
SMSI 2025 Conference – Sensor and Measurement Science International 233

Millimeter-Wave Spectroscopy for Evaluating 
Blood Coagulation and Clotting 

Tobias Liebchen1,2, Giacomo Ulisse1, Viktor Krozer1,2

1Physics Institute, Goethe Universität Frankfurt am Main, 60438 Frankfurt am Main, Germany,
2Ferdinand-Braun-Institut, 12489 Berlin, Germany 

Correspondence to: Tobias Liebchen (Tobias.Liebchen@fbh-berlin.de) 

Summary:
Millimeter-Wave spectroscopy is an emerging technology that has shown significant potential in medi-
cal diagnostics, particularly the measurement of blood coagulation is of crucial relevance in detecting
stroke attacks. A promising approach is the utilization of dielectric changes in blood at frequencies in
the 75-110 GHz range. This paper offers a novel approach to support and quantify the visualization of
these biological processes.
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Introduction
Maintaining a healthy cardiovascular system is 
important for overall well-being. Millimeter-wave
and THz signals exhibit a strong interaction with 
biological matter, which can be efficiently em-
ployed in biomedical applications due to the non-
ionization properties of electromagnetic waves.

Measurement setup
The setup measures the absorption and reflec-
tion of THz radiation as it passes through a
sample, to probe the molecular dynamics of 
blood components. Since these frequencies are 
highly sensitive to molecular vibrations and hy-
drogen-bonding interactions, they can provide 
detailed information about the structural and dy-
namic properties of biological molecules. In the 
context of blood coagulation, millimeter-wave 
spectroscopy can detect changes in the molec-
ular structure of blood components as they tran-
sition from a liquid to a gel state during clot for-
mation.  The ability to determine the timestamp
of clotting and detect the presence and effec-
tiveness of blood thinners is vital for patient 
care. THz spectroscopy offers a powerful, non-
invasive method for real-time monitoring of 
blood coagulation, providing valuable insights
for both clinical diagnostics and pharmaceutical
research. 

The application of advanced algorithms for data
analysis, including principal component analysis
(PCA), has proven crucial for the interpretation 
of complex data sets, especially in medical di-
agnostics. This method allows the 

dimensionality of the data to be adjusted and
reduced into manageable components, making 
it easier to identify significant patterns indicative
of blood clotting. A factor analysis (FA) allows 
conclusions to be drawn about the points in
time at which something is happening and pro-
vide another level of interpretation.

Conclusion
The effectiveness of anticoagulant medications
is assessed by measuring their impact on coag-
ulation time. Blood coagulation during surgeries
or in patients with clotting disorders can be mon-
itored in real-time. By measuring changes in 
blood coagulation time, Millimeter-wave spec-
troscopy can help ensure that patients are re-
ceiving the correct dosage of blood thinners. In-
teractions between blood thinners and other
medications that may affect coagulation are
identified. The use of AI-supported algorithms 
can considerably increase the efficiency of coag-
ulation measurement by determining and evalu-
ating schemes in the biological signals.
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Summary: 
A technique for observing foraging bumblebees with a 24 GHz continuous-wave Doppler radar is de-
scribed. Upon departing from the colony, we discovered that foraging bumblebees accelerate briefly at 
a constant 9.8 m/sec2, resulting in a distinct, linear frequency modulated (LFM) radar return. By corre-
lating this return with an expected LFM template, departing bumblebees could be identified and count-
ed while arriving bumblebees and other environmental effects are rejected. 
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Introduction 
Commercial bumblebees are effective pollina-
tors of greenhouse and field crops, but a colony 
only lasts a few months. This paper describes a 
sensor for monitoring the pollination effective-
ness of a bumblebee colony by counting the 
number of daily flights of bumblebees with a 
Doppler radar. A typical radar installation on a 
bumblebee colony is shown in Fig.1. 

Fig. 1. Bumblebee colony with radar sensor 

In a previous paper [1] on honeybees, we dis-
covered that some honeybees departed the 
hive almost explosively, on a slightly ascending 
flight path, with a constant acceleration, quanti-
tatively similar to gravitational acceleration. 
These bees were probably foragers looking for 
food in a distant location. We have observed 
the same behavior in less frequent flights of 

individual bumblebees. In [2], we exploited this 
characteristic to identify and count foraging 
bumblebees by applying a Hough transform to 
Doppler-Time-Images (DTI). Although the fre-
quency-domain technique was successful, it 
exceeded a small, low-cost microprocessor's 
data storage and computational power. This 
paper uses the same Doppler radar [2] to im-
plement an alternate, more straightforward 
technique of counting bumblebees based on 
template matching in the time domain. 

Description of the New Method 
We have shown in [1] that a 24 GHz Doppler 
radar, commonly found in automotive collision 
avoidance systems, can detect bees at a short 
distance. The unique acceleration characteristic 
of a foraging bee has a peculiar effect on the 
radar return. When a departing bee is illuminat-
ed by continuous-wave (CW) radar, the Doppler 
return from the bee is a nearly linear, frequen-
cy-modulated (LFM) waveform. For the 24 GHz 
radar, with λ = 12.5 mm and the flight parame-
ters shown in Fig. 2, the Doppler frequency 
increases linearly from 0 Hz to 160 Hz in about 
0.1 seconds. 

Fig. 2. Radar and bumblebee flight parameters 
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An LFM waveform, or chirp, is usually employed 
in a pulse compression radar to improve sensi-
tivity and range resolution. Typically, the radar 
transmits an LFM waveform, receives an LFM 
waveform, and correlates it with an accelera-
tion-corrected replica of the transmitted wave-
form [3]. The radar presented in this paper dif-
fers in that the radar transmits a CW signal, 
receives an LFM waveform, and correlates it 
with a synthetic LFM waveform based on the 
known target acceleration. 

Results 
We collected 24 GHz radar observations of 
bumblebees flying in front of a colony entrance 
by continuously recording the baseband signal 
in 19-sec segments at 800 samples/sec. A typi-
cal data file is shown in Fig. 3. More detailed 
pictures of departing (A, B) and arriving (C) 
bumblebees are shown in Fig. 4. The similarity 
of departing bumblebee radar returns is evident. 

Fig. 3. Doppler radar baseband signal 

Fig. 4. Details of departing (A, B) and arriving (C) 
bumblebee Doppler radar baseband signals   

We simulated a 0.1-sec 24 GHz Doppler radar 
return of a bumblebee departing with 9.8 m/sec2 
acceleration. The envelope of the simulated 
return was shaped to take the range geometry 
into account. A comparison of the Doppler re-
turn (A) with this template is shown in Fig. 5. 
We quantified the similarity between the two 
waveforms by Pearson's correlation coefficient, 
r = 0.86. This coefficient is independent of sig-
nal strength. 

Due to differences in flight profiles, the meas-
ured departing bumblebee acceleration of 9.8 

m/sec2 had a standard deviation of 1.8 m/sec2 
[2]. Our technique is not particularly sensitive to 
the exact value of the actual acceleration. Set-
ting a correlation threshold of r > 0.5 ensured 
correct identification of departing bumblebees. 

Fig. 5. Comparison of the departing bumblebee sig-
nal (A) with a 9.8 m/sec2 acceleration template  

Fig. 6 shows the correlation of the entire data 
segment depicted in Fig. 3 with the 9.8 m/sec2 
template in Fig. 5. Correlations with departing 
bumblebees are clearly above the threshold. In 
contrast, the correlations with arriving bumble-
bees are suppressed. 

Fig. 6. Correlation of Doppler radar data in Fig. 3 
with a 9.8 m/sec2 acceleration template 

We accumulated the count of departing bum-
blebee detections for each day from May to July 
2021. Figure 7 illustrates the technique's effec-
tiveness in monitoring the growth and decline of 
a bumblebee colony. 

Fig. 7. Example of daily departing bumblebee counts  
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