
Modern techniques bring system-level 
modeling to the automation industry

  

Introduction
With industry experiencing ever 
increasing pressure for shorter and 
shorter engineering design cycles, 
engineers are finding that they can 
save significant time by determining 
the properties of their system before 
building a physical prototype. For 
example, knowing the expected forces 
and accelerations present within a 
system allows for proper sizing of 
actuators. While system-level modeling 
is becoming increasingly common for 
mechatronic designs in the automotive 

and aerospace industries, it has yet to 
proliferate in the automation industry. 
This is likely due to perceptions 
that system-level modeling is time-
consuming and requires a high level 
of mathematical expertise for model 
derivations. Traditionally, this has 
been true: the typical “signal-flow” 
process, illustrated in Figure 1, required 
lengthy, error-prone, hand-derivation 
of system equations and usually 
resulted in a complex block diagram. 
Recent advances in engineering design 

technology, however, have enabled a 
better, modern approach to system-level 
modeling and simulation.  

This whitepaper explores this new 
technology, using applications in 
MapleSim™ together with Automation 
Studio from B&R Automation to 
illustrate the approach and explore 
some of the resulting benefits.  This 
paper then highlights how the modern 
technologies incorporated in MapleSim 
benefit system-level design in general. 
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Designing an adequate machine or 
system model plays an important role 
in simulation-based development.  
MapleSim is an advanced physical 
modeling and simulation tool 
that applies modern techniques to 
dramatically reduce model development 
and analysis time while producing fast, 
high-fidelity simulations.   However, the 
model is only the beginning of the story.  

B&R Automation Studio is an integrated 
engineering development environment 
that allows the controller, drive, 
communication, and visualization 
phases of a development project to all 
be configured in a single environment.  
Through the use of an add-on product, 
the MapleSim Connector for B&R 
Automation Studio, physical models 
designed in MapleSim can be easily 
transferred to the B&R controller 
hardware.  They can be used immediately 

for hardware-in-the-loop simulations 
that emulate the machine’s behavior in 
real time, in a completely safe testing 
environment.  This seamless integration 
offers a new, modern workflow for 
engineering design projects.

MapleSim has a graphical interface 
for model creation similar to well-
understood system schematics. This 
means that knowledge of the model 
structure is often enough to create a 
physical model that runs in Automation 
Studio on B&R hardware. This process, 
illustrated in Figure 2, also results in 
system-level models that are easy to 
understand. In contrast to the abstract 
block diagrams common in signal-flow 
modeling tools, MapleSim models are 
easily understood by team members, 
allowing for faster and more efficient 
collaboration on projects.

MapleSim also provides system equations 
in full symbolic form. This helps to 
automate the cumbersome calculation 
of motion paths in solving inverse 
kinematics problems.

Another advantage is that code generated 
from MapleSim models is extremely 
numerically efficient – MapleSim 
produces the fastest auto-generated 
model code, and the code is completely 
royalty-free. Complicated physical 
phenomena can be incorporated into 
models while still achieving real-time 
execution.

Figure 1: The traditional workflow for system-level modeling

Modern techniques bring system-level modeling to the automation industry 

MapleSim and B&R Automation Studio

Figure 2: MapleSim’s modern approach to system-level modeling is  
more efficient and intuitive



Figure 3: The Reaction Wheel Pendulum rig and the MapleSim system model

is owned by the user. This tool converts 
the fundamental differential equations 
of motion generated by the model to 
Automation Studio-compatible C code. 
MapleSim also applies unique symbolic 
code optimization that accelerates the 
run-time speed without reducing model 
fidelity.

Using this efficient process, the actual 
modeling, coding, and implementation 
time can be on the order of minutes. 
The dramatic speedup in workflow is 
possible due to the intuitive nature of 
modeling in MapleSim along with its 

automatic code generation capabilities. 
With the MapleSim-generated C-Code 
ready for integration with Automation 
Studio, the final step is to validate the 
MapleSim plant model on the actual 
hardware platform via the existing 
Automation Studio workflow.

The first test case was successful 
and clearly showed how efficiency 
improvements can come from adding 
a more flexible modeling tool to the 
toolchain. 
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Example Application: 
B&R Reaction Wheel 
Pendulum 

Figure 2: MapleSim’s modern approach to system-level modeling is  
more efficient and intuitive

The inverse pendulum is a well-known 
example that demonstrates system-
level modeling and closed loop control 
strategies. Here, B&R’s Reaction Wheel 
Pendulum rig is used as the basis to 
create a MapleSim model of the inverse 
pendulum, as seen in Figure 3. Creation 
of the MapleSim model is fast and 
simple, and it can then be seamlessly 
exported to B&R Automation Studio 
to validate the model and test control 
strategies.

The plant model developed in 
MapleSim, shown in Figure 4, uses 
MapleSim’s extensive 3-D multibody 
component library, including rigid 
beams, masses, and revolute joints. 
A moderately experienced MapleSim 
user can typically develop models of 
this complexity in minutes. Conversely, 
conventional signal-flow modeling tools 
would take considerably longer for the 
same task. Note that the MapleSim plant 
model is visually similar to a schematic 
diagram. This significantly lowers 
the barrier to entry for system-level 
modeling in MapleSim. 

In this first test case, the model code is 
generated and exported along with the 
necessary solver, a process illustrated 
in Figure 5. Code generated using 
the MapleSim Connector for B&R 
Automation Studio is royalty free and

Figure 4: MapleSim plant model



Figure 5: Generating C-Code from a MapleSim model and deploying it on  
a B&R PLC or industrial PC 
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Two other examples were created in  
MapleSim that demonstrate intuitive 
model creation and seamless  
integration into the design toolchain. 
These examples give just a glimpse into 
the modeling possibilities with  
MapleSim, however. MapleSim allows for 
modeling across multiple domains and 
application areas, and these models are all 
compatible for integration within a larger 
design toolchain for hardware, software, 
and operator-in-the-loop applications.

CNC Gantry Table
A CNC XY Gantry Table was created in 
MapleSim to simulate the spindle  
movements, CNC rail elasticity, and  
vibrations of the system. This system- 
level model includes flexible beams and 
PID controllers for each servo drive on 
the gantry table. The model and solver 
were then easily exported as C code for 
use within Automation Studio. From 
there, Automation Studio had access to 
the full fidelity MapleSim model to con-
tinue the design process. 

MapleSim proved to be an extremely 
efficient environment for creating a high 
fidelity model of the CNC gantry table. 
The gantry table was completed in less 

than two days, providing engineers with 
valuable information about their model 
in very little time. The MapleSim  
Connector for B&R Automation Studio 
then allowed the MapleSim model to 
become immediately relevant and useful 
in the entire engineering toolchain.

Inverse Kinematics:  
Controlled Stewart Platform
A controlled Stewart platform model was 
created in MapleSim, taking full advantage 
of the world-class symbolic capabilities 
found within Maple. The Stewart  
platform simulates the dynamic behavior 
of a motion platform that is driven by 
hydraulic limbs. This model required 
components from multiple domains, and 
these components were all modeled in 
the same MapleSim environment.  

The symbolic capabilities of Maple™  
allowed for the extraction of the  
analytical equations that describe the 
inverse dynamics involved in this model. 
These equations were easily extracted, 
and Maple solved them for the inverse 
kinematic equations, which were  
substituted back into the model for a full- 
fidelity, analytical solution of the model. 
The simulation could then proceed, 

taking into consideration the control 
strategy that had also been implemented.
 
By maintaining a high level of symbolic 
fidelity, the MapleSim model also allowed 
for a high level of optimization of the 
model. Control strategies were optimized 
using built-in templates in MapleSim. 
The flexibility of Maple allows for any 
level of customized optimization, all  
sitting upon a symbolic formulation of 
the model.  

The optimized model was implemented 
easily in Automation Studio, providing 
an easy method to verify the control 
strategies and model formulation. The 
tight integration available between these 
products allows for validation cycles to be 
completed more easily than ever before, 
and at a lower cost than previously  
possible, making this process available to 
more engineers.

More Applications 

Figure 6: Visualization of a CNC XY Gantry Table created in MapleSim

Figure 7: Visualization of a Controlled Stewart Platform created in MapleSim



MapleSim combines advanced  
technologies such as physical modeling 
techniques, symbolic computation, and 
Modelica® to provide multiple  
advantages for system-level modeling: 

	 •	Rapid,	easy	development	of	complex		
  physical models, including  
  multidomain and multibody  
  applications
	 •	Automatically-generated,	accessible		
  model equations, leading to  
  models that are fully parametric and  
  easy to analyze 
	 •	Advanced	analysis	through	an	 
  extensive programming language   
  and design documentation  
  environment 
	 •	Highly	optimized	code	generation		
  facilities for plant models
	 •	Support	of	the	Modelica	modeling		
  standard as well as select, specialized  
  modeling frameworks for advanced  
  application areas

From an architectural perspective,  
MapleSim is a modeling environment  
connected to the well-known technical  
computing software, Maple (Figure 8). 
Maple provides a powerful symbolic 
mathematics engine that efficiently  
manipulates the expression and algebraic 
structure of equations. This means that 
engineers can work with the mathematics 
without any approximations or  

simplifications, and in an automated, 
error-free environment. For modeling 
tasks, the symbolic approach has given 
MapleSim the ability to derive and present 
model equations in a fraction of the time 
it would take with conventional modeling 
tools.

The connection to Maple also provides 
models with full analysis capabilities, as 
you can readily add advanced calculations 
such as optimization and sensitivities. 
Maple also provides a flexible technical 
documentation environment to provide 
better communication across engineering 
teams.

Mathematically, MapleSim models are 
generally governed by ordinary differential 
equations (ODEs) or differential algebraic 
equations (DAEs). This distinguishes 
MapleSim from FEM or CFD type tools 
which are governed by partial differential 
equations (PDEs). In cases of control plant 
or system-level modeling, models are  
generally lumped parameter in nature.  
It is useful to note, however, that with  
MapleSim there is also the option of quick, 
direct input of mathematical equations 
that enable custom components to  
accommodate modeling phenomena 
that may be outside the typical scope of 
lumped parameter models, such as flexible 
beams.

The code generation technology is also a 
natural by-product of symbolic  
computation.  MapleSim provides  
additional levels of equation and code 
preprocessing to minimize the required 
computational load during the simulation. 
These steps include algebraic simplification, 
index reduction of any differential  
algebraic equations that may emerge,  
and reorganization of mathematical terms 
and variables to reduce the extraneous 
computations that appear in conventional 
code-generation tools. Consequently, 
MapleSim has the capability of producing 
very fast code but also very robust code, as 
the mathematical simplification inherently 
reduces complexity. In various regions of 
the world, including Europe, Japan, and 
the Americas, engineers are beginning to  
harness the real benefits of a mathematically 
rich approach to modeling.

System-Level Modeling in MapleSim
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Figure 8   Using Maple, you can solve technical computational problems faster in a more intuitive way



Conclusion
Combining MapleSim and B&R Automation Studio allows for the efficient implementation of system-level  
modeling into the B&R toolchain. The real power and potential, however, is in the larger concept that is embodied 
in this initiative. By adding an easy-to-use and cost-effective system-level modeling phase to the automation 
workflow, engineers will soon be able to increase the level and sophistication of virtual simulation and testing 
prior to hardware commitments.  By using integrated solutions such as the MapleSim Connector for B&R  
Automation Studio, engineers are given more powerful tools than ever to create high-fidelity designs faster and 
with less cost than with previous techniques.
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Professional Services
Maplesoft’s Professional Services can help you implement 
your modeling and simulation strategy in a timely and cost 
effective way. Our highly experienced application  
specialists, mathematicians, and computing experts are  
the ideal complement to your team.

Training
Maplesoft offers a comprehensive set of complementary 
training materials. From complete training videos to 
recorded training seminars to downloadable documentation, 
you have many options to get up to speed with Maplesoft 
products. In addition, whether you are an expert or someone 
who is evaluating our products for the first time, Maplesoft 
can provide a custom training session that is right for you. 

Visit www.maplesoft.com/support/training 

MaplePrimes

MaplePrimes is a web community dedicated to  
sharing experiences, techniques, and opinions about Maple, 
MapleSim, and related products, as well as general interest 
topics in mathematics and engineering. MaplePrimes 
provides a platform for enthusiasts to present their thoughts 
and for inquiring minds to get answers. 

Visit www.mapleprimes.com 

MapleSim Model Gallery

The MapleSim Demo Gallery contains a number of  
real-world application examples created using MapleSim. 
See for yourself the breadth and depth of MapleSim 
applications. All the MapleSim models in the gallery are 
available for download by MapleSim users.

Visit www.maplesoft.com/products/maplesim/gallery

Application Center

The Application Center features over 2,000 applications and 
tutorials contributed by the Maplesoft user community. This 
growing collection of applications shows how Maplesoft 
solutions are applied to critical technical projects, in 
interesting real-world problems, and in education. 

Visit www.maplesoft.com/applications 

Maplesoft Webinars

Maplesoft’s monthly webinars provide an excellent 
opportunity to learn about interesting applications, new 
techniques, and products. Hosted live by senior Maplesoft 
representatives, these one-hour interactive sessions also offer 
the opportunity to ask questions and interact with  
the presenter. 

Visit www.maplesoft.com/company/webinars 

Maplesoft Resources
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