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FMCW transmitted signal
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Fundamental of FMCW mechanism
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FMCW received signal
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FMCW beat signal

𝑠𝑏 𝑡 = 𝜎 𝑒
𝑗

4𝜋
𝑐

𝐵
𝜏𝑐ℎ𝑖𝑟𝑝

𝑹𝑡 +4𝜋
𝒙 𝒕
𝜆

+ 𝜃1

• Able to detect range

• Range resolution is limited by bandwidth: c/2B

• Range precision depends on signal-to-noise ratio

- R: target range

- x(t): target motion extent
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FMCW radar typical architecture
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FMCW typical architecture & signals
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Frequency scaling
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Range, motion, micro-Doppler 
sensing

SECTION 3

ELECTRONICS FOR SENSORS &

BIOMEDICAL APPLICATIONS TECHNOLOGIES & SENSORS

3rd Joint Workshop



Electronics for Sensors & Biomedicals Applications Technologies and Sensors – Catanzaro, October 6, 2020

Emanuele Cardillo - Biomedical applications of Microwave and Millimeter-Wave radars

ISAR Imaging

“A Portable FMCW-Interferometry Radar with Programmable Low-IF Architecture for Localization, 
ISAR Imaging and Vital-Sign Tracking,” IEEE T-MTT, vol. 65, no. 4, 2017.

✓ A second FFT is performed across chirps to determine the 
phase change and thus the velocity. The two-dimensional 
FFT process gives a 2D range-velocity image (FFT heatmap).

✓ For moving objects, the velocity (v) is determined from the 
phase change across multiple chirps.
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✓ A time-sequence of FFT heatmaps forms an ISAR video.
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Fall detection

Z. Peng, J. Muñoz-Ferreras, R. Gómez-García and C. Li, "FMCW radar fall detection based on ISAR processing 
utilizing the properties of RCS, range, and Doppler," IEEE MTT-S IMS, San Francisco, CA, 2016, pp. 1-3.
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Millimeter-wave vocal fold analysis

Experimental setup for speech 
sensing (125-GHz radar-on-chip)

Spectrogram detected by radar and 
microphone, respectively. T. J. Kao, A. Y. Chen, Y. Yan, T. Shen and J. Lin, "A flip-chip-packaged

and fully integrated 60 GHz CMOS micro-radar sensor for heartbeat
and mechanical vibration detections," IEEE RFIC Symp., Montreal, 
QC, 2012, pp. 443-446.

I/Q channels phase and amplitude imbalance due to circuit non-idealities 

destroys the signal orthogonality, particularly for small wavelengths.

D. Rodriguez and C. Li, "Sensitivity and Distortion Analysis of a 125-GHz Interferometry Radar for 
Submicrometer Motion Sensing Applications," IEEE T-MTT, vol. 67, no. 12, pp. 5384-5395, Dec. 2019.

I/Q correction is required 
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Head motion and eyes blinking detection

Head motion detection

mm-Wave Radars for Assisting People with Neurodegenerative Disorders

Eyelid detection
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Recent industrial efforts – Google Soli, Pixel 4

“Get things done. 
No touch required.”
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Vital-sign sensing
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Vital-sign sensing

Example from a very young researcher…
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applications to locate human beings, the FMCW mode and the 

clutter removal process will only be activated when the 

interferometry mode confirms the existence of moving target in 

that direction. 

III. EXPERIMENTAL RESULTS 

 The hardware and experimental setup of the proposed 

hybrid radar system is shown in Fig. 6. Fig. 6 (a) is the 

photography of the prototype system, whose block diagram is 

also included in Fig. 6 (c). The PXIe 5450 is able to export its 

clock to serve as the reference clock of the ADC (NI 

cDAQ-9178), which is shown in Fig. 6 (b). In this way, the 

transmitter and the receiver are synchronized. The radar system 

mainly contains three parts: the radar waveform generator, the 

microwave front end, and the baseband signal processing unit. 

The transmitted signal is generated by a National 

Instruments PXIe 1075 chassis with three function blocks. 

Follow the signal generation sequence, they are the PXIe 5450 

(programmable baseband vector signal generator that can 

precisely define both the frequency and phase for coherent 

FMCW signal), the PXIe 5611/PXIe 5652 (up-converter 

associated with local oscillator) and the PXIe 5691 (variable RF 

gain block). The final output of the PXIe chassis is a series of 

FMCW chirp signals embedded in a single tone CW signal. The 

linear frequency-modulated chirp signal sweeps from 5.72 GHz 

to 5.88 GHz with a duration time of 2ms and a power level of 

13 dBm. The interferometry signal has an operating frequency 

of 5.72 GHz.  

Both the FMCW mode and the interferometry mode need a 

replica of the transmitted signal as the local oscillator to down 

convert the received signal to derive the beat frequency and 

Doppler information. The hardware similarity allows the two 

modes to share the same RF front end. The transmitted signal is 

split into two by a Wilkinson Power divider. One serves as the 

local oscillator and the other is fed into a power amplifier with 

17 dB gain to compensate for the free space loss. On the 

receiver end, two LNAs followed by a gain block amplify the 

weak received signal with a total gain of 47.5 dB. The last stage 

of the RF front-end is a quadrature down-converter, where the 

received signal is mixed with a local copy of the transmitted 

signal. The I/Q outputs are digitized by an NI 9234 for digital 

signal processing. To minimize the coupling between the 

transmitter and the receiver, which is a serious problem for 

many CW radars, two antennas are employed although it 

increases the size of the RF front end. Both the TX and the RX 

antennas have a gain of 17 dBi in the horizontal plane (E plane) 

and 14 dBi in the vertical plane (H plane). Antennas can rotate 

mechanically in the horizontal plane, and the two antennas 

were vertically placed up and down to align their radiation 

beam, as shown in Fig. 6. 

For indoor range detection, the objects are close to the radar. 

Therefore, the RTTOF and its corresponding beat frequencies 

are small. When the period of the beat signal is comparable to 

the FMCW duration time, spectrum leakage is severe so that it 

is hard to get the correct beat frequency. To alleviate this 

problem, two delay lines were inserted between the antennas 

and amplifiers at both the transmitter and the receiver sides to 

increase the delay time and consequently result in a higher beat 

frequency. Another benefit of a boosting the beat frequency is 

to minimize the influence of flicker noise in the 

down-converter. The extra delay introduced by the delay lines 

and circuit elements is constant and can be easily calibrated as 

long as the circuit and transmit signal remain the same.  

 
(a) 

    
                                      (b)                                                                              (c)                                                                            (d) 

 

Fig. 9. (a) Panorama photo of the experiment environment for 2-D positioning and vital sign monitoring, (b) 2-D location map obtained by FMCW detection 

mode, (c) room layout and objects distribution in the room, (d) motion information detected by interferometry mode.  
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Human-nonhuman discrimination

Successful human isolation: two people at 1.5 m and 2.9 m and a desk at 6 m.
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Millimeter-wave cane
✔ User-friendly system able of detecting 

potential obstacles

✔ Compact dimensions

✔ Higher precision

✔ Absence of privacy concerns

✔ Additional information on the target

✔ Breathing rate detection for human targets 

discrimination

White cane 122 GHz radar Millimeter-wave radar caneBut…

✔ Radar self-motion on the cane

✔ Range migration issues
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Large radar movements: indoor

Range profile

Range displacements



Electronics for Sensors & Biomedicals Applications Technologies and Sensors – Catanzaro, October 6, 2020

Emanuele Cardillo - Biomedical applications of Microwave and Millimeter-Wave radars

Range migration
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Range migration

Walking person

Stationary target #1

Moving target

Stationary target #2

Wall

Range profile Aligned range



Thank you for your attention!

University of Messina – Department of Engineering by night
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