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Abstract 

Nowadays, thanks to the modern technologies, the human being has been able to 
develop new techniques to solve problems present in the past. Regarding the medical 
field, it is common to use several apparatus in order to measure the vital signs. The 
main drawback about the traditional methods employed for this purpose is that they 
are invasive towards the patient. However, in this thesis it has been developed a 
further design of a radar system so as to be able to measure these vital signs in a 
wireless way.  

Based on a 60 GHz frequency modulated continuous wave radar chip, it has been able 
to increase the performance of the measurements by adding a second radar chip. 
Because of this new feature, the radar system is now having a better precision by 
processing greater data matrix to analyse the targets positions and their 
measurements. In addition, an enhanced MCU has been incorporated in order to 
avoid performance bottlenecks because it is necessary to handle the processing of the 
data received by the two radar chips. Lastly, reducing the sweeping time (period 
between the lowest frequency broadcast to linearly reach the highest frequency 
broadcast) from 20 ms the previous design to 1 ms, which requires higher sampling 
rate to cover the fast sweep and provide higher flow of information that leads to faster 
detection process. 

A 3D design of the prototype has been designed to show the physical appearance it 
would have once entering in production. The result is a compact and highly 
integrated radar system which will be able to monitor the heart beating and 
respiration frequency of a human being in a range of ten meters. 
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1 Introduction  

The main goal of technology development is to provide more prosperity to the 
human life. One aspects of this prosperity is to monitor the human health by 
collecting human body vital sign information, analyse them and diagnose any 
possible problem(s). There are plenty amount and types of devices that can perform 
this operation in the medical section. One of the most used instruments is the 
electrocardiogram (ECG) which monitors the electrical activity of the heart, but in 
order to monitor the movement of the heart another tool is needed with another 
technologies as Magnetic resonance Imaging (MRI) and Computed Tomography 
(CT) which are considered of the most expensive devices in the medical sector that 
can provide deep detailed information of the whole human body. 
 
The numbers of people who are suffering from heart diseases are increasing and any 
improvement in pre diagnosis will save a lot of lives. 
This can be done by improving the existing tools through developing new since the 
need for such tools that can scan the human body information continuously are 
required especially for aged people that are susceptible to sudden heart attack, sharp 
decrease in blood pressure or even a suffocation resulted by many factors. 
Such kind of devices is already constructed and you can see some of them attached 
to the human body in order to collect needed information. Regarding devices that 
can work remotely to detect the human body and collect those needed information. 
The new Nano science that allowed fabricating tiny electronics in the high frequency 
domain opened the door to design similar equipment. 
 
The medical radar can be derived for the classical radar system aiming to detect the 
moving parts in the human body which is the scope of this thesis.  
This thesis studies the feasibility of having improvement developments of a previous 
master thesis work conducted by Robert Ernst [1]. 
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2 Objectives 

The main goal of this thesis is to redesign the previous system done by Robert Ernst 
[1] according to several requirements set by the company Swedish Adrenaline in 
order to improve the performance of the system. 

The first step is to reduce the sweeping time of the FMCW from 20 ms to 1 ms, this 
faster response will lead to a higher sampling resolution. 

The second point is to change the main processor unit with an enhanced version to 
avoid the bottlenecks while processing the data. The enhanced version of the MCU 
should have a higher frequency clock of the main core to ensure better processing 
capabilities.  

The last modification corresponds to an addition of an extra radar chip in order to 
have a more accurate positioning scheme. With these two radar chips with their 
embedded transmitting and receiving antennas, it is possible to take more 
measurements of the targets. Thanks to the enhanced microcontroller, the higher 
amount of sample data will not be a problem for the system. 

Along this report, the corresponding calculations and studies are going to be done in 
contemplation of the achievement of the previous objectives.  
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3 Radar Principles 

3.1 Introduction 

The word Radar stands for radio detection and ranging. This can be done by sending 
electromagnetic waves and detecting the reflecting echoes from objects within the 
antenna range. The invention of the radar started within the military field for 
airplanes detection before their strikes which provided a strategic added value and 
privilege against the enemy. 

Over the years, the radar concept exceeded the military application to be included in 
weather forecast, traffic system detection, ground structure detection as geological 
applications, car radar, etc. 

3.2 Radar Formula 

Within the all radar applications, the concept is the same and related to detect a 
reflecting signal from an object, so it is all about the transmitted and received signals 
(frequency, shape and power), the medium properties such as humidity, 
temperature and distance to the target. 
Range, speed and position can be determined from analysing the received reflected 
signal specifications in comparison with the sent one. 
Harald T.Friis, Danish-American radio Engineer derived the used transmission 
formula in 1946. 
 
 

𝑷𝒓 =
𝑷𝒕 ∙ 𝐆𝒕 ∙ 𝐆𝒓 ∙ 𝝀𝟐

(𝟒𝛑 ∙ 𝐑)𝟐  3.1 

 
R: Distance between antenna and target (max distance when receiving minimum detected power at the 
receiver side). 
Pt: Transmitted power. 
G: Antenna gain (considering the same for Tx, Rx. 
Pr: The received signal power at the receiver side (target). 

: The radar cross section represents the intersection object area with the transmitted electromagnetic 
waves. 

 
 
The radar formula can be derived from the transmission formula when the waves hit 
an object and reflect back carrying a part of the transmitted power. 
 

 
 

𝑅 = √
𝑃𝑡 ∙ 𝐺2 ∙ 𝜆2 ∙ 𝜎

𝑃𝑟(4𝜋)3

4
 3.2 
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Pr: Received power, the minimum detectable power by the receiver circuit will result the maximum 
distance measurement. 

: The radar cross section represents the intersection object area with the transmitted electromagnetic 
waves. 
G: considered the same gain characteristic for sending receiving antennas. 
 
 

Figure 3.1 represents the main radar divisions. 
 

CW: Continuous 
wave 
AM: Amplitude 
Modulation 
Pulse: Pulsed 
wave 

 

 
These divisions are based on the transmitted signal wave form, extra division can be 
added focusing on the signal shape (sinusoidal, saw tooth) and linearity. 
 
 

3.3 FMCW 

Firstly, it is necessary to define the term CW (Continuous Wave) Radar. Basically it 
consists of a propagation wave with oscillation electric field with constant frequency; 
the echo signal is received and processed continuously, block diagram for simple 
CW system is shown in Figure 3.2 Simple Radar block diagram 

The problem with this technique is the need to assign the received echoes to a time 
system reference to be able to measure the time between transmitted signal and its 
reflection. This is considered its disadvantage since it lacks from the timing mark 
necessary, allowing the system to transmit and receive cycles to convert this into 
range that led to use the Frequency Modulation Continuous Wave (FMCW). 
 

Figure 3.1 Radar Hierarchy [2] 
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Figure 3.2 Simple Radar block diagram 

In contrast of the CW radar, FMCW radar can change the operating frequency 
during the measurements. The basic features of FMCW radar are: 

x The minimal range that can be measured is related to the transmitted 
wavelength. 

x Ability to measure simultaneously the target range and its relative velocity. 
x Very high accuracy of range measurement. 
x Signal processing after mixing is performed at a low frequency range. 
x Avoiding sending high peak power pulses. 

For a triangular frequency modulation (rising frequency sweeping is equal to falling 
frequency sweeping), the time delay between transmitted signal and the received 
echo is [3]: 

𝑇 =
2𝑅
𝐶

 3.3 

 
Where R: is the distance between the target and the radar. 
 

 

 

Figure 3.3 Triangular Sweeping 
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Figure 3.4 FMCW Sweeping frequency for 7 GHz in 1 ms 

  
 
Here is the derivation of a new expression called the beat frequency when the 
transmitted signal is mixed with the echo [2]: 
 
 

F𝑏 =
2. ∆𝐹. 𝐹𝑚. 𝑅

𝐶
 

3
.4 

 
 
 
 
The beating frequency is shown below in Figure 3.5  
 

 
 

Figure 3.5 FMCW Beating frequency 

∆F: Peak to peak frequency deviation 

C: Speed of light 300 million m/s 

Fm: Modulation frequency of the 

triangular wave 1/T 

Fb: Beating frequency 

R: Range (Distance) to target (m) 
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As observed in the previous figures, the beat frequency represents the range of the 
target and the more range the system has, the more errors it might has. The beating 
frequency represents the radar data stream rate.  
 
 

3.4 Doppler Effect 

It is the act of pressing the frequency in the direction of movement and vice versa, 
can be realised by the famous example of ambulance whistle by noticing the 
observer. 
 

 
 

 
 
 
This technique is the key point to detect the small movement which is desired to be 
tracked in order to be processed afterwards and give the expected results. 
 
Doppler frequency extraction 
 
Below in Figure 3.7 where:  
ftx: is the transmitted signal 
frx: is the received reflected signal 
 

 
Figure 3.7 Simple radar system 

Figure 3.6 Doppler Effect 
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By applying Doppler concept, the deviation in frequency will result fd as Doppler 
frequency which can be seen from the receiver side as in Figure 3.8. 
 
 

 
Figure 3.8 Received signal 

 
 
The transmitted signal can be presented as: 

𝑓𝑡(t) = A𝑡 cos(W𝑡t) 
 

3.5 

 
While the received signal can be presented as: 

 
 

𝑓𝑟(t) = A𝑟 cos((W𝑡 + W𝑑)t +  ϕ) 3.6 

 
 
 Where: 
 𝞍: is phase term dependent on the distance to the target 
Wd: is the angular Doppler frequency 
 
Both signals are mixed (multiplied together) to produce: 
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𝑓𝑟(t)𝑓𝑡(t) = A𝑟 A𝑡 cos(W𝑡t). cos((W𝑡 + W𝑑)t +  ϕ) 

𝑓𝑟(t)𝑓𝑡(t)  =
A𝑟 A𝑡

2
 cos(W𝑑t +  ϕ) + cos((2W𝑡 + W𝑑)t +  ϕ) 

3.7 

 
 
The signal is low pass filtered in order to remove the higher frequency component 
2Wt leaving only the Doppler signal.  
 

f𝑑(t) =
A𝑟 A𝑡

2
 cos(W𝑑t +  ϕ)  3.8 
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4 Theory 

This thesis is a continuation on a previous work of the master student Robert Ernst 
[1]. The purpose of the submitted thesis was to build a whole wireless system to 
detect the vital sign of human body(s) (heart beats, respiration rate and blood 
pressure). 

The project was provided by Swedish Adrenaline Company which concentrates on 
ICT innovations applying new ideas with advanced technology. 
The results of the previous thesis were positive and up to high standards concerning 
the design and the performance. With continuous improvement of the product cycle, 
a request to investigate the feasibility of the previous design improvement according 
to new requirements from Swedish Adrenaline Company was presented. 
 
The device main idea is based on Doppler Effect, angle of arrival and received signal 
power principles to detect human bodies in a range of ten meters. 
The broadcasted frequencies in the range of 57 – 64 GHz which will provide high 
resolution that can detect a movement within fractions of millimetres. 
 
 

4.1 Frequency resolution maths 

The radar center broadcasting frequency fc = fh+fl
2

 = 64 + 57
2

 =  60.5 GHz   

Bandwidth B =  fℎ – f𝑙  =  7GHz  

The broadcasted signal presented by: 
 

f𝑡(𝑡) = 𝐴 ∙ 𝑐𝑜𝑠(ϕ𝑡) 4.1 

A: amplitude of the signal (will be considered = 1 to ease the calculation) 

ϕ𝑡 = 2𝜋 ∙ f𝑐𝑡 + 𝜋
𝐵
𝑡𝑠

𝑡2 4.2 

 
ts: Sweeping time = 1 ms as per design requirements => -0.5 ≤ ts ≤ 0.5 ms 
 
 
From equation 3.3, T is the time for the signal to be back after reflection from the 
target. 
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Figure 4.1 Reflected, TX signals multiplication 

 
As per frequencies multiplication process in Figure 4.1. 

fIF(𝑡) = 𝑐𝑜𝑠(𝜙𝑡 −  𝜙(𝑡−𝑇)) = 𝑐𝑜𝑠(2𝜋 (
𝐵𝑇
𝑡𝑠

 t −
𝐵𝑇2

2𝑡𝑠
+ f𝑐𝑇)) 4.3 

 
The first term with t dependency is the frequency of the signal and the last two terms 
correspond to the phase. When Fourier transform is taken, the frequency of the 
signal can be found out giving the distance to the target. 

Resolution of the radar as defined by minimum distance of two targets such that 
they are detected separately follows from the resolution of Fourier transform. Length 
of Fourier transform is the same as sweep length ts. Resolution of discrete Fourier 
transform is sampling frequency fs divided by number of samples N. 

Δf =
f𝑠

N
 4.4 

Because the signal has the period of ts long, there are fs.ts samples. Frequency 
resolution can be improved by increasing the sweep length, but increasing the sweep 
length also decreases the frequency from the target. Changes balance out exactly and 
range resolution is independent of the sweep length: 

Δf =
𝐵𝑇
𝑡𝑠

 4.5 

  

Δf = 𝐵∙Δ𝑇
𝑡𝑠

= 𝐵∙2ΔR
𝐶 𝑡𝑠

= 1
𝑡𝑠

  ⟹  ΔR =  𝐶
2 𝐵

   [4]  

 
4.6 

 
 
Since the bandwidth in the design is equal to 7 GHz => Range resolution ∆R equal 
to 2.1 cm and it is independent of the sweeping time. 
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The phase terms also contains information about distance to the target. The 

term  
𝜋𝐵𝑇2

2𝑡𝑠
  is called residual video phase term and due to T2 term is very small and 

can often be ignored. Second phase term on the other hand can be expanded as: 

f𝑐 ∙ 𝑇 = f𝑐
2𝑅
𝐶

=  
2𝑅
𝜆

 4.7 

 
 
Where λ is the wavelength of the sweep center frequency. Changing the distance to 
the target by half wavelength is enough to wrap the phase around (360°). Phase noise 
of the radar determines the resolution. The phase can be determined, but usually it 
should be possible to detect phase within few degree 
 
At 60.5 GHz wavelength λ≈ 5mm and assuming that minimum of 1 degree change in 
phase can be detected it gives the minimum detectable movement of: 
 

1° = 2 ∙ 180° ∙
2𝑅
𝜆

 = 720 
𝑅

0,005
 ⟹ 𝑅 ≈  7 µ𝑚 

 
 
 
Medical measurements  

 
 

x Cardiac Displacement [4] 

Maximum displacement of coronary landmarks during a cardiac contraction in 
millimeters (mm). 3-D=Three-Dimensional; LR=Left-Right; IS=Interior-Superior; 
PA=Posterior-Inferior. Positive displacement is towards the left, inferior, and 
posterior, respectively. 
 

Table 4-1 Cardiac Displacement measurements 

Coronary 3D LR IS PA Systole Diastolic 
Filling 

Atrial 
Contraction 

Landmark (mm) (mm) (mm) (mm) (mm/s) (mm/s) (mm/s) 

RCA0 14.4 ± 1.9 8.7 ± 1.7 4.6 ± 0.3 −11.0 ± 
2.6 

69.8 ± 
13.8 

41.1 ± 
15.0 63.0 ± 21.4 

RCA.5AM  26.3 ± 3.1 15.0 ± 1.8 7.2 ± 1.6 −20.4 ± 
4.0 

130.7 ± 
19.4 

70.4 ± 
36.2 120.8 ± 46.7 

RCAAM  23.2 ± 1.6 12.3 ± 2.6 6.2 ± 1.7 −18.3 ± 
3.2 

101.8 ± 
13.4 

60.1 ± 
23.8 103.4 ± 40.7 

LM0  7.9 ± 2.2 4.8 ± 2.2 4.3 ± 1.1 −4.6 ± 
1.6 34.5 ± 8.8 27.9 ± 9.2 29.1 ± 13.8 

LMB 8.5 ± 1.7 5.3 ± 1.8 4.7 ± 0.6 −4.9 ± 
1.5 39.1 ± 5.4 32.6 ± 

11.3 31.5 ± 13.9 

LAD5 9.6 ± 1.3 5.0 ± 2.3 5.7 ± 0.9 −4.8 ± 
3.5 47.5 ± 9.3 35.6 ± 

12.6 36.8 ± 14.3 

LCx5 12.1 ± 2.4 6.8 ± 3.4 7.3 ± 1.9 −6.8 ± 
1.8 

56.4 ± 
10.1 

46.7 ± 
17.9 51.3 ± 28.3 
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x Respiratory Displacement [4] 

 
 
Maximum displacement of coronary landmarks during a tidal breath in millimeters 
(mm). 3-D=Three Dimensional; LR=Left-Right; IS=Interior-Superior; PA=Posterior-
Inferior. Positive displacement is towards the left, inferior, and posterior, 
respectively. 
 

Table 4-2 Respiratory Displacement measurements 

Coronary 3D LR IS PA Expiration Inspiration 

Landmark (mm) (mm) (mm) (mm) (mm/s) (mm/s) 

RCA0 5.0 ± 1.3 −0.5 ± 
2.8 4.1 ± 1.6 −0.4 ± 

1.3 4.5 ± 1.6 6.6 ± 1.3 

RCA.5AM 6.4 ± 1.9 −0.3 ± 
3.4 5.1 ± 2.1 −1.0 ± 

2.5 5.7 ± 1.6 8.0 ± 2.5 

RCAAM 7.2 ± 2.2 −1.3 ± 
1.6 5.9 ± 3.1 −2.1 ± 

2.7 6.4 ± 1.7 9.0 ± 3.1 

LM0 4.6 ± 1.4 −0.4 ± 
3.0 4.1 ± 1.0 −0.8 ± 

1.1 5.5 ± 2.0 6.0 ± 1.8 

LMB 5.0 ± 1.6 −0.1 ± 
3.0 4.3 ± 1.1 −0.8 ± 

1.4 5.7 ± 2.4 6.3 ± 2.0 

LAD5 5.6 ± 2.1 0.1 ± 3.5 4.7 ± 1.8 −0.7 ± 
1.9 7.6 ± 3.9 7.8 ± 3.0 

LCx5 6.3 ± 1.6 0.3 ± 2.8 5.6 ± 1.5 −0.6 ± 
1.9 6.9 ± 3.1 8.5 ± 4.3 

 
 
 

x Coronary Artery Motion [4] 
 
The arteries displacement due to blood pressure varied according to the type of 
artery and location in the human body given by: 0.69 ± 0.06 mm. 
 
According to the performed measurements from Table 4-1, Table 4-2 and the 
coronary artery motion, the designed radar system minimum detectable movement 
is much smaller than the vital signs displacement measurements. This means that 
detecting these displacements in the proposed system are feasible to measure. All 
angles of measurements should be taking into consideration since each movement 
has its unique shape on the Fourier transform. 
 
Heart speed in sinoatrial mode (SA) is 60 – 100 impulses per minute which is 
equivalent to 0.05 meter per second. 
Atria ventricles bundle branches has 40 – 60 impulses per minute which is equivalent 
to 1 meter per second. 
Purkinje fibers have 05 – 40 impulses per minute which is equivalent to 4 meters per 
second. 
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All moving objects within the range of the radar will have effects on the broadcasted 
signal and according to the movement characteristics. 
This movement can be detected by measuring its stamps on the reflected signal as 
Doppler Effect in phase and frequency. 
 
  

f𝑑 =  
2 ∙ 𝑉

𝜆
cos 𝛼 4.8 

 
 
Where: 
fd : Doppler frequency 
V: Speed of the target 
α: Angle between the target displacement and the received signal 
 

f𝑑 =  
2 f𝑐 ∙ 𝑉

𝑐
cos 𝛼 4.9 
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Figure 4.2 Target deplacement from antennas 

Since the distance between transmitting and receiving antennas is small α1 = α2 = α3 
= α. 

 
Using equations 3.8 and 4.9 after isolating the Doppler signal by using low pass filter 
with a range that fulfill matching the effects of desired targets displacements. 

Later to this stage, final results are obtained by applying mathematical operations on 
the resulted signal like counting the occurred peaks in the frequency domain as a 
consequence of the heart movement in a minute will provide the heart beating rate.    

Unlicensed frequency band 

In 2001, the Federal Communications Commission (FCC) in the US allocated 7 GHz 
in the 57-64 GHz band for unlicensed use [5]. In Europe, the Conference on Postal 
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and Telecommunications Administration (CEPT) also opened up a frequency band 
of 57- 66 GHz. 
The bands around 60 GHz are available worldwide, as illustrated in Figure 4.3 [6]. 
Fine range resolution is required in future presence detection systems, while better 
range resolution is enabled by wider bandwidth in the radar system. For a range 
resolution of 10 cm, a bandwidth of 1.5 GHz is needed [7]. 
 

 
Figure 4.3 Free license Frequency Bands 

 
Therefore, the opening of the wide free spectrum around 60 GHz is attractive and 
more than sufficient for cm-resolution radar system. In addition, the frequency band 
around 60 GHz are suggested for short range wireless application due to the free 
space path loss (FSPL). High atmospheric attenuation caused by oxygen resonance at 
60 GHz permits dense frequency reuse and low interference between users [8]. 
Meanwhile, 60 GHz signals are greatly attenuated by concrete walls while ultra-
wideband spectrum (3.1-10.6 GHz) has wall-penetrating property. All of these 
properties make 60 GHz band suitable for the indoor presence detection radar. 
 

4.2 Radar system characteristics 

This system contains mainly 3 parts as show in Figure 4.4. The first part which 
consists of the radar transmitter and receiver is responsible for signal generation and 
frequency sweeping between the desired 57 - 64 GHz. 

This part is achieved by using one chip solution provided by the supplier [9]. The IC 
allows multiple functions to be programmed, including the delivery of analogue or 
digital (I/Q) baseband signals. The design does not require any difficult 
RF/microwave board design, just simple low-frequency components suffice to 
complete the application. 

The chip provides with 2 receivers in order to obtain the DOA by measuring the time 
delay of the reflected signal and calculate the angle between them. 
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Figure 4.4 Main system block diagram 

After getting the reflected signal a process of obtaining the IF and perform ADC in 
order to have FFT by processing the signal and observe the shift in peaks resulted by 
Doppler Effect of heart beat, respiration and artier movement that represent the 
blood pressure. 

High processing capability is required in order to perform this process since the 
sampled data rate is elevated in case of intention having the processing part on the 
circuit. This is due to the system has 2 radar chips, each one contains 4 channels for 
the ADC. Having 10 bits resolution and 1 MSps it makes a total of 10 Mbps for each 
channel. In total of having 40 Mbps since the system is going to enable each radar 
chip at a time without having both components output running at the same time. 
 
Another option is to transmit the sampled data to an external device that has high 
processing power in order to complete this operation. 

Due to the high frequency used and low power of transmission the device can work 
in a range of 10 m (as per chip manufacture document) after this range the 
transmitted signal will be dissipated. 
The used antennas are embedded within the radar chip which results in a less 
complexity in the circuit design. 
 

4.3 Microcontroller 

A microcontroller unit (MCU) consists of a small computer on a single integrated 
circuit. Nowadays, it is based on a SoC. The main components which a MCU is 
formed by are the processor core(s), the memory (flash storage and RAM), a clock 
oscillator and the programmable input/output peripherals. 
 
 

Tx, Rx front 
end

(RF/IF)
DSP External 

Interface
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According to the previous circuit design, the chosen MCU was based on ARM 
architecture. This means that the microcontroller was using an RISC computer design 
where it is required fewer transistors than CISC, 
being able to be more power efficient, cheaper 
and easier to deal with heat dissipation.  
 
The previous version of the MCU (ATSAM4S8B) 
was using an ARM Cortex-M4 core which was 
announced by the company ARM Holdings in 
2010.  It consists of a high performance embedded 
processor to satisfy the market demand in 
efficient, easy-to-use and signal processing 
capabilities demand. 

The core was operating at a maximum frequency 
of 120 MHz and it had 512 Kbytes of flash 
memory. In addition, the available SRAM of the 
processor was 128 Kbytes and the maximum USB speed rate it supported was up to 
12 Mbps (USB 2.0 Full Speed).  
 
On the other hand, the enhanced MCU is using an ARM Cortex-M7 core which was 
announced in 2014 by the same company. In this case, it corresponds to the most 
recent and highest performance member of the ARM Cortex-M series. It has been 
designed to deliver a very high level of performance with almost double power 
efficiency of the older Cortex-M4. The core is operating at a maximum frequency of 
300 MHz and it has 1024 Kbytes of flash memory. Lastly, the available SRAM of the 
processor is 384 Kbytes and the maximum USB Speed rate it supports is up to 480 
Mbps (USB 2.0 High Speed). 

 
Figure 4.6 Comparison between ARM Cortex-M4 and ARM Cortex-M7 architecture [10][11] 

As it can be observed from Figure 4.6, the Cortex-M7 MCU has a more developed 
architecture, being more complex and functional, translating these extra features into 

Figure 4.5 MCU 
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a better performance for the system. For instance, the M7 processor unit contains a 
more “flexible system with memory interfaces including AXI, AHB, caches and 
tightly-coupled memories” [11]. In addition, it has a “safety-critical requirement 
support with features like the error recovery through memory Error Correction Code 
(ECC), full data trace and full safety documentation”. [11] 
 

As a summary of the most important features from both MCUs in order to be able to 
see the differences between them, Table 4-3 have been created. 

Table 4-3 Main features of the MCUs [12][13] 

MICROCONTROLLER 

FEATURES 
PREVIOUS VERSION 
(ATSAM4S8B) 

ENHANCED VERSION 
(ATSAMV70J20) 

Architecture 32 bits ARM Cortex M4 32 bits ARM Cortex M7 
Max Speed 120 MHz 300 MHz 
Flash Memory 512 Kbytes 1024 Kbytes 
SRAM 128 Kbytes 384 Kbytes 
ADC 12 bits, 11 channels 12 bits, 5 channels 
USB 2.0 Full Speed (Up to 12 Mbps) Hi-Speed (Up to 480 Mbps) 
Ethernet No No 
I/O Pins 47 44 
Pins Count 64 64 
Series 
Description 

Scalable performance, 
memory density and power 
efficiency based on M4 cores 

Best combination of 
connectivity interfaces with the 
highest performance based on 
M7 cores 

 
 
As it can be observed, the previous model has more number of channels for the 
ADC. However, it is important to remark that the old circuit was using the ADC 
embedded in the MCU, having the one that exists in the radar chip as a backup.  In 
the proposed design, with the new MCU having 5 channels it is enough for the 
demanded 4 channels from the radar chip because of the two receiving antennas, 
having each one and I and Q channels.  
 
Nevertheless, the enhanced microcontroller will be able to handle the required 
operations with a better performance and less power consumption compared to the 
previous one.  
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4.4 Two radar chips 

The purpose of this development is to have more certainty of the collected data 
before processing it. By combining 2 sources of data, the probability of having an 
error will be decreased. 

Any radar system depends on the received reflected power in order to determine the 
range of the system. Since the previous system has only two receivers antenna that 
are located in two dimensional plane, targets movement in the perpendicular plane 
will not have a clear direction of movement detection as shown in Figure 4.7. 

 
Figure 4.7 2xRX - Objects confusion 

 
 
 
In order to solve this problem another set of receivers in the perpendicular plane 
were added so as to detect this movement and clarify the existent ambiguity. Figure 
4.7 2xRX - Objects confusion 
 

 
Figure 4.8 Receivers Antennas Positioning 
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5 Circuit schematic & PCB 

The first step in the new design is to analyse the previous work and study the 
suitable solutions with potential components without having a big change in the 
schematics to ensure circuit functionality. 

5.1 Previous system detailed block diagram 

Below in Figure 5.1 there is the main detailed block diagram of the previous system. 
 

 
Figure 5.1 Radar system detailed block diagram 

The specific radar used in this project is the one chip radar solution provided by 
supplier. In order to have the sweeping mechanism between 57 and 64 GHz there is a 
need to add an external sweeping signal generation from 23.8 to 26.7 MHZ since the 
radar chip is programmed to have four stages of multiplication 4· 600 = 2400 which 
will result 57 – 64 GHz sweeping frequency at the chip output (antenna 
broadcasting). 
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Using the DDS chip in order to achieve a stable linear sweeping frequency required 
external crystal oscillator as reference 25MHz. 
 

 
Figure 5.2 DDS Functional Block Diagram [14] 

The chip is programmable through a register which controls the start and end output 
frequency in addition to the sweeping rate (size of jumping frequency step ∆f) and 
slope how fast each step is ∆t, these configurations can be done when the DDS is 
working in linear sweep mode. 
 

 
Figure 5.3 DDS linear sweep mode [14]  

According to the datasheet it is possible to obtain the proposed sweeping time by 
changing these register bits to change the sweeping from 20 ms to 1 ms. 

Decreasing the sweeping time will affect the sampling rate: 

According to eq 3.4, Fb= 23.3 KHz for sweeping time of 20 ms. 
Changing the sweeping time will result changing in beat frequency. The new beating 
frequency will become Fb = 466.66 KHz for 1 ms sweeping time and the minimum 
sampling rate of the ADC according to Nyquist formula is equal to twice the beating 
frequency = 2· 466.66 =  933.33 KHz. 
 
The radar chip gives a lot of flexibility regarding the output data and internal 
functionalities. Internal ADC with 10 bits, four channels (I/Q) for each receiver can 
be used within the chip, in addition to internal clocking, by utilizing VCO with 

RDW: Rising Delta Word 
FDW: Falling Delta Word 
RSRR: Rising Sweep Ramp Rate 
FSRR: Falling Sweep Ram Rate 
S0: Starting frequency 
E0: End frequency 
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external PLL to maintain the required frequency or linking the ADC to external 
clocking. 
All these parameters can be controlled by a GUI, shown in Figure 5.4, and be injected 
into the chip via SPI interface. 
 

 
Figure 5.4 Radar chip GUI interface 

In the previous system, the designer intended to have some flexibility by connecting 
both analogue I/Q output for each receiver and the chip built in ADC output to the 
MCU (ATSAM4S8B) as a backup measurements and to see the effect of having 12 
bits ADC in the MCU on the results of the system. 
 
The approach in this thesis took another path by accelerating the sweeping time 
which resulted in the need of having higher sampling rate. The intention is to have 
an additional radar chip to increase the detection precision of the system. 

As a result of this modification, the following points should be taken into 
consideration: 

x New MCU interfaces are not sufficient to have an analogue and digital signal 
output of the radar chip and choosing a bigger MCU will affect the PCB 
dimensions and power consumption. 

x Broadcasting from both chips should be forbidden to avoid frequency 
interference since they are designed to work on the same range of frequency. 

x Each radar chip output should be processed separately thus there are needs 
to assign unique data and controlling interfaces for each chip. 

x The specific modification needed should be done on the programming stage 
starting from having FFT to each chip and how to combine both results in 
order to achieve a full location of the targeted object. 
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5.2 Design Schematics 

 

 
Figure 5.5 Two Radar chips design block diagram 

 
The previous work done in this project is considered as a platform to rely on in order 
to build over benefiting from previous experience, modifications and measurements 
done towards the intended goal. 
 

 
Figure 5.6 PCB Input Power and USB interfaces 

Figure 5.6 represents the needed power supply for the circuit 5V that can be 
provided by external 5V DC power supply or by connecting the USB interface, the 
switch between both methods can be performed through a jumper. 

Jumper 

 

Ferrite bead 
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The USB interface is directly connected to the MCU in order to be connected to 
peripheral device and perform data processing of chips configuration. 
IC1 (prtr5v0u2x) is diodes circuit provides protection to the USB high speed data 
lines specified for USB version 2. 
 

5.2.1 Decoupling inductors & Capacitors 

Various capacitors and EMI suppression filters are used for power supplies 
connected to digital ICs as shown above in Figure 5.6 by forming a decoupling 
circuit acting as a filter.  

At the junction connecting an IC’s power source terminal and power distribution 
network PDN, power integrity (PI) can be improved.  

 
Figure 5.7 Example of connecting PDN 

 
Similar function of this decoupling circuit has been applied the π circuit in Figure 5.6 

L1, C1, C2, C73 as follows: 

x Suppressing noise. 
x Providing transient current associated with IC operations and maintaining 

voltage. 
x Forming signal returning path. 



 

 28 

Each IC in the design contains one or more voltage feeding input from one or 
multiple voltage regulators. 
This requires a lot of decoupling capacitors to minimize the potential noise 
interference resulted due to the high frequency signal flow within the circuit which 
can be observed in Figure 0.1, Figure 0.2, Figure 0.3 and Figure 0.4. 

An effective method for filtering high frequency power supply noise and cleanly 
sharing similar voltage supply rails while preserving stable voltage flow by using 
separation inductor L1 22 µH Figure 5.6 to clean the hysterics voltage flow from USB 
side. 

 
The TXB0104RGYR Figure 0.4 is a 4-bit Non-inverting Translator which uses two 
separate configurable power-supply rails. 
Since the output of the DDS is lower in voltage than required for the MCU, this chip 
adapts the signal to fit the voltage level requirements of the MCU and vice versa. 

5.2.2 DDS 

The Direct Digital Synthesizer (DDS), as shown in Figure 0.5, is in charge of 
generating a variable reference frequency for the radar Phase-Locked Loop (PLL). It 
has a 10 bit DAC operating up to 250 MSps, which can be digitally programmed in 
order to obtain a frequency analog output sinusoidal waveform.  
 
The DDS used for the design has four different operating modes: 

x Single tone 
x Direct switch 
x Programmable modulus 
x Linear sweeping 

 
As mentioned before, the trip of the signal start from the DDS by generating a 
sweeping frequency which will be multiplied in order to obtain the desired 
frequency range 57- 64 GHz. 
The chosen mode is the linear sweep because it provides better bandwidth 
containment compared to the rest [14]. It is done by the definition of a starting point 
(S0) and an endpoint (E0) which the frequency is going to be gradually changed 
between those values. These upper and lower limits are loaded into the linear sweep 
parameter register (Register 0x06). It is possible to have whether a frequency or a 
phase sweep depending on the destination bits used in the Register CFR1. In this 
particular case, it is desired to have a frequency sweep from a lower value to an 
upper one. Therefore, according to the datasheet, the resolution will be 32 bits 
because of the frequency sweep configuration instead of the phase which would 
have 14 bits of resolution.  
In order to have a suitable output signal to drive the radar chip, a single stage of 
power amplification is required which can be shown in Figure 0.5 IC9. 
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Sweeping time setting 

The sweeping time of the DDS configured in linear mode is obtained by the 
intermediate step size (delta tuning word) between the lower frequency S0 and the 
higher limit E0 and the time spent (sweep ramp rate word) at each step. Thanks to 
the register of the DDS, it is possible to tune not only the value of the Rising Delta 
Word (RDW) in the Register 0x07, but also the value of Rising Sweep Ramp Rate 
(RSRR) in the Register 0x08. 

In order to calculate the specific values for the register, the following equations are 
used: 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑠𝑡𝑒𝑝 = (
𝑅𝐷𝑊
232 ) ∙ 𝑓𝑠𝑦𝑠𝑐𝑙𝑘 5.1 

𝑃ℎ𝑎𝑠𝑒 𝑠𝑡𝑒𝑝 = (
𝜋 ∙ 𝑅𝐷𝑊

213 ) 
 
5.2 

𝐷𝑒𝑙𝑡𝑎 𝑇𝑖𝑚𝑒 = (
𝑅𝑆𝑅𝑅

𝑓𝑠𝑦𝑠𝑐𝑙𝑘
)  5.3 

 
 
According to the previous work done by Ernst, there was obtained the exact values 
of the register in order to obtain the desired sweeping time of 20 ms. This sweeping 
time is calculated by the combination of the step size and the time interval for each 
step. 

As the DDS chip has an optimal frequency operation of around 25 MHz, the 
corresponding frequency interval is going to be set as 23.8 MHz for the lower limit 
and 26.7 MHz for the upper limit. These boundaries can be translated into the 
register programming according to the following formulas: 

𝑓0 = (
𝑆0
232) ∙ 𝑓𝑠𝑦𝑠𝑐𝑙𝑘 

 

5.4  

 

𝑓1 = (
𝐸0
232) ∙ 𝑓𝑠𝑦𝑠𝑐𝑙𝑘 

 

5.5 

 
 

Therefore, taking into account that f0 = 23.8 MHz and f1 = 26.7 MHz and fsynclk = 250 
MHz because of the 250 MSps from the ADC of the DDS, it is possible to obtain the 
register values S0 and E0: 

S0 = 408880887 

E0 = 458702507 
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Table 5-1 Linear sweep limit register 

Bits Bit Name Description 
63:32 Sweep Parameter Word 1 32 bits upper limit value 
31:0 Sweep Parameter Word 0 32 bits lower limit value 

Table 5-1 shows the linear sweep limit parameter register in Address 0x06 required 
for programming the CFR1. 

In the current design done by Ernst, the values for the RSRR (Rising Sweep Ramp 
Rate) and RDW (Rising Delta Word) are 4982 and 25 respectively. This gives a 
frequency step size of 14.49 Hz with a delta time of 0.1 µs thanks to the previous 
formulas 5.1 and 5.3 Knowing how many steps the DDS is going to sweep in 
frequency from the lower limit until the upper one, it is possible to obtain the total 
sweeping time it takes to perform it: 

26.7 𝑀𝐻𝑧 − 23.8 𝑀𝐻𝑧
14.49 𝐻𝑧

=  200138 steps 

 

5.6 

 

Having 200,138 frequency steps with 0.1 µs each of them, it gives 20 ms sweeping 
time.  

One of the requirements for this thesis was to reduce this sweeping time from those 
20 ms down to 1 ms. By changing the RSRR register value to 10, it is obtained a new 
delta time as follows: 

𝐷𝑒𝑙𝑡𝑎 𝑇𝑖𝑚𝑒 = (
𝑅𝑆𝑅𝑅

𝑓𝑠𝑦𝑠𝑐𝑙𝑘
) =  

10
250 𝑀𝐻𝑧

= 0.04 µ𝑠 = 40 𝑛𝑠 5.7 

 

Once it is known the new delta time and the required sweeping time, it is possible to 
calculate the new amount of steps (n): 

40 · 10−9  · n =  1 · 10−3 → 𝑛 = 25000 𝑠𝑡𝑒𝑝𝑠   5.8 

In order to obtain the new frequency step it is necessary to use formula 6 and the 
new amount of steps, having as a result Δf = 116 Hz. According to this value and by 
formula 1, the new register value for the RDW is 1993. For the last calculation, the 
phase step can be obtained thanks to equation 5.2 resulting Δφ = 0.76 rad. 
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Table 5-2 Linear sweep delta parameter register 

Bits Bit Name Description 
63:32 Falling Delta Word 32 bits decrement step size value 
31:0 Rising Delta Word 32 bits increment step size value 

 
Table 5-2 shows the linear sweep delta parameter register in Address 0x07 required 
for programming the CFR1. 
 
 

Table 5-3 Linear sweep ramp rate register 

Bits Bit Name Description 
31:16 Falling Sweep Ramp Rate 16 bits negative slope value 
15:0 Rising Sweep Ramp Rate 16 bits positive slope value 

Table 5-3 shows the linear sweep ramp rate parameter register in Address 0x08 
required for programming the CFR1. 

With all the unknowns solved, it is now possible to select in each specific address the 
register values in the physical sweep properties with the obtained results: 

S0 = 408880887 

E0 = 458702507 

RDW = FRW = 1993 

RSRR = FSRR = 10 

In light of the above, the DDS is going to make a ramp-up sweep when triggered, 
starting at 23.8 MHz and increasing the output frequency by 116 Hz and shifting the 
phase by 0.76 rad every 40 ns until it reaches a frequency of 26.7 MHz. This process is 
done in the desired 1 ms.  

It is important to mention that after the output of the DDS, as it is obtained a 
frequency interval from 23.8 MHz to 26.7 MHz, it is necessary to program the radar 
PLL multiplication factor to 2400 in order to obtain the desired 57 GHz to 64 GHZ 
with 7 GHz bandwidth. 

The corresponding programming code for the register of the DDS using the previous 
obtained values can be seen in the Appendix. 

 



 

 32 

5.2.3 Radar chip  

  
As mentioned before the new development of vital signs radar system consists of 2 
radar chips (Figure 0.6) instead of one with 90° rotating in position (Figure 4.8) which 
makes the axes between chips receivers orthogonal to cover any possible confusion 
for scanning multi objects. 
 
In Figure 0.6 the needed interfaces to configure, connect the radar chip and prepare it 
to functioning 2 x PLL circuits are required for tuning the transmitted signal in 
addition to tune the ADC clock. 

XOP & XON interfaces for clocking will have the output of the amplified sweeping 
DDS signal in order to be multiplied in four stages each stages of 600 times. 

S0 = 23.8 MHz ∙ 600 ∙ 4 ≈ 57 GHz 
E0 = 26.7 MHz ∙ 600 ∙ 4 ≈ 64 GHz 
 
SPI interfaces to allow the user to configure the chip. 

A POWER-ON-RESET signal resets the complete ASIC to OFF after power-up. It can 
be overruled via pin POREXT (low means reset). 
ADC output, ADC clocking, POREXT are all connected to the MCU to be controlled 
by the programming code. 
 

5.2.4 MCU 

According to the provided requirements by Swedish Adrenaline Company, the 
previous MCU (ATSAM4S8B) has been switched with another more powerful one 
(ATSAMV70J20) Figure 0.7. 
 
In fact, any modification has a down side, by integrating two radar chips; the ability 
to have similar flexibility of previous circuit is no longer available (having the 
analogue and digital output of the chip to be routed to the MCU). 
 
Instead, the choice between having larger MCU (100 pins) “with bigger PCB, higher 
complexity and power consumption”, and having only the chip ADC output to be 
the data source which will cost resolution precision. 
Since the previous MCU used ADC consists of 12 bits while the chip ADC consists of 
only 10 bits, having the chosen MCU with 5 ADC channels (less than previous MCU) 
assured using the chips ADC. 
 
As seen in Figure 0.7, special JTAG interfaces can be used in order to connect the 
MCU and program it. 

The signal sequence between circuit components is shown below in Figure 5.8.
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Figure 5.8 Circuit sequence diagram 
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5.3 PCB 

PCB design is such sensitive since it can kill the whole product by miss-designing 
one of the smallest details. 
The PCB layout and design is a specialist skill requiring knowledge of not only of the 
PCB design software and PCB CAD system. 
There are variety of standards and techniques used to ensure the basic circuit design 
is successfully transferred to an overall printed circuit board that can be 
manufactured in an electronics circuit manufacturing environment. 
Dealing with very high frequency (≈ 25 MHz, DDS output) transmission will add 
extra level of difficulty. 

Starting of the input from the last project, the following issues were faced and should 
be handled under this design: 

x Overheating the radar chip resulting deviation in the expected results due to 
chip high sensitivity to heat. 

x High electromagnetic interference since the system is working with 60 GHz 
signal range. 

x The size should be small in order to integrate the circuit. 
 
In such cases strict guide lines for preparing the design (before) and during the 
design should be followed: 

x For whom is familiar with the manufacturing process, it should be taking into 
consideration to achieve its feasibility  

x Adequate board area for the circuit is mandatory, starting from small size 
and moving bigger until  achieving the smallest feasible size for the circuit 
which is required by the developing company 

x Estimation for the components location in on the board has a great effect on 
the copper tracks due to high density of components 

x The board should be mounted horizontally in order to cover maximum area 
of coverage for the radar chip(s) 

x Circuit standardization, by choosing the appropriate parameters according to 
the circuit characteristics for tracks, vias, layers, isolation... etc. 

 
 
 

Circuit standardization 
 
Determining the number of layers for the design was considered an obstacle due to 
limitation in the resources (program license and manufacturing costs). 
It is a common practice to use a complete plane for ground and some major power 
rails. This has advantages in terms of noise and current capability. 
It is wise to avoid leaving large gaps in earth planes or power planes, as well as 
having partial planes in a certain area of the board. These can set up stresses in the 
board which can lead to warping during manufacture of the bare board, or later 
when the board is heating during the soldering process. Warping after surface 
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mount components have been added can lead to component fractures and, hence, a 
high rate of functional failures. 
 
It is necessary to balance the standard track size to be used within the design. If the 
tracks are too narrow and too close to each other, there is a greater possibility of 
short-circuit occurring. Additionally, if they are too wide and too far apart, then it 
can restrict the number of tracks in a given area and this may force the use of 
additional planes in the boards to ensure the PCB design can be routed. 
 
The heat generated by the IC is transferred from the device to the copper layers of 
the PCB as shown in Figure 5.9 PCB heat dissipation. The ideal thermal design will 
result in the entire board being the same temperature. The copper thickness, number 
of layers, continuity of thermal paths, and board area will have a direct impact on the 
operating temperature of components. 

Having more powerful CPU and additional radar chip are considered extra heat 
sources that need to be handled. Having thermal vias, sufficient space around the 
components, multi grounded copper layers techniques were been followed during 
the design in order to solve the potential heating problem. 
In case the problem didn’t disappear with PCB designing treatment, another 
alternative solution is to have external heat sink over the MCU chip, unfortunately 
having external heat sink over the radar chip should be carefully taking into 
consideration since it might affect its performance in a negative way. 
 
 

 
Figure 5.9 PCB heat dissipation 

The final design formed in 8 x 8 cm PCB can be seen in Figure 5.11 and Figure 5.12 
with grounded layers, thermal vias and high density of components distribution, 
having more information about the packaging and mounting would have an effect 
on the design . 
 
The applied rules were not followed due to time shortage but recommendations for 
this circuit will be as in Table 5-4. 
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Table 5-4 Layers distribution 

Layer Description 
1 Signal tracks 
2 GND 
3 Power 
4 Power 
5 GND 
6 Signal Tracks 

 
 
In order for the designing software, Eagle, to accept a wide combination of vias, it 
was needed a basic configuration as shown in Figure 5.10. 
 
 

 
Figure 5.10 Layers & Isolation cofigurations 

The final 3D model of the prototype can be seen in details with all the components in 
Figure 5.11 and Figure 5.12. 

 
Figure 5.11 PCB-Top
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Figure 5.12 PCB-Bottom 

 

5.4 Programming setup 

There are three main components in the system which requires a specific 
programming code in order to work as desired.  

The first one is the DDS. As explained in Section 5.2.2, it is in charge of creating the 
sweep in frequency from 23.8 MHz to 26.7 MHz. This is obtained by programming 
the register with the corresponding values.  

The next one is the radar chip. According to the new design, there are two radar 
chips and both of them require the same configuration. In order to program them 
correctly, the first step will be to execute the GUI (Figure 5.4). Then there are several 
parameters which need to be configured. The most important ones are the following:  

x Setting the divider multiplication factor to 2400 in order to obtain the desired 57-
64 GHz frequency interval. This is done in 4 stages, having 600 times in each 
stage. 

x Enabling the ADC and external clocking by selecting the marking option. 
x Setting the bias for the receivers 1 and 2. 
x Enabling the ADC output from the receiver 1 and receiver 2. 

Once the settings are done, a file will be generated and it must be injected into the 
radar chips. 
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The last component corresponds to the MCU. This one is going to be the brain that 
controls the behaviour of the whole system. Therefore, it is needed to inject the 
necessary firmware to it.  

The previous steps are the main ones which only need to be configured once. 
However, the main code injected in the MCU will be in charge of the data 
processing. The firmware algorithm can be seen in Figure 5.13 Firmware algorithm 
from the MCU. 

By programming the MCU thanks to the ASF (Atmel Software Framework) 
according to the previous figure, the system will work appropriately. Once the MCU 
is booted, it will enable the SPI in order to have communication with the radar chips. 
Then the DDS will activate and starting sweeping the corresponding frequency, 
letting the possibility to activate both radar chips. Once they are enabled, they will 
acquire the N samples (1024 each one) so as to be able to apply the FFT (Fast Fourier 
Transform). Meanwhile, the radar chips will have the RSSI activated because it is 
necessary to compare the transmitted power with the received one in order to 
process the distance the target is located in reference to the device. Once the FFT is 
done, it is necessary to apply thresholds according to the target characteristics (speed 
“displacement and action frequency”) in order to the signal processing to catch the 
targeted measurements and interpreter them . Finally, the distance is processed 
according to this calculation and the process starts again by triggering the sweep 
frequency in the DDS. 
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Figure 5.13 Firmware algorithm from the MCU 

Another approach can be applied by having the FFT processing done by peripheral 
device with powerful processing capabilities in order to provide real time 
measurements. In that case the MCU unit will act as a supervisor to assure the 
functionality of other components to reach the final data streaming which can be 
exported by the high speed USB interface.  
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6 In Scope Analysis 

Since World War II RADAR has been deployed in many forms and has found a wide 
variety of applications in scientific, commercial and military operations. Recent 
breakthroughs in radar technology combined with the demand for compact, 
affordable and high precision radar for military and commercial applications, has led 
to the born of new methods to use the radar technology. The radar concept has been 
introduced to other sectors in technology growth like autonomous vehicles, 
unmanned aerial vehicles (UAV) and various commercial/civilian applications rely 
upon solid-state radar and new methods of fabrication and programming. 

Some of the similar papers for vital signs radar were published 30 years ago. They 
started with theoretical analysis but due to the use of low frequency range and 
bandwidth it was not feasible to reach the desirable displacement resolution. 

The recent papers [15]... [20] started to use the 60 GHz range due to high attenuation 
and high reusability frequency range but in reality what made these ideas feasible is 
the technological improvement of electronics that allowed one chip, relatively low 
power consumption with embedded antenna matrix to transmit wide band 
accompanied with high frequency sweep. 

Other ideas were developed due to the enhancement on the cost and performance in 
the fabrication of new antennas, low noise amplifier (LNA), active electronically 
steered array (AESA) and Gallium nitride (GaN) power transistor that has radiation 
resistance, high voltage survivability and very high thermal stability. 
 
The scope of this project comes in general health sector being applied for health 
measurements on the human being. Many other studies and researches were 
conducted in this domain, applying the theoretical idea of measuring human vital 
sign wirelessly. As a result of the early beginning researched on wireless measuring 
instruments, cardiac echo was revealed thanks to the Doppler ultrasound principle. 
In addition, some of the useful techniques applied to measure heart and respiration 
monitoring were based on the CW technology [16]. Compared these ones with the 
FMCW [21] as the proposed system in this thesis, they had less resolution when 
taking measurements, leaving the FMCW as better technique.  

Regarding the transmission and reception of the waves, 3D printed antenna arrays 
will reduce the cost and weight of AESA radars, using plastic substrates and other 
low weight and low temperature fabrication components. The antennas used in 
similar applications of this project were affecting the practical use of those systems. 
In contrast to this, this fabrication technique as embedded antennas led to highly 
compact circuit. Therefore, it consists of a more practical solution and less invasive. 
Some other used techniques in to sense the vital sign remotely were conducted by 
having the sensing device inside the human body which transmits the collected 
information data wirelessly to external receiver [22]. 

Others followed the same steps of developing conventional radar system to measure 
vital signs, the outcome was non compact device due to the used components [23]. 
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The previous project was developed with requirements of small compact size that 
can enter the production phase. While this system started to apply a new concept of 
switching antenna array with a faster sweeping time to obtain higher rate of 
information. On the other hand, Panasonic revealed the development of a similar 
radar research Jan 2016, in corporation with Kyoto University in Japan [24]. 

The future for similar system can take many directions as integrating with other 
application part in medical, military, commercial section… such as having smart 
alarm system for old people connected to centered medical DB for automated remote 
examination of patients. 

Preparing for the commercial entrance of self-driving cars in 2018, intensive 
researches on the used radar sensors for automotive car detection system have been 
established. Having the frequency in 60 GHz range has many advantages due to 
high attenuation and usability for such systems, an early document was published in 
1998 [25]. 

Another approach towards the 77 GHz was taken in the automotive radar section 
[26][27], all intensive researches in this domain to achieve a goal of zero automotive-
related fatalities due to high criticality since self-driving will affect the human’s life 
enormously and a new era will start. 
 
Changing the frequency and transmitting power resulting high medium penetration 
will lead to human detecting devices that can be used after earthquakes to save 
human lives. 
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7 Conclusions  

Summary 

Four main topics have been discussed in the thesis: MCU, Radar chip, DDS and PCB. 
A new vital sign radar design has been done in this thesis according to several 
requirements. A new central processing unit has been chosen in order to have a 
better performance than its predecessor. This leads to a more powerful computing 
capability, avoiding the bottleneck there was in the old design. Reconfiguring the 
DDS register has been useful in order to obtain the desired 1 ms sweeping time, 
enhancing the circuit with 20 times faster sampling frequency resolution. In spite of 
this, the measuring resolution maintains in the same levels. In addition, adding a 
second radar chip to the system to perform another scanning operation will enrich 
the data matrix with another feed that can be processed in order to add certainty to 
the final measurement results avoiding the possibility of having multi targets with 
similar signs to be positioned as one. 
 
No range resolution enhancement can be presented since the requested improvement 
has no relation to range resolution despite that there can be a space for some 
enhancements in the resolution within the processing code by changing the 
threshold ranges for detection aspects. 
 
The ADC used in the design corresponds to the ones embedded in the radar chips 
with 10 bits sampling, leaving the MCU ADC disabled because of a lack of necessary 
channels and this is considered a disadvantage since the previous system used 12 
bits ADC built in the MCU. 
 
Future works 

For the future of the designed system: enhancements on the PCB, code should be 
entered according to high standards and the specific requirements related to the 
application nature. 

PCB modifications should be implemented for error free functionality by setting the 
tracks, vias, layers standards up to be utilized for high frequency signal (60GHz) that 
can have high interference effect on the circuit, in addition to heat treatment to avoid 
any excessive heat that can affect the radar chips through thermal vias, efficient 
components distribution, increase the number of copper grounded layers or using 
external heat sink. 

The radar code has an effect on the processing time, therefore, by choosing wrong 
measurement parameters, possible errors in detection of the targets will occur. Using 
optical lenses to change the antenna pattern or having external antennas can be 
added in sort of enhancement according to the desired application or coverage area. 
The most promising development in this sector is by having a suitable on chip built 
in radar transmitter array for complex advanced beam forming technique in order to 
scan the area for multi object and having the intelligence to track a target object.   
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Appendix 

Hardware 

 

 
Figure 0.1 Circuit voltage regulators 
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Figure 0.2 MCU power feeding connections 

 
 
 
 
 

 
Figure 0.3 Radar chip power feeding connections 

 
 



 

 45 

 
Figure 0.4 TXB0104RGYR voltage translator 
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Figure 0.5 DDS circuit, LPF & one stage amplification 
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Figure 0.6 Radar chip interfaces 
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Figure 0.7 MCU interfaces 
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Figure 0.8 PCB simulation-front 

 
 
 

 
Figure 0.9 PCB simulation-back 
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Figure 0.10 PCB Accumulated layers layout by Eagle 

 
 

 
Figure 0.11 PCB Layer1 
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Figure 0.12 PCB Layer2 

 
Figure 0.13 PCB Layer 3 
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Figure 0.14 PCB Layer 4 
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Figure 0.15 PCB Layer 5 

 
Figure 0.16 PCB Layer 6 
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Figure 0.17 PCB vias and pad drill 
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Software 

 
DDS sweeping register programming configuration  
 
/* Copyright (c) 2016-2017 Raytelligence AB. All Rights Reserved.  

 * 

 * Filename: dds.h 

 * Date: 08/05/2017 14:32:34 PM 

 * 

 * Description: TBD 

 */ 

 

#ifndef DDS_H_ 

#define DDS_H_ 

 

// DDS I/O Pin Mapping 

#define DDS_SDIO_PIN  PIO_PA6 

#define DDS_SCLK_PIN  PIO_PA2 

#define DDS_UPDT_PIN  PIO_PA30 

//#define DDS_SYNC_PIN PIO_PAxx 

#define DDS_RESET_PIN PIO_PA3 

#define DDS_SDIO_PIN_IDX PIO_PA6_IDX 

#define DDS_SCLK_PIN_IDX PIO_PA2_IDX 

 

// DDS Operation Profile 

#define DDS_PROFILE  DDS_LS_RAMP_UP 

#define DDS_LS_OFF  (0) 

#define DDS_LS_RAMP_UP (1u) 

#define DDS_LS_RAMP_DOWN (2u) 

#define DDS_LS_RAMP_BI (3u) 

 

// DDS PLL Multiplication Factor 

#define DDS_PLL_MULT  (10) 

 

// DAC Full Scale 

#define DDS_DAC_FSC   (1023) 

 

// Frequency Tuning Word 

#define DDS_FTW   (343597384u) 

 

// Phase Offset 

#define DDS_POW   (0) 

 

// Linear Sweep Limits 

#define DDS_LS_UPPER  (458702507u) 

#define DDS_LS_LOWER  (408880887u) 

 

// Delta Words 

// Sweep 1ms = 1993 

#define DDS_FDW   (1993)   

#define DDS_RDW   (1993) 

 

// Ramp Rate 

// dT 40ns = 10 

#define DDS_FSRR   (10) 

#define DDS_RSRR   (10) 
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void DDS_init(void); 

 

void DDS_prepareSweep(void); 

void DDS_startSweep(void); 

 

void DDS_write(uint8_t instr, uint8_t* data, uint8_t nbytes); 
 

#endif /* DDS_H_ */ 
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