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The Sensors Course Implementation

 15 ECTS – 4 sensor
projects – 8 weeks

 Strain gauges – temp
sensors – light sensors –
mm-Wave radar sensors

 24 students in 8 
subgroups of 3 in 2024

 6th semester Bachelor 
studens in DP of 
Electronics

 Tuition in English
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The mm-Wave Radar Sensor Project

 Commercial low-cost
FMCW radars at 24 
and 61 GHz

 4 week project to test
the radar sensors and 
create an application

 Tools or Toys?
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 Prior knowledge: radio and uWave engineering, Arduino C, 
fundamentals of analog and digital electronics, …

 This applied to mm-waves, radar technology, microstrip
antennas, antenna arrays, …

 To see whether the radars are able to keep their promises

 Two exams, multiple HW, project tasks to test a 24 GHz and 
a 61 GHz radar and create an application using either of 
those.
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Learning Objectives / Topics / Activities



24 GHz radars to detect human presence
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60 GHz radars to measure breath and heart rate
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Radar Comparison



The Seeed Studio 24 GHz Radar
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mm-WAVES
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FMCW RADAR
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FMCW RADAR
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https://www.radartutorial.eu/02.basics/Frequency%20Modulated%20Continuous%20
Wave%20Radar.en.html



The Radio (Infineon BGT24LTR11)
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The Student Applications
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Some Applications tested by the Students
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 Design a rectangular microstrip antenna for a frequency of 5.8 
GHz. The substrate is 1.55 mm thick FR4. Match the antenna to 
50 Ω using a quarter wavelength transformer. As a result give a 
picture of the whole thing with its physical dimensions.

 Estimate the radiation pattern of the 24 GHz mmWave Sleep 
Breathing Monitoring Module (the one having the 16-element 
antenna arrays as both antennas). The distance between the 
antenna elements is 5 mm horizontally and 6 mm vertically. 
Give the radiation patterns in both planes (E-plane and H-
plane) as well as the 3dB beamwidth in both planes and 
estimate the directivity of the antenna. Estimate as well the 
antenna gain if the internal antenna losses are 2.8 dB.

Some examples of course exercises 
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 The frequency of a FMCW radar is 24 GHz and the modulation 
waveform is sawtooth as shown in the picture below. You 
measure the distance of the target as 2m. The bandwidth of the 
sweep is 200 MHz.

a) How much in that case is Δt?
b) And Δf (assuming that the chirp time is 1ms and the target is 
not moving)?
c) What’s the error in the distance measurement due to the 
doppler effect if the target is moving away from the radar with a 
velocity of 2 m/s?

Some examples of course exercises 



 The waveform of the radar of the problem above is now 
triangular (as in the picture below). The chirp time and the BW 
remain the same. You measure Δf1 as 4.500 MHz and Δf2 as 
4.520 MHz. Calculate the distance of the target and its axial 
speed (and tell whether the target is moving towards you or 
away from you).
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Some examples of course exercises



Some examples of course exercises

Analyze a 2.3 GHz radio link from a base station to a 5G mobile 
phone in the distance of 500 m from the base station. Calculate 
the received power if the base station antenna gain is 20 dB and 
the receiving antenna has a gain of 3 dB. The transmitted power is 
24 dBm. Calculate as well the power density where the mobile 
phone is located.

Continue the analysis of the same radio link if the frequency of 60 
GHz is used. The 5G mobile phone is still in the same distance 
and its antenna gain is still 3 dB. You need to receive the same 
power level as before, and therefore you have to increase either 
the antenna gain or the transmitted power, or both. How much the 
EIRP (transmitted power multiplied by the transmitter gain) has to 
be increased. The received power stays the same, but what 
happens to the power density by the receiver? Any comments?
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Conclusions and future actions

 4 weeks two short
 The radar specs mostly as promised
 The level of radar documentation too poor

 Two successful implementations (2023 and 
2024) => probably something else in 2025

 The recurring question from students:
Aren’t these frequencies harmful?
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THANK YOU!

 www.metropolia.fi/en/
 www.facebook.com/MetropoliaAMK
 name.surname@metropolia.fi


