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Chapter 1

INSTALLING THE SOFTWARE

Abstract — This section describes how to retrieve and install the software to get started 
with the Automated Code Generation (ACG) SDK. This notably includes blockset support 
for Matlab Simulink, drivers, compilers, execution scripts as well as imperix’s monitoring 
and debugging software : BB Control.

Note — The following Quick Start Guide applies to both the B-Box RCP and the B-Board 
PRO controllers, unless otherwise specified. For simplification purpose, the target is here-
after designated by the term B-Box. 

1.1 COMPUTER SOFTWARE INSTALLATION
Before programming the B-Box, the Software Development Kit (SDK) must be installed 
on a personal computer. The SDK includes :

 » Simulink blockset : embeds all the necessary blocks to interface Matlab Simulink with 
imperix controllers (other blocksets are under development).

 » Compilers and tools : contains all the necessary software libraries, drivers and compiling 
tools to work with imperix controllers.

 » Imperix BB Control : utility software that provides a graphical user interface to load code, 
monitor and control the B-Box during run time. It is mostly useful for debugging and 
validating control code at the system level.

As such, the SDK itself does not integrate the main simulation software – e.g. Matlab 
Simulink – which must be purchased and installed separately.

1.2 MAIN SIMULATION SOFTWARE
Imperix recommends to install the supporting simulation software before the ACG SDK.

 » With Matlab Simulink, the first step therefore consists in downloading and Simulink, if 
not already done. To activate a Matlab installation, a paid license issued by MathWorks 
is needed. This license is neither provided nor sold by imperix. The blockset is compat-
ible with Matlab R2015a and newer, in 32- and 64-bit versions. When prompted (figure 
below), select the following products during the installation :

• Matlab Simulink
• Embedded Coder
• Matlab Coder
• Simulink Coder
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They are the only mandatory packages to start working.

1.3 IMPERIX ACG SDK
The installer of ACG SDK can be found on imperix’s website. Registration is needed.

 » In order to download the installer from imperix’s website go to https://www.imperix.ch/
my-account and log into your account.

 » Click on the tab ‘My downloads’ and select ‘My software’.

 » Click on ‘ACG SDK (3.x.x)’ and the ‘Download’ button to retrieve the latest version of 
‘ACGSDK_Setup_3.x.x.exe’.

 » Once the download is finished, execute the installer.

Note :

It is highly recommended to keep the default destination folder C:\imperix\BB3_ACG_SDK 
and to avoid spaces or special characters in the path name.

 » Click on ‘Install’. Imperix ACG SDK has been installed on your computer !

1.4 ADDITIONAL SIMULATION SOFTWARE
In many cases, third-party plug-in software and blocksets may be useful to ideally support 
computer-based offline simulation. Imperix recommends using Plexim’s PLECS Blockset 
for Simulink or MathWorks’ Simscape Power Systems. Installation of such additional soft-
ware shall be done according to their vendor’s instructions.

More details regarding support for offline simulation are provided in section 2.2.

https://www.imperix.ch/my-account
https://www.imperix.ch/my-account
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Chapter 2

WORKING WITH SIMULINK

Abstract — This section applies to the case when the ACG SDK is used together with 
Matlab Simulink. It describes how the blockset for Simulink can be used to automatically 
generate real time code for imperix controllers. Furthermore, it addresses how to make 
use of offline simulation in order to obtain realistic simulation results before experimen-
tation is even started.

Keywords — Template, plant model, simulation, automated code generation.

2.1 DEFAULT TEMPLATE
To start working with the B-Box and Simulink, copy the default template located in C:\
imperix\BB3_ACG_SDK\user_template\template_ACG_SDK_3_x.slx into the folder of your 
choice, such as the workspace folder of Matlab. The copied template can be renamed as 
long as the rules for Matlab/Simulink file naming are observed : the file must start with a 
letter and can be followed by letters, numbers or underscores. It is also fine to start with 
any code example provided by imperix.

It is highly recommended not to start with a Simulink blank model, since the template 
already contains the necessary configuration for the automated generation, upload and 
loading of the runtime executable.

The default template (fig. below) contains a basic skeleton to start working right away. 
The model contains two subsystems :
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 » Plant_model : contains the model of the system to be controlled. This is typically the 
model of the converter itself. More details are provided in section 2.2.

 » Closed_loop_control : contains the control implementation that can be simulated or 
used to generate the control code for the B-Box. It also contains a configuration block 
that performs the main configurations of the Simulink model. More details are pro-
vided in section 2.3.

2.2 PLANT MODEL
In order to run the control algorithm in simulation, Simulink needs a model of the real 
converter hardware (system to be controlled). This model should be located inside the 
‘Plant_Model’ block of the root view of your Simulink model.

To model the converter hardware, it is recommended to use either PLECS Blockset or Sim-
scape Power Systems.

2.2.1 PLECS BLOCKSET
PLECS is a simulation tool for power electronics provided by Plexim. The PLECS blockset 
for Simulink can be downloaded at https://www.plexim.com/download/blockset. With the 
installer, users either install :

 » PLECS Blockset : allows to create, edit, save and simulate a PLECS electrical circuit inside 
Simulink. It requires a paid license from Plexim. The license is neither provided nor 
sold by imperix.

 » PLECS Viewer : allows only to view and simulate a PLECS electrical circuit that has been 
exported to work with PLECS Viewer. It doesn’t require any license and is free of use.

2.2.2 SIMSCAPE POWER SYSTEMS
Simscape Power Systems is a MathWorks toolbox for Simulink that allows to model and 
simulate electrical power systems. It can be downloaded at https://www.mathworks.com/
products/simpower.html and requires a paid license from MathWorks. The license is nei-
ther provided nor sold by imperix.

https://www.plexim.com/download/blockset
https://www.mathworks.com/products/simpower.html
https://www.mathworks.com/products/simpower.html
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2.3 CONTROL IMPLEMENTATION

2.3.1 SIMULINK BLOCKSET FOR B-BOX
Starting from the default template or an existing example, control implementation can 
be done using the blocks provided in the BoomBox blockset and any standard Simu-
link block.

The blockset can be found in the library browser by clicking  and browsing to ‘imperix 
ACG SDK’. Alternatively, the blockset can be accessed by selecting any imperix block in 
the base template and pressing Ctrl+L. It is shown below.
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2.3.2 BASIC CONTROL EXAMPLE
For the sake of example, a very basic control algorithm of a buck converter is depicted 
below. It sets the output voltage to 12 V, regardless of the measured input voltage.

This explanatory basic control scheme contains:

• A Configuration block to define the model parameters,
• An ADC block to retrieve the simulated DC bus voltage in simulation, and the 

analog input on channel 0 of the B-Box in code generation,
• A Tunnable Parameter block to define a variable Vout_ref that is accessible and 

modifiable in real time from the BB Control software,
• A Probe block to define a variable d that can be logged in real time from BB Con-

trol,
• A PWM modulator to generate PWM signals with a duty-cycle D. The PWM sig-

nals are wired to the plant model in simulation and directly output on the PWM 
outputs of the B-Box in code generation.

2.4 SIMULATION AND CODE GENERATION 
Thanks to the BoomBox blockset, users can do both simulation and Automated Code 
Generation (ACG) from the same Simulink model. The selection of the ‘Model execution 
purpose’ can be made in the Configuration block, as shown below.

• In simulation mode, the model is simulated using the plant model drawn inside 
the Plant_model block. The model uses the variable-step solver parameters spec-
ified in the Configuration block. For the closed-loop control, the values going 
through the ADC blocks are sampled with the sampling clock provided by either 
the Configuration block or the Interrupt and Sampling block. For other signals, it 
is recommended to use the variable CTRLPERIOD as sample time in the block 
parameters.

• In Automated Code Generation mode, C/C++ code is automatically generated 
by the Simulink Coder engine. All signals coming from and going to the Plant_
model block are disregarded and are replaced by the analog inputs and the digi-
tal inputs/outputs of the real controller (B-Box RCP or B-Board PRO). The analog 
signals are sampled at the control period CTRLPERIOD and the digital PWM out-
puts switch at the frequency of the provided clock.
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2.4.1 RUNNING THE SIMULATION
To run the simulation, make sure that ‘Simulation’ is selected in the Configuration block of 
the model, and click the ‘Run’ button (Ctrl+T) .

2.4.2 GENERATING AND LOADING RUN-TIME CODE
To generate the code from Simulink and load it to the B-Box, make sure that ‘Automated 
Code Generation’ is selected in the Configuration block of the model, and click the ‘Build’ 
button (Ctrl+B) .

The build procedure is scripted such that everything takes place automatically. This 
encompasses code generation, compilation and upload on the controller. Also, the BB 
Control monitoring software automatically launches and starts the code on the B-Box. 

Note

More details on the use of BB Control are provided in sections 3.2 to 3.6.
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Chapter 3

USING THE B-BOX

Abstract — This section describes how to connect the B-Box to a computer and how BB 
Control can be used to establish a link to the controller and load the code. Basic func-
tions of BB Control are also described, namely how to monitor and control the code exe-
cution during run time.

Keywords — Frontpanel configuration, monitoring, debugging, BB Control.

3.1 ETHERNET LINK CONFIGURATION
All communications between the B-Box RCP and the computer make use of the Ethernet 
port located on the front panel. However, two different scenarios must be distinguished. 
These two scenarios differ in how the IP address is assigned to the B-Box : 

 » The B-Box is part of an Ethernet network, the DHCP server assigns a dynamic IP address 
to the B-Box. This address can be seen by simply turning the push button of the front 
panel at the end of the system startup sequence. In this case, there isn’t any other step 
to do before the connection.

Note

In a DHCP-enabled network, you may want to ask your network administrator to configure 
a static lease for the B-Box IP address. 

 » The B-Box is directly tied to the host computer, the B-Box doesn’t receive any dynamic 
IP address. Therefore, the pre-configured static IP address is used (default value is 
192.168.222.22).

In this second case, the user must configure the host computer. To do so :

• Navigate to “Control Panel” -> “Network and Internet” -> “Network Connections”.
• Right click on the Ethernet adapter that is used for the B-Box and select “Properties”.
• Highlight “Internet Protocol Version 4 (TCP/IPv4)” and click “Properties”.
• Check the box “Use the following IP address” and enter the first three bytes of the 

static IP address of the B-Box, and choose the last byte, differ. Also change the 
mask to “255.255.255.0”.
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Note

In case the Ethernet port of the computer is not available, the B-Box RCP can be connected 
with a USB-to-Ethernet dongle.

3.2 LOADING AND EXECUTING CODE
After a code has been successfully built, if BB Control is not running yet, it will be automati-
cally launched. At first launch, the B-Box IP address needs to be entered in the appropriate 
field and connects to the software by clicking on “Connect”. Once the B-Box is connected, 
the code is started automatically. From second launch, BB Control tries to connect to the 
last used IP address (using the a .dxv configuration file).

After a code has been successfully built, if BB Control is already running and a B-Box is 
already connected, the running code (if any) is automatically stopped and restarted.

Alternatively, BB Control can be launched from the Windows start menu, in which case 
the user must indicate the path to the project folder, as well as the IP address of the B-Box 
(see fig. below).
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By clicking the ‘Connect’ button, BB Control connects to the B-Box and loads the exe-
cutable in it. Project settings (including the B-Box IP address and project path) are then 
written in a configuration file named ‘config.dxv’ stored in the project folder. Any future 
launch won’t hence require any configuration.

Note

To run a different project or after renaming the project, BB Control needs to be closed to 

be able to connect to that project.

3.2.1 LOADING AND RUNNING THE EXECUTABLE
Right after the connection, BB Control automatically loads the executable present in the 
build folder of the project and runs it. 

However, it does not automatically start the generation of PWM signals (see next section).

3.3 ENABLING AND DISABLING GATING SIGNALS
The B-Box RCP (or B-Boar PRO) has three possible states:

 » BLOCKED : the system is configured correctly and PWM outputs are ready to be enabled.

 » OPERATING : The PWM outputs are enabled, and the system is operating without error.

 » FAULT : An error occurred and the system waits for its acknowledgement.

By default, after the user code is launched, the B-Box is in BLOCKED state (i.e. PWM sig-
nals disabled) for safety reasons. Enabling and disabling the gating signals is as simple as 
clicking the ‘Enable/Disable outputs’ button located at the top of the BB Control window.

The B-Box goes into OPERATING state when the gating signals are enabled, and goes back 
to BLOCKED state when disabled.

The enabling / disabling process is independent from the control algorithm running on 
the B-Box and acts as a switch on all PWM signals :

ENABLE

PWMduty cycles optical outputs

When a hardware fault occurs, the B-Box goes into FAULT state and the gating signals are 
automatically disabled. They can be enabled again only if the fault is cleared or acknowl-
edged. The source of the fault is described in the ‘Message Log’ tab of BB Control.

Faults triggered by the overvalue detection mechanism of the analog inputs can be 
traced from the B-Box front panel. Each analog input has an orange LED that turns on 
when the measurement triggers the upper or the lower safety limit. The user can use the 
button on the front panel to navigate through the menus of the screen and get more 
information about the fault :

 » Under ‘Faults’ > ‘List hardware faults’, the screen indicates which limit was triggered.
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 » Under ‘Faults’ > ‘Acknowledge inputs faults’, the user can acknowledge hardware faults. 
After hardware faults are acknowledged, the B-Box returns into BLOCKED state.

If the screen indicates a hardware fault and the ‘List hardware faults’ menu shows ‘no fault’, 
it means that the fault has not been triggered by an analog input: the source is either the 
electrical or optical interlock. 

3.4 WATCHING AND ALTERING VARIABLES

In the ‘Debugging’ tab, variables can be added to the watch list by typing their name in 
the top field and pressing Enter. Their current value can then be monitored in real-time in 
the list below. The user can also alter a variable’s value by double-clicking on it (see figure 
above). In order to be accessible, the signal has to be connected to a Probe or a Tunable 
parameter block from the imperix blockset.

Additionally, by dragging a variable from the watch list and dropping it over the plot 
below, the variable’s evolution in time can be viewed.

The maximum update rate of this plot is a few tens of Hertz, so it is only suited to observe 
the evolution of slow-varying quantities (e.g. DC link voltage). For fast phenomena and/
or in order to retrieve consecutive samples, we recommend using the datalogging fea-
ture described in section 3.5.
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3.5 DATA LOGGING

The ‘Datalogging’ tab acts as an oscilloscope. This means that at each control execution 
step, the variables are logged by the B-Box and made available on the PC as soon as the 
sampling window ends. This allows to log each and every sample acquired by the B-Box.

Four different graphs can be used, and up to 8 variables can be plotted on each graph. 
BB Control can display up to 50’000 points per variable. Different options can be config-
ured, such as the trigger or the gain of the variables.

Once the datalogging is configured, it can be started by clicking on the ‘Run/Stop’ but-
ton at the bottom of the windows. The parameters can be modified only when the dat-
alogging is stopped.

The trigger can be configured on a signal, using the corresponding parameters on the 
top left of the ‘Datalogging’ tab, or it can be forced by clicking on ‘Force trigger’. The vari-
ables are displayed on the graphs after each trigger. The sampling frequency is the same 
as the control frequency. If you want to auto-refresh this graph, trigger parameters should 
be configured accordingly. Plots can be exported in a csv file by clicking on ‘Save data’.

The ‘Transient’ tab allows the user to schedule events, such as a step of voltage/current 
reference, that will be applied simultaneously with the acquisition window. In order to be 
active, the transient generator has to be enabled from the ‘Datalogging’ tab.



13

Configuring the B-box frontpanel

3.6 CONFIGURING THE B-BOX FRONTPANEL
For each analog input, the following parameters can be configured:

 » Gain (x 2, x 4 or x 8)
 » Low-impedance input (Yes or No)
 » Filter (Yes or No) - If yes: filter frequency
 » Low/high limit (between +/- 10 V)
 » Disable safety (Yes or No)

These parameters can only be configured via the frontpanel of the B-Box. This has been 
implemented on purpose to guarantee a complete independence between the control 
algorithm running on the DSP and the analog safety limits. They are two ways to con-
figure the frontpanel : 

 » Directly on the frontpanel, using the rotary and push button
 » Via BB Control and using a USB stick to load the configuration. To do so :

a) Connect a USB stick to the USB port on the frontpanel of the B-Box

b) Use the rotary and push button to select ‘Backup config.’ on the LCD screen. It will 
save the current analog configurations in a folder called ‘imperix’ on the root of the 
USB stick. The filename format is ‘frontpanel#.bbox’, where # is a number that gets 
incremented each time a new configuration is saved.

c) Connect the USB stick to the PC, open the generated configuration file inside the 
‘Analog input configurator’ tab of BB Control and perform the desired changes.

d) Save the new configuration file in the ‘imperix’ folder of the USB stick, keeping the 
filename in the form ‘frontpanel#.bbox’.

e) Apply this new configuration by connecting back the USB stick to the B-Box and 
selecting ‘Restore config’. The B-Box will read the configuration file in the folder 
‘imperix’ with the highest number (#).
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Chapter 4

GOING FURTHER...

Note — Chapter under construction...
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