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* Non-contact vital sighs monitoring has become a hot topic.

* Vital sign detection can be formulated as a spectrum estimation
problem.

— the spectral leakage and resolution limitation caused by sample data length greatly
reduce the accuracy of DFT

— the heartbeat signal can be easily overwhelmed by the third or fourth harmonic of the
respiration in frequency spectrum

* Subspace-based DOA estimation algorithm can be used to achieve

the vital sign signal with super-resolution spectral estimation
performance
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* The single-channel data of the SISO radar can be decomposed
in the temporal domain to form several sub-arrays, which is
equivalent to the multi-channel sub-arrays of the SIMO radar in
the spatial domain.
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* Model of the displacement of the human thorax
surface d(t):

p
d(t) = 21‘11' -expl j(w;t + ¢;)]
i=1

 where P is the number of all frequency components,
A;/w;/@; are the amplitude, angular frequency and
the initial phase of the i-th frequency component,
respectively.
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* |F signal recombined from |/Q channels of CW radar:
(4T

* where A, is the amplitude of the signal, A is the wavelength, d, is
the initial distance between human and radar, d(t) is the
displacement of the thorax surface and A8 (t) is the residual phase.
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» Single channel data segmentation of CW radar: y;(t) = ®(t — (i — 1)Kty)

* The single-channel data is divided into M segments, which are equivalent to M
receiving array elements. The phase delay between two adjacent array element is

Kt. ‘o
o |
x(t) x(t-t) x(t-(K-1)t,) x1(t)
x(t-t5)
x(t-Kt) |x(t-(K+1)ty) x(t-Q2K-1ty)| x2(t)
X(-(K-1)t) |/
x(t-Ktg)
X(t~(MK-K) t) [ (e~(ME-K+1)t, xe-aik-1t) | Xm (L)
x(t-(MK-1)ty)
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* The received data of the whole virtual array can be organized as:

x(t) =

X1 (t) |
X2 (t)

(0.
1

ejlets

I M-DwiKts oI M-DwrKts .. giM-Dupkts| | 4 itartron | |n(t — (M — 1)KL,

= A(w)S(t) + N(t)

1 1 1 [Ae/(@tteD] 7 n(t)
el w2Kts v eJwpKt Ayel(@2t+¢2) n(t — Kt,)

« where A(w) = [a(w,),a(w,), ..., a(wp)] stands for the array manifold vector, a(w;) =
|1, e/@ikts, ef(M‘l)“’iKtS]T is the steering vector of w;, S(t) = [s1(t), s,(t), ..., sp(t)]T is the

signal vector, and s;(t) = A;e/(@it+9) js the signal of the i-th frequency component.
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* The influence of a movement with a frequency w; on a single-channel
received signal is equivalent to the influence of an incoming wave with
an DOA angle 8; incident on M receiving array elements.

ol (WiKts) — ej(#sinei) * To avoid ambiguity when solving angles: w;Kt, <

* K < f/2f,

e Consider that the sin function is most sensitive at

A 0
6; = sin (21(]?5) * The value of K should be as large as possible

(assume d = 1/2) * K =1f/2fi (|-] denote flooring function)

AMTT-S
|EEE MICROWAVE THEORY &
A TECHNOLOGY SOCIETY



0 IVIS Principles B

20
Connecting Minds. Exchanging Ideas. SAN DIEGO

* Principle of equivalence:

 The number of equivalent linear array elements M :
T
e M= K—zl Ty, is the duration of the observation
S interval

_ o _ t Is the sampling interval
* The angle of equivalent incident signal 9; :

~1
* f; =sin (ZK&) K is the number of snapshots for each

f . .
> equivalent virtual array

 The optimal choice of parameter K :

. K= 2F fs I1s the sampling frequency
L fs/2fi] fi is the frequency of the " motion
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° A coa rse_to_f | ne [ Get the single channel phase data ]
|
I I ; LetK =1
eStI m atl onm eth Od IS Data segmz[ntation disabled
. . |
fO r respl ration rate Coarse estimation of the maximum
effective frequency of the signal
|
dn d h €d rt rate Update the value of K and the ) N
mon |t0 ri n g based on generation of thf TSEVA signal )
Fine estimation of the frequency of Whether
the prO pOsed TS EVA vital sign signals IR, — Ry| = ¢
|
th eo ry: [ Record the result ]

Flow chart of the TSEVA-based vital sign monitoring
method
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 Radar hardware and experimental setup:

_______________________________________________________________________________________

: ;LNA Mixer OP

L7 GB
i Ix ~_ ) Signal
I(a) Source
Block diagram (a) and the photo (b) of the SIMO CW Photograph of the experimental

radar system setup
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o2 IMS Experiments and results

-§ —— MUSIC-Ori
£0.8 —— PPG
* The result obtained by the proposed £04 —
TSEVA-based method is 0.253Hz for ;04
respiration and 1.261Hz for heartbeat, 2y N N
which is the same as the result of 0 05 Frequenlcy(ﬂ? L3 2
Comparison between the results of
PPG. different methods and ground truth
 The proposed TSEVA-based method - - - . ——
95} R —— MUSIC-Ori

—— PPG

performed best, with high accuracy
and high stability over the entire time
period, and RMSE=0.875.
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T,,; = 10s and f, = 100Hz Heart rate estimation results over a 10-
minute data
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1. Can acquire movement frequency with super-resolution in

shorter Ty;:
Raw FFT Radar: Ori-MUSIC Radar: 105 New-MUSIC Radar:
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2. All DOA methods can be equally applied to the frequency
localization of the target signal.

3. Since every frequency component of motion can be acquired
with super-resolution, the relationship between respiratory
harmonics and heartbeat can be finely distinguished.
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* High SNR required (prefer FMCW phase information)
* Well balanced I1&Q signhal required
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