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T
he complexity of RF systems is increasing for 
almost every application. The addition of digital, 
analog, and RF components necessitates multi-
domain interactions. Yet the interfaces between 

these different domains are often difficult to describe and 
analyze in an accurate and timely way. With more tightly 
integrated and domain-interdependent functions, the bar-
riers between the domains also are breaking down. To effec-
tively model the operational behavior of such systems, the 
fast-paced RF industry may benefit from multi-domain,  
system-level modeling tools that can follow a design from con-
ception to implementation.

By definition, system-level modeling is the functional block-
level analysis of a system. There are levels of abstraction to 
consider when modeling a system. Micro-system-level model-
ing, such as transistor-level modeling, analyzes the interactions 

among the individual transistors 
based upon detailed device models. 
Conversely, macro-system-level 
modeling involves the interaction 
between a device and the much 
larger environment in which the 
device may operate. Different  
considerations exist at various  
levels of abstraction.  

Frank Ditore, product marketing manager for Agilent Tech-
nologies, shares an anecdote: “There is something that we joke 
around about on our team with system-level design or system-
level modeling. It’s that the system is always one level higher than 
the person you are talking to.” A system architect aims to choose 
a level of abstraction that can benefit the design process while 
avoiding the time- and computationally intensive simulation of 
a too inclusive system. A scalable modeling tool with methods 
of analysis for each domain would then enable more efficient  
and accurate designs. 

Until recently, office productivity tools like Microsoft Excel 
were the mainstay of the system architect. Spreadsheet-style 
tools provide a high level of flexibility and a mathematically 
open and definable environment. Yet spreadsheet tools often 
fall down when it comes to the effective incorporation of non-
linear effects and multi-domain modeling. Ditore elaborates, 
“If you look at a filter as a mathematical representation, it is 
a polynomial. I can model that in a spreadsheet. But if I need 
to implement that in a DSP or FPGA, it becomes a fixed point 
or Z-domain representation of that polynomial. If my tool 
can’t allow me to model in that domain very quickly, that tool 
becomes less effective.” 

Because the interfaces between various domains are often 
hard to detail mathematically, tools that can account for these 
issues may be best suited to enabling the latest designs.

SYSTEM- 
LEVEL  
MODELERS 
Race The  
Design Cycles

Effective system-level modeling and analysis is becoming  
more critical in virtually every RF system. 

1. (See above.) Many sys-

tem-modeling tools have 

the capability to support 

a multi-window interface 

to capture key aspects of 

a system and make them 

readily available to the  

system architect. 
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As RF systems are incorporated into more devices, specific 
tools for RF system-level modeling or RF-capable add-ons 
for EDA tools are becoming more available. Modern tools for 
system-level modeling are often integrated design suites, which 
allow for the functional block-level analysis of complex systems. 
Such software includes the Mathworks MATLAB/Simulink/
SimRF, Agilent SystemVue, CST Design Studio, and AWR 
Visual System Simulator (VSS; Figs. 1 and 2). 

An example of the recent advances in technology and 
industry collaboration is the development of the AD9364, a 
software-defined-radio (SDR) prototype module from Ana-
log Devices. In this collaboration with the Mathworks, a fully 
integrated SDR was modeled—in detail—within the MAT-
LAB, SimuLink, and SimRF environments. Reportedly, the 
model turned out to be highly consistent with the behavior 
models developed to enhance the prototyping platform. Such 
models can then be analyzed with the full 
capability of relevant MATLAB toolboxes  
and user-defined code. 

The controls of the modeled and practical 
SDRs are supposedly the same, which could 
save significant time during product design. 
Another aspect of the prototyping system is 
that environmental and channel models can 
be imported into the simulation. This aspect 
adds another layer of model detail. It also 
could aid in preparing the design for market. 
In addition, an early prototype with a com-
puterized test system could be deployed in 
real-world environments to confirm radio 
functions that the device is meant to perform. 
Other organizations, in contrast, would have 
to develop a custom system-level-modeling 
structure to enhance their design flow in such a way.

RF Integration, for example, has developed its own system-
level-modeling processes known as the System Accelerator Tool 
(SAX). In discussing the effective use of system-level-modeling 
tools, Finbarr McGrath, the firm’s chief technologist, com-
ments, “In the best case, it might save you a design cycle. What 
it certainly does is give you a much higher-quality design and a 
much better-understood design.”  

This design-enhancing process usually begins with an inter-
pretation of customer specifications. Those specifications are 
broken down into individual block performance parameters. A 
system-level-modeling tool is used to cascade the system blocks 
into a functional model, in which early analysis is performed. 
Once the block-level definitions are refined, the optimized 
block parameters are given to the designers.

Using the system model to predict the system component 
specifications, the designers complete the internal block 
designs. The process of refining the block-level models with 
detailed component-level analysis is iterative. When the system 

blocks are adequately defined, the block performance metrics 
are fed into the SAX environment. If needed, the overall system 
is adjusted to account for the enhanced block-level information. 
McGrath notes, “This process partitions the design in such a 
way that the block-level model is contained and precise. The 
design engineer doesn’t have moving specifications, so changes 
come back to them less often.” 

If performed well, this type of process could prevent the 
over-designing of systems and enable much faster design-cycle 
turnaround. Ideally, the same test methods used with the soft-
ware also would be used to test the physical device. In that case, 
troubleshooting, error correction, and design refinement could 
be dramatically decreased.

A critical step in this process is the description of the block-
level parameters. As stated by John Broderick, director of sys-
tems engineering for RF integration, “Sometimes, we come up 
with how good a parameter needs to be from experience or esti-
mates...we have to build off those behavior modules.” Broderick 
further explains that depending upon the tool used, simulat-

2.  Modeling complex modulation schemes, such as LTE-Advanced, 

is a major challenge without advanced tools that integrate block-level 

schematics, parametric analysis, and equation-driven solutions.

3.  Co-site analysis is becoming a more critical step in system-level analysis, as a variety 

of antennas is being incorporated into almost every platform.
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ing the diverse blocks could be a complex or canned solution. 
Often, these simulation complexities occur when different com-
ponents are better defined with time, frequency, fixed-point, or 
floating-point methods of simulation.

Many—if not most—RF systems incorporate multi-domain 
designs. To effectively model such a system, the different 
domains could be handled within the same platform. This could 

prevent time-intensive and potentially error-prone interfac-
ing caused by multiple tool use and custom generation. Ditore 
shares, “The best way to solve this is by providing different 
methods of computation that are well integrated. So you could 
take a fixed-point model, floating model, time-domain RF 
model, and frequency-domain RF model and combine them all 
together into one simulation.” 

System-level-modeling tools, such as 
SystemVue, provide different methods 
of computation to allow different com-
putation models to run efficiently. The 
ability to neatly interface the different 
computation methods enables simula-
tions of an entire system to be performed 
more rapidly than single methods of 
computation. This class of tools offers 
frequency- and time-domain computa-
tion for both analog and RF. It also pro-
vides floating- and fixed-point methods 
for the digital domain. 

With this approach, the method of 
computation can be tailored to the type 
of model that is optimal for each indi-
vidual block within the system. Ditore 
shares an analog/RF example: To model 
an amplifier that has a gain and noise 
figure as well as input and output imped-
ance matching, a frequency-domain 
simulation would be adequate in terms 
of speed. Yet a time-domain envelope 
simulator could be a viable option—if it 
was not critical to model the impedance 
matching and only the gain and noise 
figures. The time-domain simulation 
would run faster with the tradeoff of los-
ing the impedance-matching resolution.

For example, Ditore points to a digi-
tal representation using a digital-sig-
nal-processing (DSP) finite-impulse-
response (FIR) filter. A floating-point 
simulation would produce the FIR filter 
coefficients. If finite precision is desired, 
a set number of bits of resolution could 
be determined for each coefficient. 
Using a floating-point simulation with 
10 bits of resolution for the coefficients, 
and using 2’s complement format for 
numeric precision, it may not be pos-
sible to run such a system in a reasonable 
amount of time. A fixed-point simula-
tion could potentially run the same DSP 
FIR-filter model at a higher rate. 

System-Level Monitoring
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Beyond the system-level-modeling tools that enhance the 
design flow from the block level, the design of robust devices 
can be aided by tools that account for environmental factors and 
other RF systems. For example, RF co-site analysis predicts the 
interactions between various antenna and radio systems. This 
step is critical in ensuring that the behavior of antenna and radio 
systems do not interact and create interference. 

Software offerings like Delcross’s EMIT use asymptotic 
electromagnetic (EM) analysis to acquire a superposition 
of currents stimulated across a multi-radio platform. This 
analysis involves the combining of physical-optics and EM-
analysis techniques. First, rays are shot at the geometries 
of the platform. The circulation currents that were created 
are analyzed. An observer is then created spatially. It inte-

grates the generated currents, which 
are transformed into an approximation 
of far-field contributions at some com-
bination of angles. 

Next, the software integrates the 
antenna, radio, cable, and filter models 
to define the interaction of these differ-
ent radios. This can be done channel by 
channel, component by component, or 
in complete simulation mode. The goal 
of the software is to follow the design of 
a radio system that is intended to oper-
ate in a multi-radio platform—from 
early conception to final design. Such a 
process could indicate whether certain 
design decisions will produce interfer-
ence and compromise the functionality 
of the various radio systems.

From antenna interference to chip-
level component analysis, advanced sys-
tem-level-modeling and analysis tools 
can provide valuable insight throughout 
the design process. If a system model is 
well defined and iteratively improved 
throughout the cycle, costly redesigns 
can be avoided. The test/verifica-
tion process can be minimized as well. 
Thanks to the development of multi-
domain tools and the improvements in 
those tools’ computational efficiency, 
more refined simulations of complex 
systems are now possible. 

Of course, cost and return-on-
investment (ROI) always must be 
considered when evaluating these 
often-high-priced tools. In addition, 
some designs would benefit from hav-
ing access to multiple modeling tools 
so that designers could compare and 
contrast performance. So far, there are 
no complete start-to-finish tools that 
account for every aspect of a design. As 
a result, much weight is still placed on 
the experience and diligent planning of 
system architects. 

System-Level Monitoring


