on a single computerNumber equations cartisedy C'(ré‘é'ltdz'r’]“é‘:;‘;‘)”

with equation numbers in parentheses flush with rigt <y

margin, as in (1). First use the equation editocteate the I™\J || gige retionel Communicatibn

equation. Ul p  Amplifier
We have run a Simulink simulation using alterndyivihe

models presented above and the co-simulation aderfor a
satellite communication chain. This chain represensatellite
link composed by a Satellite Downlink TransmittBgwnlink

Path, and Ground Station Downlink Receiver (figdje The oL
signal transmitted over the channel is 16-QAM wawef flows

with speed of 5 Mbits/s, the carrier frequencyheflink equal to
8 GHz. The Volterra kernel and the impulse respasfsthe Fig. 5. Co-simulation principle
LNA (operating at 1.96 GHz) located after the reimep

antenna were extracted from GoldenGétsimulations.
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Fig. 6. ACPR=f(Pin) 16-QAM @ 5 Mbits/s.

— o Impulse response model

The simulation performances (CPU) are summarizéahte

1. We observe that using the Volterra and nonlinegoulse
response models has reduced the CPU time. Therperfice of
nonlinear impulse response model shows a simulapeed up

without sacrificing accuracy.

Complete chain
simulation time

Co-simulation

AM/AM AM/PM model

1 h.12 min 14 sec
Volterra model Nonlinear impulse mod
2 min. 18 sec 2 min. 23 sec

Table. 1. Simulation performances.

We have shown that nonlinear convolution integrasdal

model can be efficiently implemented in system dsatars,

guarantying both simulation speed and higher acgura
Simulink  simulator

Combining a DSP behavioral

cosimulation environment with a time domain nordineircuit
simulator in the complex envelope domain increagasilation

flexibility and improves accuracy
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