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Waste Electrical and Electronic Equipment (WEEE)
This symbol indicates that waste products must be disposed of separately from
municipal household waste, according to Directive 2002/96/EC of the European
Parliament and the Council on waste electrical and electronic equipment (WEEE). All
products at the end of their life cycle must be sent to a WEEE collection and recycling
center. Proper WEEE disposal reduces the environmental impact and the risk to human
B calth due to potentially hazardous substances used in such equipment. Your
cooperation in proper WEEE disposal will contribute to the effective usage of natural resources.

This equipment is designed to be used for educational and research

purposes and is not intended for use by the public. The user is responsible

& to ensure that the equipment will be used by technically qualified personnel

. only. While the end-effector board provides connections for external user

Caution devices, users are responsible for certifying any modifications or additions
they make to the default configuration.
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A. Overview

MATLAB/Simulink is used as an open canvas to design your applications as you see fit. It is
common to setup the Simulink model for real-time deployment (section B) prior to
developing the code (Section C, D). Once ready, you will build a real-time application from
the Simulink Code, download it and deploy it on the QBot Platform (Section E, F).
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Figure 1. Process diagram for MATLAB/Simulink code deployment




B. Model Configuration Settings

1. Once you open Simulink, open the Hardware Settings using the icon & or
pressing Ctrl+E.

2. Under Solver > Solver selection, set the Type to Fixed-step and set the Solver to
the desired one. If you are unsure, select odel (Euler).

3. Under Solver > Solver details, set the Fixed-step size (fundamental sample time)
to the desired value. For most QBot Platform user applications talking to a QBot
Platform Driver, select 60 Hz, set the value to 1/60.

4. Under Code Generation > Target Selection, set System target file as applicable to
your deployed application, for example:

a. For applications running on the development machine, use quarc_win6é4.tlc
for a windows-based platform. This may be used for real-time simulations,
robust communications proxies to QBot Platforms, or infrastructure servers to
coordinate the actions of multiple QBot Platforms.

b. For applications to be deployed to a QBot Platform target, select the
quarc_linux_gbot_platform.tlc for the QBot Platform. This will be the
typical target for most of the Simulink examples and courseware provided.

5. If the target is the QBot Platform, you must also specify the location of the target on
the network so that the application can be downloaded there automatically by
QUARC. To do this, navigate to Code Generation > Interface, and edit the MEX-file
arguments by adding the following code:

>-w -d /tmp -uri %u’, ’tcpip://IP_ADDRESS:PORT’

Do not exclude the comma or the single quotations. Here, IP_ADDRESS refers to the
IPv4 address of the QBot Platform shown on the QBot Platform’s LCD screen and
PORT refers to a number between 17001 and 17999. Do not use 17099 as it is
reserved for the driver application (see below). Simulink will use the port specified to
communicate with the deployed application and display any data connected to
Simulink sinks in your code on your local machine itself. For example, if the
IP_ADDRESS of the QBot Platform is 192.168.2.12 and we are targeting the model to
port 17001, then the MEX-file arguments string will be:

>-w -d /tmp -uri %u’, ’tcpip://192.168.2.12:17001°

Typically port 17001 will always be used, but if you are running multiple Simulink
models on the QBot Platforms simultaneously, then you will need to specify a
separate port for each simultaneous model you run.




C. Multiple sampling rates

The Fixed-step size (fundamental sample time) parameter in the Model Configuration
Settings corresponds to the fastest sample time in your model, denoted as D1 in Figure 2.
This also corresponds to the continuous sample time. The current value of this parameter
can be accessed in the model by using the constant qc_get_step_size.

Most Simulink/QUARC blocks have a Sample Time parameter. When set to -1, this makes
the block automatically acquire its sample time based on other blocks that are connected to
it. However, it is good practice to explicitly specify the sample time, which makes it easier to
read the diagram for future developers and debugging. Integer multiples of the time step
constant qc_get_step_size can be used to specify other sample rates.
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Figure 2. Using Rate Transition to combine signals at various rates
Tip: Under DEBUG > Information Overlays, click Colors to turn on rate colors

Consider the example shown in Figure 2 where the LIDAR Scans subsystem provides data at
10Hz and the IMU Acquisition subsystem provides data at 500Hz. The subsystem labelled
Sensor Fusion needs to use both the signals to estimate position. To do so without Simulink
errors, you must use a Rate Transition block on the signal depending on the rate at which
you expect sensor fusion to run. For example, if Sensor Fusion must be executed at 500Hz,
insert a Rate Transition on the lidar signal line with sample time set to -1 as in Figure 2a. To
run Sensor Fusion at 10Hz, insert a Rate Transition block on the IMU signal line, with sample
time set to -1 as shown in Figure 2b.

D. Driver Model

Along with the libraries, the QBot Platform also comes with a driver model. The driver model
has been created for safety purposes with driving the QBot Platform. We strongly encourage
all user applications to go through the driver model for safety purposes. There are several
different inputs that get sent to driver model.




Send packet message

The message format to the drive application includes the following data structure. Use a
stream client at 60Hz connected to the server running on the following URL:
tcpip://IP_ADDRESS_OF_QBOT:18888. The packet structure contains 10 doubles:

Function Doubles Details
(float64)
Mode 1 0 or 1 (teaching mode) | 2 or 3 (research mode) (see Vel Cmd)

Enable User LED 1 Enable color override

User LED color 3 Color value

Arm 1 Arm the motors

Hold 1 Not implemented yet

Vel Cmd 2 Forward/turn speed (mode 0 or 2) (m/s, rad/s)
left/right wheel speeds (mode 1 or 3) (rad/s, rad/s)

Timestamp 1 Timestamp signal for loopback

Receive packet message

The QBot Platform driver also returns a 17 double data packet with useful information. This is
summarized below. Use the same stream client to receive this data at 6oHz.

Function Doubles Details
(float64)

Wheel position 2 Wheel encoder positions (in rads)
Wheel speeds 2 Wheel tachometer speeds (in rad/s)
Cmd Voltage 2 Voltage commanded by onboard controllers (in Volts)
Accelerometer 3 Tri-axis Accelerometer data (m/s/s)
Gyroscope 3 Tri-axis Gyroscope data (rad/s)
Current 2 Left/right motor current draw from the battery (Amps)
Battery level 1 Active battery level (Volts)
Watchdog 1 Status information regarding watchdog expiry. If expired, re-
status arm the QBot Platform to resume function.
Timestamp 1 Loopback timestamp signal returned by the driver

Built in Driver LEDs

The driver and QBot Platform also have some LED colors built in to let you know when the
QBot Platform is in different states.

Running the driver model will initially change the QBot Platform lights to pulse on and off
white. This shows that your driver model is running, and you can now run your own application
to connect to the driver model. If you connect a model to the robot, the lights will turn blue.
This shows that the driver application is connected to a client and waiting for commands (but
the robot is not yet armed). Arming the robot in this state will cause the lights to turn green,
Setting the hold command to 1 in this state will cause the lights to flash warning you that this
feature is not yet implemented in the driver.
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You can override the blue, green or white pulse colors with your own input by setting the
color variable to a RGB color of choice and setting the Enable User LED command to 1.

If your battery is too low, the lights will pulse purple to let you know you heed to charge your
robot. If your lights pulse yellow, it means you've caused a stall or overcurrent condition.
Simply disarm and rearm the robot to continue.

Finally, if your robots' lights are red or flashing red, these states are set by the firmware on
the robot. Solid red lights show the robot is on, or the application has stopped normally
without any error conditions. Red flashing lights show that the embedded computer has shut
down and the robot must be power cycled to work again.

Color State | Level Description

Pulse | Model Driver application is healthy and waiting for an incoming
client connection

Solid | Model Driver application is connected to a client and waiting for
commands (the robot is not armed).

Solid | Model Driver application has armed the robot and motor
controllers are active.

Pulse | Model Driver application has armed the robot and has received the

hold command (not implemented).
N/A | Model Driver application is applying a user LED color.

Pulse | Model Motor overcurrent or stall being detected (this is not an error
but indicates strain)
Pulse | Model Low battery warning (this is not an error but indicates that

you should stop the model soon and change the batteries).
Solid | Firmware | Driver application was stopped normally without any error
conditions, or no application has been deployed yet.

Pulse | Firmware | Embedded Computer has shut down and the robot must be
turned OFF using the power switch.

E. Code generation, deployment, and monitoring

Once you are done with code development, you must generate C code before deploying it
to the target. Follow these steps:

First run the gbot_platform_driver_physical.rt-1linux_gbot_platform file provided to
you. To run the driver model on the physical hardware, right-click on the driver file in your
explorer outside MATLAB, click on ‘show more options', followed by ‘Run on target'. Use the
following settings and hit Run.




Run gbot_platform_driver_physical.rt-linux_gbot_platform

—Model parameters

Target URI
I topip: /192, 168, 2.%: 17000

Model arguments

I -d \tmp -uri topip: /192, 168, 2.X: 17099

v Use these parameters as the defaults for this target type

Bun Cancel Help

For MATLAB r2023a and newer:

1.

In the Simulink ribbon under the HARDWARE tab, click the Monitor and Tune button
to start the compilation, download and model execution process:

Once your code is running, you will see an increasing timestamp in your model
(bottom right).

Stop your model: \When ready to stop execution, click on the stop icon & or press
Ctrl+Shift+w.

For MATLAB r2022a and older:

1.

Build and download your code: click build icon or pressing Ctrl+B. Open the
Diagnostic Viewer (View menu) to view the progress. In case you are deploying the
code to an external target, this also downloads the code.

O

Start your model.: click on the start icon ® or press Ctrl+Shift+Q. Your model
should start running and the simulation time should advance (bottom right corner of
the model).

Connect to the target: click on the connect icon or press Ctrl+Shift+0.

Stop your model: \When ready to stop execution, click on the stop icon @ or press
Ctrl+Shift+w.




F. QUARC Monitor and Console

From the Start menu, find and launch the QUARC Monitor app. It will appear on the bottom-
right corner of your screen as a tray icon as shown in Figure 4a. Right-click this icon and set
the Target to Remote or Local Windows depending on where your QUARC application is
being deployed. For the Remote case, set the Target URI to the following,

tcpip://IP ADDRESS:17000

where IP_ADDRESS corresponds to the IPv4 address of the QBot Platform (e.g., 192.168.2.11).
When the monitor searches for the target, a yellow warning symbol is also displayed as
shown in Figure 4b. Once connected, the warning sign disappears as in Figure 4c. Right-click
the icon now and click on Console.... This opens a QUARC console that shows additional
information to validate the model being downloaded, connected to and started (Figure 5).

a. QUARC monitor tray icon b. connecting to remote target c. connected to
remote target

Figure 4. QUARC Monitor tray icon and connecting to target

QUARC Console for * at tepip://192.168.2.18:17000
- model "test’ downloaded ---- app“cat|on

- model “test' loading ----

- model 'test' loaded ---- downloaded

connected <

tcpip://18

for start

started

- model “test’ terminated (exit code 8) ----

Figure 5. QUARC Console for additional debugging information




G. Upgrading QUARC

Quanser regularly updates QUARC with new features. Many of these features only require
that you update your development PC with the latest version of QUARC. To upgrade QUARC
on the QBot Platform, connect to it remotely or directly as indicated in the Connectivity User
Manual, and run the following commands in terminal on the QBot,

nvidia@gbp-XXXXX:~$ sudo apt update

nvidia@gbp-XXXXX:~$ sudo apt upgrade

Note: The password for sudo operations is nvidia. A valid internet connection is required.
Consider connecting the QBot Platform to a Wi-Fi network with internet connectivity or use a
LAN wired connection directly.

H. Basic Troubleshooting

This non-exhaustive list consists of common errors when building code or connecting to and
starting applications.

Note: If your software error is not present here, please contact tech@quanser.com.

1. The '‘Build’ step completes successfully but the MATLAB Command Window
displays
€??? Model ***model_name*** cannot be downloaded to target
‘tcpip://IP_ADDRESS:17000?keep_alive=1’. It was not possible to connect to the specified URI.’

This indicates that even though the build succeeded, and the application is ready,
the ‘download’ step has failed due to QUARC not being able to find the target.

a. Check your connection to the target - both your local machine and the target
should be on the same network. For more details, see the User Guide -
Connectivity.

b. Check the IP_ADDRESS of your target in the MEX-file arguments

c. Check the Windows Firewall setting to ensure the requested port numbers in
the model URI and in the QUARC Stream API blocks such as Stream Server
and Stream Client (e.g., 177000-17020 and 18000-18999) are allowed to pass
through (for both incoming and outgoing TCP/IP and UDP traffic).

Once your connection to the target resumes, download the application already built
by clicking on Deploy in the QUARC tab in Simulink.

2. The ‘Connect’ step returns the following error in the Diagnostic Viewer
‘Error occurred while executing External Mode MEX-file ‘quarc_comm’:
Unable to establish connection with QUARC Target manager for external mode communications. It was
not possible to connect to the specified URI. Verify that the target is serving on URI
tcpip://IP_ADDRESS:17000?keep_alive=1’. Use the QUARC Console for debugging.’

This mirrors issue (1) described above. Communication with the Quarc Target
Manager application could not be established because the target could not be
found. Follow the instructions given in the troubleshooting steps for issue (1) to
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establish the connection.

The ‘Connect’ step returns the following error in the Diagnostic Viewer

‘Error occurred while executing External Mode MEX-file €‘quarc_comm’:

Unable to establish connection with real-time model for external mode communications. The remote
peer refused the connection, most likely because no server application was listening for
connections. Verify that your real-time model is serving on URI ‘tcpip://IP_ADDRESS:PORT’.

The connection between your development machine and the target was successful,
however, the built application was not downloaded successfully and hence cannot
be found. Click on Download in the QUARC menu to download the built application
to your target and Connect again.

Note: It is common to get this error after the error in 1.b. If the connection to the
target wasn't established when you used Build to build your application, it will fail to
download the model to the target. After resuming connection, trying to Connect
directly will also fail, resulting in this error. Try downloading the model again should
resolve this issue.

Error occurred while executing External Mode MEX-file ‘quarc_comm’: The card
specific option specified is not recognized.

This sometimes occurs when models are moved between MATLAB versions. Find
the HIL Initialize block in the Essentials subsystem and double click on it to open the
dialog. Confirm that QBot Platform is selected then click on the Defaults button at
the bottom of the dialog to restore the default board specific options.
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