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Abstract 

This project is motivated by my eagerness to unite both my bachelor’s degree on 

Telecommunications Engineering with my master’s on Automotive engineering. Upon 

speaking with Albert Aguasca we saw the possibility to make this project which derives from 

an ongoing project that aims to use a RADAR in the 120GHz band to detect vital signs, and 

throughout the thesis the objective is to assess whether this is a technology should and 

could be brought to the automotive world. 

The main part of the memory focuses on the work undergone both in the laboratory and 

inside of different cars. In both cases we have taken measurements with the system under 

study, and to several volunteering subjects, to process it afterwards using matlab to read 

and process the signals. Since the goal is to assess the feasibility of the technology the 

different processing methods are not widely discussed, ultimately being our subject opinion 

the one that forms the conclusion of the analysis rather than an automated method. 

Parallel to that there is an analysis of other aspects to consider if this technology was to be 

used in a car or any other vehicle, the legal aspects, the technical regulations and the 

scenario where the system would work best. 

In conclusion the system could work well, given the micro-metrical precision given by the 

high frequency radar a very precise monitoring system would need a lot of effort to work 

properly but as a means to track vital signs it shows very promising potential. 
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1. Introduction 

Over the introduction I will present this Project, what has been done over the course of its 

duration and we will explain the motivation on introducing such a system in the automotive 

industry 

 

1.1. Goals of the project 

The goal of this project is clear, to assess whether or not it is possible to have a radar 

System inside of the car cabin that could monitor different Health parameters (breathing, 

heart rate and eye flickering) of the driver of the vehicle. We want to see whether this is 

possible with the specific technology being developed for a similar thing in a medical 

environment; if the system, regardless of its efficiency, is fitted for in cabin use; and decide 

under which circumstances and in which type of vehicles it could be used. 

 

1.2. Overview 

The project has a clear division between the theoretical parts and the practical ones.  The 

next part of the introduction itself explains why a system for in cabin health monitoring is 

needed currently and after that there is a small research on the state of the art and we will 

immediately jump into the use of the RADAR to detect such “health signals”. 

 That chapter is, presumably, the most important one since it contains all the work done in 

the laboratory and inside of a car to test out how the system performs, not many details on 

the actual analysis is given since the important part is to determine if the system could work 

under the desired circumstances. 

Last, there is a chapter dedicated to additional considerations necessary to introduce any 

system but also commenting over this particular case just to give foot to the final 

conclusions of the project. 
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1.3. Advanced Driver-Assistance Systems 

Around 50 year ago the ABS (anti-lock braking System) was invented which started the 

clock to reach the huge amounts of electronics within the current cars. ADAS (Advanced 

driver-assistance Systems), also referred to as chassis electronics, are precisely the 

electronic Systems that assist the driver on the road, whether it is driving, parking, 

manoeuvring or rising the awareness. This field has advanced a lot and it has proven to be 

very effective, some of the aids are widely known, the ABS, the ESC or the rain sensor and 

some others are now starting to being introduce such as the ISA (intelligent Speed 

Adaptation). 

The Automotive industry cannot keep up with the advances in electronics but they are doing 

a great effort, one of the latest features to be introduced in high tier car brands is fatigue 

detection. This will be explained further along the project but in short current technologies 

use Optical cameras to track data from the eye and asses weather the driver should take a 

rest before continuing with the journey. 

 

1.4. Fatigue in the automotive world 

In order to understand the benefits that the system under test could bring it is important to 

speak about fatigue. Social and cultural demands are a very large source of sleep 

deprivation and fatigue and according to a poll made by the “Dirección General de tráfico” 

(DGT) 27.8% of the people surveyed tend to drive while sleepy [1] and around 20 to 30% of 

road crashes are due to tiredness. 

Fatigue is basically a state of extreme tiredness, for example attributed by long periods of 

sleep deprivation, which translates into a decrease of cognitive performance.  

According to the next image [2] we can see that a driver with fatigue could take around 

1,3seconds more to stop which at 90km/h translates to 31 meters more to halt to a stop.
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Figure 1.1 Infographic showing the time required to stop under different circumstances 

Amongst the newest ADAS we can find systems called Advanced Awareness Detection 

which used a broadly accepted method to detect fatigue, eye tracking. This subject has 

been largely studied and there are machine learning models to predict fatigue but for 

automotive application there is one problem and that is that it involves optical cameras. 

As we scale through the SAE levels of autonomous driving some issues have to be tackled. 

The UNECE X is the first regulation regarding SW privacy in cars and while cameras are 

not prohibited it is a very attractive idea y there is no video feed of the interior of the car 

being recorded. Besides that, our proposal of using a radar lowers greatly the amount of 

bites being sent, therefore making the system cheaper while bringing to the scene more 

tracking options such as the heart rate and the breathing rhythm. 
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2. State of the art 

One of the first steps is to search weather what we want to do is already invented or, if we 

were to irrupt the market, which would be our competitors. 

2.1. Innosent 

Innosent is a German company focused on RADAR technology for different industrial 

sectors and while, curiously, their efforts on automotive is very low they offer an in-cabin 

radar solution. [3] 

It’s application (Hardware + Software) is capable of detecting the amount of people inside of 

the cabin, it can connect with the car to assess whether the passengers have their seatbelt 

on or not, it can detect if there is someone suffering a heatstroke and if someone has been 

left behind in the car. Although they do not give much detail about it a very interesting 

functionality is that they can detect if one of the occupants is a kid and detect the breathing 

of said kid (very interesting towards NCAP assessments). 

Their system is based on a single RADAR piece situated immediately above the heads of 

the second row of seats with visibility to the occupants and the foot zone. 

Those are the characteristics sold on their brochure: 

 60 GHz MIMO Radar (FMCW) 

 Detection of breathing movements 

 Reliable detection of people or animals inside the vehicle 

 Millimetre-precise motion measurement 

 High integration level and light, mechanical installation 

 Compact, flat dimensions and low weight 

 No maintenance required 

 Monitors entire row of seats and the car’s foot well 
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2.2. Novelic 

Novelic is a Serbian based company founded in 2013 that works on signal processing 

solutions with machine learning and one of those solutions is an in-cabin radar. [4] 

Despite it being on an early phase (not commercialised yet) it offers some really interesting 

options. It differentiates between adult and child and therefore it offers child detection, seat 

occupancy, it can discern between luggage and people, breath rate detection, seatbelt 

detection (without connection to the car system needed) and most interesting, fatigue 

detection based on vital signs, timing and driving dynamics. 

Upon further research I found they are also working on an “emotion sensor” that combining 

the vital signs with a look-up table it could detect excitement, calmness, tiredness, etc, in 

order to change space features such as lighting, colours or music. 

Novelic’s solutions is based on two separated hardware pieces one in front of the first row 

and the other in front of the second row, both on the ceiling. 

This Company also mentions some of the technical specifications of their RADAR. 

 

Table 2.1 Novelic solution’s hardware characteristics 

 

2.3. SmartRadarSystem 

SmartRadarSystem is the newest company of the list being founded in 2015 in south Korea. 

It’s a very interesting company that offers mainly home and office solutions integrating 

sensors, RF antennas and RADAR systems. One of their last projects consists of a RADAR 

based technology for in cabin monitoring. [5] 

Not much information is given but the few images they show are very revealing, they use a 
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RADAR based heat map in order to find the car occupancy. On the screen this heat map is 

invisible to the user but a fixed image is overlapped if changes are detected which would 

mean that there is someone occupying that seat. It can also potentially detect children by 

assessing the respiration of the subject (for a kid that is supposed to be around 0.33-0.83Hz 

as opposed to an adult which is usually lower than 0.1 Hz). 

They offer two different variants, occupancy detection (including differentiation between 

babies and adults) which is located on the ceiling and another variant that detects posture of 

the driver (presumably to obtain data from the driving habits) which is located on the 

instrument cluster area, behind the wheel.  

 

2.4. IMEC 

IMEC is a company that develops sensors and integrated solutions and while they don’t 

offer final solution for in-cabin monitoring they have developed some HW with the 

capabilities we are aiming for. [6] 

They have tested different frequency bands, 8, 60 and 140GHz, and while they don’t have 

any device fully developed they presented a prototype in IDTechEx in Brussels early last 

year that should be able to detect heartbeat, respiration rate and even recognise 

passenger’s gestures. The specs can be found on the following image. 

 

Table 2.2 IMEC board’s characteristics 
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2.5. Texas Instruments 

Texas Instruments is a well-known North American company and I thought they were worth 

mentioning. 

Although they do not provide the service itself they have a portfolio of RADAR devices in the 

frequencies of 60 and 77 GHz and they have tested it and proven to be enough good 

enough to detect breathing and heartbeat, and they announce their solution is scalable to 

any kind or size of vehicle. [7] 

 

2.6. Market veredict 

Euro NCAP (European New Car Assessment Program) has a route plan called “Pursuit of 

vision Zero” that aims to bring new technologies to the automotive industry in order to 

improve the safety of the passenger and the pedestrians. One of the points to implement in 

2022 is the detection of children inside of the vehicle, a technology not mandatory but 

recommended (which usually implies it will be mandatory at some point). 

Another interesting point is the fact that due to mandates from the ETSI (European 

Telecommunications Standards Institute) the band for 24GHz won’t be usable for 

automotive applications from 2022 so higher frequency solutions have to be found. 

There are similar solutions already in the market but none of the ones which are 

commercialised actually detect vital signs but rather detect presence and a general “alive” 

state for the occupants so our potential solution is something that could be brought to the 

market. 
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3. RADAR for in Cabin Monitoring 

As mentioned before this project takes on a previous project called VitalSense2 that aimed 

to find a way of detecting vital signs of patients in a hospital wirelessly. The idea is to branch 

from that and bring it to the automotive world as an in cabin system to detect health 

parameters, in order to do that we will use a RADAR working at 120GHz 

3.1. Technical analysis 

One of the aspects to consider when using a radio-electric device (RED) in a car is to asses 

weather it complies with the regulations of electromagnetic compatibility (EMC) and safety 

legislations of the zone, later on the project we will go deeper into that subject. 

The exact details of the device used can be found in previous thesis cited in the bibliography 

and, obviously, on the RADAR chip’s datasheet [8]. On the following table I mention some 

of the few characteristics that are more important for this particular project. 

 

Frequency 120GHz 

Chirp Time (Pulse width) 1.5 ms 

Period (pulse width + rest time) 4.5 ms 

Current Consumption 125 mA 

Max. input voltage 1.2 V 

Lateral resolution 2.43cm 

Distance resolution (BW 2GHz) 7.5cm 

Weight of RADAR front end 414.7g 

Measurements of RADAR front 

end box 

11.6 x 7.6 x 

13.2 (cm) 

Table 3.1 Used System characteristics 

 



Feasibility study of an ADAS using RADAR for In-Cabin pilot health parameters monitoring Pàg. 15 

 

The chirp rate determines the time the sinusoidal signal is being sent and the period the 

time the time marked by the clock which means that we have one sample every 4.5 

milliseconds. 

From the current consumption and maximum input voltages we can extract how much 

power the device will consume (roughly 150 mW). 

Regarding the resolution, due to the high frequency of the radar we can detect changes in 

range of micrometres, that means that the heart beats are visible, but also any little 

interference will be detected. 

Finally, the weight and dimensions of the RF header are not really used during the 

development of the project but considering this device should be placed in a vehicle we 

found it interesting to have it documented. 

 

3.2. What is RADAR technology 

RADAR stands for RAdio Detection and Ranging and it is basically a technology to 

determine velocity or range of an object. People who drive are not strangers to RADARs 

since they are often used on the road to detect weather a vehicle is driving under the speed 

limit or not. 

RADAR can be classified into several types according to the type of waveform used, in this 

case we are using a FM-CW RADAR, a Frequency Modulated Continuous Wave RADAR 

Let us take a deeper look into the FMCW RADAR system. A signal with a changing 

frequency is generated (FM) and is transmitted by an antenna. When an object is hit the 

signal is reflected back to the radar. If we multiply the incoming signal by the generated, we 

will obtain two sines: 

 

If we work with the sine containing the subtraction, we could find out the time it took for the 

signal to travel back and forth and therefore find out the range of the object. 

Different signals can be used in the transmitter and each has better features for different 

things, in our case we are interested in distance resolution so we are using a chirp signal. 
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Chirp signals consists of a sinusoidal signal that increase their frequency to a set maximum 

and then go back to the initial frequency as shown in figure 4.2 

 

Figure 3.2 CHIRP Signal in time domain 

Furthermore, when the Doppler frequency is small relative to the transmitted frequency a 

phase comparison is more easy to be carried out, in our specific case we have resolutions 

of around 3.5 μm for every degree the phase changes between signals.  

 

3.3. Data gathering and processing 

This chapter can be divided into two very different sections, first the data that was obtained 

on the laboratory and second the data acquired in the car. 

3.3.1. Laboratory data 

As mentioned before the hardware and the software were already made on different theses 

so we didn’t need to change anything. 

There is a little script written into the process unit of the radar that finds the maximums and 

outputs the information rather than just showing the raw data. During the project we have 

tried this method and also obtaining the raw data from the radar to check there is no hidden 

information that might be useful. 

The first few data acquisitions, made with the system already built up, where of a very 

academic nature, subjects would lay down on a deck chair and we would measure different 
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things: 

 System pointing to the chest 

 System pointing to the neck 

 System pointing into the eyes 

There are permutations of those three measurements such as angle of incidence, exact 

position of the beam, weather the subject was holding his or her breath (apnea), etc 

The idea at this point was to assess whether if, emulating the car environment under 

controlled circumstances, we can make accurate measurements of vital signs. 

As a general rule we will consider that the heart is generally beating at 60-80 beats per 

minute, which means a bit more than 1 Hz; that the breathing rate is somewhere 15 breaths 

every minute, which translates to 0,25 Hz; and finally that the engine of a car in neutral 

vibrates at 800 revolutions per minute, and that is to say 13Hz, important for the noise we 

might have inside of the car. 

As mentioned there is already a previous signal processing so as we can see in the next 

figures, in ideal circumstances, it is clear the system can detect vital signs 

 

Figure 3.1 One of the earliest measures, aiming to the chest breathing normally 
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There are bigger peaks that represent the breathing (between 12 and 15 every minute for 

an adult) and smaller, more frequent, peaks that may represent the vibration of the chest 

due to the heart pumping blood. 

On a different image taken from another subject we can observe how if the subject is under 

apnea and with some processing the heartbeat can be seen very clearly. 

 

Figure 3.2 Processed signal of the heart with the beam pointing to the chest on apnea 

In order to understand that figure a little better let’s have a quick review of how a heart 

works. In short the heart has two main phases, systole and diastole, in the first one the 

heart contracts sending outwards all the blood and in the second one the heart relaxes 

decreasing the pressure and therefore getting filled with new blood. The famous lub-dub 

sound of the heart is due only to the systole and they are a cause of the closing of the 
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different valves of the heart. If we take a look at Image 3.3 we can find the different events 

during a cycle and we can see the electrocardiogram and the phonogram. The first one 

looks at the electric pulses that stimulate the heart where the highest peak is the one that 

initiates de Systole (the delay between the electric wave and the mechanical reaction is 

approximately 0,13 seconds). The second one analyses the sound of the heart, there can 

be up to for wave sounds but in most of the adult people 2 is the rule, with the first one (s1) 

having a bigger amplitude and lower frequency than the second one (s2). 

 

 

Image 3.3 Different cardiac events during a single heart beat 

It is important to keep this short analysis in mind since we are not looking at the sound but it 

is precisely the closing of the valves that make the beating of the heart and therefore the 

movement of the whole body. The time between the start of s1 and the end of s2 is roughly 

half of the heart beat signal so for a normal heartbeat of 60 beats per minute the sound 

would take just half a second, and the other half would be silence. 

 

The next plot is very similar to the first one but taken on a third subject and now the radar 

was pointing to the left side of the chest (opposite to the heart) and we can, once again, see 

the breathing very clear but also some higher frequencies representing the heartbeat. 
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Figure 3.4 Signal pointing to the chest opposite to the heart. 

 

The advantage of using such a high frequency RADAR is that we can detect very minor 

changes in position, allowing us to see the heartbeat but, as we can see, the system is very 

sensitive to any small vibration (for example the mouse click to start acquiring data from the 

radar would make the system move, making the first few seconds, or the whole data, not 

representative. 
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Figure 3.5 Example of failed sample 

 

The second method mentioned at the beginning of the chapter involves bypassing the 

nucleo board and therefore omitting all the signal pre-processing by using a computer with 

an integrated data acquisition card (PXI). This method was good to make a greater analysis 

since some nuances might be lost with the previous system but it also involves more 

processing of the data and it also means more errors, particularly at the beginning several 

of the data files where either empty or the measurements where completely wrong. 

A major change was the addition by the tutor of two lasers to the side of the RADAR in 

order to find more accurately where the beam was pointed, that was especially useful when 

measuring the eye since the resolution of the radar is barely the same size as the eye and it 

was easy to miss. 

The goal with this method is the same as with the previous one so the measurements taken 

are the same but adding some basic movement from time to time to make it seem more like 

natural driving (subjects moving objects in front of them, moving the head from side to side, 

speaking, etc). 

From now on all the plots shown the X-axis represents time in seconds and the Y-axis is the 

variance of the position in micrometres. 
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Figure 3.6 Signal received from trihedral 

The previous image corresponds to a measurement we did at the beginning of every 

session in order to calibrate our system, find out if the signal was being sent and received 

correctly and detect where the signal beam was focusing. The experiment is very basic, we 

would place a metallic trihedral that would reflect as much as possible of our transmitted 

signal (without saturating) on top of an absorbent mat made of foam and check on the 

oscilloscope if everything was as expected. As expected the trihedral does not move so the 

signal should be quite flat, all the ripples found on the signal are due to noise, either 

mechanical or coming from within the system, this is quite helpful since we can see that the 

frequency of said noise is very high compared to the ones we want to detect, on the other 

hand having changes of 400μm (peak to peak) is very preoccupying.  
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Figure 3.7 Raw signal pointing to the neck 

 

Figure 3.8 Processed signal pointing to the neck, side by side with and without data tips 

As we can see in the figures above the raw data looks now very different with this second 

method, but so does the processed signal. Those particular plots have the radar pointing to 

the neck where the heartbeat should be clear, pointing to the jugular (the waveform of the 

venous pressure in the jugular vein is somewhat similar to the sound of the heart) but any 

minor movement of the head or swallowing could make the signal dirty. In our case we can 

see some peaks aproximately every second with smaller replicas every 0.3 seconds which 

might represent the heart but it is not conclusive enough. After some research trying to find 

out the diammeter of the jugular vein to asses how big the movement should be we found 

out that the jugular vein can change it’s diameter up to 5.8 mm according to the inclination 

of the head so trying to get the vital signs exclusively from the neck would need a lot of 

calibration or a very still patient. 

We decided to further experiment with this method because having the raw data allows us 
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to have much more information over any minor movement at the cost, of course, of much 

more noise. The next step before bringing the system to a real, yet controlled, car 

environment, was to identify what in our measurements is noise and what could potentially 

be vital signs. To try and understand that we made a longer measurement. 

 

Figure 3.9 Processed signal on a 90 second spam pointing to the chest 

The figure above is a measurement of 90 seconds of the chest, we assumed the strange 

peaks that can be found were due to the unwrapping. Unwrapping is a function in matlab 

that, whenever the jump between consecutive angles is greater than or equal to π radians, it 

shifts the angles by adding multiples of ±2π until the jump is less than π. Our system 

detects a change of phase of 1 degree for every 3.5 μm the target moves, which means that 

a change of π radians is barely 0.63 cm and therefore if there is heavy breathing or a slight 

movement of the person being measured we might have erroneous data due to the 

unwrapping. 

We processed the signal again without unwrapping and it is quite different, different enough 

that it is difficult to see what every peak represents, we wil just a zoom of some of the 

ripples (on the unwrapped signal) to see how the vibrations of the arm holding the radar 

look like. The following figure shows a zoom in of the previous figure (without unwrapping). 
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Figure 3.10 Zoom in on the same measurement to the chest. 

The frequency of those ripples is too fast, every 0.09 seconds (that would mean 660 beats 

per minute) so we now have a measure of the mechanical noise we have in our system, 

11Hz. 

In order to show a little bit further how the unwrapping may affect the analysis, figure 4.9 

show the same measurement side by side, one unwrapped and the other without. While 

most of the signal remains the same the peak shown without the unwrap makes it seem as 

if whole signal had another magnitude and in this case it’s just two peaks, but several ones 

could move the whole signal up or down rendering it useless. 
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Figure 3.11 Side by side comparison of two processed signals, one with unwrap and the other without. 

The peak around timestamp 30 corresponds to the chest inflating after an apnea which is 

not obvious just by looking at it and even less so with the unwrapping, the rest of the signal 

corresponds to the heartbeat with some noise added. Let’s take a look more in depth of that 

signal, for that we will process it again but we will just take the timeframe between 5 and 25 

seconds (now the unwrapping does not affect) and apply a very mild smoothing just to 

eliminate some of the high frequency noise, the result can be seen in Figure 3.12. 

 

 

Figure 3.12 Very clean image of the radar pointing to the chest with minor processing 

By looking at the plot is easy to see there is a periodicity, by marking the peaks with data 
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tips, we can find the occurrence to be every 0,95 seconds on average which translates to a 

heartrate of 57 bpm. If we look back at Figure 3.2 we can see that the heartbeat is not only 

formed by one peak but rather several ones with a separation roughly half of that between 

heart beats which in this case can be found in most of the beats consistently. 

 

3.3.2. Car data 

From the last measurements we are confident enough to test the system in a car 

environment to actually assess whether this method could be implemented in-cabin. 

The first attempts were carried out in a small Citroen Saxo from 1998, initially a 12V truck 

battery was used to power up the PXI used to start measures and store them and the 

RADAR system would connect to an oscillator to the cigarette lighter of the car. Since the 

car lighter was not functioning properly everything was adapted to draw from the truck 

battery. 

 

Figure 3.13 First in-car RADAR assembly 

As we can see in the figure above the radar was taped on the dashboard and the signal 

generator and the PXI were placed on the co-pilot space. The PXI was controlled via LAN 

with a laptop and the whole set-up, as mentioned, was powered by a large 12V truck battery 
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placed on the rear seat of the car. 

One of the critical parts to analyse was car vibrations. At higher speeds the engine vibrates 

at high frequencies but in neutral (around 1000 revolutions per minute) the engine is 

creating noise at 13Hz, roughly ten times faster than a heartbeat, if the car is prone to 

vibrations a harmonic of that could be a real problem. 

At this point it is interesting to notice that on the first days bringing the system in the car the 

lasers where not functioning so it was unclear where the radar was pointing exactly, as we 

will see the radar was not pointing anywhere with useful information. 

 

Figure 3.14 First in-car measurement with unwrap 

At first glance this measurement looked promising because it coincides with the general 

movements seen in the footage captured in parallel. Those roughly 2 and a half minutes 

were recording a normal driving, turning on the engine, leaving the parking and driving at a 

speed bellows 40km/h on an empty road. Only after a deeper analysis of the peaks did we 

realise that the sudden raise where due to the unwrap during the processing of the signal, at 

this point we went back to the laboratory to take some more measurements and analyse the 

effects of the unwrap, as seen earlier in the document. 

 

Even with that the original signal, with no unwrap is shown in Figure 3.15 and unfortunately 

not much information can be gathered from that day’s measurements. 
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Figure 3.15 First in-car measurement without unwrap 

We did a measurement in a different vehicle and with a functioning laser that allowed us to 

accurately point the radar were we wanted to. 

 

Image 3.16 Third in-car RADAR set-up 
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Once again the RADAR itself is placed in the dashboard, this time with more space we were 

able to place it at a better angle, and, as mentioned, the radar has the laser attached again 

and calibrated for a distance of around 1.2m. 

The distance is not that important when it comes yo the laser since its angle does not 

change much to that of the RADAR but finding the distance at which the system is (by 

means of analysing the signal in the frequency domain) is very helpful to detect if the seat is 

empty or occupied. 

 

SP1 

 

SP2 

 

Figure 3.17 Empty seat measurement. and different signal processing methods (SP) 

 



Feasibility study of an ADAS using RADAR for In-Cabin pilot health parameters monitoring Pàg. 31 

 

SP1 

 

SP2 

 

Figure 3.18 Chest measurement. different signal processing methods (SP) 

The two signals corresponding to the figures above detect the “subject” at two different 

distances, 1.05m and 0.75m, and one corresponds to an empty seat and the other to a 

subject seating still in the driver’s seat. 

There several different things to look for in those plots. First the huge differences between 

two methods of processing. Regarding the measurement of the free space, the first 

processing method yields out some peaks that double in amplitude those in the second 

method and while the whole signal looks more or less aligned in time, the removal of some 

peaks might be confused with a shift in time, for example in the time frame between 50 and 

55 seconds. This is not as problematic for the second measurement since there is less 

noise. 
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Another thing to draw out of the plots is the difference between a measurement with nobody 

in the car and actual measure of a person a, the amplitudes are way higher in the first one 

but also the frequencies are higher. This raises some doubts about how reliable the 

measurements actually are but they eliminate some doubts about the interferences since 

having a person inside of the car actually lowers the effect of the car vibrations (this makes 

sense as for modern cars are built so that people inside the cabin are not vibrating at the 

body’s resonance frequency). 

In the signal corresponding to an actual person we can see two different behaviours, which 

are aligned with the information captured with the camera (which point of view can be seen 

in Figure 3.21), those are roughly 10 seconds of apnea followed by normal breathing and 

afterwards another 11 to13 seconds of apnea. If we analyse those parts separately we hope 

to find the image of the heart rate in one and the capture of the breath rate (with the heart 

on top) on the other. 

 

 

Figure 3.19 Third Signal Processing of the signal seen in Figure 3.18 

In order to find out the heart beat a different processing has been done of the timeframe 

between 25 and 40 seconds of the original image where the subject was not breathing and, 

in principle, seating still. At this point it gets a little bit more difficult to decide whether there 

is or not a heart signal but we have the advantage of knowing there is in fact someone so 

instead what we do is to try and find the periodicity in our signal. To avoid saturating the 

Figure 3.19 only the peaks that could correspond to the beginning of the heartbeat have 
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been marked (let’s remember that for every heartbeat there are two different vibrations). 

Although it is not perfect, a periodicity can be found that could match a heartbeat but the 

analysis to find the precise heartbeat is too heavy. 

 

 

Figure 3.20 Closer look at the breathing from the signal in Figure 3.18 

Continuing with the analysis let’s now take a look at the second behaviour mentioned. This 

time the approach is a little bit different, we haven’t windows the part we are interested in 

and instead we have applied a smoothing of the signal on top of the original one and we are 

showing in Figure 3.20 just a small portion. In the plot we can see the transition from apnea 

to normal breathing. The change is very clear, left from the red line the heartbeat can be 

seen and at that moment the subject inhales heavily three times to recuperate from the lack 

of oxygen at a very high frequency, 3 times in less than a second and after that the rate 

goes down to something more normal. It is difficult to isolate the breathing as well since 

there are some higher frequencies with quite a big amplitude getting in the way but once 

again, know what we know about a normal breathing rate the points marked are potentially 

the correct ones, they are more or less separated by one second spans and specially the 

first ones at x=28.102 to x=30.163 are the peaks of a lower frequency. 
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Figure 3.21 Image from the camera attached to the RADAR 

Throughout the whole project we have taken some measurements of the eyes but in 

general they were not good enough to take into consideration, both due to the resulting 

signal but also because it is difficult to aim exactly to the eye. 

With that in mind in Figure 3.22 we can see a measurement with the radar pointing to the 

eye. 

 

Figure 3.22 Two measurements pointing to the eye on top of the other. 
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The red “profile” corresponds to a very similar measurement but with different behaviour 

from the subject. Finding a heartbeat is not immediate, by means of some processing some 

signal can be found, but what we can find with more precision is whether the eye is opened 

or close even before the signal processing. The blue signal around timestamp 20 

corresponds to constantly closed eyes and we can see how the whole signal detected 

around 0.5mm behind the other which would correspond to the size of the skin of the eye. 
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4. Aspects to consider for in-cabin placement 

In addition to the system being able to perform what it is meant to do there are several 

regulations and other aspects to consider before being able to implement such a system on 

a vehicle. This chapter intends to give an overview of some of those aspects 

4.1. Data privacy 

Constant data is generated, processed and stored and authorities, are more and more, 

regulating the privacy and ownership of said data. 

As pointed at the beginning of this document one of the advantages of this system is the 

fact that there is no optical camera and therefore no possible way of personal identification 

of the occupants of the vehicle. With that said we do take measures of health vitals that we 

process to give the information so we should check whether this is compliant with the 

current regulations 

The regulation (EU) 2019/2144 of the European Parliament and of the Council of November 

27, 2019 on the type-approval requirements for motor vehicles and their trailers [9] exacts 

that the EU data protection regulations must be followed (UE) 2016/679 [10]. Although the 

system does not allow to identify a natural person and therefore is not subject to the 

regulations it is likely that the vehicle has some sort of emergency call system (which has an 

integrated GPS and is now mandatory to install in new cars) and/or a native navigation 

system which potentially makes the driver potentially identifiable and thus the data gathered 

by the radar would constitute “data concerning health”. 

This should not be a stopper (some countries might prohibit the use of a radar inside of a 

car) but it would be mandatory to comply with some principles relating to processing of 

personal data and of course the subject should give consent to make the use of the data 

lawful. 

Upon further reading of the regulation Chapter 2, article 9, paragraph 2 mentions the 

exceptions to the prohibitions of using personal data (among which is the explicit consent) 

and there is one that reads as follows: [The prohibition shall not apply if] “processing is 

necessary for the purposes of preventive or occupational medicine, for the assessment of 

the working capacity of the employee,…” which means that the use of our device in a 

private ambulance (since “normal” ones tend to have different regulations due to its 

emergency nature) would be allowed but also it could be implemented in a fleet of trucks to 

aid the driver on when to stop, for example. 
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4.2. Electromagnetic Compatibility compliance 

We cannot just place an electronic element into a car, we have to consider the interactions it 

might have with the rest of elements. While this is “easier” to do if the system is embedded 

into the car there are certain regulations we have to follow to ensure proper electromagnetic 

compatibility with the rest of electronics within the car. 

By definition electromagnetic compatibility (EMC) means the ability of a vehicle, component 

or separate technical unit to function satisfactorily in its electromagnetic environment without 

introducing intolerable electromagnetic disturbances to anything in that environment. The 

regulation number 10 of the UN/ECE [11] is the one with the provisioning concerning the 

approval of vehicles with regards to the EMC. 

If we take a look at the following table, we can easily see that in order to have the approval 

of our device we should apply this UNECE 10 

 

Figure 4.1 Table of application of the UNECE10. 
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We are considering this for a standard every day car, this is to say a category M (vehicles 

having at least four wheels and used for the carriage of passengers) but the same would 

apply for a commercial truck, a van or a bus. 

The application for type-approval is out of the scope of this thesis but we are going to 

research which are the ranges our system should operate within in order to be legible for 

such approval. According to the paragraph 6.1.1.2. any ESA “shall be tested for radiated 

and conducted emissions, for immunity to radiated and conducted disturbances.” This 

means that the device should work properly under undesirable electromagnetic 

interferences both coming from I/O cables, power lines, signal leads or any EM energy 

propagated across space and at the same time it should work within certain limitations to 

ensure it is not disturbing other devices. 

 Broadband radiation generated, for frequencies higher than 1GHz, 63 dB μv/m 

 Narrowband radiation generated, for frequencies higher than 1GHz, 53 dB μv/m 

 Immunity to EM radiation; there are several test methods accepted as long as they 

are done in the range of 20 to 2000 MHz with a specified dwell time specified in ISO 

11452-1. The most restrictive one seems to be the Bulk Current Injection method 

which immunity test level should be below 60 mA rms. 

The following two measurements, although contemplated and mandatory in the UNECE 10, 

are to be tested according to ISO 7637-2 [12]: 

 Immunity to transient disturbances conducted along supply lines 

 

Table 4.1 Examples of test pulse severity levels for nominal 12V system. 

According to the UNECE 10 the inmunity test level should be 3 for every pulse so we would 

need to ensure that for the specified amplitudes the system remains functional. 
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 Emission of transient conducted disturbances generated on supply lines 

Similarly, the ISO 7637-2 defines the values shown in the table below, and describes the 

whole process of testing, but, curious enough, the UNECE 10 sumarises the table to a 

maximum positive allowed amplitud of 75V and a negative maximum of -100, which goes 

accordingly to severity level 3 (same as inmunity level) but does not regardsthe speed of the 

pulses. 

 

Table 4.2 Suggested limits for the classification of nominal 12V equipment. 

We did not test the system for two reasons, the first one is the conditions of the testing, the 

system should be tested in an anechoic chamber with very specific conditions and the 

second one is that the current status of the device might not be representative of the 

performance of a final product and therefore the effort of measuring the EM capabilities of 

the system was deemed unnecessary at this stage. 

As a side note, if the car we wanted to install the system in was electric or a pluggable 

hybrid we would need to test the device under different charging methods of the car. 

 

4.3. In-Cabin placement and effects on the car and driveability 

Nowadays the development and validation of the electronics of a car, regardless of whether 

it’s the engine’s electronics, the chassis electronics (ADAS), the infotainment systems, etc, 

is what fills most of the development process of said vehicles and yet there is always a 

preliminary phase where the dynamics, materials, or the performance, dominate. 

During this early stages the weight of the car is important but also the design of the cabin is 
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considered both from the inside and from the outside. Our prototype is big and bulky and it 

could not be placed on a car as is but looking at what is already on the market the space it 

takes up is minimal and so is the weight so it would not modify the balance of the car. With 

that said a good placement should be ensured both for the good performance of the device 

and for it not to disrupt the driving nor be “ugly” inside of the car. 

Placing it on the ceiling has no visual impact whatsoever but it makes difficult to track any 

vitals or even impossible if the person is wearing a hat or seats too close to the wheel. 

Another option is placing it embedded to the cockpit, that would give excellent results since 

the range of distance would be limited (and known) and there is direct line of sight with the 

driver’s chest, this would also mean minimal to zero visual impact and the positioning would 

make the wiring easy and short. There are two downsides to this option, on one hand 

depending on the car’s steering wheel or even the driver’s choice of a new wheel every time 

there is a turn there would be a “black hole” where the information received by the radar 

would be erroneous so further development should be done to ignore those passes by. On 

the other hand, this option is only plausible for an embedded system in a new development, 

the area behind the wheel is very tight with cables, components and mechanical parts so it 

should be designed to house the radar and the process unit. Last, but not least, placing the 

system on top of the rear view mirror or even embed it inside of the same; this would make 

the best balanced solutions for it could be installed as a standalone system or as a serial 

feature from the car, it does not trouble the driving nor it does not disturb the visibility or 

sight of the cabin, and the placement is good enough to take proper measures of the 

occupants. 

 

Image 4.3 Dashboard and windscreen of the car showing possible positions for the radar 
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Image 4.4 Line Of Sight from the rear view mirror 

As seen in the images above the two last placement mentioned are good enough but 

checking the point of view from the mirror, and referring back to Image 3.16 where we see 

that the device would be invisible for the driver, that would be the best spot to install the 

radar. 

Finally, a very important aspect to consider for the whole deployment of the system is to 

specify when the system would be working. Taking into account what we want, to find out 

the vital signs of the driver to decide whether that person is fit for driving or not, and the 

capabilities of the system, it makes sense for it to work during long haul drives and at higher 

speeds. Detecting the exact beat per minute of the heart or the exact breathing cadence is 

not necessary, having an acceptable range and detecting the important changes (a slow 

decrease of the heart rhythm or a sudden loss of breath) would be enough for this system to 

be useful. 
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Conclusions 

First, regarding the project itself, the initial idea we had was to combine both the detection of 

vital signs and the use of a radar heat map to draw an avatar in order to place individual son 

the car. The workload has resulted to be higher than expected and that second part was 

finally not done. 

Using a RADAR at 120GHz to detect health parameter in-cabin is completely plausible, with 

that said more work has to be put into it, the differences between the data recorded in the 

laboratory compared to the one taken in the car, even in a fairly controlled environment, 

where very different. At the end the measurements from the car where optimistic but we 

could not find a “good for all” way of processing the signal that would always yield coherent 

results. Some of the problems have been mentioned, vibrations, pointing the radar to the 

right spot, the high precision of the system and that is what makes most of the 

measurements different among them. 

As mentioned the intention of the system is to for it to be used on higher speeds, driving on 

the highway for example, when the driver is more prone to ignore his or her own fatigue, but 

also since on those situations the movement of the person in the seat gets reduced to a 

minimum and that is when the measurement is more accurate. Also there wouldn’t be as 

much noise from the engine vibrations (higher revolutions) nor from bumps or sudden turns. 

Further work from here would have two different paths, one that would work on the 

hardware and the other that would work on the software. As obvious as it may sound it is 

necessary to ensure that the current hardware (thought for a clinical environment) would 

work under the conditions of a car (temperature ranges, the EMC rules mentioned, etc) and 

the second part would be to create an embedded software that could make a live 

measurement of the driver and tell if he or she is fit enough to drive. 
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