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heartbeat and/or respiratory rate, for exanple. In this context, one
30 dpfficult problemencountered in estimting the heartbeat and/or
respiratory rate using w r eBACKGROUNDIQF Thiftt INMENTION ect ed radio
wave signal due to the heartbeat and the respiratory novenent of
chest is typically very weak. Although it is possible to increase the
anpl i t ude oEladirenicesehsiog éds Pegmakedin tha bicrasdica) fiehkfor adoreniime.gd perform

si gnal 15 functions such as monitoring the heartbeat rate and monitoring the respiratory rate,
for example. Elecironic sensing has also been used in electronic le-detector
systems, terrorist scanning, athlete health monitoring by monitoring a subject's
pulse rate, far example. .

20  In most of the above mentioned examples, electronic sensing is fypically performed
via "wired" means. In this context, wires or cables are connected from a sensor
attached to the subject's body to a processing system, which will process and

) interpret the electrical signals from the sensor in order to display a reading on the
monitored characteristic (such as heartbeat rate, respiratoty rate and pulse rate, for

25 example). However, for some applications, “wired” means are difficult to implement
or inconvenient for practical use.

Recently, electronic sensing via wireless means has been considered for use in
estimating the heartbeat andfor respiratory rate, for example. In this context, one
30 difficult problem encountered in estimating the heartbeat and/or respiratory rate
using wireless means is that the reflected radio wave signal due to the heartbeat
and the respiratory movement of chest is typically very weak. Although it is possible
to increase the amplitude of the reflected signal by increasing the transmitted signal
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WO 2010/ 030238PCT/ 8G2008/ 000349 power, this has adverse effects on
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Additionally, it is difficult to get an accurate estimate of the heartbeat andfor
respiratory rate, especially when there are movement perturbations between the
sensor and the subject. These perturbations introduce additional random
interference in the received signal. In some scenarios, these perturbations will even

20 resuit in faise defections of the heartbeat and/or respiratory rate.

It is also difficult to extract the heartbeat and/or respiratory rate of a specified target
) from crowd. The reflected signal contains the heartbeat/respiratory signal from
almost all the subjects in the crowd. It is important to extract the reflected signal

25  from a specific subject. This is especially difficult for conventionat methods.

The above discussed problem may be addressed using embodiments of the
present invention.

30
SUMMARY OF THE INVENTION



WO 2010/ 030238PCM=2008/ 000349 I n one aspect of the invention, a
met hod for detecting heartbeat and/or respiration is provided. The
nmet hod provi ded includes receiving a wave signal, and anal yzing the

recei ved V\’av%vd{ﬂ(%@ozsldg ng a heartbeat and/or respirat O‘E}%,ng;g?%%/go&s‘w

t hereby providing a result signal indicating whether th
wave signal represents 5heartbeat and/or respiration. |In another

aspect of t ] I a j.ce_f | I t —_
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respiration, BRIEEF CRI PTI.ON OF THE DRAW NGS 15 I n the draw ngs,
like ref re?ﬂ'%&%?%ﬁ?"ﬁ@?&al ly refer to the sane parts

t hroughout the different views. The drawi ngs are not necessarily to
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bl ock di agr pavpihtion. W rel ess heartbeat and respiratory rate
30nmonitoring (WHRM devi ce accordi ng to one enbodi nent of the
invention. Figure 3 shows a bl ock diagram of the signal
itransmt/recei ve nodul e ERIEMDESCRIPAION OPTHEDRAWMING®ENt of the

i nventi (1)9 WD 20101030238PCT/ S&2008/ 000349
In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon iflustrating the principles of the invention. In the
following description, various embodiments of the invention are described with
20  reference to the following drawings, in which:

Figure 1A shows a flow chart of one method, according to one embodiment of the
- invention, for detecting heartbeat and/or respiration.

25 Figure 1B shows a system on which a method of detecting heartbeat and/or
respiration may be implemenied according io one embodiment of the
invention.

Figure 2 shows a block diagram of a wireless heartbeat and respiratory rate
30 monitoring (WHRM) device according to one embodiment of the invention.

Figure 3 shows a block diagram of the signal fransmit/receive module (STRM)
according to one embodiment of the invention.
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Figure 4 shows a block diagramof a third configuration of the signal
transmt/receive nodule (STRM) according to one enbodi nent of the
invention. 5 Figure 5 shows a bl ock di agram of the radi o frequency

(RF) nodul e (‘ﬁl}%l@,ﬁﬁ%{?di ng to one enbodi ment of the inve&trj/s%?&fluggow
oc

Figure 6 shows a di agram of the transmtter beanforner

nmodul e 10accordi ng to one enbodi nent of the invention. Figure 7 shows
a bl ock diagram of the receiver beanfornmer (RB) nodul e according to
one enbodi nent of the invention. 15 Figure 8 shows a bl ock di agram
illustratinfigue fr ehpwecassiosly Blagem obf téethirdacobigurationd/ efr the signal

respiration detegtion 2 2Shl i ]H?QE C k: o}
enbodi nent of thg%%@igﬁ%&?gﬁ.iﬂhggér@dﬁgg%véog ock%rfa%?g%d[o%ng%f 45
i npl enent ati on olvehtgrtirst nmet hod of 20estimati ng heartbeat and/or
respiratgry rate, according to one enbodi nent of the invention.
Figure 10 shows a bl ock diagramof an inplenmentation of the second
met hod of e§igumabishgwhediedietagramdf dtre radipirequeory (REx mpdale ¢BM) iangprding
one enbodi nent o t e tican. . Fi e 11 shows a bl ock di agram of
~an inplenentati o{r? 0 %Iﬁ%&{ﬂﬁ?&c#fﬂrr%[ﬁg%fq}éh estimati ng heartbeat and/or
respiratory rate, according to one enbodi nent of the invention. 30

Figure 12 s haaram.of an.igpl enentation_of the esi
filter-Ii kep@aﬁ%%eg“gﬁét%ﬁ&%%ﬁ@m ot B e, SaBforhliF R gpile
the invédtion. &@oRIAIOIEAIBMCOTHEGHTONE DOSRD. Fi gure 13 shows a
system built according to one enbodi nent of the invention. Figure 14
shoWws a bl ock di agram of various functional blocks enployed by a

si gnal pr ocEgsirend shows wdriekaliegramioithd reasivar bexmpiotraer (RB) module according
to one embodiment of the invention.

15 Figure 8 shows a block diagram illustrating the pre-processing block of the
heartbeat and/or respiration detection and estimation module (HRDEM)
accordirig to one embodiment of the invention.

Figure 9 shows a block diagram of an implementation of the first method of
20 estimating heartbeat and/or respiratory rate, according to one embodiment of
the invention.

) Figure 10 shows a block diagram of an implementation of the second method of
estimating heartbeat and/or respirafory rate, according 1o one embodiment of
25 the invention.

Figure 11 shows a block diagram of an implementation of the third method of
estimating heartbeat and/or respiratory rate, according to one embodiment of
the invention.

30

Figure 12 shows a block diagram of an implementation of the Bayesian filter-like

rate estimation module, according to one embodiment of the invention.



5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Accordi ng to an enbodi nent of
the invention, nethods for detecting heartbeat 10 and/or respiration
are provided. Figure 'l A shows a flowchart 150 of one nethod for
detecting heaghbfghsesad/ or respiration. The method i ncl Ug§Sseasosmnonsis
receiving a wave signal at 152, and at 154 anal yzing the receive
wave signal using a heartbeat and/or respiratory nodel, thereby
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represents heartbeat and/ or respiration: y 15 i ncl ude
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heartbeat rate. :

According to an embodiment of the invention, a device for detecting heartbeat

20 and/or respiration is provided. The device provided includes a receiver unit

configured to receive a wave signal, and an analysis unit configured to analyze the

received wave signal using a heartbeat and/or respiratory model, thereby providing

) a result signal indicating whether the received wave signal represents heartbeat

and/or respiration. The device may include a transmitter unit configured to transmit

25 the wave signal for the receiver unit. The device may also provide an estimate of
respiratory and/or heartbeat rate.

Embodiments of the inventiocn emerge from the dependent claims.

30 llustratively, the detection of the heartbeat and/or respiratory rate via wireless
means may be carried out as follows. First, a wave signal may be transmitted to a
subject. Next, the wave signal, which has been reflected from the subject, may be
received. Finally, some signal processing techniques may be apblied to the



I n one enbodi nent, analyzing the received wave signal using a
heart beat and/or respiratory nodel includes carrying out a spectral
transfornmati on on a signal dependent fromthe recei ved wave signal,
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from about egpifionysatebionexampleiz. | n one enbodi ment, the spectral
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transm tt edpfedefined frequsiy tdrgge, devised.forlt providing thebsxditrsigrial. t he
transmtter device nay be, but is not limted to, a wave signal
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In one embodiment, the heartbeat and/or respiratory model comprises a Bayesian-

25 filter like heartbeat and/or respiratory model. In another embodiment, the Bayesian-
filker like heartbeat and/or respiratory model comprises an estimation method based
on a Kalman filter, e.g., an extended Kalman filter.

In one embodiment, the Bayesianfilter like heartbeat and/or respiratory model

30 comprises an estimation method based on an unscented Kalman filter. in ancther
embodiment, the Bayesian-filter like heartbeat and/or respiratory model comprises
an estimation method based on a Particle filter.



I n one enbodi ment, the nethod provided further includes beanform ng
t he received wave signal. In another enbodi nent, the nmethod provided
further includes transmtting a transmt wave signal to be reflected,

wherein the W%M&?ﬁ\é\ave signal conprises the reflect egC%&§%§%€%I :

I n one enbodi nent, e received wave signal is the transmtte
signal nodul ated by reflection. In another enbodi ment, the received

wave signal | ﬁﬁ&ﬁi ; J I ] L Wl
bei ng and ml)ﬂdé %tg @gbgy t ’eéﬁa%wlgoéﬁégg% }'Jﬁg%ﬁg&{gﬁggﬁgﬁﬁﬂ%‘%‘ﬁ%ﬁ andor
t ransmi t t edraggiratos ede! indudesdarsing @uba yedsionmeatinn oma signabdependenideam
wal | and thg,c b TIVIR i | A j 1
recei ved \/va\!E/héa rsp?%lri]"aeﬁ i“éak}?h%a’b';{érkh%seﬁn?gnog m%v@g%gﬁg?ﬁﬁ@é%%ﬁ%ﬁc}he
by the refl gensfoimed3dignal aod eagpibg divba statistital amatysisdrpthevibdedvation sigoal,
i ncl udes; be ] . 1.1 ' - .
2010/ 030538%%%585’5‘@%%@% &fﬁ@%ﬁ%&g&%@%ﬁ? ;géLgtn%fl\ﬁ;% sigtistjgaLanalysis.
recei ved wave signal includes denodul ati ng the recei ved wave signal .
I n one enbogj i C ' '
ant enna. and o $rpaqIRHE e BeBREY WRRE skl 85t SRS Rk SRRl
recei ved wassotbérgnethbodimeni néhe nixgived ntwaviehesigeali de pr osordiedodisur aes
includes a t sm.tt rm%nit.corfi gured to transmt a wave signal to

) .

be refl ect eﬁ{ec g P8l ved wave si gnal conprises the
refl ectedl wave signal. 10 In one enbodi nent, the device provided

further includes a second.beanf.orm ng.unit _configured to beanformith
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and/ or respexamplen may be i nplenmented according to one enbodi nent of

the invention. The system 100 includes a subject 1 and a wirel ess

heart be and respiratory rate nonitoring (WHRM device 5. In this
il lustratiom obhbeembbdiognhf theéehmtihech prindded Hapheramnblalesr begmnfarinirgn the
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20
In one embodiment, the received wave signal is the transmitted wave signal
modulated by reflection. In another embodiment, the received wave signal is the
' ) fransmitted wave signal reflected by a living being and modulated by the reflection.

25 In one embodiment, the fransmitied wave signal is modulated based on the motion
of the heart wall and the chest of the living being. In another embodiment, the
received wave signal is the fransmitted wave signal phase modulated by the
reflection.

30 In one embodiment, the method provided further includes beamforming the
transmitted wave signal.



30 transmts a wave signal to the subject 1. In this context, the
wave signal may be, but is not limted to, an el ectromagneti c wave
signal, for exanple. In one enbodi nent, the wave signal is a

i conti'nuous onagnetic wave signal. WO 24}i O

j008 000349 %@ﬁélgﬁiés heartbeat and respiratory rate ﬁ%@?@éé

' (fv'HRM device 5 then receives another wave signal 3, where this
recei ved va Yarialjeidfe RV o déiflodtitfig th
si gnal fromyrti:a ﬁégﬁ%bd%lém H'fagri gxa?rp |e% \b%%teggrr%e@aﬁn(ﬁepnt t he fig the
recei ved mv@euegwuﬁveeamlthe transm tted wave signal reflected by
the subject 1 and nodul ated by the said reflection. In another
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heart beat and respi ratory rate nonitoring (V\HRI\/) device 5 then
applies S|g I ¢! S o] t el Vv,
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and/ or resp%gﬁ?l()c%@?p&%%@ﬁ%ﬂeﬁe%%@ g“?glﬁh "result signal 7, the resul t
signal T0al so indicating whether the received wave signal

i adn am 2001bp"% tealtigt el el altngr Hefio® @agé%ﬁqe%bﬁ%ng
(V\HRR/) devi omit Soré@umdinlt)gamﬁ:mrlbeembmdﬁmla‘Mavefsxgdm i nvention,
shown in Figure 2, the wireless heartbeat and respiratory rate

nmoni toring 25 (V\HRM device 5 includes a signal transmtirec, eipt
nmodul e ( STRIWIG Embodinerds Mthe:ia:tarardﬂsonbecbmmeaidrm d)éltlm:medimdajmd detecting

cot TR0 gy IR Mo ARt R R 8, ey

transmttl ngc8Betshe wave signal to the subject 1 The si gnal
transmt/receive. nodule (STRM. 11 further perforns the function of
receiving the (reflected) wave signal, which may be reflected from

t he subj ect Figure\ﬁﬂ Sy § 30ESBPIINL SCAHOBLE GO3HS] Eﬁéembgngaheartbeat and/or

the hear t beseP iR graY B8 bTay PaRt s8R rBaR hRamueimaR osMeBnedn. *°
(HRDEM 2d.4. The first signal 13 may be, but is not linmited to, a
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respirator y
monitoring (WHRM} device 5. In this illustration, the method of detecting heartbeat

) and/for respiration may be implemented on the wireless heartbeat and respiratory
rate monitoring (WHRM) device 5, for example.
25
The operation of the wireless heartbeat and respiratory rate monitoring (WHRM)

device 5 may he described as follows.

The wireless heartbeat and respiratory rate monitoring (WHRM) device 5 first
30 transmits a wave signal to the subject 1. In this context, the wave signal may be,

but is not limited to, an electromagnetic wave signal, for example. In one

embodiment, the wave signal is a continuous wave elecfromagnetic wave signal.



5 The heartbeat and/or respiration detection and estimati on nodul e
(HRDEM 14 perfornms the function of detecting and estimating the
heart beat and/or respiratory rate of the subject 1, based on the

received fir i 13. The HRDEM 14 provi des the res
detecting an?%%’tlﬁﬂrfﬁhsng t he heartbeat and/or respirat o?ﬂy&?saz@(g@m‘{ghe

10subject 1 as data in the result signal 7. The system control nodul e

S 15 proevi.d i i S} .

(Povrre) PodteioRsl Mo teh ey oL hrkdines (PR dpvi 5 oo

t he heart beaecei\r@(anoﬂnafsmﬁveaijgr@h3d¢b%tﬂniame@ai‘eBwaavmign@Irﬁ mas ihaiude the

(HRDEM 14.  Ipe.dd dﬁéﬁsn‘ﬁ@éﬂ %Q{re éiéné‘ﬂg ejsﬁb}?ﬁm ,tfgleew&d control
ctivel ntro atio

signal 19 are used to respe y CO e ‘oper ns of the
signal transmt/receive nodule (STRM 11 and the heartbeat and/or

respirati.on cti ; i - g ‘ .
shg\arls a | I oé’g%ﬁj-‘lga%r{r@?nd]%gt’gﬁéItrggé“lé?%gwgP gté Hrgg-'haim /r ecérlé@semiﬁte)%tﬁ ée\% Uglgna
(STRM 2011 refectaddibygthteo soipjecte ibanti meottulaiéd tihe thevaaid ireflectias. dioxmwthar
Fi 3t . . ; ) el .

e darioasa Sgngh, SUARATCCBEiERAV ST AT mdduplll B B0 ine
beanf or mer @RBpnmbdhd be@Owalh dnd ther deshoftthe subjeant dnrieis comE)xt, el tdceived

31. 25 1In o | : i S tr m.t/receive nodul.e (ST
1Ty | nol GRS RAE Py oh08e HrdRhiob AIRE neahBeR AL g g Y for
frequendy (RBREmpedule (RM 23. In this enbodi nent, the antenna is
labeled as 21 and the additional antenna is |abeled as 21'. Likew se,
the radi o frequency (RF) nodule (RM is |abeled as 23 30 and the
additi onal Tadiwirdlesqheadlyest R rasdishtery( RN menitcaingl @dHES1)28vice BOhen
2010/ 030238PCT| SG .ZOQ8/ 00034 {n one e

e 1 deont | caPPDISS HAMSoRob Ty e aee B PrCEER e gBra O SH0R: nd ™ n
the radi o f oefpnémopta(rRE) esiaate ef (Hal\l)eaﬂaeamndfml resigirdtoyabiet aof théieubject 1.
CHh L 18! RS Brbl e TR e P Fr B L apeer
enbodi nent an el ectromagneti c wave signal in the radio frequency (RF)
range. Data on the heartbeat and/or respiratory rate is provided in a result signal 7, the
result signal 7 also indicating whether the received wave signal 3 represents
heartbeat and/or respiration.
20
Figure 2 shows a block diagram 200 of a wireless heartbeat and respiratory rate

monitoring (WHRM) device 5 according to one embodiment of the invention.

As shown in Figure 2, the wireless heartbeat and respiratory rate monitoring

25 (WHRM) device 5 includes a signal transmit/receipt module (STRM) 11, a heartbeat
and/or respiration detection and estimation module (HRDEM) 14 and a system
control module (SCM) 15.

The signal transmit/receive module (STRM) 11 performs the function of transmitting

30 the wave signal to the subject 1. The signal transmit/receive module (STRM)- 11
further performs the function of receiving the (reflected) wave signal, which may be
reflected from the subject 1.



The antenna 21 may be used to transmt an RF wave signal (on the
transmt path) and to receive the RF wave signal 3 (on the receive
path). 10 The radio frequency (RF) nodule (PM 23 may be used to

pi tioass the \§00@essSi gnal to be transmitted on the trlﬁﬂiﬁ&ﬁosﬂ%@'

in this regard, a second signal 27 may be received from
transmtter be,anfornmer (TB) nodul o 31. The processed signal based on

the second %h@@érﬁg%?lg%?ﬁﬁﬁéme%cﬁﬁ@ﬁmﬁ)ipafsﬂ%r&ﬂ(ﬁ@@ﬁﬁr&% n&Pi3 to ine

15t ransm ssi on I o frequency

to al so prodiegsbeaiandir dpsridtin detardor |a@ﬁgsPstl§16§ﬁn tfﬁ@dkﬂ%é@Ré@“ﬂe)a%‘ﬁeﬂhﬁ
this regar d; ﬁ%r%ﬁ ?‘%%V‘@é’eb@t' gn t Fitéc ttE’rQVdaeﬁQerP%@H&? v\'il‘?%ig;fhcludes

frequency ( e recel ver nf or mer
modul e 29, frgermation W@r’fh% hewthesat a@dlommplrﬁ@w F@’@rOfﬁh%ﬁhb}Qﬁrf’e for( e ynple.
nmodul e 29 nay be used to forma bean1to a desired direction (for

exanple, the direction of the sublet:: 1) so that the received AF
wave si gnal Thenkgaribeatandor espiration detestionandcestinutionrmodwy (riRREM) 19

h f
T s
si gnal . Denmterﬁgth&wb]ﬂcbédwed owdbe fageived |flg31§lgna!5’1&s'fhet HRDEMLM pm\ﬂdes
wh L
e bt B S SRS e 5 SRR o8 S e oo

- desi gned?aceubjdtirgas dataliretrepasulagigrald. t enpor al response of the STRM
11, .

- The system control module (SCM) 15 provides a first confrol signal 17 io the signal
transmit/receive module (STRM}) 11 and a second control signal 19 to the heartbheat
and/or respiration detection and estimation module (HRDEM) 14. The first control

15 signal 17 and the second conirol signal 19 are used to respectively control the
operations of the signal transmit/receive module (STRM) 11 and the heartbeat

and/or respiration detection and estimation module (HRDEM) 14.

Figure 3 shows a block diagram 300 of the signal iransmit/receive module (STRM)
20 11 according to one embodiment of the invention.

As shown in Figure 3, the signal transmit/receive module (STRM) 11 includes an
antenna 21, a radio frequency (RF) module (RM) 23, a receiver beamformer (RB)

W

module 29 and a fransmitter beamformer (TB) module 31.
25
In one embodiment, the signal transmit/receive module (STRM) 11 may include
more than one antenna 21 and more than one radio frequency (RF) module (RM)
23, In this embodiment, the antenna is labeled as 21 and the additional antenna is
labeled as 21'. Likewise, the radic frequency (RF) module (RM) is labeled as 23
30  and the additional radio frequency (RF) madule (RM) is labeled as 23'.

10



WO 2010/ 030238PCT1S&008/ 000349 The transmtter beanforner (TB)
nodul e 31 may be used to generate the corresponding signals to feed
the antenna 21, in order to forma transm ssion beamto a desired

direction (f , the direction of the subject 1).
Addi ti onal | yfw? %ﬁ?@isgnbodi ment where the signal t r ansmit 7 Peleryus?

nmodul e (STRM 11 may include nore than one antenna 21 and nore than

one radi o freque i r : )
second si gnjﬂ %Q%ﬁgé'%e}% qﬁ% éh@gﬁ% rr%%’e%ésg% nﬁ%e\{/{gg é’?egﬁg@{@é Qﬁ%nﬁ % ?g )
enbodi ment , Irt ectseconidodiingniathe mdioabejuedcyadR) ddulaidVi 28 raaldbe identdal
second signal.is | ed.as_ 27 Way : rocessed wave signal
is |abel ed gosthﬁ@dgﬁ'gﬁ%lhrgd'SSWP?%WiF%b%@Q%S(M%aS\F}e signal is |abeled
as 25'. I n one enbodi nent, the second signal 27 may be identi cal
to the additignal second.signal 27 . lnpn another dj t

pr ocesseg \Njin/g-”%‘”a% “OQS'tr?Ear}ﬁes‘?e@etHﬂ @’glw 'QF%en? gsd@?{ﬁ;%%@f)g&ment =
processed walketrsmggdtic2ave diaral methe radio Sbquanty fBFheingd. t hat t he
signal transmt/receive nodule (STRM 11 may be arranged in different
~configurations. 20ln a first configuration, the signal

transm t/ r eThé watempd BleméShRMsed fo traysntitaRFanged sigaalaomthé iphemit path)
transmtter, Itiﬁg,l etre Ei ver s sff,g thn ot her ds, the signal
transmit/reB8f (e 'Hﬁl%el% TRV See &q BV SPPMiral ity of antennas
21 and agplurality of radio frequency (RF) nodules (RM 23, as shown
in Figure 3., 25 I.n_ this copfigurati i,.th the use .of the receiver
boant or ner TRy 40 ditieSnd i Hoedie PR Bbiat BElRe 4 meborafie R fRee
31, -t ge tL a@igﬁ%ﬂtb@d t%smead :ﬁimeadanaa&gbm.imm @@amélsﬁcba@g@dam may
towards the, subject, 1, and the receiv RF wave si e .

r ecei ved by bt FREsHEd M fiF tnsmiEhRaTomeR 1R ReaHSdi ot Prcsssegpong!
hi gh ant ennpagsi Bn (the esacond tdigran 22nmanciedn i padvidedl Bitlse anddrina 21, for
(SNR)). .30 it can .be seen that by controlling the receiver beanforner
(RB) nodtl e™@&EMEHhe transnitter beanformer (TB) nodul e 31
accordingly, this configuration has an advantage of being flexible in
relation to_signal fransm ssjion a i reception., .\WO
20101030238’#%??’3‘%20%5%9‘&5‘6&43*&6%@8‘? ?hﬁ’/ﬁ?és donf PGUHSR] & FisR pypoess the
di sadvant aggceletl IR wialie BasahB ah ihepkesienpatn. ontito =Ly & prasvel vaas

hi gh i npl i ) .
'gh 1np e”?iBﬁﬁtésof% p?rg\?igigd by the radio frequency (RF) module (RM) 23 to the receiver

20  beamformer (RB) module 29, for further processing.

The receiver beamformer (RB) maodule 29 may be used to form a beam to a desired
direction (for example, the direction of the subject 1) so that the received RF wave
signal 3 may be enhanced. The receiver beamformer (RB) module 29 receives the

25 processed wave signal 25 from the radio frequency (RF) module (RM) 23, and
provides the first signal 13 as its output signal.

Denoting the processed waveform signal 25 as x,(n),i=1,--,L, where Lis the

number of sensors, the first signal 13, being the output signal is expressed as

L J
30 y(n) = Z Zwﬁxi(nw 7)
i=l j=l
the weights w;, is designed according to the spatial and temporal response of the

STRM 11.

11



In a second configuration, the signal transmt/receive nodule (STRM
11 may be 5 arranged as a single transmtter, nmultiple receiver
system in this configuration, the signal transmt/receive nodul e

(STRM 11 nayy, g{] el plurality of antennas 21 and a

radi o frequency%?{% nodul es (RM 23, as shown in Fi gur?c’i/rs%k@%@g{p
in this configuration, only one radio frequency (RE) nodules (Rivl)
23 may have a receive path as well as a transmt path, whiie the

ot her radio frequency (RE) 10 nodules (RM 23 may have only a receive
path (le., fbetrangmitter PatmjornieheTHe condule 081 | mpay abé orsedad ayenerate the .

advant age | t i f S . S enhance
the receive O%E?R/%@E‘Esﬁ%ﬁg%gégqﬁmﬁ%@%@cﬁ é@%?&:g\?@%eﬁ%%ﬁﬁmﬂéﬁam
be recei vedtdy debieedditactidn (fyr efangpie, dhendisecdibn\wf tHe dubjgctd).rectivity and
a high agtenna gain (La, with an enhanced signal to noise ratio
(SNR)). Further; this configuration may be used to focus on the

recei ved RFAwdiiensllygirathe®rhbarimehiewiserbjtee BlghaV\tlansmiy/retmn:iennbMe r(BGfG!M)
of a crowd, for £XG ditionall epentati o ost s
Thi s cont udn AEEHETES fiovh el Sientiechrshd BBr TER g ik an (R
Figure 4 shewslule (RM)AS, mm@mb@)ﬁotﬁ than bhe sdcaansigeal 27t arehmofe thae one
si gnal transmt/re eive . di ng tp one .enhodi pen
of Sthe | nveRTeBReST ayasEREIAS, ' BmPnga b e eRcow g S Tbeied 88 27
transm 1ér eapd iee aodtibe! (sSEEgRM s@ﬁalﬁﬁ%ﬁ%c%sz frﬂ %derlﬁ&h@ pPbdegked wave
ant enna syste i nc es,, one nna nd ong radi requency
CRE modul o Bty S Bpeled R g B Bahd bictessed RoyR peneltabslres 20
"the-feceiver beanforner (RB) nodule 29 May be a direct connection
fromthe pr cessed to first, si
el o | iP5 eHBPIERGLTE serondabel 27 piaitesSnl in e adcffopelsecond
wave Si gnal s;@ﬁal 27 V}@aﬂﬁﬁ'@{' @M&Mh@@?&%&@@w& sidnafns My 194 identical
bean/foL%ns q;t;[n axg g%/m e di scussed i n nore detail in
rel ati ofrf t o!FGEAE! Bn?lé’ﬂ'%ﬁ? X?’aYi%?g rrpl enented. The third
configuration has an advantage in that it has a |ow inplenentation
cost. SHowever, the first c ati.on oes t have the ility
Lo’ enhance. oorglt Sheul e i bt i senes rameg Diecabe monuie SFRBI | mhy
di agram 5o9b@arrahgeecr[adrfmréﬁtequmsmdrﬁﬂ nodul e (RM 23 according to
one enbodi nent of the invention.
20 In a first configuration, the signal transmit/receive module (STRM) 11 may be
arranged as a multiple transmitter, multiple receiver system. In other words, the
signal fransmit/receive module (STRM) 11 may include a plurality of antennas 21
_3\ and a plurality of radio frequency (RF) modules (RM) 23, as shown in Figure 3.

25  In this configuration, with the use of the receiver beamformer (RB) module 29 and
the transmitter beamformer (TB) module 31, the transmitted RF wave signal may be
focused and directed towards the subject 1, and the received RF wave signal may
be received by the plurality of antennas 21 with high directivity and a high antenna
gain (i.e., with an enhanced signal fo noise ratio (SNR)).

30
[t can be seen that by controlling the receiver beamformer (RB) module 29 and the
transmitter beamformer (TB) module 31 accordingly, this configuration has an
advantage of being flexible in relation to signhal transmission and signal reception.

12



10 As shown in Figure 5, the radio frequency (RF) nodule (RM 23
i ncl udes a dupl exer 33, a power anplifier 36, a rriodulator 37, a
digital to analog converter (0/A) 39, an oscillator 41, an analog to

di gital conv gﬁgm{sm\g 43, a denodul ator 45 and a | ow n?kiﬁGﬁg@}’e‘}h%‘%’er

47. 15 The duplexer may be used to control the opera
the antenna 21. As nentioned earlier, the antenna 21 may be used to

transmt th i h i . i .
A vave si gngrewtt s EREPLabR heis ol Baihde RO A0 ich IfiSElpkfiabon
transmt opesraplerity adel] as high dupleamestaddn cagisbe used to switch the 20
antenna 21 such that the antenna 21 is connected to the correspondi ng
conponent on the transmt path, nanely, the anplifier 35. On the

ot her hang, Irf arsettel cediguratiooptratigeal trande|t/rédeved mpldalee{STFMNaY ntegy be
used to siivttch the antenna 21.suchlthat th nt enn i S, ec
Lo the cor r Biib dica SRbENRRE FlbRtechUE SR AR SPhrERRteE e
poi isedarrplhi gigeal t@snﬁlﬁ??’dﬁ% mmip5 mw(aswh )Sﬂ‘:)ngayt ihelutie mﬂu':}alit;g_ai mta}ar)as 21
i ncl ude the wer, anplifier t he ul at or t i git to
anal og conv@'&‘f@rplk"ﬂﬂ&)Ofs"gs'oTéﬁeedL?Pﬁ%éﬁlzp)f T"(S@"’%P(S%&')ﬁ?g E{%M N RiguRe 3.
may be ge; cﬂbﬁeabragw_ tﬁi@:cchnﬁ@yzrat&m. thiy cmecrguitfi fieiggaady (glF,) pvmmh(mn) 23 may
recei ve y, the radio frequen nodul e (R ro e

Tanbm vt o AT S natt Fhseha s AL AP e Sihek el reSiyensy (RF)
di gi t al 1¢ CE@oaniak gRMS a8 vieritieive OBy red8ive pauei.bs nbheinsetigrath)si gnal 27
into an anal og signal 61 W) 20101030238PCT/ SG2008/ 000349 Next, the

nmodul at or 37 nodul ates the anal og signal 61 onto a high frequency
carri er signed sébnlyonfiduraficieiad £n abiaatdyedn tes thd plotalifpshdrasethsa1gna)

59. Fol |l owi whi ch, the wer amplifier 35 anplifies the a itude

o the 1 oow e yhed I8 srhied e tasaBY Gt HouS IBL Y o cthe Taraved REyvave
Si ?nal . fl | Sigh@idn&p bb?@cei‘iﬁcBF_ Wm&%mﬁ@t b??témﬁhﬂﬁt?mh gh diecwvitpiate a
note, I C e een o | re a e | .rrequ carr)jer, .
O et b T of 2t aB e bt piranerd SBnelodise e AN BhhS tis
wel | as to tdifigdemda uhat B Usen thfBcuLeritNe reaiiid, RF. wave tly@ahgghom the
frequency carrier, signal 63 na 1

g i be ysed on 10 both the tr mt an
Fecal ve. mat SBISE ik Er ey Do b 0 THEStoh BcPRde ey BREGORAY: e
hi gh frequepera@itafi®! @sBndbr this configuration is lower than that for the first
configuration.
20
Figure 4 shows a block diagram 400 of a third configuration of the signal

transmit/receive module (STRM) 11 according to one embodiment of the invention.

In a third configuration, the signal transmit/receive module (STRM) 11 may be
25 arranged as a single antenna system, which includes one antenna 21 and one radio
frequency (RF) module (RM) 23, as shown in Figure 4.

In this configuration, the receiver beamformer (RB) module 29 may be a direct
connection from the processed wave signal 25 to the first signal 13, for example. In
30 other words, the first signal 13 may be the processed wave signal 25.

Further, in this configuration, the transmitter beamformer (TB) module 31 may be a
single output system, for example. in this regard, the internal linear filters of

13



63,4, may be sel ected according to the intended application, since
the depth of penetration of the high frequency carrier signal varies
dependi ng on the frequency 15 of the high frequency carrier signal.

I n one enbodi frequency of the high frequency i i gnal
63,4, may bel":vﬂﬁrelﬂ'gl mesgragnge from about 100 MHz to 4 GHz, %g?;sggag?@i"e.g

Turning now to the receive path, the conponents al ong the receive

path nay iy | gi i t i tail in
denodul at (%& a@%ﬁnﬂ%ﬁ@ﬁn@%ﬂg@&dgﬁpﬂ k\lmél? ﬁ%@l\ﬁ%hogé%lkg%llﬁﬁ%%vhal ong
t he recei veelgimnho Figurb & Idiesionayeal kesimipiEnanisd. A received signal 53
fromthe antenna 21 is provided to the | ow noise anplifier 47 25 via
t he dupl exer 33. The |low noise anplifier 47 anplifies the anplitude

of the recEhe édrdstaiglrabon hSehsemventay in thes i a flow impleoshiasign cost.
ignal 55 i.ded, derodul 45 T .
or otesse ieBlety g sk partBp (IR Srsiu o Alia MG CHRERINY & dnififgg the

hi gh frequetelyesiwgnalsighd,3.in order to retrieve a denodul at ed baseband
~signal 57. It should be noted that in general, the frequency
conponents of the denodul ated WD 2010/ 030238PCT/ SG2008/ 000349
baseband sFigmad 55hoasen bisuakilagrafh 500 sif ¢ Fadimfretyerd oWeF) fmate (B)) 23

Next - ¢ he. eSO KR gnbedmentiidbe BVertel 23 ray be used to sample

and corvert 5 the denodul ated baseband signal 57 into the processed
n gl BactBaRas it S BF tadmeBUSRe Mo beutisy (R L e
may “be usedlfiexerfas; hesweh gnpkiler @50 eemsiinigior 37, a digital to analog converter
(D/A) 39, an oscillator 41, an analog to digital converter (A/D) 43, a demodulator 45

and a low noise amplifier 47.
15 :
The duplexer 33 may be used to control the operation mode of the antenna 21. As
mentioned earlier, the antenna 21 may be used to transmit the RF wave signal (on
the transmit path) and to receive the RF wave signal 3 {on the receive path). In this -
context, for the transmit operation mode, the duplexer 33 may be used to switch the
20 antenna 21 such that the antenna 21 is connected 1o the corresponding component
on the transmit path, namely, the amplifier 35. On the other hand, for the receive
operation mode, the duplexer 33 may be used to sx{lvitch the antenna 21 such 'that
3 the antenna 21 is connected to the corresponding component on the receive path,
namely, the low noise amplifier 47,
25 ' .
The components along the transmit path may Include the power ampliﬁe}r 35, the
modulator 37 and the digital to analog converter (D/A) 39, The signal flow along the
transmit path may be described as follows.
|

30 The second signal 27, which is received by the radio fréquency (RF) module (RNA)
23 from the transmitter beamformer (TB) module 31, is a digital SIgnaI. The digital tcf

analog converter (D/A) 39 converts the second signal 27 into an ahalog sigrnal 6
| i

i
i
i. ‘ 5
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Further, the sanpling process carried out by the analog to digital
converter (A/D) 43 10 on the denodul ated baseband signal 57 may be,
but is not limted to, a single channel sanpling process, or an I-Q

channel sanpk,@,@gu%sg%ss, for exanple. Figure 6 shows a_[}&lrg%gog%(ﬁg‘rgam

600 of the transmtter beanforner (TB) nodule 31 according tO one
enbodi nent of the invention. 15 The transmtter beanforner (TB)

nodul e 31 | i l2+Q Ml 7 t e line

fiter 81, Nebnbe PeSlR? a7oRBRNa e it Snal B oafl6 Wt Roasney
31 may i ncl gdeiensignap63 tyaim eder {a okiain & irégultaniBmodulatedhsignal rigo dRolkewing
the linear f{jlkeg. I . At o) | ] fi I
is |abel ed fz\aﬂlsh Hog'irthé F’ﬁb\fgﬁ%bﬁgﬁ&?ﬁ%ﬁ?ﬂ%ﬁtﬁ%gt%ﬁ&hédﬁegflﬂ}el t%@?élglﬁ]%@atﬁg
i denti cal t eignhke5adluivsegquatlyl theeamplifiedt signdl 151, is fed Thehgiagtadna 21 via the
gener at ok 7Eu@g¥e|k{%.used to generate a transmt wave signal 83. The

on

at 25l east inear filter 81 may receive and filter the trapnsmt
wave signal 83, and may provide the second signal 27. Additionally,

in the enbodi t tra itter b ney. B) nodule.31.ma
ol ude: nor 250 aHe 08 delthe' SR Eiduni Rt W Figh RRbER O e el
second 30 si§improifed by thdoscillebdreiditoting motibiates 87 arsdvedi gmial thé demabielbiad
as 27 and th dditional .second sj | is |abeled as .. 1n one
anbodi mont - (L BecIseEE ke 3 hlj s Paehsr sRRat R a4 Ored on
second gdgnabthafié trandwitand rddeivetpadiis, ve exanpl e, in an enbodi nent
where there are N linear filters 81, the transmtter beanfornmer (TB)
noduhe 31 may generate N second signals 27, in order to feed the

- ant enna 21 Fortiiar ih shouldelres nbted itieat the dmgiency ofeibirtigh eieqasridyasarridradignal

i exanple. 5 houl d be .noted that the, respon of . the at | east one
T oo Fi 1t B R b SeIRgRT POREOLIC! G ToBe0R ABplICEHE YOS o denls pf
The respons ; i Y : i

Lt g converefirdph dine G8R freBliency AR ddnih Fhrick olibhdRfy GF HePedbency
exanpl el5 t hef the highFequensy|canisasignal. e one embwdirtentdthei frgmeenay ofithe high

i me- shi 1 Fbdieioy WehfL hEeReD, (8] BY ot HESSnad Hem! SRA0YA6 Wil B4R,

linear filter be expressed’ds
for example.

Turning now fo the receive path, the components along the receive path may

20 include the analog to digital converter (A/D) 43, the demodulator 45 and the low
noise amplifier 47. The signal flow along the receive path may be described as
follows.

A received signal 53 from the antenna 21 is provided to the low noise amplifier 47
25 via the duplexer 33. The low noise amplifier 47 amplifies the amplitude of the
received signal 53.

Subsequently, the amplified received signal 55 is provided to the demodulator 45.
The demodulator 45 processes the amplified received signal 55 using the reference
30  high frequency signal 63, in order fo retrieve a demodulated baseband signal 57. It
should be noted that in general, the frequency components of the demodulated

15



, (1) g(k-D)7; where Dis the tinme delay and Ts is the sanpling
interval. Further, K may be 5 selected to be a value |arger thanD .
It should be noted that the respective values to be used may be

det er m ned b)((v(%oqgg;&%nt In order to achi eve the desire ?S(rg%%r{’%g‘%e.

Addi tionally nrformlinear array (ULA) is used, t
timeD, for the ith :0 channel nmay be determined by i d .cos0O D-(2)

wh d i ' - o] di of .th dcis th d
of t he- r adi SoseA e BT oSN S untaiRy laiAt e cdmged Boe
det er m ned. fridguéncytdi¢hs hipiufrequaregeanzesighaigach FIR filter h(k) may be

calculated, so as to steer the beamto the specific direction 8.
Figure 7 shows a bl ock diagram 700 of the receiver beanforner (RB)

nodul e 29 ; i rr@ﬁ]t) | ' T
receiver beglllre%‘f9 g'?érrgpa?%gd%%uﬁggggéi C )u‘gééﬁ %f‘bgf Qé‘g?tcdoggehf) Ii("gnéehglr convert
filter 67 aH® demadeaiedhasebasl signaloie idoitbeliprecessed veaveesignal 625. In this
beai nf or ner Lhgl ude t e.lld 1 te
BT et ARk, TR SockBed Bk A 50 el SRR i o
addi ti onal Pxaaple. The procesasdivedyelsiphah25s 6izty. bel usedifot fudheedigibalipneoessing.
the linear filter 67 may be identical to the additional linear filter

61. Each of the at /east one linear filter 67 May receive a processed
wave si gnal Faghariersampling pracespoardit gut iadihe drakguierdigital BE)vened (A/B) 43

(AM 2344 Ea N filter . filter. the.

pr ocess}é%l ﬁ@éﬁéi%%ﬁ%ﬁﬁ%e#gﬁsoﬁﬁfé amﬁmeérbi'g '%«5 "E'\'tSﬁa{EP’ @5"’?'”9[6
The~out put ehaymel sgrmplingtpneceiss srtarsi@ chanried samp(imy) prockss, lier exaowgpileer
beat/1/Or/tier (RS) nodule 29 is the weighted sum of the tap-del ayed

. signal sanples x,(n) of the processed wave signal 25, Le"
1 Figure 6 shows a block diagram 600 of the transmitter beamformer (TB) module 31

according to one embodiment of the invention.

15
The transmitter beamformer (TB) module 31 includes a signal generator 77 and at
least one linear filter 81.

In one embodiment, the transmitter beamformer (TB) module 31 may include more

20 thanone linear filter 81. In this embodiment, the linear filter is labeled as 81 and the
additional linear filter is labeled as 81°. In another embodiment, the linear filter 81
may be identical to the additional linear filter 81',

The signal generator 77 may be used to generate a transmit wave signal 83. The at
25  least one linear filter 81 may receive and filter the transmit wave signal 83, and may
provide the second signal 27.

Additionally, in the embodiment where the transmitter beamformer (TB) module 31
may include more than one linear filter 81, there may be more than one second

30 signal 27. In this embodiment, the second signal is labeled as 27 and the additional
second signal is labeled as 27'. In one embodiment, thta: second signal 27 may be
identical to the additional second signal 27'. :

16



Additionally, in the enbodi nent where the receiver beanformer (RB)
nodul e 29 20 may include nore than one linear filter 67, there may be
nore than one processed wave signal 25 and nore than one filtered
wave Signal pi s enbodi nent, the processed wave i
| abel ed as 2 SMB%% addi ti onal processed wave signal nggﬂ Vgﬁm%
25" . Likew se, the filtered wave signal is |abeled as 65 and the
aﬂdi ti onalAd %ri mestmiivmxarpieg medn embdx;ﬂ:lnehia_dhaie thefe. arkiV %@ran@efﬁm@t ,
t he processe na ag:) i.dentical tq the addition .
pr ocessed WA Srer (e et o 1chbk Seneite M isBPid STl 2y
si gnal 65 dﬁ@eftb%écﬂm@tanwinatﬂ tbiermad tahsraraionbekiheions desiied dtegtich, for
*65'. 30 The adder unit 69 may sumall the filtered wave signals 65
fromthe rFE8P€&ive t least one linear filter 67, to formthe first
signal 513. As an illustrative exanple, in an enbodi ment mhere t here

are Nlin ar fil 6 correspondi n , ogesse
si gnal sI 28t EPR]J!‘N%P t@&é’é“vﬁ?ée@?‘ﬁﬁgl‘g tlb?))gat%??ﬁ; fgﬁdme%ﬁﬂi@r @Q ey beum
N filteredonpydsidipiie 8 cdritrof SHRRILIE ﬁherre&pcmw thé?at 1dust bns MAgdd

be noted that the at |east one linear filter g be control |l ed
usi ng t he TfEr &t “'@MHPWF"QE‘P%HQWf‘?”"eﬁt@"@[é’?ﬁ@?ﬂ%f% XHP'%t | east one
linear filter 67 may be designed so as to naximze the signal to
noi se rati o (SNR) of the first mgepa 13, for exar’[F) The first
controf s@n@? ”1:'?“’@1"&3? e ie dhe i deash ops Hined filfgys amaayb%eawed as a

10pat t er n filR-gPR Gidrivatrddifgehi lay fifés, Q’h@@e&nsg%‘f%h@ﬁ a lihB8r ffitel kY be
response of the at least one linear filter 67 may be fixed or
adagfl vel PXaigeeed 89, Further, the first signal 13 provided to the

heart beat/respiratory detectdgpgan estimation nodul e (HRDEM 14
may i nclude the Doppl er fl{k)equﬁgfcy%%g hali-onKof the heartbeat anéfflor
respiratory rate. Next, thfee ’8 ferent inplenentati-ons of the
hear t beat \W@aPHIAHRY YinfdeHEBY 1 My @f“%%é's%?ﬁﬁ iR € FURRBEME M4y Bke

I
di scussed. In each inpl erren?atl on; different ! go heartbeat and/ or
respi r.at osglecitidodwt 4 meaargeeﬂhnd)s Irehyouick basetkd Hae tHe respectvbhatless

based on Fast, Equri ransfo FET e
on acvant 50 e B, b€ el b KBRhe o Pl i Aol ad:
However, vpbifsrnmaickod only has | ow frequency anal ysis resol ution and
may not be 25 suitable for applications with perturbati on between the
equi pnent and the subject, e.g., a human.

Additionally, if & uniform linear array (ULA) is used, the delay timeD, for the i

0 channel may be determined by

p,=id:-cosf 2)

c

L

where d is the inter-element distance of the array and ¢ is the speed of the radio
wave signal.

5 The delay of each channel may then be determined. Next, the impulse response of
gach FIR filter 2(k)may be calculated, so as o steer the beam o the specific

directioné.

Figure 7 shows a block diagram 700 of the receiver beamformer (RB) module 29
0 according to one embodiment of the invention.
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The second met hod is based on the auto-regressive (AR nodel for high
resol ution analysis. This method has hi gher frequency resol ution.
However, the frequency 30 resolution provided by this nethod may
still not be for application with perturbation

equi pnent and'd @E@ﬁhﬁﬁn W 201030238PCVS02008/ 000349 f?gk)#ﬁt%&%“t"p‘s
met hod is based on a state space formnul ati on of the signal nodel and
the observeqeshada béa@af&rﬂ?ergﬁhrﬁtoﬁﬁ {39 MclRLEBA |ddsh hﬁé lihédfSilter 67 and
processing system nmay be use n order tO extract

hear t beat / resgideav@t§0.rate with high resol ution. ThIS met hod has an
advantage in that the high frequency resolution it provides nmay be
able to deal with perturbati on between the equi pnment and hunman.
However , t i onewsntodliraésiotheatecaivel beatvianmearc (RB) modkiet 29 mayascladéainggre
conput ati o P i 8
shows agbl [Ehe{(rP@r% agr a@%&? R‘%E&”ﬁa@ﬁeﬁ{eﬁ‘% Iﬂ%?ﬁfl@é%%@éteg asb‘fﬂ tgf
of the 10 hdditivhaddineantilesrs rabsisidrast %nlrdmcehen @nbadimeetttherhnearrﬂlter 67
nodul e (HR lgié tlc%ﬁfb(tﬁg'aggitlar%l g&teareﬂg jment of the invention, The
pr eprocessin &R used to apply signal processing
techniques on the first S|gnal 13, in order to obtain a pre-processed

2 Torm wii ERC S g 2 BN Bhe UARF AEDRT ABREFERNRCR Budihed iy YordP 26"
plr: Ie R|)or ??Iefﬁnnga tdo:]‘t;kpcﬁﬂiingtxddtmdﬁsqt&n?xgﬁﬁhmdEIen(RM) E&pﬁacheoﬁheminmts
s nife | g PRt efien & PR iy P PRERS R IR BEM R, B DeualByt £ LR

t he ‘hi gh f megeeiyogl @nponents in the first signal 13, in order to
forma filtered first signal 97, 25 The downsanpling nodul e 95 may be
used to reduce the sanpling rate of the filtered first signal 97. The
sanpl i ng r @ahe coftput ledgrial (itee i fifst sghalsi@na](npbfrtae rbmwerdmaeﬂoﬂmere(RB)
factor of 2 or a factor O 5/4, for_ exanple

bl ock df agﬂﬁtﬁip@oéﬁadt the wetqjttet@ﬁmatf 8 lgp-dalryerd ts!st'alniqnmieﬁ dt(f’i?B(Pf the
estimti ng %ege&%\(/ &438?5r espl ratory rate, according to one

enbodi rrent
y(ﬂ)=ZZwyx,(n-j)

i=1 j=l

Additionally, in the embodiment where the receiver beamformer (RB) module 29
20 may include more than one linear filter 67, there may be more than one processed
wave signal 25 and more than one filtered wave signal 65. In this embodiment, the

Hanr’

processed wave signal is labeled as 25 and the additional processed wave signal is
labeled as 25'. Likewise, the filtered wave signal is labeled as 65 and the additional
filtered wave signal is labeled as 65'.

25
In one embodiment, the processed wave signal 25 may be identical to the
additional processed wave signal 25’. In another embodiment, the filtered wave
signal 65 may be identical to the additional filtered wave signal 65'.

30 The adder unit 69 may sum all the filtered wave signals 65 from the respective at
least one linear filter 67, to form the first signal 13.
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WO 2010/ 030238PCT1SG20081000349 As nentioned earlier, the first
met hod of estimating heartbeat and/or respiratory rate nay be based
on the Fast Fourier Transform (FFT) technique. The inplenentation of

the first WW%]8§3 %§ti mat i ng heartbeat and/or respi ra?%é%gg??@ﬁ@f?ﬁg

i ncl udes a seri paral |l el converter nodule 100, a z
nodul e 102, a Fast Fourier Transform (FFT) nodule 104 and a rate

extraction {ﬁo%l‘ st e o IESh S emBofiicth lvfﬂe %%48 rde8" N TR ﬁte%? @7
may convert the recelve pre-processeg Sl gna 1SRt a st gna ock
108 wi t h | éayt homesHoodinglyanb brocessedTaver signaepife adi ny fitekdl wav sigmals

t hen appen I | | & ' t f e

bl ock si gngﬁwﬁ%%f‘@%'ﬁ%‘@ ﬁgwagﬂ%ws@%ﬁ% v@?%%%&é%aaégﬁgéf&ﬁrg}% fn{sﬂggnat

| ength of tIBe new bl ock signal 110 is W'. 15 Next, the Fast Fourier

Tr ansfalgm (FFT) nodul e 104 may apply a Fourier Transform operation on

t he new bl ock signal 110, and provide an output signal 112 to the
rat e extr atitshoniduipe hotetl@hatithe mhldastrane iadarditpr 88 snaynbe chetrélledrusin the

whore! i m TR PRuSTBRERSE i fesbasdp! U s st obel el b b7 ay b&°
Ry e B B R N e o o uolcl?, K,
bracti ce Exaler anp distorriel Boh l Meviales bersRasorerg fie b hean
in a Img() eTﬁgﬁézgittersgediirixgdéi{éicgﬂwmn%@@(agaﬁé.6Fouri grl '(Ia'(r:?nngr megEFT]Z y Lor

out pyt i gRITtRan 3 HEEEFPPReR haDF st cans: B st e menpr iMGE o

rate’ of thedéptively ®ijged. 13° and the

Further, the first signal 13 provided to the heartbeai/respiratory detection and
15 estimation module (HRDEM) 14 may include the Doppler frequency information of
the heartbeat and/or respiratory rate.

Next, three different implementations of the heartbeat/respiratory detection and
estimation module (HRDEM) 14 are discussed. In each implementation, different
20 heartbeat and/or respiratory rate estimation methods may be used.

The first method is based on the Fast Fourier Transform (FFT) technique. This
.} . method has an advantage in that its implementation is quite simple and low cost.
However, this method only has low frequency analysis resolution and may not be
25  suitable for applications with perturbation between the equipment and the subject,
e.gd., a human.

The second method is based on the auto-regressive (AR) model for high resolution
analysis. This method has higher frequency resolution. However, the frequency

30 resolution provided by this method may stifl not be suitable for application with
perturbation between the equipment and the human.
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30 conventional frequency band of heartbeat and respiratory signal.
The rate extraction nodul e 106 provides an out put being the result
signal 7. Figure 10 shows a bl ock di agram 1000 of an inplenentation

of the seconqvmge}%gngf estimati ng heartbeat and/or resq,icﬁ,g %y‘,m{o?ggre,

according to one odi nent of the invention. 5 As nmentioned ear

the second nethod of estimating heartbeat and/or respiratory rate nmay
be based onThfd&igunehpe i kasei\va q Arje-snsge foraratieinglf thesighalthodel and the

anal ysis. The.d tiaty S o '
heart beat aﬁ%}éggﬁ rﬁgﬁp’r@?gr@y@ nﬁjgtdgﬁ%%b{:gg@%@%gﬁ%Bﬁr?gg%%'}ég%%e{nay ke
subtract i onusashun @rdero eiragpthienbeartbeatimisghtoryataie lveth bighmeeeiliorl 2¢his
'a rate extr i L Qi E

Filter modul S odeRyH advaEie M indl the Wik radiRHLT BoriRBA 1o fokagimay be
'signal 18' akedo sieghwith perierbatienl bbjwvesn thatemuipsoerd ssidvburhAR) Howeledr, this

this regard 0, i : p e _express
a5 x(n) 2 aireHeR AUF ST ARSRRRAN R nasd b cofBUBp M RRETRE
(AR) nodel tharcimstesrdionedimethodsi s t he process noise. .Z0 The del ay
nmodul e 120 may receive the preprocessed signal 13", and may output a
del ayed first signal 130. The Finite |Inpul se Response (FIR) filter

modul e 128 Figyre 8cbbwe atlieckpdiegrapr 8keiissditiag gima prekBlocesanty bidyk Outg tie

a thir dIOSi %ﬁb)égp)a%ﬁ%r mﬁirétmnr qle?eicggr?l ar¥o( ne)sti%l% lon %o%ﬁlee)(ﬁﬁﬁﬁﬁd 128

according to one embodiment of the invention.

N

The pre-processing block 91 may be used to apply signal processing techniques on
the first signal 13, in order to obtain a pre-processed signal 13'. In this context, the

15  pre-processed signal 13’ may be in a form which is more suitable for subsequent
processing.

The pre-processing block 91 includes a low pass Finite Impulse Response (FIR)
filter module 93 and a downsampling module 95.

20
The low pass Finite Impulse Response (FIR) filter module 93 may be used fo
remove the high frequency components in the first signal 13, in order to form a
filtered first signal 97.

25 The downsampling module 95 may be used to reduce the sampling rate of the
filtered first signal 97. The sampling rate of the filtered first signal 97 may be
reduced by a factor of 2 or a factor of 5/4, for example.

Figure 9 shows a block diagram 900 of an implementation of the first method of

30 estimating heartbeat and/or respiratory rate, according to one embodiment of the

invention.
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(<=1 a tx(n k) (5) The subtraction nodule 122 may subtract the third
signal y (n) 136 fromthe delayed first signal 130, to forman error
signal, e(n) ,132, which nmay be expressed as e(n)=x(n)- akx n

-1lc)(6) kI T ' wei ght cal cul ati on nodul e 124 nm %:‘.9 1;/ S
the)gi I)ter c@%?%qsg%%s of the Finite I npul se Response %Igrcr% (#dl F[{Ber

. nmodul e 128 (138). The algorithns used for 5 calcul ating the filter
- coef fi ci ent&s afentiheed-ienilies therirsismefRed pofnsstin(dfihi) hdarickar an@er réspkary

| 4] to,...the |i redi ction
oot 1 ci ont™ PRy baisSed Bhate Firt PPul@mrhafom BT BRTNAS- i gor ¢ hm
and the recursive | east square (RLS) algorifhnl for_gxanple.tﬁgarhe
opti mal wei ‘ o) dul g 124 al sg. provi de an op
opt 1 el Bl AU 08 TRCHSE i B e Bl LS el heatetene
al gorit Bm uswdinbmde@aoserall ttgpm‘a&eio:@mé@rkr?éditggﬂbggﬁ ;%féo ta%ﬁtendai?ge modle

- ' d ra (s , 0
i ted t o, Vg FESTETRY TR IRF et diehoens sege oxtactian grackienice.
the | east mean square (LMS) algorithmand the recursive | east square
il lustrative exanpl e, using

the least - MEmotd b pe™ el BIELTOTHE0b mevcsmvt Fressopiad PEmprrosies
aut o- r egr essiginab 1 AR asigted! blpak 408 Wah Serighkly, b3 éxampie
10

The iero appending module 102 may then append the block signal 108 with A’
) zeros (at the end of the black signal) to form a new block signal 110. As a side note,
the length of the new block signal 110 is N+N".

15 Next, the Fast Fourfer Transform (FFT) module 104 may apply a Fourier Transfarm
operation on the new block signal 119, and provide an output signal 112 to the rate
extraction unit 106. In mathematical expression, the Fourier Transform may be
expressed as

NN L
X(k)= Z x(r)e “ NN 3)

=0

20  where x(n)is the zero-appended signal vector. The index kis the frequency index,
ie., the K" bin is equivalent to the frequency A AN+, where £.1s the sampling

D rate.

As a side note, in practice, the calculation of Fourier Transform may be
25  implemented in a more efficient form known as Fast Fourier Transform (FFT), for
exampie.

The rate extraction module 106 may select the peak of thé output signal 112 in low
frequency band according to the sampling rate of the first signal 13" and the

30 conventional frequency band of heartbeat and respiratory signal. The rate
extraction module 106 provides an output being the result signal 7.
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obt ai ned as 20ak 4- ak+ ge(n)x(n-k)(7) where p is the step size. The
ot her algorithmused for providing the optinmal estimation of the
auto-regressive (AR) nodel paraneters {ak} 134, such as the linear

prediction C%ﬁ”oﬁ@sﬁﬁ% (LPC) algorithmand the recursi Vg’g%"ﬁ?@"tﬂs’%ﬂﬂ re

(RLS) algorit exanpl e, may also be applied in sp
applications, such as in a reduced conputational |oad scenario or In

bl ock proqagtire)9o 8RS a bifck Merfdh 4000 of an Fﬁgﬁ#eh@h&t@ﬁ'cﬁ tHeddc@Rd PRI

126 receives the cal cul at ed aut o- re ressive AR) 30 nodel, paraneters
{ak} 134 arfd Q@BWEU@%BB%'F@%E%@P’FW%? oRyi{ates apeqrd @Eéﬂ&ﬂef@ °&'§neflﬁ(0®@)&
Co 2 (8) ihyeMran. Lake k=1 where 0-32, is the variance of process
noise and 7' is the sanpling rate. The heartbeat and/ or
respiratory rate may then be extracted fromthe power 5 spectrum

P(ce) af tdemegtsHdd éalr%}aihe@ecéﬁh EnBird R REBmbting H@anﬂ%@bﬁ% REBkfStory

correspond to the heartbeat and/or respiratory rate.
rate may be based on the autc-regressive (AR} model for high resolution analysis.

The implementation of the second method of estimating heartbeat and/or
respiratory rate includes a delay module 120, a subtraction module 122, an optimal

16 weight calculation module 124, a rate exiraction module 128 and a Finite impuise
Response (FIRY} filter module 128.

it is assumed that the received pre-processed signal 13’ is a signal generated by an
autc-regressive (AR) model. in this regard, the pre-processed signal 13', x(n) , may

15 he expressed as

x(n)= ﬁ: ax(n~k)y+v(n) (4)

5]

where {¢, }are the auto-regressive (AR) model parameters and v(n) is the process

naoise.

20 The delay module 120 may receive the pre-processed signal 13, and may outpui a
delayed first signhal 130.

(N

The Finite Impulse Response (FIR) filter module 128 may receive the pre-
processed signal 13', and may ouiput a third signal y(n)136. The third signal

15 y(n)136 may be expressed as

y(n) = i ax(n—k) (5)

k=l

The subtraction module 122 may subiract the third signal y(x) 136 from the delayed

first signal 130, to form an error signal, e{x) 132, which may be expressed as
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Figure 11 shows a bl ock diagram 1100 of an inplenmentation of the
third nethod of estimating heartbeat and/or respiratory rate,
according to one enbodi nent of the :1 10i nvention. As nentioned

earlier, the ghod of estimating heartbeat and/or i TAY
rate may be g%se“?igon a state-space formul ati on of the si 8&;;@9&&%@@?{9

and the observed signal. 15 The inplementation of the third nmethod of
estimating heartbeat and/or respirat rate includes a Bayesian
‘filter-like rate estimation rbddd)tedaAnetBayesian filter-like r@e .
iestl mati on nodul e 160 accepts as inputi the first signal 13 and
produces as output the result signal 7. 2.0 In this inplenmentation,

it is assuped that there erturbations between the subject 1 and
the ant ennil ezﬁ?pt"‘?ﬂe‘?’%'gétr ‘Eﬁ%lﬁﬂ%”r Bettle et MEpsriiiate &R, Hlgrycoefticients of

i nformati omelmmmﬂmpm@qw@@n% IMR) fivdMRodlid NLS e, Tﬁ@afgbﬁﬂﬁ%ﬁé’ed for
conponent s not onl heart beat and/or respiration, but also

PP Sedlcutafivarte Buncasiiens of bRdania Mapise Resaose: (R piltar rreauls

sai d pert uyRag{Iysmay Eben%ht KROWBE Ty &, |tMe dﬁ#biaf‘ﬁrédhﬁioﬁrdb%ﬁﬁ:‘?érﬁgLPc
However, the vari ance of the sai EO(ﬁ)_ertur bati ons be estinmate

exper i ment2lgerithey mf'e]eéﬁ"v@ﬁaﬁ;ﬁ%?r M& Rlgastlige. aﬂ@sthﬁdé’ﬁ”rst‘-’ﬁl lgast square

i mpl enent aiH| ) aFRVRE @d@nifle.estimate the 30 heartbeat and/or
respiratory rate with the unknown perturbations. 24 Next, the signal

nodel 160 for Bayesian filter-like rate estimation is di scussed in

Mor e Fmgurmelgptmm\o@f@ﬁ RhRGIHEh RRIB ~;Lé’4>ﬂa9fa@nprbveb%medﬁtmﬁar%@ﬂ%ﬂéme

Bayesian filter-like rTate estimtion nodulée 160, accord to one
enmbodi mentofothet ﬁiet01rmr@mww6ARﬂreo®émaraﬁefs{kzx}ér&ﬂrl iToe 8139Bth68ﬁdﬁﬁﬁtfpbn

nodul e 160 |n J udes an. obser. n ise Mdule.15 n nodel
Todul 6 16ProRdHRe SRED uiae® R e e el it Rerdhagrsy
nmodul e 158, {4, may be, but are not limited to, the linear prediction coefficient (LPC)

algorithm, the least mean square (LMS) algorithm and the recursive least square
15 (RLS) algorithm, for example.

As an illustrative example, using the least mean square (LMS3) algorithm, the
optimal estimation of the auto-regressive (AR) model parameters {g,} 134 may be
obtained as

20 a, < a, + pe(nyx(n—-I) (7)

where u is the step size.

The other algorithm used for providing the optimal estimation of the auto-regressive
(AR) model parameters{a,} 134, such as the linear prediction coefficient (LPC)
25  algorithm and the recursive least square (RL3) algorithm, for example, may also be

applied in specific applications, such as in a reduced computational load scenario
or In block processing mode, for example.

The rate calculation module 126 receives the calculated auto-regressive (AR)
30  model parameters {g,} 134 and compuies the spectrum of the first signal 13’ as
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The observation noi se nodul e 150 may generate an observati on noi se

I signal -,4(n) 162 and provide it to the signal nodel nodule 152.

" The state noi se nodul e 154 may generate a perturbation signal 1)(2)
166 and 15 p | hi..t O t he adder nodul e 155. The adder,

may add the ?@%%ﬁﬁ%gb perturbation signal v(n) 166 to a Jgﬁ&%%gﬁm$§§
Doppl er signal j, -1) 170, in order to obtain a Doppler signal "t;(n)
168, 20 (n) =01 -1) + v(n) (9) Theg2Doppl er signal 1;,(n) 168 may
then be provided to the signdi{@Mdetr"452 and the del ay nodul e 158.(8)
The Doppl er signal fl,(n) containsg dat* on the heartbeat and/or
respiratory rate. 25 The delay nodul e 158 may generate the del ayed

Doppl er signal fs. (0. -- 17 r t he recej.ved Doppl er signal
F ) Toa. WREe gt vaahes O Rig SR b Se 58 s Foem ot iefhal  mode
nodul e 152 nmay generate an observed signal y 164 based on 30 the

recei ved observation noi se signal wW(s)162 and the received Doppl er

si gnal 1ol Yesdeartbeatoand/ere tespiratonh dalbopislyethesi bp ahtiapledeBoao the pbwer

t he autso-r [ ) g@% r

si gnal 53( n 1?3%)% }}(%) '? ﬁtll{lx'sB rL?egar Cpa@? hﬁ%gdeomée@ﬁ@? 8’?’1%‘}{;1“@? ﬁ?é'ﬁ%eﬁ%ﬁ"%de
expr essed tashy hegribead bind/6riekpirafotyni{el0) 5 where g(fh(n)) is a
function of signal nodel 152. It will be appreciated that, froma
signal processing view, the observed signal y(n) 164 is equivalent to
the pre- Figure 11 shows a block diagram 1100 of an implementation of the third method of

.y estimating heartbeat and/for respiratory rate, according to one embodiment of the

1.‘) . .
10 invention.

As mentioned earlier, the third method of estimating hearibeat and/or respiratory
rate may be based on a state-space formulation of the sighal model and the
observed signal.
15

The implementation of the third method of estimating heartbeat and/or respiratory
rate includes a Bayesian filter-like rate estimation module 160, The Bayesian filter-
like rate estimation module 160 accepts as input the first signat 13 and produces as
output the result signal 7.

¢} in this implementation, it is assumed that there are perturbations between the
subject 1 and the antenna 21. Therefore, the resultant Doppler frequency
information in the received signal wave 3 includes the frequency components not
only caused by heartbeat and/or respiration, but also the perturbation beiween the

35  subject 1 and the antenna 21.

The said perturbations are not known typically during the processing. However, the

variance of the said periurbations may be estimated by experiment or may be given

by prior knowiedge. As such, this implementation may be able to estimate the
10 heartbeat and/or respiratory rate with the unknown petturbations.
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processed signal 13" of Figure 8. 10 As a side note, the function
g(fh(n)) is generally non-linear. Further, it should be noted that
the Bayesian filter-like rate estimati on nethod may be based on the

observation sj@naloyie) 164 and the signal nodel 1524(n) '
thaty(n) is a non#’l?near function of fh(n) , nethods of epgf!s%%?@w349

such as the 15 extended Kal man filter algorithm the unscented Kal man

filter al gokkt hite ekntheolalr 180ctoe Bayksien fitbgiite taenesiivbtierX aPkeussaB)in

be used to _esti mabey(n). Further, since the function f;,(n)is linear,
and only t APT¢ 8%8i on g(x) is non-linear, the Unscented Kal man filter
algorithmmay be a suitable choice to use as the nmethod of estimation

i tice, 20.Th timation of f ffi (n) my be
destr i bed BRGNS o rai b of ) et breler aythe Peyerin fiter
shoul d be mnas etk ééimtaﬁaﬁwocmweﬁmcchﬂmﬁs@dnéerrn:iaa@iméﬂttorﬁJe IM@driieR: The

initial values may be different fromthe ones shown in Equation (11).
Next, for the iterations k el," .,00 , the follow ng are cal cul at ed.

30 Cal cul atheBa9ésish anE-iRei mts edtikatioh)imrddtl& 168)indiefles Kn vbdertatofPidise
-1 (k -1)- y 1P (k -1)] glz) Ti me, Updat e ;
nmiodule 150, a ‘signal model module 152, a state noise module 154, an adder

module 156 and a delay module 158.

10
The observation noise module 150 may generate an observation noise signal
w() 162 and provide it to the signal model module 152.

The state noise module 154 may generate a perturbation signal v(») 166 and

15  provide it to the adder module 156.

The adder module 156 may add the received perturbation signal v(»)166 to a
delayed Doppler signal f,(n~1) 170, in order to obtain a Doppler signal f,(n) 168,

ie.,

20 L) = f,(n=D)+v(n) (9)

The Doppler signal f,(») 168 may then be provided to the signal model 152 and
the delay module 158. The Doppler signal f,(»n) contains data on the heartbeat

and/or respiratory rate,
25
The delay module 158 may generate the delayed Doppler signal f,(2-1) 170 from

the received Doppler signal £, (») 168, and provide it to the adder module 156.

The signal model module 152 may generate an observed signal y(») 164 based on
30 the received observation noise signalw(n)162 and the received Doppler signal

f,(n)168. In more detail, the Doppler signal £, (») 168 controls the auto-regressive
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" (kik -1) = F (k -1) 1; (10 =t Pfc'N (k | k 1=0 2L P-(1C)=E
Fr|4V/ Ki k- D 171(K) 1[ 4. (ki k- 1) - A(K) 7+01 1=0 F(K) (k) y.413- (k) 2 (10
- (klk-i)=g(F(kik-1)) 2L = EY; (kI k -1) 5 Measurenent Update 2L Py,
=1, W () Pri fik] (k1 k-1)--9:f +0 f=0 Ps=2 WP i k-1)-P
(k)][(ll?(rk: (k%ﬁ‘%h’é‘”‘h}”rss. I—o]ll(l(k) =9: )1(k) +K(k;)(Yk wi) P ( }Si;%?’f%‘f‘%‘”

(k) Py, where kVam Wo(') = irdcti (1- a2 +J3) and W")
=1171(1") =gy Riokdell pAlamet&8h, T 2 th@robge%ﬁ diGSRNS6H 1 V&l InthR MRGIANRES

of the observat i on noi se and the process
observed signal y(») 164 may be expressed as

y(n) = g(f;, () +w(m) (10)

where g{fi(n)) is a function of signal model 152. It will be appreciated that, from a
sighal processing view, the observed signal y(x) 164 is equivalent fo the pre-

processed signal 13’ of Figure 8.

10 As a side note, the function g{fy(n)) is generally non-inear. Further, it should be
noted that the Bayesian filter-like rate estimation method may be based on the

[
\“J

observation sighal y(r) 164 and the signal model 152 £, ().

In view that y(2) is a nonlinear function of f,(n), methods of estimation such as the

15 extended Kalman filter algorithm, the unscented Kalman filter algorithm or the
Particle filter algorithm, for example, may be used fo estimate y(n). Further, since

the function £, (»)is linear, and only the function g(x)is non-linear, the Unscented

Kalman filter algorithm may be a suitable choice to use as the method of estimation
in practice.

20
The estimation of the frequency £, (1) may be described as follows.

Initialization
£, (®=60 P(0)=0.1 (11}
25 i should be noted that any value may be used to the initial values. The initial values
may be different from the ones shown in Equation (11).

Next, for the iterations k e1,---,00, the following are calculated.

36 Calculation of Sigma Points
Fle-D={f0=1) f(k=1+yPE-D 5 G=D-pBE=-D] (12)
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10 noise. The function g (x) = sin(2gxt) may be used in the iteration
processing. The estinmated heartbeat rate may be given by an estinmate
of ],(k). Figure 13 shows a system 1300 built according to one

enbodi ment o ' ntion. 15 In the system 1300, a si ,
transcei ver, f“l’dsﬂg@essﬁgt he transceiver using a transm ttePrIE'LQJgﬁﬁos@aﬁw
for RF signal transmitting, and a receiver unit EO3 for receiving the
wave signal reflected froma subject EOL. A RF signal generator EO4
outputs a f'i ne wave operating at a frequency of, for exanple, 24GHz.
The gener al B YPHRtave signal "27 is transmitted fromthe
transmtter unit E02. Pg# fnthe gransmtted wave signal is
reflected fromthe subj gc({“&)?, @F}é 12 i nformati on on the heartbeat
and/ or respiration of the BT o >ghRtained in the refl ected
signal. Die to the mvemn%@%)efgeﬁﬁ?éytﬂﬁa |, the cheat wall and/or
perturbation of the human bodly, 24 he frequency of the reflected signal
may he changed, The changed {PedHty (F&—af] EHLEKEE-ddpf (B +o?
frequency. This reflected signal®is received by the receiver unit(13)
E03, and multiplied, in thgp L[t- i & Q:;,a/—'“h ef ef copy of
the original transmtted ﬁsﬁ(?tlgggl ﬁf'rg?ngrrfé]?te %}?m@ﬁ@ tyrea]grels itter unit
EO2. 1D The received wave gugnak(H{irey) the refl ected signal)
undergoes filtering in the band-pass lifter (BPF) EN, so that a
signal containing data on the;EYoPivgk|f+Bquency’ : |s output from

t he SPE EO06, The output signal fwomthe EPF EGGis anplified by the
arrp‘lrjfier EO7, which may in this enbodi nent, be a two-staue
operational anplifiers ISwith a gain of about 100. The anplified

si gnal 3 s Measuremengiipdatecqui sition system E' 08 (such as one

manuf actured by [National ingtrunment (N), which is controlled by a
signal processing sof t wark =0p a7, @[ gk Do, H Y eopp ey, FQQ? Fi gure
14 shows a bl ock di agram 14 of various functional bl ocks (EI'l to

E15) 26 enployed by the gig - i e.qperating froma
conput er EGO (see Fi gur ei’f&( ﬁﬁ#ﬁ?@ﬁgﬂ@ﬁe@ ‘s )ﬁhgﬁp fromthe
anplifier EO7 (see Fi guk%)1_§ _pnder goes sanpling, by the data

acqui sition system EO8, B fiﬁ? exanple, a rate of .1KHz and at 1 ¢
ADC 25resol ution, The sampkgdrdizaii@l-45) gnal E10 is first fed to a

| ow- pass filter (LPF) E)Iql(m ﬁhq_i )élr{gi;@dgg gned using a filter design

t ool box in Matl ab" AfterPf]‘i)F‘tPeﬁ’F)er(, #¥e si gnal is downsanpled by a
downsanplino At E12, by a factor of 100. In practical 30

i npl enentation, for downsanpling factors of this nagnitude,

downsanpl mhgre swpy ef graply~deconpaseds) e severmi» small er f.a0f 0rghg
e.g., 100=5x5x4. Fora%gesaﬂ] f?ﬁ%ﬁeri ng a'[rgljd downsanpl'i ng*p*ocedur’e, only

5 er 4 ti ngsomenssppiively ihe varpineserfdle observation noise and the process
10 noise. The function g(x)=sin(2zxf) may be used in the iteration processing. The

estimated heartbeat rate may be given by an estimate of ﬁ(lc).

Figure 13 shows a system 1300 built according o one embodiment of the
invention.

L5
In the system 1300, a single transceiver, is used, the transceiver using a transmitter
unit E02 for RF signal fransmitting, and a receiver unit E03 for receiving the wave
signal reflected from a subject E01. A RF signal generator £04 outputs a sine wave
operating at a frequency of, for example, 24GHz. The generated sine wave signal
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' A downsanpl ed signal with a sanpling rate 10Hz is fed to an AR nodel
' based spectrum anal ysis unit E13. The order of the AR nodel based
- spectrum analysis unit E13 nay be 4. Wth the estimated signal

spect rum obt &&@?%&F %he AR nodel 5 based spectrum anal ﬁ?#%ﬁ%b{ﬁﬂﬁﬁ

spectrum pea ated by the spectrum peak | ocaliz
E14. The strongest peaks in the estimted signal spectrumare

| ocated, WaGkshitfedPRdH 1 iranémaer uﬁz?E@?n%ﬂ%fQHé%ﬁsrﬁﬁﬂeé »metsh alis
hear t beat of the subj ect EQ1 (see ure , While t peak w

frequency ifevrdeBonathe SHbieRe Bis p‘lV ofrgformat@n( §Be"hel @ﬁﬁﬁbQ%) aanﬁé
peak locat+e@ Ratfnfof J@ﬂbﬁe’&%ﬁ%&ﬁﬁalﬁ&j InftRe tehdagay digrpat and/ or

respiratory ate an own in the display unit E15. "Wile the
i nvention has been particularly shown and described with reference to

spect |14 eBhodd MR ivenbntOObthd WaGhS (et m.braha,%? pRftlioefeh lof thehe

art that various c anges 1 n orma det ai |

wi t hout delpaman hgdy, rtb?rfrﬁﬂ@erms of ping raflegied %@tﬂb@@r be ﬁbamgedeﬁhamhaaged
defined by

i ndi cat ed ré&l&ﬁlgp;&e gge*%g ﬂ?ié 8i:‘al lrarrzsf-]%tﬁ{(deﬁ &?p% rgﬁ%@e%&?@? %g?}%élg\ne& Eﬁhe
t he meani rﬂgacawar vmh@@s.mddquﬂfnl@ﬁemyemuihm@r ED&: rish arrefereermeemwf the

i nt ended to (ARANS: 1. A met hod
for detecti ﬁg&hear &S 5 na&gansr espl r%p?ité%{rén%nﬁbﬁ?ﬂt conpri sing

beanf oflhi ng a recei ved wave signal using a plurality of antennas; and

anal yzi ng +ﬁgergg§ﬁ,gh &ﬁ“g‘? Y& @lgg_'? rdihig es&r{é[‘?)aﬁr}c@%esqﬂg(ﬂ?% n the band-

respiratory no oviding ar
whet-her t heassdifer (BF)\wdbess il‘gama.l signal containing data on the “"doppler frequency’ is

output from the BPF E06. The output signal from the BPF E06 is amplified by the
amplifier E07, which may in this embodiment, be a two-stage operational amplifiers

15 with a gain of about 100. The amplified signal is fed to a data acquisition system
EO08 (such as one manufactured by [National Instrument (NI)], which is contralled by
a signal processing software operating from a computer E0S.

Figure 14 shows a block diagram 1400 of various functional blocks (E11 to E15)
20 employed by the signal processing software operating from a computer E09 (see
Figure 13).

' The amplified signal from the amplifier EO7 (see Figure 13) undergoes sampling, by
the data acquisition system EOQ8, at for example, a rate of 1KHz and at 16bit ADC

25  resolution.

The sampled digital signal E10 is first fed to a low-pass filter (LPF) E11, which is
designed using a filter design toolbox in Matiab. After filtering, the signal is
downsampled by a downsampling unit E12, by a factor of 100. In practical

30  implementation, for downsampling factors of this magnitude, downsampling is
preferably decomposed into several smaller factors, e.g., 100=5x5x4. For each
filtering and downsampling procedure, only 5 or 4 times downsampling is
implemented.
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represents heartbeat arid/or respiration. 30 2, The nethod of claim1,
further conprising providing an eslimate of respiratory end/or
heart beat raze, 3. The nethod of clains 1 or 2, wherei n

anal yzing th ' wave signet using a heartbeat and/or
15r espi r at or 3"@3@‘}3¥1§gmri ses carrying but a spectral tafSFEPHEDIEN

on a signal dependent fromthe received wave signal; wherein
conponents of the transforned signal, the frequency value of which is
- bel ow a predefined frequency threshold, are used for providing the
‘resul t si ghalownsamplethwiong tvibda semeling matg, 10Hz is feghier @ iR model based

def | dois i - '
Dbout 3 o1 PRMENEITHRORE). I The chdbrdfREAR plBfhad Soatutifatdlels
frequency WirkeEhoey bdest.i With the egiimated pignabspecun-ebianeddniihe ARmodel
Th t ' [ f ti |.S, a
Four | or’ Troeaef ekl ke uTRAS, Soecl? BESHS B lobaRa' B TR ssttulihy
wher ei n arisakdperiization weit Bil 4o dhewirenges wekks i the estinated isignal spetirom

respirator g,?ngp LWSes. ar b A 0 n
anal ysi s oe}rfe a%) %?%dﬁa déeg%n@%arll(twth i(’)]ﬁ%1 1? rﬁgu?réca/eéi@(erzg%ggg §+ 5naf'€£{hr(:e§?!éﬁy
gener at i nghe sybjestdBin(spaFigws ¢3)s whimthe peak with low frequency provides data on

the respiratory rate (see Figure 13). The peak locations are then transformed fo the

10 heartbeat and/or respiratory rate and shown in the display unit E15.

While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that
various changes in form and defail may be made therein without departing from the

15 spirit and scope of the invention as defined by the appended claims. The scope of
the Invention is thus indicated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims are therefore intended to
be embraced.
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carrying out a spectral transformation on the signal dependent from
t he recei.ved wave signal using the regression paraneters; 5wherein
conponents of the transforned signal, the frequency value of which is
in a predefined frequency range, are used for providing the result
signal, 8. The nethod of clains Ito 7, wherein the
heartbeat and#lg¥ rsespl ratory nodel corrpri ses a Bayesian-filter 10il ke
heartbeat and/or respiratory nodel. 9. The method of claim 8,

wherein the Q@éqs n- fllter i ke heartbeat and/or respiratory nodel
conprises an 'eStitEEIEH Fret hod based on an extended Kal man filter. 15
10. The net hdd of Acrhahml &r detecting hWemrttebhandier @ammuna,mhéumémd tarksrising

based on dn unscestaoldh i et R TR el R s dR g,
wherei n t he Bayesé#rgidnd ther rdcelved hveavet besal waing erhew&bpair amdimyraspniatbry
conpri ses an sl %réWprBﬁHﬂB% rgéﬂ@s\?\% m@;cgﬁ‘ﬁé Getfedthe fj]ézt‘,ren@!j QRLL éﬁﬂ%\l

12. The nmet hod of cl aj ns erein ana yZI ng e recelve
wave signal (RATARYEES W‘%ad?bﬁﬂfeﬁtdf%ﬁ%?ﬂ?rbspl ratory m)del conpri ses

carrying out a transformation on a signal dependent fromthe received
wave Si gqsl ; : .
2 The methad of claim 1, further comprising

providing an estimate of respiratory and/or heartbeat rate.

3. The method of claims 1 or 2,
wherein analyzing the received wave signal using a heartbeat and/or
15 respiratory model comprises carrying out a spectral transformation on a signal
dependent from the recelved wave signal;
wherein components of the transformed signal, the frequency value of which
is below a predefined frequency threshold, are used for providing the resuit signal.

20 4, The method of claim 3,
wherein the predefined frequency threshold is in a range from about 0.5Hz to
" about 3 Hz.

5. The method of claim 3,
25 wherein the predefined frequency threshold is in a range from about 0.2 Hz
to about 1 Hz.

6. The method of cléims 3105,
wherein the spectral frangformation is a Fourier Transformation.
30
7. The method of claims 1 to 6,
wherein analyzmg the received wave signal using a heartbeat and/or

respiratory model comprises:
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determ ni ng an observation signal conprising the transfornmed signal
30 and carrying out a statistical analysis on the observation signal;
wherein the result signal is provided based on the result of the

statistical analysis. 13, The method of oFains 1 to 12, wherein the
t hod

recei ved wave signal | CL r.omaan wave s 14, The
of claim 13, Eael n Sfﬁgt %erc%?%éo V\Bﬁl)}ém% [‘ﬁglgnf—” depsingnt HergJle
wave el ect ron@qﬁl&'@d wwa&/@!gaalgtharteby gereratinghiegressioCharatneterd; 3ndl C) wher ei n

the el ectromagnetic way. I di
wave signal transm ttedﬁ c?g&g ase‘?l%%grg 3 \?%ah%%n'fﬂée]gﬁ@% %%egae”t%om
clains. 1 to e reqemepw@(ve@{gap@l ysing; thg regression parametetst ansnitting a wave

signal to e 'reflect edwhé/?@ﬂrc.%hﬁohé]ﬂs Bﬁﬁétr&ﬁ%%@s: a@r{ﬁé fre LhiBE St
thereflectedv\q?\g %c!‘r (Zl The method of clainls
further conpr'¥ 5"" aprecelifip ﬁﬁ%qlr'lef"t‘* BREE: e?"‘%\ﬁw fer @"ﬁ&'ﬁ'“ﬂé“'%@su}t sigrial,
reflected, wherein the received wave siansi conprises the reflected
wave signal, £0  the method of claims 1 to 7,
wherein the heartbeat and/or respiratory model comprises a Bayesian-filter
10 llke heartbeat and/or respiratory model.

9. The method of claim 8,
wherein the Bayesianfilter like heartbeat and/or respiratory model comprises
an estimation method based on an extended Kalman filter,
15
10. . The method of claim 8,
wherein the Bayesian-filter like heartbeat and/or respiratory model comprises
an estimation method based on an unscented Kalman filter. .

20 11. The method of claim 8,
wherein the Bayesian-filter like heartbeat and/or fespiratory model comprises
an estimation method based on a Particle filter algorithm.

12.  The method of claims 8 to 11,
25 wherein analyzing the received wave signal using a heartbeat andior
respiratory model comprises
camrying out a transformation on a signal dependent from the received

wave signal;
' determining an observation signal comprising the transformed slgnal;

36  and
carrying out a statistical analysis on the observation signal;
wherein the result slgnal Is provided based on the result of the

statistlcal analysis,
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18. The method of clains 18 to IS and 17, wherein the received
wave signal is the transmtted wave.signal nodul ated by refl ection.
2519, The met hod of claim 18, wherein the recei ved wave signal
is the transmtted wave &n& mletted by a living being and nodul at ed
b' the reflection, 20.The nmethod of claim19, 30wherein the
transmtted wave signal is nodul ated based on the notion of the head
wal | ‘and the thest Thof methedlof vieing bwi1y, 21, The nmethod of clainms [ Sto

15 and 17 to 20., " i ; i e si.gnal is the :
transnitted wave s‘ilwg']er{g t%%%g&gr%%lpgg '8@@5%5@?‘@’?96@955‘7’9 ¥R%lret hod
of claim20 or 21, further conprising; 5Sbeanform ng the transmtted

ways signat. £28. e mehbeds Qfneiai ms 13 to 15 and 17 to 22,
wherein anal yzing the received wave signal conprises denodul ating the

recei ved wave si gn¥i€eiPothosecalveopare JHiR! feetaingPusewrYd elactrameatiatic
respiration, #he gigndlce conprising; a receiver unit configured to
receive a wave signal; a plurality of antennas; and
16.  The method of claim 13,
10 wherein the electromagnetic wave signal has a frequency in a range of a

radio wave signal transmitted from a sensor device.

16.  The method of claims 1 to 12, further comptising:
transmitting & wave signal to be reflected, wherein the received wave signal
15  comprises the reflected wave signal, 7

17. The method of claims 13 to 15, further comprising:
transmitting a wave signal to be reflected, wherein the recelved wave signal
comprises the reflected wave signal.

20 .
18.  The method of claims 13 to 15 and 17,
wherein the received wave signal is the transmitted wave signal modulated

by reflection,

25 19, The method of ¢laim 18,
wherein the received wave signal is the transmitted wave signal reflected by
a living being and modulated by the reflection.

20. The method of claim 18,
30 wherein the transmitted wave signal is modulated based on-the motion of the
heart wall and the chest of the living being.

21. The method of claims 13 to 15 and 17 to 20,
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"a first bearnformng Unit configured to beanformthe received wave

signal 15 using the plurality of antennas; and an anal ysis unit
.configured to anal yze the received wave signal using a heartbeat
and/or respiratory nodel, 'thereby providing a result signal

i ndi cating whet her .the received wave signal represenis heartbea
and/ or respirati offNeBN 388 1495 Ve&e‘ﬁ"/fi@es'gaé]c‘ﬁaﬁh% smitted Wame’i'l%ah Phze

hear t beat andnaiulates py refleotion. nodel conprises a Bayesian-filter |ike
heart beat and/or respiratory nodel. 26, The device of claim 25,
25wherein the Bayesian-filter |ike heartbeat and/or respiratory nodel
conpri ses an st i irae mehagnfclaiag8¢r gh feiheegognddtsikal man filter. 27.

The devi ces of ¢l ahBardRiming the transmittdd@hBisiyriahe Bayesian-filter |ike

heartbeat and/or respiratory nodel conprises 30an estinmation unit
based on an unscented Kalman filter. 28. The device of claim 25,

wherein the BayesTRBmddas litke1hRarsdreal7 taiad] or respiratory nodel

conprises an estimation unit based on Particle filter alqgorith
26" The devi co. of WEPETENBG T el ik vier o Be SR Eh e
i s an el ect r cemaeetwaveveiyral.si gnal . 30. The device of clains 24 to 29,

further gguprising: a transmtter unit configured to transmt a

transmt wave signhal to be .
24, A device for detecting heartheat and/or respiration, the device comprising:

a receiver unit configured to receive a wave signal;
) _ a plurality of aritennas; and ,
a first beamforming unit configured to beamform the received wave signal
15 using the plurality of antennas; and
an analysis unit configured to énalyze the received wave signal using a
heartbeat and/or respiratory model, thereby providing a result signal indicating
whether the received wave signal represents heartbest and/or respiration.

20 25, The device of claim 24, _
wherein the heartbeat and/or respiratory model comprises a Bayeasian-filier
like heartbeat and/or respiratory medel.

26.  The devide of claim 25,
25 wherein the Bayesian-filter ike heartbeat and/or respiratory model comprises
' an estimation unit based an an extended Kalman fitter.
27. The device of claim 285,
wherein the Bayesian-filter like heartbeat andfor respiratory model comprises

10  an estimation unit based on an unscented Kalman filter.

28.  The device of claim 25,
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reflected, wherein the received wave signal conprises the refl gct ed
wave signal. 10 31. The device of. cl.aim 30, further conprising: a
second beanform ng unit configured to beanformthe transmt wave

signal . .
wherein the Bayesian-filter like heartbeat and/or respiratory model comprises
an estimation unit based on a Particle filter algorithm,

28. The device of claims 24 to 28,
5 wherein the received wave signal is an electromagnetic wave signal.

30. The"device of claims 24 to 29, further comprising:
a transmitter unit conﬁgured to transmit a transmit wave signal to be
reflected, wharein the received wave signal comprises the reflected wave signal.
10 )
31. = The davice of claim 30, further comprising:
a second beamforming unit configured to beamform the transmit wave
signal.
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