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About uRAD 1

Congratulations on purchasing uURAD

WARNING: To avoid any injury or damage, read all operating instructions in this

A guide and, specially, the safety and warranty information in “Chapter 5: Safety
and Handling” and “Chapter 6: Product Warranty”, before using uRAD.

You are close to transform your Raspberry Pi board into a functional microwave radar.
Through this manual you will learn how to use uRAD for an unlimited number of
applications related with measuring distance and velocity of any element of your
surrounding world. uRAD is conceived as an evaluation platform which brings to you radar
detecting technology with a simple but high-performance device whose specifications are

at the same level as professional radars.

uRAD is a shield for Raspberry Pi. Therefore, it only works together with a compatible
Raspberry Pi. The compatible models are Raspberry Pi1 model A+ and B+; Raspberry
Pi 2 model B, Raspberry Pi 3 model B, B+ and A+; Raspberry Pi 4 model B; Zero 2W.

Release Information

The development software version SDK v1.1 only works for Raspberry Pi
uRAD models with serial number higher than SN2089.

Additional Information

Hardware released: uRAD v1.0 15/07/2018
uRAD v1.1 15/05/2020
uRAD v1.2 15/04/2021

Software released: SDKv1.0 15/07/2018
SDK v1.1 15/10/2021

Purchase: www.uRAD.es/en

Software download: www.uRAD.es/en/mi-cuenta/downloads (only with purchase)

Contact: contact(@uRAD.es
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uRAD Basics 2

Read this chapter to learn about the features of uRAD,

how to use it, and more.

uRAD is a tiny device which includes outstanding radar technology. However, its

operation is simple to understand and easy to control.

Hardware Description

uRAD s fabricated in planar technology over a high-performance substrate. It is a

multilayer printed circuit board with many integrated chips on it.

o The top layerincludes the uRAD’s core, a 24 GHz transceiver, and the transmitter and
receiver antennas. The microwaves are emitted perpendicular to this layer, so you
should point this face to the direction of interest. Be careful because it does not emit
backwards.

e The bottom layer consists of power supply and signal processing elements, which are
managed by a powerful microcontroller.

e The 40-pins male connector is the interface with Raspberry Pi while the 2-pin

connector is only for mechanical stability purpose.
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Assemble with Raspberry Pi

Assembling uRAD into your compatible Raspberry Piis as simple as inserting the female
contact pins of URAD connector into the male Raspberry Pi connector. The 2-pins female
connector of uRAD is not connected to anything. After assembling them, the visible part

of uRAD is the top layer or antenna side.

uRAD is powered by the two 5V power pins of Raspberry Pi and they also share ALL
GND power pins. Therefore, for powering uRAD you only need to power up your
Raspberry Pi as usual. Its power consumption is 0.85 W (current = 170 mA). Moreover,
uRAD shares 5 digital pins with Raspberry Pi for communication and ON/OFF control
of uRAD.

e GPIO17: logic HIGH/LOW on this pin, switch ON/OFF uRAD, respectively.
o GPIO27: Slave Select pin for SPI communication protocol.

o GPIO10: MOSI pin for SPI communication protocol.

e GPIOO0O9: MISO pin for SPI communication protocol.

o GPIOT1: SCLK pin for SPI communication protocol.

Moreover, the GPIOOS8 pin, although it is not used by uRAD, changes its high/low value

when there is SP| communication.

WARNING: GPIO08, GPIO17 and GPIO27 are reserved for uRAD-
Raspberry Pi interaction and therefore are not available for any other purpose.
A DO NOT USE THEM. GPIO10, GPIO09 and GPIO11 can be used for other

devices that use SP| communication.

WARNING: Do NOT cover the antennas with any metallic or electronic
A element, nor electromagnetic absorber. Working with the provided case do not

affect its performance. Most thin plastics are practically invisible to emission.




Main Features

Basically, a radar is a device that detects elements which are in its action radius. It works
emitting an electromagnetic wave to the air. This wave is reflected by the target and comes
back to the radar. The shape of the going and coming wave as well as the radar architecture

determines the type of the radar.

uRAD can detect up to 5 different elements that are in its field of view. Information about
distance to the target and the relative radial velocity to it, is provided. Moreover, the
amount of reflected power is also given, that serves as an estimation of the object size or
the detection level. Whether not enough power is reflected, the element is not detected.

Therefore, very small or far targets will not be seen.

The main features of uRAD are:

Frequency Bandwidth Field of View

v\-‘ /VW\/\ llllllllllllll y 300 300

24.005 - 24.245 GHz

Distance Range Velocity Range

S 75mls O mls 75 mls
Accuracy = £0.05 m/s

Accuracy = max. 4 cm or 0.3%

Distance/velocity range and accuracy depend on the configuration setup.

WARNING: Detected velocity is only radial velocity: the component of the
target's velocity that points in the direction of the line connecting the object

and the radar.

Additional information regarding technical features can be found in www.urad.es/en.



http://www.urad.es/en

Conﬁgu ration Parameters

You must enter 9 parameters for configuring your uRAD shield. In Chapter 3, we will
show you how to send this configuration from Raspberry Pi to uRAD. Here, you will learn

which configuration is more convenient for your application.

1. Mode

There are four operation modes that corresponds to 4 different transmitted waveforms:
continuous wave (CW), sawtooth, triangular and dual rate. In CW mode, a single
frequency is transmitted. This is the most common mode used by doppler radars. The rest
of the modes, a frequency ramp is transmitted, also called frequency modulated
continuous wave (FMCW). Each mode has their advantages and disadvantages and

depending on the application, you will select one or another. Next table summarizes the

main features of each mode.

Mode 1 2 3 4
Name CW Sawtooth Triangular Dual Rate
A ) > oy
C C C C
] o @ ]
Waveform o o o o
@ @ @ @
e, &V, ELD £ VA
time time time time
Measured ) , Distance Distance'
Velocity Distance ) o
parameters Velocity Velocity
M t
evemen YES YES YES YES
detector
Distance
0.45 to 60 0.45t0 100 0.45t0 100 0.45t0 75
range (m)
Di +0.3% *+0.3% *+0.3%
Istance - Max: Max: Max:
accuracy (m) +0.04 +0.04 +0.04
Distance 15 Different® Different?
resolution? (m) ' velocity or 1.5 velocity or 1.5
Velocity
+*0.7to =75 - +*0.2to *75 +*0.2to *75
range (m/s)
Velocit
eloctty +0.05 - £0.25 +0.25

accuracy (m/s)



Velocity Different? Different?

resolution? (m/s) distance or 3 distance or 3

Upd
pdate rate 63 45 28 16

(samples/second)

" The fact that the dual rate mode uses two different triangular ramps consecutively,

provide enhanced results due to ghost targets reduction. This mode is especially

useful in multi-target scenarios.

e 2 Distance and velocity resolution indicates de minimum distance or velocity that two
targets must be separated to be discerned as a single target each one.

e 3In mode 3 and 4, uRAD can discern two targets at exactly the same distance but

different velocity, and vice versa, respectively.

o 4 Update rate is maximum when the number of samples is minimum.

2. fO

It is the operation frequency in CW mode or the ramp start frequency in the others. Since
uRAD is configured to operate between 24.005 and 24.245 GHz, you can select fO from
0 to 250 in CW mode or from O to 200 in the others (minimum frequency sweep allowed
in ramp modes is 50 MHz).

fo Mode 1 Mode 2, 3,4
Range value 5to0 245 5t0 195
3. BW

It is the operation bandwidth in ramp modes (modes 2, 3, 4). In other words, the
frequency sweep which is varied in every ramp. Depending on the fO introduced, there
will be a larger or lower BW available to select. Minimum value is 50 and in the case you
try to introduce a value higher than the available BW, uRAD will select the maximum BW

allowed.
BWyax = 245 — f0

BW is a very relevant parameter because defines the accuracy of the system. The higher
the BW, the better the accuracy. Moreover, selecting higher BW makes uRAD more

capable to distinguish between targets that are very close to each other.

BW Mode 1 Mode 2, 3, 4
Range value - 50 to (245 - f0)




10

Because mode 1is mono-frequency, the BW here has no sense and the value introduced

causes no effect on the configuration.

ADVICE: Although minimum BW is 50 MHz, we recommend using the
Q maximum BW available, or at least 150, unless your specific application requires
M lower BW.

O ADVICE: If you have more than one uURAD module detecting the same area,

select different fO and BW for each one to reduce mutual interference.

4. Ns

It defines the number of samples that uRAD takes of the reflected wave to calculate
distance, velocity, etc. This parameter is even more important in modes 2, 3, 4 because it

also defines the ramps duration and therefore the update rate.

Ns Mode 1 Mode 2 Mode3 Mode 4
Range value 50t0 200 501t0200 50t0 200 50to 200

Update rate

68 to 43 45t0 38 28 to 25 16 to 15

[samples/second]

O ADVICE: In mode 1, selecting higher Ns makes uRAD able to better discern

between targets that have very similar velocity.

It seems that it is always better to select the lowest Ns to have the best update rate.
However, the relation between BW and Ns also determines the theoretic maximum
distance that uRAD can see.

Ns

Distance g = 75 X BW

Therefore, the lower maximum distance (Ns = 50, BW = 250) is only 15.625 meters
whereas the higher maximum distance (Ns = 200, BW = 50) is 300 meters.

WARNING: although the theoretical maximum distance can be up to 300
A meters, uRAD does not emit enough power to see targets at 300 m. So that,

the actual maximum detection distance is around 100 meters.




It is the maximum number of targets to detect. A maximum of 5 targets can be selected.
If more than 5 elements are in the field of view, uRAD gives you the information of the 5

most signiﬁcant ones that reflect more power.

Ntar Mode 1,2, 3,4

Range value 1to 5

Rmax is the maximum distance where the targets will be searched. Rmax is independent
of the theoretical maximum distance, which defines the detection range. With Rmax you

establish the length of the zone you want to detect.

For example, imagine that you set BW = Ns = 100 that gives you a theoretic maximum
distance equal to 75 m. If you define Ntar = 3 and Rmax = 20, uRAD will give you the
information of 3 targets (if there are) that reflect more power and that are located
between O and 20 meters, independently that uRAD detects more relevant targets in the
range from 20 to 75 meters.

On the other hand, in mode 1, uRAD is not able to obtain distances. Therefore, Rmax

here means Vmax, the maximum velocity range where the targets will be searched.

Rmax / Vmax Mode 1 Mode 2, 3,4
Range value Oto75 1t0 100

If you select Rmax =100 in mode 2, 3 or 4, uRAD will search targets in the range defined
by the maximum distance formula. Therefore, you can detect targets farther than 100

meters.

It activates or deactivates the Moving Target Indication (MTI) mode. In this working
mode, all static objects are ignored, and only the information of targets that are in
movement respect to uRAD is provided. This feature is only usually available in high
performance radars due to the complexity in the data processing. Because of that, it is

necessary to define a suitable sensitivity for each scenario.

A value equal to O indicates that MT| mode is disabled, and therefore, the information of
ALL targets, static or not, is given. A value equal to 1indicates that the mode is activated

and therefore, the static targets are ignored and their information is omitted.

1
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MTI Modo 1 Modo 2, 3,4
Range value - O (disabled), 1 (activated)

In mode 1, MTI has no relevance because, by default, this mode is only for moving targets.

O ADVICE: This mode can be very useful indoor, for instance, where there may

be lot of no relevant static targets and it is only desired to measure the moving

ones.

8. Mth

It defines the sensitivity of uRAD when it is working as a movement detector. As you will
see in the next section, uRAD alerts you when it detects that some target is moving in its

detection area, whenever you want this alert.

With Mth, you can define up to 4 detection thresholds. This threshold is defined as
function of target reflectivity which is proportional to the size of the target and inversely

proportional to its distance (bigger and closer targets reflect more).

Mth = 4 makes uRAD extremely sensitive to any reflectivity, whereas Mth =1 means that

only very big or close targets active the alert.

Mth Mode 1, 2, 3,4

Range value 1 (low) to 4 (high) sensitivity

O ADVICE: Try several values of Mth to find the value that better fits your

particular scenario. In this way, you will reject undesired alarms.

WARNING: MTI and Mth are independent. You can define MTl = O for
A receiving the information of both static and moving targets, and at the same

time, obtaining the movement alert with Mth.

9. Alfa

Searching targets consists in looking for peaks in the spectrum of the total received signal.
This peak detection is done in the firmware of uRAD by means of a CA-CFAR algorithm
(cell average - constant false alarm rate). Alfa is a parameter of this algorithm that allows
to be more or less restrictive in the peak detection. The amplitude of each peak has to be
“alfa dBs” greater than its surrounding zone of the spectrum to be considered as a

detected peak.




Values of alfa too high results in a low probability of detection. On the contrary. Values
too low results in a high probability of detection but false alarms rise. For each scenario,

there would be a best value of alfa. Minimum selectable value of alfa is 3 and maximum

value is 25.
alfa Mode 1,2, 3,4
Range value 3 (high) to 25 (low) sensitivity

O ADVICE: In mode 1, we recommend to start trying with a value of alfa = 20. In

- mode 2,3,4 we recommend a value of alfa = 10. Try several values of alfa to find

the value that better fits your particular scenario.

Detected Information

uRAD provides you with complete information of its detection range:

e NtarDetected: returns the number of detected targets being the maximum number
defined by the configuration parameter Ntar.

e Distance: returns the distance from uRAD to each detected target.

e Velocity: returns the radial relative velocity between uRAD and each detected target.

e SNR: returns the Signal to Noise Ratio of each detected target. This gives you an idea
of the amount of reflected signal of each target, and therefore the size and reflectivity
of the target. Technically speaking, it is the difference in magnitude between the
reflected signal due to the target and the noise floor due to the whole system. SNR
will hardly exceed a value of 40, in any scenario.

o |, Q:returns the total reflected signal decomposed in two arrays with the In-phase and
Quadrature components, for advanced data signal processing.

e Movement: returns TRUE or FALSE if movement of any target IS or IS NOT
detected.

Available returned information depends on the configuration mode.

Mode Unit
NtarDetected All -
Distance 2,3,4 meters
Velocity 1,3,4 meters/seconds
SNR All dB
Movement All TRUE/FALSE

13
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Programming 3

In this chapter, you will learn how to program your

Raspberry Piin order to use uRAD.

The programming language selected to control uRAD with Raspberry Piis Python. Just
little programming knowledge is necessary for controlling uRAD. Here you will find the
basic pieces of code for programming the interaction between uRAD and Raspberry Pi,

as well as full examples of use.

ﬁ WARNING: Along this chapter, reserved words appear in red color, while

green words are generic names that can be chosen by the user.

Getting Started with Raspberry P

Raspberry Piis a small low-cost single-board computer with numerous interfaces such as
USB, HDMI, Ethernet, 40 GPIO pins, which also includes WiFi and Bluetooth
connectivity. In addition, numerous operating systems can be installed on it. Raspberry Pi

OS is the official and most widespread operating system and on which uRAD works.

This manual is intended for those who already know the basic concepts of Raspberry Pi. If
you are new to this world, we recommend you visit the website www.raspberrypi.org/help

to learn how to install Raspberry Pi OS and use your Raspberry Pi.

O ADVICE: If you have purchased the micro SD card, Raspberry Pi OS is already

= pre-installed with all modules and libraries necessary to use.



http://www.raspberrypi.org/help

Enable the SPI Interface

WARNING: Keep your Raspberry Pi updated by running the Following

A commands in the terminal: sudo apt-get update
sudo apt-get upgrade
sudo reboot

uRAD communicates with Raspberry Pi using the SPl communication protocol. In
general, the SPl interface is disabled by default. The first thing you should do is activate
it. Go to Menu > Preferences > Raspberry Pi Configuration. In the tab Interfaces, select in
the SPI row the state Enabled. Click OK. You can check that the SPI hardware is actually
enabled in /boot/config.txt. The line dtparam=spi=on should appear and be without

comment with #.

uRAD Library Installation in Python

WARNING: The uRAD library has been specifically programmed for version 3
of Python for which we do not recommend using an earlier or newer version that

may cause malfunction.

We have created several functions for you that will help you to configure and use uRAD
in the easiest way. To be able to use them, first, you must install the necessary packages

in Python and then import the uRAD library.

To do this, open a terminal and simply run the following commands:

pip3 install pyqgtgraph
sudo reboot

The uRAD library for Python is a module with four functions that we will explain below,
all contained in a file named uRAD_RP_SDK11.py. So,

1. Download from www.urad.es/en/mi-cuenta/downloads the folder
uRAD_RaspberryPi_SDK11.zip and save it in your Raspberry Pi (SDK only available
with purchase). Unzip it and inside uRAD_RaspberryPi_SDK11/Library you will find the
library uRAD_RP_SDKT1.py and several examples of use.

2. To be able to import the library in your program, save the file uRAD_RP_SDK11.py in

the same folder of your program or in any directory indicated in the environmental

15
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variable PYTHONPATH. The PYTHONPATH value can be consulted from Python
doing:

>>> import sys
>>> sys.path

If you have saved uRAD_RP_SDK11.py in any PYTHONPATH directory, it is not

necessary that it is saved in your main program folder anymore.

To open Python in Raspberry Pi click on Menu > Programming> Python 3 (IDLE). Inside
Python, click File > New File to create a new program.
Once the library is saved, include at the beginning of your program in Python:

import uRAD_RP_SDK11 # import uRAD library

Now, you can use the functions URAD_RP_SDK11.turnON(),
URAD_RP_SDK11.turnOFF(),  URAD_RP_SDK11.loadConfiguration(..)  and
URAD_RP_SDK11.detection(..).

Switch ON/OFF

To switch ON/OFF uRAD, two functions have been programmed:

e Write uURAD_RP_SDK11.turnON() to switch ON uRAD.
e Write URAD_RP_SDK11.turnOFF() to switch OFF uRAD.

These functions set HIGH or LOW the digital pin GPIO17 that controls the powering of
uRAD by the Raspberry Pi.

The functions return O whether everything has run correctly inside them. In the examples

you can see a method to correctly turn off and close uRAD.

Load Configuration

uRAD set up is very straightforward. You must include one simple function in your

Python code to select your conﬁgu ration.

return_code = uRAD_RP_SDK11.loadConfiguration(mode, f©, BW, Ns,
Ntar, Rmax, MTI, Mth, alfa, distrance_true, velocity true, SNR_true,
I true, Q true, movement_true)

As you already know, there are 9 configuration parameters, see Chapter 2. You must
introduce all of them in this function to configure uRAD. All these parameters must be
introduced as integer numbers. The following table summarize the values that can be

introduced.



mode 1 2 3 4

fo Sto 245 5t0 195 5t0 195 5t0 195

BW - 50 to (245 -f0) 50to (245 -f0) 50 to (245 - f0)
Ns 50 to 200 50 to 200 50 to 200 50 to 200

Ntar Tto 5 Tto 5 Tto 5 Tto 5

Rmax Oto75 1t0 100 1t0 100 1t0 100

MTI - Oor1 Oor1 Oor1

Mth Tto 4 Ttod Tto 4 Tto 4

alfa 3to 25 3to 25 3to 25 3to 25

A

WARNING: Entering a forbidden value in a parameter will result in its default
value. Default values are: mode = 3, fO = 5, BW = max available, Ns = 200, Ntar
=1, Rmax = 75 or 100, MTI = O, Mth = 4, alpha = 3 or 25. If the introduced

parameter is not an integer number, it will result in an error.

Finally, you have to introduce some variables to indicate which results and which not you

would like to get: distance, velocity, SNR, raw data | and/or Q, and movement. For

example:

distance_true
velocity_true

True
True

SNR_true = True

I true
Q_true

= False
= False

movement_true = False

The function returns O whether everything has run correctly inside the function.

Moreover, Take into account the following points:

Include this function at least one time, always before your first target detection.

The configuration does not change until you call again the function.

After turning off and turning on uRAD, do not forget to call again

loadConfiguration to load again your desired configuration.

Include this function, in any part of you code, as many times as you want to update the

configuration for the next target detection.

Ta rget Detection
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Obtaining the detected information from uRAD is as simple as calling one function. Every
time you want to obtain the info, you should include in your code:

return_code, results, raw_results = uRAD RP_SDK11l.detection()
This function returns to you 3 variables:

e Ifreturn_code = 0, everything has run correctly inside the function.

e Inside results, you get the detected information. NtarDetected =
results[@], distance = results[1l], velocity = results[2], SNR
= results[3] and movement = results[4].Ifyou have not asked for some

of these parameters or it is not available due to the mode, the value is O.
e Inside raw_results you get the | and/or Q values. I = raw_results[@], Q =

raw_results[1]. If you have not asked for | and/or Q), the variable is empty.

Available returned information depends on the configuration mode.

Mode Size

NtarDetected All 1
distance 2,3,4 Ntar
velocity 1,3,4 Ntar
SNR All Ntar
movement All 1

Ns (mode 1, 2)
I,Q All 2*Ns (mode 3)

3.5*Ns (mode 4)

In mode 3, the triangular ramp has Ns ascending samples and Ns descending samples,
2*Ns in total. On the other hand, mode 4, dual rate, provides two triangular ramps with
different duration. The first one has Ns samples ascending and descending, and the second

one 0.75*Ns samples ascending and 0.75*Ns descending. In total 3.5*Ns samples.

uRAD must always be turned ON before using URAD_RP_SDK11.detection(..).



Example. Distance Meter

One of the simplest applications is to use uRAD as a distance meter. To see the example,
go to uRAD_RaspberryPi_SDK11/Library/uRAD_distance_meter.py.
First, we include the uRAD library.

import uRAD_RP_SDK11 # import uRAD library

Next, we define the input as well as the output variables, those that we want uRAD to

measure. In this case, they will be the distance and SNR.

# input parameters

mode = 2 # sawtooth mode

fo =5 # starting at 24.005 GHz

BW = 240 # using all the BW available = 240 MHz

Ns = 200 # 200 samples

Ntar = 3 # 3 target of interest

Rmax = 100 # searching along the full distance range

MTI = @ # MTI mode disable because we want information of
static and moving targets

Mth = @ # parameter not used because "movement" 1is not
requested

Alpha = 10 # signal has to be 10 dB higher than its surrounding
distance_true = True # Request distance information

velocity true = False # mode 2 does not provide velocity information
SNR_true = True # Signal-to-Noise-Ratio information requested

I true = False # In-Phase Component (RAW data) not requested
Q_true = False # Quadrature Component (RAW data) not requested
movement_true = False # Not interested in boolean movement detection

Method to correctly close de program.

# Method to correctly turn OFF and close uRAD
def closeProgram():
# switch OFF uRAD
return_code = uRAD_RP_SDK11.turnOFF()
if (return_code != 0):
exit()

Now, we turn on uURAD and load the desired configuration.

# switch ON uRAD

return_code = uRAD_RP_SDK11.turnON()

if (return_code != 0):
closeProgram()

# loadConfiguration uRAD
return_code = uRAD_RP_SDK11.loadConfiguration(mode, f@, BW, Ns, Ntar, Rmax,
MTI, Mth, Alpha, distance_true, velocity_true, SNR_true, I_true, Q_true,
movement_true)
if (return_code != 0):

closeProgram()

19
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Next, detection function is called inside an infinite loop.

# infinite detection loop
while True:

# target detection request
return_code, results, raw_results = uRAD RP_SDK11l.detection()
if (return_code != 0):

closeProgram()

# Extract results from outputs
NtarDetected = results[9]
distance = results[1]

SNR = results[3]

Finally, we print on screen the distance and SNR of the different detected targets. To do
this, we will formulate the condition that the SNR of those targets must be greater than
0 dB.

# Iterate through desired targets
for i in range(NtarDetected):
# If SNR is big enough
if (SNR[i] > @):
# Prints target information
print("Target: %d, Distance: %1.2f m, SNR: %1.1f dB" % (i+1,
distance[i], SNR[i]))

# If number of detected targets is greater than @ prints an empty line
for a smarter output
if (NtarDetected > 9):
print(" ")

Further examples can be found in uRAD_RaspberryPi_SDK11/Library.



Graphical User Interface 4

Learn to conﬁgure and use uURAD in the easiest way

The Graphical User Interface (GUI) is and executable software that allows you to
configure and run uRAD, as well as visualize the reflected signal to understand where the

results come from.

Launch the GUI

To facilitate the visualization of the results, as well as the configuration of uURAD, we have
created a Graphical User Interface (GUI) that allows to control uRAD in a simpler and
more intuitive way than through the Python programs.

WARNING: The GUl'is a program developed in Python that does not need any
ﬁ installation to run. The only thing, remember to have enabled the SPI interface
and the different packages and libraries loaded in your Raspberry Pi as we saw

in Chapter 3 and 4.

To launch the GUI simply:

1. Download from www.urad.es/en/mi-cuenta/downloads the folder
uRAD_RaspberryPi_SDK11.zip and save it in your Raspberry Pi. Unzip it and inside
uRAD_RaspberryPi_SDK11/GUI you will find the file uRAD_GUI_SDK11.py.

2. Open Python 3 in Menu > Programming > Python 3 (IDLE). Once in Python, go to File
> Open, open uRAD_GUI_SDKT11.py and type F5 or Run > Run Module.

You can also make the file executable by right clicking on it, select Properties, in the
Permissions tab, select in the dropdown Execute, the Anyone option. In this way, from now

on you can launch the GUI by double clicking on the file and click on Execute.

file uURAD_RP_SDKT1.py, which is nothing more than the uRAD library needed

% REMINDER: Inside the folder uRAD_RaspberryPi_SDK11/GUI, there is also the
for the GUI to work.

21
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Selecting the Comciguration Parameters

To launch the GUI, run the program uRAD_GUI_SDK11.py. After a few seconds, a window

similar to the following will open.

Y uRAD 24 GHz Mudule - o =
mode 1 [Velocity)  mode 2 [Distance]  mode 3 (Distance Velocity]  mode 4 (Distance Velocity +)
\\ I — 0
By Anteral mis >
Manimurm Velocity {m/s)
[ Plat Peak Algorithm
Configuration Paramelers
veloci SNR (dB
0(GH) oW (M ooy 10
. 240 5 0.0 0.0
S| Mth |0 disabled - 0.0 0.0
0.0 0.0
2| MM |0 - dicabled | 0.0 0.0
Algha 10 2
Update Parameters
Movement [Mth)
e False
P
| 9 True
[] 5ave Results Data ¥ Min Sa e X Max
I utoscale |
[] Save 10 Data |00 | B

2 2018 All Rights Reserved uRAD.

The GUI is divided mainly into two parts. The left part on a light blue background,
corresponds to the configuration parameters, power buttons and saving the results. The
largest part on the right contains the visualization of the results. We will now explain the

options present in the conﬁguration parameters part.

. Configuration Parameters: The Following image shows the part to enter the

conﬁguration parameters.

Configuration Parameters

f0 f0 (GH1) BW (MHz)

5 2 24.005
Ns | 200 | Mth [0 - disabled ~|
Ntar | 5 (3| MTI [0 - disabled M
Alpha

How you have already learned from Chapter 5 or from the User Manual, there 9

parameters that configure uRAD. In this box you can select 6 of them:



e fO: transmission frequency or starting ramp frequency (next to it is the real
frequency value in GHz).

e BW: bandwidth in MHz (only selectable in modes 2, 3 and 4).

e Ns: number of samples.

e Ntar: number of targets.

e Mth: movement detection threshold.

e MTI: activating the mode Moving Target Indicator (discard static targets).

e Alpha: detection peak algorithm threshold

ADVICE: If you place the mouse a few seconds on the value of fO, BW, N,
Q Ntar or Alpha without clicking, a small help will appear showing the range of

values you can select.

For the selection of the operating mode, you must click on the corresponding tab at the
top of the results window.

YU LRAD 24 GHz Module

- mode 1 (Velocity)  mode 2 (Distance)  mode 3 (Distance Velocity)  mode 4 (Distance Velocity +)

On the other hand, the parameter corresponding to Rmax/Vmax is not available as such
in the GUI. If you want to visualize the results up to a certain distance or speed, it can be

done by adjusting the axes of the graphs, as we will see later.

e Update Parameters and Run/Stop button: These two buttons are used to turn on and

off uRAD and update the configuration.

Update Parameters

Click on the Run button to turn on uRAD. Once running, click on Stop to turn off uRAD.

If you change some value in Configuration Parameters, the change will not be effective

until you click on the Update Parameters button.

It is not necessary to stop uURAD to update the configuration, nor is it necessary to stop

it to change the mode.

e Error text box: Below the Run button, there is a small empty box.
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If an error occurs during the execution of the GUI, an error message will appear in this

box.

e Save Results Data checkbox: In the lower part, there is a check box to save the results.

[ Save Results Data

When you check this checkbox, the GUI starts saving automatically the distance, velocity
and SNR results of the detected targets. A text file named results.txt is created in the
folder OutputFiles. When you uncheck the box, the program stops saving. This file is never
overwritten, the program writes the results consecutively when you check and uncheck
the box.

Every line in results.txt corresponds with one measurement and every measurement saves

the information in up to 21 columns (depends on the detected targets):

- Column 1is the mode.

- Each detected target creates 3 columns with its distance, velocity and SNR.
- Next column is the Mth value.

- Next column is 1if movement = true or O if movement = false.

- Next column is the MTl value: O disable, 1 enable.

- Last two columns are date and time.

Depending on the mode, you will get results only of velocity and
SNR (mode 1), only distance and SNR (mode 2), or velocity, distance and SNR

(mode 3 and 4). If there is no result, the column will have a value equal to O.

e Save IQ data checkbox: In the lower part, a box appears to save the RAW values of
the | and Q components.

[0 Save IQ Data
When you check this box, several .txt files are created with the values of | and Q. The files

that are created depend on the mode. The Following table will serve as a guide to know

what files are created in each mode.

Modo 1

|_CW.txt | signal values with Ns samples
Q_CW.txt Q signal values with Ns samples
Modo 2

|_FMCW/_sawtooth.txt | ramp values




Q_FMCW _sawtooth.txt Q ramp values

Modo 3

|_up_FMCW _triangle.txt | values of the ascending ramp
Q_up_FMCW _triangle.txt Q values of the ascending ramp
|_down_FMCW_triangle.txt | values of the descending ramp

Q_down_FMCW _triangle.txt Q values of the descending ramp

Modo 4

|_up_1_FMCW_triangle.txt | values of the first ascending ramp

Q_up_1_FMCW_triangle.txt Q values of the first ascending ramp

|_down_1_FMCW _triangle.txt | values of the first descending ramp

Q_down_1_FMCW _triangle.txt ~ Q values of the first descending ramp

|_up_2_FMCW_triangle.txt | values of the second ascending ramp

Q_up_2_FMCW_triangle.txt Q values of the second ascending ramp

|_down_2_FMCW._triangle.txt | values of the second descending ramp

Q_down_2_FMCW_triangle.txt Q values of the second descending ramp

Each line in these files is one measurement. Each line has so many columns as number of

samples (Ns) are selected plus two additional columns with the date and time.

The exception is given in mode 4 in the files of the second ascending and descending ramp.
Each measurement of those files has 0.75*Ns columns since that second ramp is shorter

(plus two columns with the date and time).

Depending on the mode, uRAD emits different signal with
different ramps and therefore, the total received signal | and Q has different

total length. For instance, with Ns = 100:
e if mode =1=2 > length of I/Q =100
e if mode = 3 > length of I/Q =200 (100 +100)
e if mode = 4 = length of I/Q =350 (100 +100 + 75 +75)

When you uncheck the box, the program stops saving. These files are never overwritten,

the program writes the results consecutively with their corresponding date and time.
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Visualizing Results — Mode 1

Depending on the mode, the part of display the results changes slightly. In mode 1, the
Doppler mode of only velocity, the appearance of the screen with the radar on is as

follows:

mode 1 (Velecityl  mode 2 (Distance)  mode 3 (Distance Velocity)  mode 4 (Distance Velocity +)
Velocity units
m/s v

Maximum Velocity (m/s)

78.1

=
[ Plot Peak Algorithm )
_E =

o

£

Velocity SNR (dB) <
0.0 0.0
0.0 0.0
0.0 0.0

Samples

0.0 0.0
0.0 0.0

[y

KA

4

e

Movement (Mth) E‘

<<

© - !J\m b . n__n_.nﬂ | .

O True Velocity (m/s)

X Min X Max

e

The upper right graph, titled /Q Data, show the | (blue) and Q (red) received signals. The
x-axis corresponds with the number of samples, so whether you change Ns and click on
Update Parameters, the graph axis changes. The signal amplitude of | and Q is shown in

volts, represented in the y-axis.

The | and Q signals are the phase and quadrature components of the received signal by
uRAD. In other words, by building the complex signal | +jQ you would get the total signal

received and from there, you can extract the magnitude and phase of the reflected wave.

The lower right graph, titled Level received Vs Velocity, corresponds to the fast Fourier
transform (FFT) of the complex signal | + jQ. The FFT is of great interest because from
it, you can obtain the information of the targets. The FFT, also called signal spectrum,
shows the frequency components that comprise the total signal. Then, each of the

relevant peaks that appear in the spectrum corresponds with a frequency, and therefore



with a target detected by uRAD. By observing the position of that peak with respect to
the x-axis, the velocity of the objective can be calculated. The FFT is represented in dB,
therefore, the y-axis is the amplitude of the signal in dB, which is normalized to a

maximum of O dB and a minimum of -60 dB.

We see below two situations where nothing is detected and where a target is detected at

a certain speed, to see the differences in the graphs.

Without detection With detection

— — ¢ — — 9

Amplitude (V)
f
Amplitude (V)

T

Samples Samples

!
A /\M

Amplitude (dB)
Amplitude (dB)

Velocity (m/s) Velodity (m/s)
X Min OA e X X Max X Min Oa e X X Max
10.0 -10.0

It can be clearly seen that when there is no detected target, no signal appears in |Q data
or peak in the spectrum. When a target is detected, the variation of the | and Q signals is

seen and a peak appears in the spectrum.

WARNING: On the spectrum, actually, many peaks are present. Some are
n targets, others correspond to noise and others may be the result of interference,
bounces, etc. A peak detection algorithm has been programmed to identify

those that really correspond to objectives.

To the left of the graphs, in the central part, a table appears where the results are shown.

These results are extracted from the previous graphs.

Velocity SNR (dB)

-0.7 36.8
0.0 0.0
0.0 0.0
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This table has as many rows as the number of targets, Ntar, you have selected. It shows

the speed of the detected targets and their SNR in dB.

the SNR is the Signal to Noise Ratio. It is the difference in
magnitude between the reflected signal due to the target and the noise
background due to the whole system. It gives an idea of the amount of reflected

signal from each target and, therefore, its size and reflectivity.

Negative velocities mean that the target approaches uRAD while positive velocities

means that the target is moving away from uRAD.

In the left-hand part above, you can select with the drop-down in which units the velocity
results are displayed, Velocity units. You can select meters per second (m/s), kilometers

per hour (km/h) and miles per hour (mph).

Velocity units

rmifs M

Below, an information box allows you to see the maximum velocity that can be measured.
This maximum velocity depends only on the fO in GHz selected:
Maximum Velocity (m/s) 1875

781 Velocitymex = 25 G H2)

Just below, there is a checkbox named Plot Peak Algorithm. When this checkbox is
activated, a red line appears on the spectrum graph. This line represents the peak
detection algorithm that we mentioned above. In order for a peak to be considered a
detected target, it must at least exceed this red line, although it must also comply with
some other condition that prevents it from being discarded. Change the value of Alpha,
click on Update Parameters, and you will see how the red line changes the level. If Alpha is

smaller, more peaks will be detected.

We see below an example where two objectives are detected, one approaching and

another moving away, its relationship of peaks in the spectrum and the results in the table.



Viglocity units . 10 Data
mfs j
Maxirrum Velociry (mis)
78.1

[ Plot Peak Algorithm

Amplitude (V)

Velocity SNR(dB)

= 2.7 23.*?) ; — | :
= 2.1 24.7 s

0.0 0.0

Movement (Mth)

Amplitude (dB)

© rile )
PO . L 0 9

Velocity {m/s)

X Min X Max

’7_10-0 . O Autoscale X ’710-0

Finally, at the bottom left, there is a led indicating if some movement has been detected.

Movement (Mth) Movement (Mth)

e False
6 True

For this led to work, you must first activate it in Configuration Parameters, in the drop-

down of the Mth parameter. The led will turn red if there is a movement detected and blue

if there is not.
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Visualizing Results — Mode 2

The results shown in mode 2 are similar to those in mode 1, except that in this mode only

distance results are shown, instead of velocity.

The spectrum graph is titled in this case Level received Vs Distance. Because in this case
the signal emitted is modulated in frequency by means of a ramp that varies in time, the

x-axis of the spectrum corresponds to the distance of the targets to uRAD.

In the upper left part, the information of the ramp duration in milliseconds is shown, Ramp
Time and the maximum detected distance, Maximum Distance. You can also select the
Distance units. The maximum distance is a function of the configuration parameters

according to the following formula:

Ns

Distance, g, = 75 X W

We see below an example where 3 targets have been detected at 3 different distances
and, in addition, one or several of them are in motion, since the movement LED is

activated.

Y uran 22 GHr Module - =]

mode 1 (Velocity)  mode 2 {Distance)  mede 3 (Distance Velosity)  mode 4 {Distance Velosity +)

uRAD'

Education

— — )

Distance units

Maximum Distance {m) = f i ; ; : >
Conhguration Parameters 4 Plot Peak Algarithm 5

I 10 (GHz) BW (MHz)
5 i 24.005 | 240 = Distance SHNR (dB)
M (150 3] Mih |4 - eXTremE SensItivic = L 70
2.60 12.6
Mear | 4 2 MTI [0-nonscivated =)

........... 7.61 18.4

0.00 0.0 l 1
(]

Movement (Mth) F \\
ﬁ Orike ﬂ(\/\'—\ N
(2 istance (m
[ Save Remults Data X Min S
[ Save 163 Data e | Haidrned w0 |
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Visualizing Results — Mode 3

Mode 3 allows you to calculate both the velocity and distance of the targets because the
signal emitted varies in frequency according to a triangular shape, with a ramp up and

down.

O ADVICE: If you want to learn a little more about how different frequency ramps

- allow different results, we recommend reading the uRAD White Paper, available

on www.urad.es.

The IQ Data graph, shows in this case the | and Q values for the up and down ramp. The
signal received during the up ramp is drawn with a continuous line and the one received
during the down ramp with dashed line. Therefore, the x-axis has twice as many samples
as the selected N, since they are Ns for the up and Ns for the down. Let us see an example

with Ns = 200, the maximum number of samples.

— lup — Q.up === |_down === Q_down
Ns up Ns down
A _____ [ N
/ \ - A . "\ ~.
A AVA R L S AY
! \
1

Amplitude (V)

Samples

In the spectrum graph, two signals also appear. In the same way, the continuous line
corresponds to the FFT of the complex signal | +jQ of the up ramp, and the discontinuous
one with the FFT of the signal of the down ramp.

o
R
@
©
2
o
£
=T
A
Distance (m)
X Min A e X X Max

En este modo no existe la opcion de pintar el algoritmo de deteccion de pico ya que hemos

considerado que pintar dos lineas mas sobre esta gréﬁca seria poco claro.
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In this mode, you can also select the units of both measured distance and velocity, as well

as visualize information of ramp time, maximum velocity and distance. Therefore, the

results table shows the distance, velocity and SNR information of the detected targets.

Ramp Tims {ms)
1.000
Distance units Velocity units

meters mfs

Maximum Distance (m)  Max Speed (m/s)

62.5 77.7
Distance  Velocity SNR(dB)
287 -0.5 36.3
0.00 0.0 0.0

We see below a typical example, where a single target has been detected at 2.87 meters

and approaching at velocity of 0.5 m/s.

Y uhan 22 GHz Madule

uRAD

Education

mode | (Velocity]  mede 2 (Distance)

Ramgp Tirve (me)
1LOGO
Ditance units Welocity units
Maximum Distance (m) - Max Speed (mis)

Configuration Parameters

0 06GH)  Bw e
L5 L 2005 20 Distance  Velocity  SNR (dB)
287 05 363
0.00 0.0 0.0
‘ 6 False
e True

[ Save Results Data

[ Save 1Q Data
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Amplitude (dB)
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p
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Distance (m)
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Visualizing Results — Mode 4

Mode 4 is very similar to mode 3, since it also allows obtaining velocity and distance
information. In this mode, the transmitted signal also varies in frequency according to two
consecutive triangular signals of different duration. The first triangular is formed by an up
ramp and another down ramp, of Ns samples each one; and the second triangular by an

up and down ramp of 0.75 * Ns samples each one.

This can be easily seen in the IQ Data graphic. Let us see an example of a signal received

with Ns = 200 samples.

— lup — Q.uwp === |_down === Q_down

Ns up Nsdown . . 0.75*Ns up 0.75*Ns down
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Samples

Consequently, the spectrum will also show 4 different signals. The blue continuous line
corresponds with the FFT of the first up ramp, the blue discontinuous one, with the first
down ramp, the red continuous one, with the second up ramp and the red discontinuous

one with the second down ramp.

Amplitude (dB)

“al\a . .

Distance (m)
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In mode 4, we have created an additional window to visualize the distance and velocity
results of the targets in a graphical form. You can select it in the tab Distance Velocity

Display.

mode 4 (Distance Velocity +)

‘ Distance Velocity Display  1Q signals and Spectrums

Clicking on it, you will see a screen similar to this one. Each detected target is represented
by a red dot. The x-axis corresponds to the distance at which the objective is located and
the y-axis represents the velocity. The size and opacity of the objective is directly

proportional to its SNR. Targets with high SNR will look bigger and less transparent.

Distance Velocity Display  1Q signals and Spectruns

Ramp Time 1 (ms) Ramp Time 2 (ms) Y Max
1.000 0750
Distance units Velocity units
Maximum Distance (m) Max Speed (m/s)
46.8 777

Distance  Velocity  SNR (dB)

. 7Y
0.65 -0.4 23.7 = E ©
357 0.2 19.0 g iy
: 5 | @
i 2
m}
Movement (Mth)
e False
Y Min
@ ETH
5.0
Distance (m)
[ Hold X Min OA (% X Max

Down to the left, there is a checkbox with the word hold. When activated, the results
painted in this graph do not disappear until after a few seconds, being easier to visualize

the path of the objectives.

The rest of options and information of mode 4 is equal to mode 3, except that the

information of duration of the ramps of the second triangular signal is also presented.



MTI Mode

The MTI mode, selectable in the part of Configuration Parameters, allows us to discard all

those targets that are static. The drop-down menu is presented as follows:

MTI |0 - disabled -
|0 - disabled
1- activated

This mode only makes sense in modes 2, 3 and 4, since mode 1 is only for detecting the

velocity of moving targets and then, by default, static targets are not detected.

We see below an example of using the MTI mode. In this scenario, there is a wall at 5

meters from uRAD, which remains static pointing to the wall.

With the MTI mode disabled, the signal reflected in the IQ Data graph is perfectly visible
and the peak in the spectrum appears. The results table also shows the distance up to the

wall.

On the second capture, the MTI mode has been activated. In this case, the signals | and
Q have disappeared and the spectrum does not show any peak, so the wall is no longer

detected and does not appear in the results table.

MTI mode disabled

Y uRAD 24 GHz Module o *

mode | (Velocity)  mode 2 (Distance)  mode 3 (Distance Vilocity)  mode 4 (Distance Velocity +)

uRAD el
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£
=
_
e
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Configuration Parameters
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s = 540 B 517 0.0 278
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s [ 200 (3] Mih [0 - disabled ] 000 00 00 i
Mear | 5 (2] MM 0.00 0.0 0.0
0.00 0.0 0.0
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Mevement (Mth
e False
6 e True Distance {m)
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[ Save I} Data ey E Autoscale =
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[ Save Results Data
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MTI mode enabled

Y uRAD 24 GHz Module
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GUI Lite Version

Inside the folder uRAD_RaspberryPi_SDK10/GUI you will also find the file
uRAD_GUI_Lite_SDK10.py. If you run it, you will see that it is a simplified version of the

GUI, where the |Q and spectrum plots are not shown. It only shows the results

information without |osing any of the conﬁguration parameters options.

Because the Raspberry Pi has a limited processor frequency, the full version of the GUI

has not a very high update rate of the results, due to the processor has to plot the graphs.

In the Lite version, you will see that the update rate is much higher.
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Safety & Handling 5

This chapter includes important safety and handling
information for uRAD.

Read all safety and handling information below as well as the operating instructions before

using URAD in order to avoid any injury or damage.

Keep this user guide on hand for future reference.

Important Safety Information

ﬁ WARNING: Failure to follow this safety instructions could result in fire, electric

shock, or other injury or damage.

Proper handling uRAD contains sensitive electronic components. Do not drop,
disassemble, crush, bend, deform, puncture, shred, microwave, incinerate, paint, or insert

foreign objects into uRAD.

Water and wet locations Do not expose uRAD to water or rain, or handled near
washbasins or other wet locations without a proper case. Take care not to spill any food or
liquid on uRAD. In case uRAD gets wet, unplug from Raspberry Pi before cleaning, and
allow it to dry thoroughly before turning it on again. Do not attempt to dry uRAD with

an external heat source, such as a microwave oven or hair dryer.

uRAD repairs Never attempt to repair or modify uRAD by yourself. Disassembling may
cause damage that is not covered under the warranty. If uRAD is damaged, malfunctions,

or comes in contact with liquid, contact us at contact(@urad.es.

Radio frequency interference Observe signs and notices that prohibit or restrict the use
of radio frequency devices. Emissions from uRAD can negatively affect the operation of
other radio frequency equipment operating in the same frequency band. Turn off uURAD

when use is prohibited, such as traveling in aircraft, or when asked to do so by authorities.
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|mportant Handling Information

n WARNING: Failure to follow this handling instructions could result in damage
to uRAD or other property.

Carrying uRAD contains sensitive electronic components. Do not bend, drop or crush it.

Cleaning To clean use a soft lint-free tip and isopropyl alcohol. Dust can be removed with

compressed air of low power.

Plugging Never force the connector or apply excessive pressure because this may cause
damage that is not covered under the warranty. Check for obstructions and make sure

that uRAD connectors matches Raspberry Pi connectors.

Operating Temperature Keeping uRAD within acceptable temperatures. uRAD
components operate from -40°C to 85°C but we recommend operates uRAD in the
range from -20°C to 65°C.

Disposal and Recycling Information Your uRAD must be disposed of properly according
to local laws and regulations. Because this product contains electric components, the
product must be disposed of separately from household waste. Contact your local

authorities to learn about recycling options.




Product Warranty 6

All components and solder alloys used in this product comply with the RoHS Directive.
The RoHS Directive prevents all new electrical and electronic equipment placed on the
market in the European Economic Area from containing more than agreed levels of lead,

cadmium, mercury, hexavalent chromium, poly-brominated biphenyls (PBB) and poly-

brominated diphenyl ethers (PBDE).

Each uRAD shield is subject to strict tests to make sure they are not faulty:

e First, it is thoroughly tested for short circuits and open connections.

e Second, it is powered to check there are no over-range voltage.

e Then, the microcontroller is programmed and debugged.

e Finally, the board is plugged in a Raspberry Pi and several test programs are run to

check its overall functionality.

BY USING uRAD PRODUCTS YOU ARE AGREEING TO BE
BOUNDED BY THE TERMS OF THIS LIMITED WARRANTY STATEMENT. DO
NOT USE YOUR PRODUCTS UNTIL YOU HAVE READ THE TERMS OF THE
WARRANTY. IF YOU DO NOT AGREE TO THE TERMS OF WARRANTY, DO
NOT USE THE PRODUCTS AND RETURN THEM. THIS LIMITED WARRANTY IS
THE END-USER’S SOLE AND EXCLUSIVE REMEDY AGAINST uRAD, WHERE
PERMITTED BY LAW.

1. Warranties

1.1 uRAD warrants that its products will conform the specifications detailed in the

corresponding datasheet. Warranty lasts for 1 year from the date of sale if the shield is
bought outside the EU and last for 2 years if bought in the EU. uRAD shall not be liable
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for any defects that are caused by neglect, misuse or mistreatment, including any

products that have been altered or modified by any way by the Customer.

1.2 If any uRAD product fails to conform to the warranty set forth above, uRAD’s sole
liability shall be to replace or repair such products. uRAD’s liability shall be limited to
products that are determined by uRAD not to conform to such warranty. If uRAD elects
to replace or repair such products, uRAD shall be given a reasonable time to provide
replacements. Replaced or repaired products shall be warranted for a new full warranty

period.

1.3 The Customer agrees no to use uRAD products for any applications or in any
components used in life support devices or to operate nuclear facilities or for use in other
mission-critical applications or components where human life or property may be at stake.
The Customer acknowledges and agrees that any such use is solely at the Customer’s risk,
and that the Customer is solely responsible for compliance with all legal and regulatory

requirements in connection with such use.

1.4 uRAD may provide technical, applications or design advice. The Customer
acknowledges and agrees that providing these services shall not expand or otherwise alter
uRAD’s warranties, as set forth above, and that no additional obligations or liabilities shall

arise from uRAD providing such services.

1.5 uRAD disclaims all other warranties, expressed or implied, regarding products,
including, but not limited to, any implied warranties of merchantability or fitness for a

particular purpose.

1.6 The Customer acknowledges and agrees that the Customer is solely responsible for
compliance with all legal, regulatory and safety-related requirements concerning the
products and any use of uRAD products in the Customer’s applications, notwith- standing
any applications-related information or support that may be provided by uRAD.

1.7 In no event shall uRAD be liable to the Customer or any third parties for any special,
collateral, indirect, punitive, incidental, consequential or exemplary damages in
connection with or arising out of the products provided hereunder, regardless of whether
uRAD has been advised of the possibility of such damages. This section will survive the

termination of the warranty period.
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