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ABSTRACT 
 
Research in the field of radar technology had had the disadvantage of high costs, 
implying a difficult access. Nowadays it is possible to obtain low-cost modules for 
development as the sensor used in this project. Additionally, radar technology 
trends indicate a growing preference for digital technology and real-time 
processing. Digital technology nowadays has extended the use of free platforms 
both hardware and software. These platforms besides having low cost, has a large 
community of users working and actively developing solutions. In this project these 
trends are used to develop a system for detecting the presence and radial velocity. 
Using a Doppler sensor and an open hardware platform using a real-time operating 
system to guarantee determinism in response times. The radar module used is the 
MDU1100T from the manufacturer Microwave Solutions. The hardware platform 
for digital processing used is the Raspberry Pi computer and for guarantee 
software real-time support, Xenomai over Raspbian is used. 
 
RESUMEN 
 
Las investigaciones en el campo de tecnología radar han tenido como 
inconveniente los altos costos asociados lo que implicaba un difícil acceso, sin 
embargo, hoy en día se pueden obtener módulos de bajo costo para desarrollo, 
como el sensor usado en el presente proyecto. Adicionalmente, las tendencias en 
tecnología radar indican una preferencia creciente hacia la tecnología digital y su 
procesamiento en tiempo real. En cuanto a tecnología digital, hoy se ha extendido 
el uso de plataformas libres tanto de hardware como de software que además de 
tener un bajo costo, existe una gran comunidad de usuarios que trabajan y 
desarrollan proyectos activamente. En el presente proyecto se aprovechan dichas 
tendencias para desarrollar un sistema de sensor Doppler radar para realizar 
detección de presencia y velocidad radial mediante el uso de una plataforma 
abierta de hardware utilizando un sistema operativo en tiempo real para garantizar 
el determinismo en los tiempos de respuesta. Como módulo radar se usa el 
MDU1100T del fabricante Microwave Solutions, como plataforma de hardware 
para el procesado digital se usa el computador Raspberry Pi y como soporte de 
software para garantizar el tiempo real se usa Xenomai sobre Raspbian. 

KEYWORDS 
 
Radar, radar signal processing, real time operating systems (RTOS), embedded 
systems, Raspberry Pi, continuous wave radars, embedded systems, Doppler 
sensor. 
 
Radar, procesado de señal radar, sistemas operativos en tiempo real, sistemas 
embebidos, Raspberry Pi, radares de onda continua, sistemas embebidos, 
sistemas empotrados, sensor Doppler. 
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1. INTRODUCTION 

 
Radars are complex systems used for defense, automotive, traffic, imaging or 
surveillance applications that have many critical constraints. For most of radar 
applications the response time is critical, this means that these systems must have 
a real time performance. In many cases the consequences of missing a time 
deadline for response can be severe, this kind of systems require hard real time 
performance. 
 
Research and develop on radar systems had had the inconvenience of high costs 
associated to radiofrequency components and complexity. On these days is 
increasingly common to find Commercial of the Shelf (COTS) radar modules that 
includes all radiofrequency subsystems with low cost. 
 
This type of modules has been used in a variety of applications such vital signal 
extraction [1] [2], activity level monitoring [3], fall detection for elderly [4], 
determination of sleep stages [5], human motion and respiration [6], estimation of 
speed over ground [7], driver’s fatigue [8], navigation systems, among others. 
 
This document describes the design process and the results of such design, taking 
first a view of radar, real time operating systems and processing concepts, then 
analyzing the hardware and software designs until the graphics and information 
shown to the user. At the end of the document the proposed future work is shown 
so as the conclusions and possible applications for this prototype. 
 
This work is done as a Final Master’s Degree Project for the Technical University 
of Madrid, for the master Radar Technologies, Equipment and Systems Design 
which explained hardware, software and algorithms related to radar 
electromagnetic sensors. 
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1.1. Problem 
 
The advances of technology have evolved radar systems designs to bring almost 
to the limit the attainable by the RF hardware, this has given rise to new trends on 
industry to improve radar systems focusing on the digital component of radars 
rather than in the RF hardware. Digital technology in radar systems includes signal 
acquisition, processing and system control. 
 
The radars are complex systems that have to deal with signal processing with 
critical time restrictions, so to ensure proper operation, the system should be 
controlled by firmware that handles deterministic times, that can be obtained using 
Real Time Operating Systems. 
 
There is a trend in radar system design to include COTS components, rather than 
devices that are exclusively designed for military industry. These COTS 
components have civilian and commercial uses, with the advantage of its flexibility, 
community support and low cost.  
 
As a solution to the problem analyzed, the following are the objectives of this 
project: 
 
General objective 
 

• Extract information from RADAR signals in real time by processing 
algorithms implemented on a microprocessor. 

 
In the project the extracted information is presence detection and radial velocity. 
This information was extracted using FFT algorithms implemented in the 
Raspberry Pi Single Board Computer with the support of a Real Time Operating 
System. 
 
Specific objectives 
 

• To understand the use of microprocessor hardware tools as well as real-
time operating system to be used in the project. 
 

• To select the type of RADAR signals and the information required for such 
signals, which are going to be treated by processor based digital real-time 
platform. 

 

• To develop a hardware board for acquisition of RADAR signals to be 
treated by the microprocessor system. 

 

• To develop algorithms for RADAR signals on the real-time platform 
microprocessor and the interface for the display of information. 

 

• To validate the proper operation of the system in real time with the 
processing of RADAR signals. 

 

• Identify potential improvements and future work based on the learning from 
the project. 
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1.2. Metodology 
 
The methodology used for development of the project consists mainly of the 
division of tasks or activities in phases, following the model of the Rational Unified 
Process (RUP ) proposed by IBM [9], which has been described mainly for software 
development but it is extensible to other developments as in the case of this 
project. RUP main philosophy is to perform a linear long-term development, and 
cyclical in the short term so that iterations can be made to improve the intermediate 
modules. The phases stipulated for the project are presented. 
 
Inception phase 
 

• Learning of hardware development tools based on processor and real time 
operating system. 

• Review of literature, previous studies and publications on RADAR signal 
processing in real time with use of microprocessor-based systems. 

• Review of processing algorithms for RADAR systems. 
 
Design phase 
 

• Design of the printed circuit board that will allow to bring RADAR signals to 
the microprocessor platform. 

• Design of high level algorithms that are to be developed and the interface 
through which the results will be presented. 

• Design of a test Plan to validate the proper operation of the system. 
 
Implementation phase 
 

• Implementation of the designed algorithms in the real-time platform. 

• Validation of development by applying a test plan. 
 
Transition phase 
 

• Preparation of the written report 

• Presentation of the results 
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2. ANALYSIS 

 
2.1. Continuous wave radar systems 

 
A radar can be defined as an electromagnetic system for detection and location of 
objects [10], with the purpose of extend the capabilities of the human being. A radar 
transmits electromagnetic waves that can be classified in: 
 

• Pulsed waves: The waves are transmitted in periodic time windows with a 
certain duration, this type of radars are the most conventional type of radars 
and a typical use is the distance detection of targets. The radar first 
transmits the wave, and after a certain time the antenna receives the 
echoes of the signal, this means that the radar doesn’t have the need of 
transmit and receive at the same time. 
 

• Continuous wave (CW): A wave is emitted without interruption in time. If 
the wave has a fixed frequency, only the speed information of the targets 
can be extracted, this means that there is not a way to extract target 
distance. A more sophisticated version of continuous wave radars are 
frequency modulated continuous wave radar which can extract both, speed 
and distance information, this is done by modifying periodically the 
frequency of the transmitted signal, this process can be called marking the 
signal, and then identifying the received signals using frequency analysis 
methods. 
 

The focus for this project are frequency fixed continuous wave radars because they 
offer a simple method to detect movement by Doppler effect. Since in continuous 
wave radars, the transmission is continuously sending a signal and the receiver is 
continuously receiving a signal, it is common the use of two different antennas: one 
for the transmitted signal and another for the received signals. 
 
Even though when making features comparison between continuous wave radars 
and pulsed radars, the continuous wave radar has almost only advantages 
compared to the pulsed radar, it has a very important inconvenience which is the 
isolation required between the transmission and reception. This big disadvantage 
of continuous wave radars is such important so the most of nowadays radars used 
for detection are pulsed. As a result, the most typical use for continuous wave 
radars are low power applications in which isolation is not critical issue. Typical 
uses for continuous wave radars are: 
 

• Intruder detection 

• Traffic speed detectors 

• Anti-collision radar for the automotive industry 

• Image radars 
 
Speed information on continuous wave radars can be obtained analyzing the 
difference between the transmitted and the received signals, this frequency shift 
occurs because of the Doppler effect. This Doppler effect occurs when the target 
has a radial velocity different to zero, this means that the target must be in 
movement. The frequency in reception is: 
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𝑓𝑟 = 𝑓0 −
2𝑓0

𝑐
𝑣𝑟 

With: 
𝑓𝑟:  Received frequency 
𝑓0:  Transmitted frequency 

𝑐:  Speed of light 
𝑣𝑟: Radial velocity 
 

2.2. Digital processing of radar signals 
 
Digital signal processing has been an intense field of study in the last 40 years 
caused by the fast development of semiconductor-based technologies [11]. Almost 
there are only advantages in using digital systems versus analog systems: reduced 
cost, flexibility, precision and reliability. The main inconveniences of digital systems 
are the limitations in sampling frequency and computing capacity needed for 
complex tasks like SAR imaging. 
 
Digital processing of radar signal is a vast area of knowledge which comprehends 
mainly two big groups: 
 

• Signal processing: Consist of methods applied to the signal since the 
acquisition such as adapted filtering, MTI (Moving Target Indicator), 
detection, CFAR (Constant False Alarm Rate). 
 

• Data processing: This process takes as an input the detections of the signal 
processing output and can consist of many different methods depending on 
the radar function, as an example we can mention: plot extraction, sensor 
tracking, multiple sensor tracking. 

 
In the signal processing group, a typical tool used to perform adapted filtering as 
well as MTI filtering is the Discrete Time Fourier Transform which is a useful tool 
for use in this project since the velocity information is contained in the frequency of 
the received signal. 
 
The Discrete Time Fourier Transform (DTFT) describe the frequency spectrum of 
discrete signals, as the digitized signals in this case. It is based in the propriety that 
any periodic sequence can be represented as a sum of complex exponentials [12]. 
DTFT is focused on finite time signals. 
 

𝑥[𝑛] =
1

𝑁
∑ 𝑋[𝑘]𝑒𝑗(2𝜋/𝑁)𝑘𝑛

𝑁−1

𝑘=0

 

 
There are two main differences between Fourier Transform in continuous time and 
in discrete time: 
 

• In discrete time it is implemented with a sum instead of using an Integral. 
 

• In continuous time the spectrum of a signal is in a frequency range between 
(-∞, ∞). In the discrete time the spectrum is a periodic signal having a 
fundamental frequency range between (-½, ½) This digital frequency is 
related with the analog frequency trough the sampling frequency. 
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𝐹 = 𝑓 ∗ 𝐹𝑠 

 
Being F the analog frequency, f the digital frequency and Fs the sampling 
frequency. 
 
The DTFT is usually computed in computer systems using the FFT (Fast Fourier 
Transform Algorithm) which is a special algorithm for performing a fast calculation 
of this transform by digital processors. The algorithm is more efficient if is used with 
power of two samples, so for the case of the project a 64-point Fourier Transform 
is made. The number of points also determines the resolution of the transform. The 
Discrete Fourier Transform can be seen as a bank of N filters being N the number 
of points (samples) that are processed. 
 

2.3. Real time operating systems 
 
An operating system is a software executed in kernel mode (also known as 
supervisor mode), with the main purpose of managing the hardware resources and 
also giving to the programmers of applications a set of resources; this can be seen 
as hide the ugly hardware with beautiful abstractions [13]. An operating system is 
not always needed in processor embedded systems, the decision whether or not 
use an operating system depends on requirements of every particular application. 
There are some advantages of using an operating system: 
 

• An operating system facilitates the use of the system resources improving 
the efficiency. 

• Brings a number services to the user who may be a programmer or an 
application. 

• Multiple tasks can be executed “simultaneously” 

• Reduce of the development time 
 
A Real Time Operating System (RTOS), is a special type of operating system that 
consist in a software that manages the time of the microprocessor to ensure that 
time-critical events are processed as efficiently as possible. There are two main 
variants:  
 

• Soft Real Time: The system must be deterministic even though the system 
response can be tolerated within certain limits, it can be seen that if strict 
time deadline is not accomplished there will be a system degradation. 
 

• Hard real Time: The system must always response in deterministic time 
because the required time to execute a task is as important as the output; 
if the specified time deadline cannot be accomplished there will be a critical 
failure. Some real time systems are identified as safety-critical systems. In 
a safety-critical system the incorrect operation usually due to a missed 
deadline results in some sort of “catastrophe” [14]. 

 
The use of an RTOS simplifies the design of product because it allows the system 
to be divided into multiple independent elements called tasks [15]. A task can be 
seen as a functional element that has to accomplish a specific mission, the task 
thinks it has the microprocessor all to itself [15]. The RTOS provides mechanisms 
so that tasks can communicate to each other in a safe way, a safe way refers to a 
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synchronization method since all task are running independently, some of these 
services are: 
 

• Semaphores, works like traffic lights allowing or refusing a task to access 
to a shared resource (variable, array, data structure, I/O device). 
 

• Message queue, is a service that allows a task, to send messages to 
another task. These messages are stored in a First In First Out (FIFO) 
buffer, allowing asynchronous tasks to share information. 

 
One of the most important objectives of a RTOS is to assign hardware resources 
(memory, processor, peripherals) to each task, so all task can be executed in the 
required time. Each task has a priority that is used for the operating system for the 
assignation of resources. 
 
Not in all embedded system application is needed to include an operating system, 
even less common to include a real time operating system, the decision has to do 
with the complexity of the application, the need of finish an operation before a time 
constraint, and the available resources to include an operating system, among 
others. An operating system cannot be included in all types of hardware systems, 
there is a requirement for each operating system in terms of hardware resources. 
 
For the project it has been identified the need of real time routines in the acquisition 
an processing while non real time constraints for system visualization. In the Figure 
1, the element blocks of the project system are shown, where the orange blocks 
represent hard real time software, while blue blocks represent non real time 
software blocks. 
 

Figure 1: Software distribution for the project 
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3. IMPLEMENTATION 

 
In this chapter it is going to be shown the design and implementation for each one 
of the system modules. The aim of the project is to detect motion using a Doppler 
Radar Module, digitally acquire the signals and make the respective processing 
using a Processor Based Board. A global conception of the project can be seen in 
the Figure 2.  
 

Figure 2: Complete system overview 

 
 
The system is composed of the following functional blocks which are going to be 
explained deeper in this chapter: 
 

• Radar module, MDU1100T X-Band Doppler Motion Detector. This module 
has been used for its low cost and simplicity of use given that one of its 
typical applications is presence detection. 
 

• Acquisition hardware has been designed for this project based on previous 
designs of embedded systems research group of Technical University of 
Madrid. 

 

• Raspberry Pi Single Board Computer, which is the hardware processing 
platform of the system. This system was chosen because of its low cost, 
flexibility and increasing interest of academic community in this open 
source initiatives. In addition, it was considered because of the experience 
of research group using this platform. 
 

• Operating System for the Raspberry Pi Computer, Debian distribution for 
Raspberry Pi: Raspbian is used. This is the most common Operating 
System for the Raspberry Pi which is a custom version of Debian 
GNU/Linux specially tailored for the mini computer [16]. 

 

• Real time support, Xenomai Real Time framework for Linux is used. This 
real time kernel was used because its compatibility with Linux based 
systems and the experience of the research group in its use. 
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• Processing embedded software has been written for this project mostly in 
C-Language for the Raspberry Pi Computer. 

 
3.1. Hardware 

 
3.1.1. Radar module 

 

Figure 3: Radar module with IF, GND, tune and 5 V ports [17] 

 
 
The RADAR signal for this project comes from the MDU1100T module from the 
manufacturer Microwave Solutions. It is a subsystem that emits a X-band signal 
and then receives the signal and perform a mixing with a sample of the signal sent 
[17]; by this mechanism the output of the module is an intermediate frequency 
signal which is proportional to the Doppler shift signal which has suffered, this 
Doppler shift is given by objects having a radial velocity relative to the module. The 
radial velocity refers to the motion that have some component in going towards the 
radar or moving away from it, this creates a slight modification of the frequency by 
Doppler effect. Figure 3 presents a general view of the module. 
 
The frequency of the output signal is proportional to 70 Hz per meter per second 
of the radial component of target velocity; and the amplitude of the signal depends 
largely on the distance of the target and the Radar Cross Section which refers to 
the target reflectivity, so in practical terms an output of the order of microvolts to 
hundreds of millivolts can be obtained. In the Figure 4, Figure 5 and Figure 6 the 
signal response to different stimuli without amplification can be seen. 
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Figure 4: Radar module output with no movement condition 

 
 

Figure 5: Radar module output with person walking at 1.5 m 

 
 



16 
 

Figure 6: Radar module output response to fast hand movement at 20.cm 

 
 
In addition, the Radar module has an input for tuning the transmission frequency 
over a range of 5 MHz, this input signal ranges between 0 V to 5 V, and generates 
a frequency tune from 10,520 GHz to 10,525 GHz respectively. 
 

3.1.2. Acquisition Hardware 
 
The developed hardware allows in general terms the conditioning and digitizing of 
the signal from the radar module. The Printed Circuit Board (PCB) is double 
layered and has a size of 10 cm x 10 cm, an image of the resultant design can be 
seen on Figure 7. The overall design of the acquisition card can be divided into the 
following functional blocks: 
 

• ADC: Contains the analog to digital converter and the necessary 
peripherals to ensure proper operation. 
 

• Signal conditioning: Contains the necessary circuitry to amplify the signal 
from the radar module as well as to adapt it to the levels required for the 
ADC input. 
 

• Power Supply: Contains regulators and filters to achieve voltages of 3.3 V, 
2.5 V and 1.8 V necessary for the operation of the circuits. 
 

• Miscellaneous: Contains a level converter for control signals, a digital to 
analog converter (DAC) for varying the frequency of the radar module as 
well as switches and LEDs for functional testing. 
 

• Connectors: Electrical ports to connect the board to the Raspberry Pi and 
the radar module. 
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Figure 7: Final design of the acquisition PCB 

 
 
Analog to digital converter (ADC) 
 
The selected ADC is the ADS1274 from Texas Instruments. The most relevant 
features for this project are: 
 

• Quantization of 24 bits 

• Simultaneous acquisition in the four channels 

• Serial Peripheral Interface (SPI) required for data connection with 
Raspberry Pi 

• Sampling rate of 144 ksps 
 
This specific ADC has been used in previous projects by the research group, so 
tests can be done before hardware fabrication. Some features are over specified 
for this specific project, but for future works in order to use multiple sensors or I (in 
phase) and Q (quadrature) signals that other radar modules bring is appropriate. 
A quantization of 24 bits could be useful in evaluating the noise factor of the 
system. The parameter configuration of the ADC is done directly in the pins. In this 
project the ADC has been configured as follows:  
 

• High resolution mode, configured trough MODE pins. This mode has the 
biggest Signal to Noise Ratio (SNR=110 dB) among the other modes that 
will allow the detection of smaller signals without masking them with the 
noise. 
 

• SPI output mode which permits the communication between the ADC and 
the Raspberry Pi. The output mode in the design is configurable to have a 
discrete output or a dynamic Time Division Multiplexed format. 
 

• A 18.432 MHz clock is used as the main clock source for the system. 
 

• Positive voltage reference of 2.5 V and negative voltage reference of 0 V. 
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Signal conditioning 
 
The signal conditioning stage is in charge of taking the low voltage out from the 
radar module, amplifying the signal and changing it from single ended to differential 
format. It has to be taken into account the fact that the signal from the radar module 
can have a big output swing, so the designed system must have a big dynamic 
margin in order to take voltages from the following margins: 
 

• Minimum output work voltage from the radar module: 900 uV 
 

• Maximum output work voltage from the radar module: 200 mV 
 
The term work voltage refers to levels obtained experimentally, based on typical 
conditions that the project will be tested. Images of this signals can be seen of 
Figure 4 and Figure 5. 
 
The objective is to convert the signal from the radar module to 0 V to 5 V levels so 
that the ADC input receive a differential voltage levels of 2.5 V. The ideal margin 
of gains would range from: 
 

• Case minimum input signal: 

𝐺 =
5𝑉

900𝑢𝑉
= 5 555 

 

• Case maximum input signal: 

𝐺 =
5𝑉

200𝑚𝑉
= 25 

 
Even though the proposed circuit does not cover all possible input signal range, is 
designed to cover a decent range between them. The proposed scheme is a two 
stage amplifier, the first has a fix gain and second is a programmable gain amplifier 
as shown in Figure 8 and Figure 9. 
 
First stage gain: 

𝐺 = (1 +
1,5 𝑘Ω

82 Ω
) = 19.3 

 



19 
 

Figure 8: First stage fixed gain amplification circuit 

 
 

Figure 9: Second stage programmable gain amplifier circuit 

 
 
Second stage gain: 
 
For this stage of variable gain, the LT6910 programmable gain amplifier from 
Linear Technologies has been selected. This amplifier has a programmable gain 
between 1 and 64 selected with 3 input bits from Raspberry Pi GPIOs 
 
Total gain of the chain: 
 
With these two stages the gain variation can range between: 
 

𝑀𝑖𝑛 𝐺𝑎𝑖𝑛 = 19,3 𝑥 1 = 19,3 

𝑀𝑎𝑥 𝐺𝑎𝑖𝑛 = 19,3 𝑥 64 = 1235,2 
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This gain does not cover the entire range, but for the purposes of the project is 
more than enough, while taking into account that even the smallest signal can still 
be digitized and analyzed having an estimated level of 1.1 V after amplification. 
 
The final stage of signal conditioning, is done by converting the signal into a 
differential signal, using a circuit proposed by the ADC manufacturer and that can 
be seen in Figure 10. 
 

Figure 10: Single ended to differential converter [18] 

 
 
Power 
 
This stage is performed by implementing Low Dropout (LDO) linear regulators from 
the 5V input signal to 3.3V, 2.5V and 1.8 V. The 5 V is taken from the Raspberry 
Pi adapter, so the limitation in power can be eliminated by using an adaptor with a 
higher output current, not depending in this way of Raspberry Pi regulators. 
 
Miscellaneous 
 
In this stage of the design, auxiliary components for the proper operation of the 
system are located: 
 

• Levels converter from 3.3V to 5V for the control bits of the variable gain 
amplifier, in this case the input of the Raspberry Pi is taken as a signal of 
3.3 V and output control signals to the variable gain amplifier of 5V. 
 

• General purpose LEDs and switches connected to the Raspberry Pi for 
prototyping and testing. 
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• Digital to analog converter (DAC) to modify the voltage at the input of the 
radar module TUNE input, between 0 V and 5V in order to generate a 
variation in the emission frequency of the radar module. 

 
3.2. Software 

 
3.2.1. Setting up the Raspberry Pi with the operating system and real time 

framework 
 
The Raspberry Pi B Model is the Computer used for this project as a processing 
solution for the Radar Signals. This B model has some specific relevant features 
that make it suitable for the purpose of this project: 
 

• Serial Peripheral Interface (SPI) available for the user in external GPIO 
pins, making possible the use of external peripherals as an Analog to Digital 
Converter (ADC) and a Digital to Analog Converter (DAC). 
 

• HDMI output, in order to visualize the results without the need of an 
additional desktop or laptop when budget or space restriction could apply. 

 

• Ethernet port that allows network control of the System in applications of 
distributed control. 
 

• Allows the use of an Embedded Operating System, giving the system the 
capability of use the Operating System services such as audio or video 
playback. 

 
Additional hardware for the Raspberry Pi required for this project: 
 

• SD card with at least 2GB of capacity is required. It is also desirable at least 
a speed class of 6. 

• AC Adapter for the Raspberry Pi with an output of 5VDC and at least 900 
mA of current. 

• Regular Ethernet cable, in order to program and Interact with the Raspberry 
Pi. 

• HDMI compatible Monitor or TV. 

• USB Keyboard and mouse. 
 
Operating System 
 
The first step for being able to use the raspberry Pi is to install a proper Operating 
System in the SD Card. There is a number of compatible Operating Systems with 
the Raspberry Pi systems, nevertheless in this case a minimal version of Raspbian 
operating system is used.  
 
Raspbian is a free operating system based on Debian optimized for the Raspberry 
Pi hardware. Raspbian itself does not provide real time support. Raspbian provides 
more than the utilities and packages of a pure OS: it comes with over 35,000 
packages, pre-compiled software bundled in a nice format for easy installation on 
the Raspberry Pi [19]. 
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The inconvenience of so many packages is amount of resources from the 
Hardware, which in the case of this project is critical as the intention of the project 
is to have real time processing. So, it is necessary make an special or personalized 
compilation of the Operating System to create a minimal version of Raspbian, 
which can be achieved thanks to the open source feature of this operating system. 
The steps to perform the compilation of Raspbian are obtained from an open 
source project PICNC [20]. 
 
XENOMAI 
 
Xenomai is a Real Time Framework cooperating with the Linux Kernel to provide 
hard real-time support for a Linux Based system. Xenomai has to be installed as a 
patch for the Raspbian Operating System. The steps to perform this operation can 
be found on [20] or directly in the Xenomai web site [21]. Xenomai provides a 
number of functions organized in different modules: 
 

• Xenomai nucleus. 

• Hardware Abstraction Layer (HAL) 

• Native Xenomai API 

• Real-Time Driver Model 

• Analogy API 

• POSIX skin 

• Scheduling 
 
The proper use of functions of this API will ensure the real time support for the 
project. Xenomai tasks can have more priority than the Raspbian operating system 
itself, so Xenomai task are the ones than will guarantee the time response. 
 

3.2.2. Embedded Software 
 
As mentioned before, the hardware platform that is going to support the system 
processing operations is the Raspberry Pi. Raspbian operating system with 
Xenomai is the main software platform for the embedded code. The embedded 
software has the following main functions: 
 

• Controlling through SPI port, the acquisition of the ADC with the adequate 
sampling frequency. 
 

• Applying the Fast Fourier Transform (FFT) and all the calculus and 
algorithms to the acquired signal in order to obtain the velocity information 
of the targets. 
 

• Displaying the results to the user on a screen. 
 
In order to meet the requirements proposed, the software has been divided in four 
blocks that can be seen on Figure 11, each block have a correspondence with a 
task that is implemented as a real time task using Xenomai API with different 
priority and type. The maximum priority tasks are ADC and Processing, Control 
has an inferior priority and Display has the lowest priority, this is done with the 
purpose that a possible delay or lag in the view is not going to have consequences 
in the acquisition and processing time. 
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The tasks must be designed to be able to run “independently”, reducing the 
programming complexity because the programmer will only have to focus in 
developing one task at a time. The tasks also have to incorporate mechanisms to 
interact with other tasks without altering their normal operation. 
 
The control block has the function to start and delete the other tasks in the 
appropriate time, a detailed explanation of the other three software blocks is given 
next. 

Figure 11: Software blocks and interactions 

 
 
ADC software block 
 
The ADC software task is the task in charge of controlling the acquisition and 
sampling frequency of the radar module. This task consists mainly in a Serial 
Peripheral Interface (SPI) communication with the ADS1274 ADC in the acquisition 
board with the Raspberry Pi acting as SPI master.  
 
In order to interact with the Raspberry Pi GPIO pins, two libraries were evaluated: 
 

• WiringPI: A GPIO access library written in C for the BCM2835 used in the 
Raspberry Pi [22]. 
 

• BCM2835: A C library for Raspberry Pi. It provides access to GPIO and 
other IO functions on the Broadcom BCM 2835 chip, allowing access to the 
GPIO pins on the 26 pin IDE plug on the Raspberry Pi [23]. 

 
The library BCM2835 turned out to be the most suitable for this project since it 
allows to control low level registers for activate GPIO interruptions. To create 
interruptions in Xenomai is necessary the use of the function rt_intr_create that 
requires as a parameter the hardware interrupt channel associated with the 
interrupt object, this value is architecture dependent. To find the specified 
hardware interrupt channel it is necessary to download the linux header for the 
Raspberry Pi using the command: sudo apt-get install linux-headers-3.10-3-rpi. 
Once these headers are installed, the specified channel can be obtained, calling 
the function gpio_to_irq(PIN_NUMER). 
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The acquisition board have its internal clock source used for the ADC for digitizing 
purposes. The ADS1274 provides a Data Ready (DRDY) output that is used by the 
Raspberry PI to identify the time when a SPI read must be performed. This scheme 
is implemented into a periodic task having the period time equal to the inverse of 
sampling frequency, a pseudo code of this first approach showing the main tasks 
performed by the ADC software block is shown in Figure 12. 
 

Figure 12: Pseudo code for ADC using RT tasks 

 

 
A queue communication system is implemented between ADC software block and 
Processing Block having the ADC as producer and Processing as consumer. 
 
Processing software block 
 
The processing software block takes the data coming from the queue and perform 
the following main operations: 
 

• Apply Fast Fourier Transform to configurable blocks of data; with this 
information the target velocity can be determined. A zero padding is also 
applied at the end of the data to have a power of two block, so the 
computing time is reduced and the visual detail is improved [11]. FFTW 
library demands the creation of a plan depending on the type of data, in this 
case data is real and in one dimension so the fftw_plan_dft_r2c_1d is used. 
 

• Apply a threshold to transformed data in order to identify presence or 
absence of targets. This threshold can be applied only from a special point 
of frequency so static information can be discarded. 
 

• Share the information with the visualization block so the results of 
processing can be seen on the display, the mechanism of communicate 
this two blocks is shared memory since processing software block is always 
going to write and visualization is always going to read. 

 
Fastest Fourier Transform in the West (FFTW) version 3 library was used [24], 
FFTW consists of a free software C subroutine developed at MIT for computing the 
Discrete Fourier Transform (DFT) with support on a variety of platforms. The 
required console command to install FFTW as developer in the Raspberry PI is: 
sudo apt-get install libfftw3-dev, after the library is installed, the code will recognize 
an include to fftw3.h taking also into account that the linker –lfftw3 must be used. 
If an IDE like eclipse is used, then is necessary to add /usr/include to the include 
path. 
 
FFTW library does not implement windowing for the time signal. This windowing is 
important since it is related with the precision of the spectral components. This 
problem occurs since we are not analyzing an infinite signal, we are just looking at 
one fraction (window) of the signal so by default the window is rectangular. There 
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are other approaches for time weighting the signal that produces lower side lobes 
of the frequency spectrum. Hamming window provides an improvement in the side 
lobes at the cost of widening the main lobe and gain reducing [11]. Experimental 
results are shown in Figure 14 where the difference between rectangular and 
Hamming Window can be seen for digital signal: 
 

x(n) = cos (2𝜋 ∗
100

64
∗ 𝑛) 

 
An algorithm for hamming window is seen next: 
 

𝑤(𝑛) = 0.54 − 0.46 ∗ cos (2𝜋
𝑛

𝑁 − 1
) ; 0 ≤ 𝑛 ≤ 𝑁 − 1 

 
A function for calculating this time window is developed in C for doing the 
calculation in run time, this function can be seen in Figure 13. This calculation can 
also be done offline and create an array with the values, the advantage of doing 
the calculation in runtime on the is flexibility of changing the size of the window. 
 

Figure 13: Hamming array filling in C code 

 
 

Figure 14: FFT with Hamming window(a), rectangular window (b) 

 
 
Display software block 
 
Display software block objective is to be able to show results in a visual way. The 
graphic to be shown is the Fast Fourier Transform of the radar module data which 
gives information about the velocity of the target. 
 
The graphical library used for the project is Gnuplot, which is a portable command-
line driven graphing utility for Linux, OS/2, MS Windows, OSX VMS, and many 
other platforms. Gnuplot has been supported and under active development 
since1986 [25]. As Gnuplot is oriented to command line the inconvenience to use 
it from the application is that the application has not a direct control over the 
command line. One way to be able to use Gnuplot from the C program is using 
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freely available interfaces in ANSI C [26], this interface uses pipes to communicate 
with Gnuplot from the application and can support multiple graphs. 
 
The display block is considered to have the minimum priority because possible 
lags in these blocks shouldn’t affect the strict timing needed for the ADC sampling 
block or the processing of the data. The number of points to be shown in the graph 
can affect the refreshing speed of the information on the screen. A good initial 
compromise found was a graph of 64 points like the one shown in the Figure 15 
with a refreshing period of 900 milliseconds. 
 

Figure 15: Gnuplot FFT 64 points graph 

 
 
An important advantage of using Gnuplot for showing the information to the user 
is the fact that the graphs can be shown on a local HDMI display connected to the 
Raspberry PI or can be shown remotely through and SSH session. In order to 
visualize the graphs using SSH, a special session of SSH must be initialized with 
the Raspberry PI known as SSH X forwarding, this allows to forward programs that 
use a graphical user interface through SSH connection to a machine. A SSH X 
session in Linux is started like an ordinary SSH session but adding the –X flag, e.g. 
ssh –X pi@192.168.1.101 and whenever you launch a program that uses a 
Graphical User Interface (GUI), it will pop up as if you were physically sitting at that 
computer [27]. 
 
Performance speed of Raspberry Pi sending Gnuplot information through SSH or 
directly displaying on a local monitor is greatly improved by applying set term x11, 
which optimize the graph minimizing the information for use with X servers [28]. 
With this setting, the refreshing time initially set to 900 milliseconds was changed 
to 500 milliseconds. 
 

3.2.3. Scheduling analysis 
 
On the implementation of the software there comes out a question ¿It is going the 
processor be able to complete all task within the specified time? It is true that the 
use of a Real Time kernel can give time determinism, but the use of a kernel does 
not mean that an infinite number of processes will run within the specified time 
although that would be something great. An approach to answer the above 
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mentioned question is applying schedulability tests. Typical guarantee tests [29] 
for periodic tasks are: 
 

• Processor utilization factor for rate monotonic tasks with static priority 

• Response time for deadline monotonic task with static priority 

• Processor utilization factor for earlier deadline first tasks with dynamic 
priority 

• Processor demand for earlier deadline first tasks with dynamic priority 
 
The first of these tests is called the utilization factor and is the simplest test, like 
any test there are two possibilities: to pass or not to pass; if a system pass the 
utilization factor test, then the tasks are definitely schedulable by a Rate Monotonic 
policy which assigns static priorities to tasks, if a system fails the utilization factor 
test, then the tasks may be schedulable, but not necessarily and more complex 
tests are going to be necessary to determine whether or not the tasks may be 
scheduled. 
 
In order to apply the utilization factor test, there are some parameters of the tasks 
that must be known: 
 

• T: Activation period of the task which is the time between the two 
consecutive task calls. 

• C: Worst case compute time which is the longest time required to complete 
the task. 

 
The equation to compute the utilization factor (U) [30], being N the number of tasks 
is: 
 

𝑈 = ∑
𝐶𝑖

𝑇𝑖

𝑁

𝑖=1

 

 
The system is going to be definitely schedulable by rate monotonic policy if pass 
the following condition: 
 

𝑈 < 𝑁(2
1
𝑁 − 1) 

 
In order to calculate the worst case compute time the code of each task, extra code 
must be added; a dummy in C code showing this measuring method is shown in 
Figure 16. This method with slight variation was used to measure each task time. 
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Figure 16: Worst case computing time measuring 

 
 
The data obtained with the measuring is shown in the following table: 
 

Table 1: Timing measurements of each task 

Task T (ns) C (ns) 

ADC 1000000 91016 

Processing 1000000 95984 

Display 500000000 95992 
 
For this results the utilization factor is: 

𝑈 = 0.187 
 
Now, to solve the question about the schedulability of the system, the comparison 
factor must be calculated given this 3 tasks: 
 

 𝑁 (2
1
𝑁 − 1) = 0.779 

 
𝑈 < 0.779 

 
In conclusion as U<0.779 the system is schedulable, so there is no need for more 
tests. It is important to mention that this analysis is not taking into account Linux 
tasks which have less priority than the three mentioned real time tasks, but could 
somehow affect the behavior of the system since those task are in charge of 
reading keyboard input and showing the information on screen. 
 
A sampling frequency of 1 KHz was considered in the analysis, so there might be 
another question, ¿What is maximum sampling frequency that could guarantee a 
scheduling using utilization factor test? To solve this question the procedure is as 
simple as changing the time period of the ADC and Processing task to figure out 
what is the minimum time period that satisfies the condition. 
 

min(𝑇𝐴𝐷𝐶 , 𝑇𝑝𝑟𝑜𝑐) = 239876 𝑛𝑠 

 

𝑓𝑠𝑚𝑎𝑥 =
1

239876 𝑛𝑠
≅ 4.2  𝑘𝐻𝑧 
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A maximum sampling frequency of 4.2 kHz can be used in the system without 
making any further analysis or modification with a guarantee of scheduling. 
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4. VALIDATION 

The validation of the system has been divided in stages. Each block has its own 
test plan for a later integration with the other system components. The validation 
has been made in a progressive sequence starting from the software to the 
integration with other components. 
 

4.1. Power regulation 
 
Power regulation subsystem comprises 5 V filtering, 3.3 V regulation and filtering 
and 1.8 V regulation and filtering. In the Figure 17 the main components of this 
subsystem are shown. The test description and results can be seen on Table 2. 
 

Figure 17: Power stage 

 
 
 

Table 2: Test protocol for power stage 

Test description Result Comments 

Filtering of 5 V at C32 OK  

Regulation of 3.3 V at 
the output of U7 

OK 
It was observed that the regulator requires 

a minimal load to start regulating 

Filtering of 3.3 V at C34 OK  

Regulation of 1.8 V at 
the output of U4 

OK  

Filtering of 1.8 V at C30 OK  

LED power indication OK 
Very low bright, recommended a change 

of R21 resistor 

 
 

4.2. ADC validation 
 
ADC subsystem is the major block of the designed circuit as shown in Figure 18, 
the test description and results are shown in the Table 3 and Figure 19. 
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Figure 18: Analog to Digital Converter subsystem 

 
 
 

Table 3: Test protocol for ADC stage 

Test description Result Comments 

Voltage of 2.5 V at the 
output of Reference 

voltage regulator REF1 
OK 

It was observed the big dependency on 
bypass capacitors C25 and C26 for a 
proper work. Drastically differences in 

results with and without capacitors 

ADC OK 

Proper function was tested observing data 
ready signal at R23, as seen in Figure 19, 
and capturing random samples with SPI 

interface. 

Buffer output of Avdd/2= 
2.5 V at the output of U2 

OK  

 
 

Figure 19: Data is ready for retrieval pulses of 69.44 kHz 

 
 



32 
 

 
4.3. Analog signal conditioning 

 
Analog subsystem is  composed of a fixed gain amplifier, a programmable gain 
amplifier and a single ended to differential converter. Required equipment for test 
is: signal generator, power source, oscilloscope, Raspberry Pi, laptop. Test set up 
can be seen on Figure 20 
 

Figure 20: Circuit set up for test 

 
 
The components of analog signal conditioning stage can be seen on Figure 21 and 
test description and results are shown in Table 4 and validation images Figure 22, 
Figure 23 and Figure 24. 
 



33 
 

Figure 21: Channel 1 signal conditioning stage 

 
 

Table 4: Test protocol for analog signal conditioning 

Test description Result Comments 

Voltage decoupling and 
level shifting in the input 

of the first stage 
amplifier in TP13 

OK 
The system was tested with a sinusoidal 
shaped wave, the signal in TP13 can be 

seen of Figure 22 

Signal amplified at the 
ouput of the first stage at 

TP12 
OK 

The system output can be seen on Figure 
22. The difference between the obtained 
gain and calculated is explained by the 
attenuation given by the high pass filter. 

Voltage levels of signal 
amplification at the 

output of the variable 
gain amplifier at TP15 

OK 

A test software was made to change the 
digital inputs of the PGA, images of 

different gains at the output of this stage at 
TP15 are shown in Figure 23. The input 
signal had to be different from the one 

used in the previous stages so the system 
do not saturate so easily. 

Differential signals at the 
output of the single 
ended to differential 

converter 

OK 

Individual lines are captured with the 
oscilloscope and then a mathematic 

operation in the scope is done to obtain 
the differential signal. 
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Figure 22: (a) Input signal shifted to 2.5 V. (b) Signal after amplification 

  
 

 
Figure 23: Output of Programmable Gain Amplifier for different inputs 

 
Gain = 000 

 
Gain=010 

 
Gain = 100 

 
Gain = 111 

 
Figure 24: Output of conditioning signal stage (Red) from differential signals 

(Blue and Yellow) 
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4.4. Sample acquisition in the Raspberry Pi 
 
A scope-like application has been developed in the Raspberry Pi with Xenomai 
order to test the acquisition code that is needed in the project. This application is 
also useful for validate if the signal is acquired correctly. The signals acquired from 
the Raspberry Pi are shown in the Figure 26. In the Figure 25, can be seen some 
spurious samples in the acquisition. 
 

Figure 25: Scope-like application in Raspberry Pi with some clipping and 
spurious samples 

 
 
To identify the origin of this spurious samples it was necessary to check the digital 
interface between the ADC and the raspberry Pi with the SPI protocol. It could be 
observed that most of samples were acquired correctly but some others were taken 
while the data was changing, so the data became corrupted. In Figure 26 can be 
seen the Data Ready signal with the Serial Clock, it can be seen that in the second 
case the Signal Data Ready changes in the middle of a data transaction, provoking 
a data corruption in the sample. 
 

Figure 26: Correct and incorrect samples due to interrupt latency t1, and t2 
respectively 

(a) Correct acquisition, short t1 latency 
(Blue- data ready signal, yellow – SPI 
serial clock) 

(b) Incorrect acquisition long t2 latency 
(Blue- data ready signal, yellow – SPI 
serial clock) 
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The problem identified is the interrupt latency in the Raspberry Pi. The high to low 
change in data ready signal generates an interrupt in the raspberry which activates 
the data transmission. There is a latency between the signal change and the start 
of the transmission, this time is the interrupt latency. In most of the cases this time 
is short enough so the data is transmitted before a new sample is ready; anyway 
in some cases this time is so long that in the middle of a transaction the sample 
changes the data in the buffer corrupting the sample. It was found that interrupt 
latency is for Xenomai is variable and the common values are greater than the 
needed value of 10 us [31]. 
 
In order to solve the acquisition and have always correct samples it was necessary 
to change the code into a mixed solution between interrupt and pooling to have 
more determinism in timing as seen on Figure 27. 
 

Figure 27: Mixed solution (Interrupt-Pooling) to obtain correct samples 

 
 

4.5. Measuring radial velocity 
 
It was difficult to find a standardized method to measure radial velocity with the 
system. The difficulty resides in finding a constant velocity target to execute the 
tests and check the proper function of the system. The target must have an enough 
Radar Cross Section and constant speed for about three seconds. The approach 
taken for repeatability was to emulate the radar signal with a signal generator with 
the same amplitude and characteristics of the radar module output to a fixed radial 
velocity. The results were a spectrum analyzer like application. In the Figure 28 
can be seen the system output to an input of 250 Hz. In the x axe can be seen a 
digital frequency measuring of 0.25 which can be translated to analog frequency 
by: 
 

𝐹 = 𝑓 ∗ 𝐹𝑠 

250 𝐻𝑧 = 0.25 ∗ 1000 𝐻𝑧 
 
Being: 
 
F:  Analog frequency 
f:  Digital frequency 
Fs:  Sampling frequency 
 
With this input can be measured a target with constant radial velocity of: 
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𝑣𝑟 =
(𝑓0 − 𝑓𝑟)𝑐

2𝑓0
=

(10,525 GHz − (10.525 GHz − 250) Hz) ∗ 3𝑥108 𝑚
𝑠

2 ∗ 10,525 GHz
= 3.56 𝑚/𝑠 

 
With: 
𝑓𝑟:  Received frequency 
𝑓0:  Transmitted frequency 

𝑐:  Speed of light 
𝑣𝑟: Radial velocity 
 
A simpler relation proposed by the radar module manufacturer can be applied. The 
output frequency is equivalent to 70 Hz per meter per second of radial speed of 
the target. 
 

𝑣𝑟 =
250 𝐻𝑧

70 𝐻𝑧 𝑚/𝑠
= 3.57 𝑚/𝑠 

 

Figure 28: Measuring radial velocity with the system 

 
 

In the Figure 28 some low frequency components with high power can be seen but 
can be easily filtered applying a frequency ponderation in the processing (filter). 
 

4.6. Detecting presence 
 
Presence detection was easily obtained with an amplitude comparator in the time 
domain of the acquired signal. In no presence condition the signal has a steady 
value of 2.5 V, so just by applying a threshold to trigger the output was enough as 
seen on Figure 29. It was necessary not to compare every single sample but 
extracting the max value of one second group of samples to have that refresh at 
the output. 
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Figure 29: Threshold for presence detection 

 
 
Human targets walking at approximate distance of 2.5 m could be successfully 
detected. 
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5. CONCLUSIONS 

 
Having used the Raspberry Pi Computer and Raspbian in conjunction with 
Xenomai to achieve a Real Time Operating System, have reduced the 
development time spent in control of the hardware resources, activities like 
scheduling and task synchronization and also testing. This type of solution is ideal 
in short term projects when the focus should be on the problem to solve and not in 
hardware or software designs that have been already developed by someone else. 
A solution created with this base product provides scalability to the system because 
it will be easier to accommodate new requirements and functionalities. Finally, the 
use of Commercial off-the-shelf (COTs) components reduce the development 
costs and brings support from users communities. 
 
The use of Raspbian operating system, enables the solution to provide advanced 
capabilities like visual user interface through a screen monitor, multimedia 
playback, internet connection, remote network control; all this mixed with the hard 
real time capabilities provided by Xenomai. Network capabilities of Raspbian can 
be useful in Internet of Things applications or a multinode system. The support in 
community forums and free software is a big advantage of using this free Operating 
System. 
 
The use of Doppler radar modules can be used for multiple applications like: 
intruder detection, speed meters, Doppler based navigation systems, anti-collision 
radars, image radars for low and medium range, diagnosis tool for medical 
applications. 
 
The use of a Hard Real Time Operating System like Xenomai, allows a fast 
interaction with the hardware for capturing the interrupts sent by the ADC and 
starting a SPI read thus permitting a greater sampling frequency. Xenomai has a 
Linux patch for the interrupts called –Ipipe which intercept the interrupts that would 
normally go to Linux. This scheme greatly improves the interruption latency giving 
the system the capability of having a better sampling frequency. 
 
Scheduling analysis can be used as an indicator of processor usage which can be 
very useful at the moment of determining if a hardware system is the indicated 
solution for a particular problem, it can also indicates the flexibility for including 
additional functionalities as a decision factor. In the particular case of the project, 
it can be seen that the processor usage of 0.187 can give a margin to include 
additional features. 
 
Performance can be greatly improved by making a deeper analysis and through 
code optimization. For instance, a great improvement of the system response was 
made by changing the window type to x11 mode in Gnuplot. 
 
Interrupt Latency is a critical factor that should be analyzed before taking the 
decision of interconnecting an embedded system with an ADC or similar 
synchronous devices. In this case the interrupt latency was not enough to satisfy 
the synchronous conditions specified by the ADC but the problem was solved using 
a mixed solution Interrupt-polling. 
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6. FUTURE WORK 

 
6.1. Frequency Modulated Continuous Wave Radar 

 
In this type of radar, the frequency is not fixed, is changing periodically. This type 
of radar make a labeling of the transmitted signal allowing in the receptions process 
to be retrieved, giving the system the ability to identify the distance to the target. 
The measure of the distance to the target is not possible in Continuous Wave 
Radars without making a frequency modulation. The resolution in distance of the 
system is mainly given by the magnitude of the frequency variation, this is the 
bandwidth of the transmitted signal. The relation between resolution and bandwidth 
in a FMCW radar can be ideally seen as: 
 

∆𝑅 =
𝑐

2 ∗ 𝐵
 

 
With: 

∆𝑅: Distance resolution 
𝑐:  Speed of light 

𝐵: Frequency bandwidth 
 
As the resolution depends on the frequency bandwidth, there is a minimal required 
bandwidth from the radar module. An example of a typical application can be the 
detection of vehicles; for this example application is necessary to measure the 
distance to the radar of each vehicle. Taking into account the typical long of a 
vehicle and the typical distances between different vehicles, a resolution of 50 cm 
could be enough, for this requirement, the minimum required bandwidth for the 
radar module is: 
 

𝐵 =
3 𝑥 108𝑚/𝑠

2 ∗ 0.5 𝑚
= 300 𝑀𝐻𝑧 

 
As a result, the greater the bandwidth, the better resolution, nevertheless there are 
other facts that have not been taken into account in this ideal equation, as the 
narrow of the filter bank that depends on the processing capabilities of the system 
and the refresh rate of the screen, which could have repercussions in the need of 
having a greater bandwidth to compensate the effect. 
 

6.2. Physiologic parameter measuring 
 
In spite of big advances in radar technology, the medical fields seems to be nearly 
unconquered by this kind of technology [32]. Low cost radar modules can facilitate 
the use this technology for human signal monitoring. While working with the radar 
module, it could be seen that it detects the heartbeat as well as respiration, so this 
feature can be used in an specific application for non-invasive methods of 
diagnosis. Nowadays there are many projects related with this measures using 
radar systems [1] [2] [6] [5] [3]. 
 

6.3. Customized compilation of the Operating System 
 
In order to provide a final product appearance for the project it is necessary a 
custom compilation and configuration of the Operating System which is commonly 
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known as kiosk mode, some enterprises sell the system as OEM customizable 
product. This mode consist in hide every characteristic of the operating system and 
directly load the user application and giving also the possibility of turning off the 
system from the application. This can give a user the perception of using a system 
specifically designed for his needs but requires a special compilation of the 
operating system. 
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GLOSSARY1 
 
AC Alternate current, AC is the form in which electric power is delivered to 

businesses and residences. 
 
ADC Analog to Digital Converter, is a device that converts a continuous physical 

quantity (usually voltage) to a digital number that represents the quantity's 
amplitude. 

 
API Application Programming Interface, is a  set of routines, protocols, and tools 

for building software applications. 
 
COTS Short for commercial off-the-shelf, an adjective that describes software or 

hardware products that are ready-made and available for sale to the 
general public. 

 
CW A continuous wave or continuous waveform (CW) is an electromagnetic 

wave of constant amplitude and frequency. 
 
DAC A Digital to Analog Converter is a function that converts digital data (usually 

binary) into an analog signal (current, voltage, or electric charge). 
 
FFT A fast Fourier transform (FFT) is an algorithm to compute the discrete 

Fourier transform (DFT) and its inverse. 
 
FIFO FIFO is an acronym for First In, First Out, a method for organizing and 

manipulating a data buffer, where the oldest (first) entry, or 'head' of the 
queue, is processed first. 

 
GPIO General-purpose input/output (GPIO) is a generic pin on an integrated 

circuit whose behavior, including whether it is an input or output pin, can be 
controlled by the user at run time. 

 
HDMI High-Definition Multimedia Interface is a proprietary audio/video interface 

for transferring uncompressed video data and compressed or 
uncompressed digital audio data from an HDMI-compliant source device, 
such as a display controller, to a compatible computer monitor, video 
projector, digital television, or digital audio device. 

 
IRQ In a computer, an interrupt request (or IRQ) is a hardware signal sent to the 

processor that temporarily stops a running program and allows a special 
program, an interrupt handler, to run instead. 

 
PCB A printed circuit board (PCB) mechanically supports and electrically 

connects electronic components using conductive tracks, pads and other 
features etched from copper sheets laminated onto a non-conductive 
substrate. 

 

                                                 
 
1 Wikipedia Definitions 
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RF Radio frequency (RF) is a rate of oscillation in the range of around 3 kHz to 
300 GHz, which corresponds to the frequency of radio waves, and the 
alternating currents which carry radio signals. 

RT real-time computing (RTC), or reactive computing, is the study of hardware 
and software systems that are subject to a "real-time constraint", for 
example operational deadlines from event to system response. 

 
RTOS A real-time operating system (RTOS) is an operating system (OS) intended 

to serve real-time application process data as it comes in, typically without 
buffering delays. Processing time requirements (including any OS delay) 
are measured in tenths of seconds or shorter. 

 
RUP The Rational Unified Process (RUP) is an iterative software development 

process framework created by the Rational Software Corporation, a division 
of IBM since 2003. 

 
SD Secure Digital (SD) is a nonvolatile memory card used extensively in 

portable devices, such as mobile phones, digital cameras, GPS navigation 
devices, handheld consoles, and tablet computers. It is a family of solid-
state storage media. 

 
SPI The Serial Peripheral Interface (SPI) bus is a synchronous serial 

communication interface specification used for short distance 
communication, primarily in embedded systems. 

 
X BAND The X band is a segment of the microwave radio region of the 

electromagnetic spectrum. In some cases, such as in communication 
engineering, the frequency range of X band is rather indefinitely set at 
approximately 7.0 to 11.2 gigahertz (GHz). 
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ANNEX A -HARDWARE SCHEMATICS 
 

  



47 
 

 

  



48 
 

  



49 
 

 



50 
 

 

  



51 
 

 

  



52 
 

 

 


	ABSTRACT
	KEYWORDS
	LIST OF FIGURES
	LIST OF TABLES
	1. INTRODUCTION
	1.1. Problem
	1.2. Metodology

	2.  ANALYSIS
	2.1. Continuous wave radar systems
	2.2. Digital processing of radar signals
	2.3. Real time operating systems

	3. IMPLEMENTATION
	3.1. Hardware
	3.1.1. Radar module
	3.1.2. Acquisition Hardware

	3.2. Software
	3.2.1. Setting up the Raspberry Pi with the operating system and real time framework
	3.2.2. Embedded Software
	3.2.3. Scheduling analysis


	4. VALIDATION
	4.1. Power regulation
	4.2. ADC validation
	4.3. Analog signal conditioning
	4.4. Sample acquisition in the Raspberry Pi
	4.5. Measuring radial velocity
	4.6. Detecting presence

	5. CONCLUSIONS
	6. FUTURE WORK
	6.1. Frequency Modulated Continuous Wave Radar
	6.2. Physiologic parameter measuring
	6.3. Customized compilation of the Operating System

	REFERENCES
	GLOSSARY
	ANNEX A -HARDWARE SCHEMATICS

