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SYSTEM AND METHOD FOR ACQUIRING DATA

This invention relates 1o the acquisition of data from 2 pluraiity of data collection
devices each monitoving one or inore different pacameters, and in particular io the

synchronisation of that data.

Thers are mauy different sifuations in which 8 sysiem is onitored by a plurality
of sensars. Often such sensers are part of different data eollection devices, und menitor
the same or different parameters of the sysiem. [n this simation each of the data
collection devices may include jts own elock coatroliing the sampling of the data stgnal
it is mositoring. These clacks may be froe rupning with respect to each other. Thus the
output signals from the devices may not he synohronised and may be at widely differing

rates

For instance, it is normal when monitoring the condition of a patient to monitor 2 varisty
of physiological parameters such as the electrocardiogram (which can be multiple
channel), blood pressure, respiraiion, oxygen saturation using pulse oximetry and
temperature. Typically these are acquired by different data collection devices and al) are
acquired at ditferent sampling rates, For example electrocardiograns (ECG) ars
typically collected at 256 Ha, pulse oximetry wavetorms arce typicalty acquired at 81,3
Hz, respiration waveforms at 64 Hz, temperature at 131z and blood pressure once every
L0 or 20 minutes. All 6f these vita) sigus are of ¢haical significance and arc usually
displayed so that medical staf can easily manitor the condition of the patient. However,
because al) are measvred at different vates, and typically by different pieces of apparatus

with respective system clocis within them, displaying the diffecent parameters together

JP 2004-503317 A 2004.2.5
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in a concise and synchronised way is difficult.

In erder to overcome the problem of synchrontzing the diffevent signals, onc
solution has been proposed which is to drive all of the differest monitors by the same
clock signal However, this requires that all of the monstors are, in essence, inteprated

which rs expensive and mflexible, and further this makes existing eguipment redundant.

The displuy nf the data is also rendered difficult because parameters such as the
ECIG trace vary on a fast timescale coinpared to parameters such os blood pressure
{which is only measured every 10 10 20 minutes). Thus the timing of samples in an BCG
trace needs to be accurately recnrded. However, the timing of samples of the blood

pressure can be of lower accuracy without the loss of clinical significance.

Similar problems arise in other systems, such as plant moritoring and contrel, e.g. of
chemical provessing planty, monitoring and control of machines, such as engines or

vehicle systems.

Agcording to the present invention there iz provided 2 systert for acquiring data
from a phurality of data collection devices each manitoring a pavameter and outputiing a
data signal at a respective sampling frequency based on respective system clocks, the
system comprising
data processing means having:
nput means for receiving data signals from each of the plurality of duta,
collection devices;
2 mastsr clock for providing 2 master clock signal; and
time stamping means for assocjating a tite stamp derived from the

master clock with each of the data signals.

JP 2004-503317 A 2004.2.5
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Thus the inventipn allows dala to be collected from a variety of different data
colleetion devices, bul the data samples are given a tmestamp which is synchronised

with a master elock.

The timestamp may have & higher resolution than the master clock. The master
clock produces a new time value at regular intervals, The number of such intervats
within a second is known as the tick-rate. The resolution on the time axis is the inverse

of ihe tick-rale.

Preferably the time stamyp associated with the samples is caloulaied in a different
way depending on the sampling frequency of the data signal, For data signals (such as
in & physiological environwsent the blood pressure ar temperature) whose sampling
frequency ig below a predetermined threshold, each sample of the daia is associated with
u time stamp which is simply the value of the master clock signal at the tiree the data is
given the timestamp. However for data signals whose sumpling frequency is above the
predetermined threshold (such as in a physiological environment the ECG, putse
oximetry ar respiration waveforms} a first sample (or an appropriate sample in & first
balch) of the dara signal is associated with the value of the master clock signal st the
time of time stamping, but subsequent santples are providsd with an estimated tims
stamyp. This may be based on a Sime interval calenlated trom the sampling fiequeney of
the data collection device providing that sigeal (based on the known spesifications af the
data collesting devics).

Preferably the estimate is periodically coripared with the current value of the
raster clock t determine whether the difference between them is aveoptable, or greater

than a predetermined amount. 1fif is greater than the predetermined amount then the

JP 2004-503317 A 2004.2.5
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4.
time sfamp is corrected. Further, the tirne stamps of a contiguous set of samples
preceding the current sample are also adjusted, for instange by adjusting them so that
they are ovenly spaced in time up to the curreni sample, The predetennined difference
below which correction is regarded ns unnecessary may be a nultiple (between 5 and 50,
for example) of the master clock”s resolution and the predetermined threshold of
sampling fiequency may be less than or equal to the master clock, frequency, preterably

iess than one fifth of the master clock frequency.

As well as adjusting the time stamps of the set of samples preceding the current
sample, the manoer in which the time stamp is estimated for future samples can be
adjusted by adjusting the value of sampling ioterval used in the caleulation. Thus by
correcting that value it is hoped that the estimated time stamp will not diverge (or not
diverge sa quickly) from the valuc of the master clocic. This adjustment can be schieved
using 4 Kelman Hlter o which the value for (he aceuracy of the sempling interval is set
in aceordance with the time taken for the estimated time stamp to diverge significantly

fromm the master clock.

In ore embadinment for use in monitoring a physiologicul systern (such as a
patient) the system it suitable for receiving and displayiog signals from an ECG monitor,
eXyEen saturation mionitor, respiraiion monitor, bloogd pressure mounitor and
thermonzeter, or indeed any other ansducer or wonitor used for acquiring physiclegical

data.

Preferabiy the system is bascd around a dafa processing device, which
incotporates the oaster clock, the thme stamping means and the display, and the systern

may be rugpedized so s to De easily portable without risk of damage.

JP 2004-503317 A 2004.2.5
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To Improve the clarity of the display the data may be displeyed selectively on
one of two ditferent timescales which may be referred to as a shorl wnn continuous
timescale, ¢.¢. & "beat-to-beat” timescale in 2 physiological environment, as in which the
time axis shows u short pertod of data in detail, £.g. a few scconds of data (typically
from 1 to 60), and a "trend"” timescate in which the time axis shows a longer section of

data, e.g. a fow lrours of data {typically this may go from 1 minnte to | day).

‘The parameters displayed and the manner of their display mey be varied between
the two types of display. For instance, on displaying data at the first imescale, data
samipled at a iow sampling trequency, can be displayed as a aumerical value, rather than
a continuaws trace (which would have little meaning at this timescale given its much
lower sampling frequency). On the other hand, i the "trepd” timescale it may be useful
still to disptay a singlc high frequency trace at the shorter timescale so that a continuons
visual cheel of this trace can be maintained, even though the rest of the dafa is viewed
over a long timescale. Preferably key values for the system, such a5 in the physiological
environment e heart rate, blood pressure, oxygen saturation and temperaiure, are

always displayed as numerical values alongside the tvaces in both display modes.

A3 a fivther imprevement of the display the representations of the signals,
namnely the fraces, may be scrolled with respect to the fime axis 25 the data signals are
reeeived. This contrasts with the normel practice when displaying signals of refreshing

the displayed trace repeatedly.

The invention provides a corresponding method of synchronizing data signals
and the invention maybe embodied as a computer progratn comprising program cods
means for carrytug out the method. The invention thus extends to a computer-readable

storage medivm carying such 3 program.

JP 2004-503317 A 2004.2.5
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The invention will be further described by way of nou-limitative exarple with

reference to the accompanying drawings m which:-

Figure | shows an acquisition and display apparatus according to an embodiment
of the invention;

Figure 2 iltustrates an exampls of @ "beat-to-beat” display mode of the
emboadimernt of Figure 1. and

Figure 3 shows an example of the "trend” displey mede of the embodiment of

Figure 1.

Aln embodiment of the invention will be described applied to the monitoting of
physiclogical parameters, though the invention can he applied to any system being
manitared by devicas mnning on sdependent clocks. Typical examples include
vehicles, manufhcturing or processing plants, control or monitoring systems for instance

for the enviromment.

Referring to Figure 1 the {llustrated embodiment of the fovention is based on a
ruggedized laptop corputer which includes & display (1) a keyboand (3) and touchpad
(53 as data input deviees and connectors (7) to which can be connested the various types

of dutn collection deviee from which physiotogical data is to be acquired.

This embeditnent of the tnvention is suiteble for receiving sigoals from such
devices as an electrocardiograph, blood pressure monitor, respivatinn woniter, OXygen
saturation menitor and thenmometer and, as will be appreciated from the discussion
ubove, typically all of these signals are acquired by those devices at ditferent samipling
tates. This embodiment of the invention provides for the display, and storage, of thesc
paramziers synchronised with each other. Thus although each of the data collection

JP 2004-503317 A 2004.2.5
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devices has an independent clock which s free-running relative to the clocks of the other
devices, the ipvantion provides for the time stamping of sach samnle of Aata from cach
data collection device with respest ta a master clock. In this embodiment this is the
master clock of the laptop computes, which has a resolution of approximately 1/ 4, ofa

second.

The poaster clock used in this emboditnent 15 sufficienily accurate, but has a
tatfter low resolution, particularly compared to the timescale of the FCG trace. Fusther,
this embodiment is destgned to allow for the processing of the data in batches. In order
tor achieve this the incoming data fram the devices is sepatated into twe classes. The
first class is fow-rate data, which arrives at 2 frequency of less than Y, of the resolution
of the master clock, and niay actuaily arrive at frregular intcevals, The second class is
high-rate data which aives st 2 higher frequsnuy. The higher frequency data is

generally genetated af a repular rate.

Io. this embodiment the data ariving at low rate, such as blood pressure
measurements ot temperatizre, ave thme stamped with a sample from the master clovk. In
other words, each sample of data is associated with the value of the master clock at the

time of time stamping of the data.

The high rate data is troated differently. The first sumple reccived (or an
approprizte sanple in 3 ffest batel) is given 2 Ume stamp fom the master clock. An
expected thug interval between semples from the data coliection device providing this
physiclogical data is estimated hased on the specifications of the deta coliection device.
Thus, quite simply, for an ECG where the sampling rate is 256 Fz, the estimared interval
i5 17256 snconds, Subsequent samples of the data following the first are then given an

estimated titme stamp which 1s the time stamp for the previous sample plus the expected

JP 2004-503317 A 2004.2.5
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tims interval.

T order to allow for the estimated time stmp diverging from the master clock, &t
regular intervals (e g. a low multiple of the resolution of the master clock typically 5 to
50}, the time stamp given to a sampie is compared with the current value of the master
clock. In batch processing this is done on the last value in the batch to give maximuen,
acourany through the bateh. ITthe fime stamp given to the sample and the master clock
are i close agreement, Le within & low nuiitiple of the master ¢lock’s resolution, then
the process continues. Flowever, if the agreement is insufficient, two procedures are

carried out-

) The time stamp of that sample is corrected to the cutrent vatue from the
master clock and a sufficiently lang contigrous set of previous (c.g.
covering one second or so) samples have their time stamp adjusted s that
they are evenly spaced ap to the new troe stamp given to the current

sample.

] Also the value of the time interval used in the estimate of the time stamps
is comected  Thus rather than using the vahue caiculated from the
specifications of the data collection device, that value is adjusted to ty to
achieve lower diverzence from the master clock. The correction can be
weighted aceording to the accuracy of the clock and fhe accurncy of the
estimated {ime interval, for instance using a Kalman filter cycle in which
fhe weeuracy of the expected time juterval is related to the length of time
it takes for a timing error to be deemed 1o have oceurred.  However, the

adjustment can be made in different ways.

JP 2004-503317 A 2004.2.5
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Thus the incoming data fiom the data celiection devices is synchronized in
softwaye ynd this aveids the need to drive the different data collectton devices using a

single master clock.

‘The synchronized data is, in tiris cmbodiment, stored on a hard disk or a 1-
gigabyte PCMCTA disk allowing 96 hours of continuous synckrouized pafient data or 11
can be transmitted to a remote store. Further, the synchronization of the data allows the
siguals from the differsnt data collection devices to be displayed on the single display 1
aligned with respect to the fime axis. Examples of the displays arc shown in Figures 2
and 3. In this embodiment the data may be displayed m two different modes, » "beat-to-
heat” mode in which five seconds of data are displayed graphieally (see Figure 2), and a
"tend" mode jn which fve bours of dain is displayed (see Figure 3). The nser can
switch selectively between the two modes, and because all of the date received is tirne
stamped and siored the user can zoom. in on key events by switching from the frend
made to the corresponding time point in the beat-to-beat mode. Further, in this
embodiment the displays are scrolled along the time axis with new data bemg added on
the right hand side. 'This contrasts with a typical display of clinical data in which one
trace is generated and displayed, c.g fromn left to right, and then that trace is refreshed,

again, from left fo right, by new data beimyr overwritten on the old tace.

Referring in more detail to Figurs 2, which shaws the beal-to-beat mode, it can
be seen that three channels of ECG are displaved as traces 21, 22 and 23 together wiih an
oxygen saturation brace 24 and a respiretion trace 25, The five traces are aligned
vejtically ong above the other on 2 time axis showing five seconds of data. In addition
important vital signs are shown in numerical fashion ou the nght hand side of the

dispiay, these being the heart rate, blood pressure, oxygen saturation and temperature,

JP 2004-503317 A 2004.2.5
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This beat-to-heat mode display can be compared with the longer timescale trand

display in Figure 3. In Figure 3 the traces 31, 32, 33 and 34 show data for a five how
period, This timescale can be vared as desived so that data covering from one minute i
one day can be dispiayed. Trace 31 shows the heat rate in beats per minnte, trace 32
shows the bloed pressure in millimetres of mercury (and it can be secn that values of ihe
systolic and diastolic blood pressure are displayed one above the other, bur they anly
appear every 20 minutes ot so), the trace 33 shows the oxygen saturstton and trace 34

shows the temperatare. [t should 2lse be noted that although the dispiay is in the "trend"

muoide, nevertheless a single channel of CCG wace 35 1s shown at the faster timescale (le.

§ scconds of data over the time axis). This allows proper manitoring of the cuyrent

condifion of the patient. The respiration cen alse be displaved as a frace at 36,

In a similar fzshion to the beat-to-beat mode display, numerical values of the key

paranaefers are shown on the right hand side of the display.

1t should be appreciated that the system can be adapted to acquire differant
physivlogieal pararneters from different types of data collection device, using the same

time stamping principles.

JP 2004-503317 A 2004.2.5
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1 A system for acquiring data from a plurality of datz collevtion devicss cach
monitoring one or mote purameters and outputting a data sighal at 2 respective sampling
frequency based on respective system clocks, the system comprising
data processing means baving:
input means for receiving the data signals from each of the plurality of
data collection devices;
a master clock for providing a master clock signal; and
time stamping means for associating & time stamp derived from the

master clock with cach of the data sfgnals.

2. A svetem sccording to claim 1, forther comaprising:
display for displaying a representation of the data signais aligned with respect to

a time axis on the basis of said respective time stanips.

3. A gystem according to claim 1 or 2 whezein the time stamp bas a bigher

resolution than the master clock.

4, A system aecording to claim 1, 2 or 3 wherein for Jate signals whose sampling
frequency is below a predetermined threshold the fime stamping means associates as the
time stamp s sainple of the master clock signal, and for data signals whose sarapling
frequency is above the predetermined thresbold the lime stanping means sssociutes 28
an initisl time stamp for a sample of the data signal a sample of the master ¢lock signal,

and for subsecuent samples of the data signal an estimated time stamp.

3. A gystem according to claim 4, whetein the estimated time stamp is based on a

JP 2004-503317 A 2004.2.5
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time interval calculated from the sampiing frequency of the data eollection device

providing the data signal and the initial ime stamp,

& A systern according lo claim 4 or 3, wherein the predetermined threshold is less

than or eqpal to the master clock frequency.

7. A system according te claim 4, 5 or 6 whercin the data processing means
comyrises a capparator, and whereio for data signals whose sampling frequency is
above the prodetenmined thucshold the comparator periodicaily compares the estimated
time starop being asyoelated with the curent sample with the master clock to determine
the difference between them and, if the difference is greater than a predetermyined
amouny, the data processing means corrects the estimated tiue stanap to correspond to

the master clock signal.

8. A system according to claim 7 wherein, if the difference iz greater than the
predetermined amount, the data processing means adjusts ibe times stamps of a

contiguous sei of samples preceding the vurrent samiple.

a. A system according to claim 8, wherein the duata provessing means adjusts the
time stamips of the contiguous set of samples preeeding the curent sample by an equal
fraction of the difference such that they are evenly spaced in time up o the current

sample.

19, A system according to claim 8 or 8, wherein the number of samples ip the

contiguous set i3 substantially the nunibex of samples acquired in one second.

11. A system according to any one of claims 6 to 10 wherein, if’ the difference is greuter

than, a predetcrmined amount, the data processing means produces the estinated time
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stamp for subsequent samples based on an adiusted value of said time interval,

12. A system according to claim 11, wherein the data processing imeans commprises a

Kalman titer for caleulating the adjusted value of the time inferval.

13, Asystem aceording vo claim 11, wherein the data processing means comprises
cajoulating means for caloulating the value of the acouracy of the time interval n

accordance with the time taken for the predetermined amount to be reached.

14, A system sceording to any oue of the preceding olaims which s gperable with
data collection devices whose system clocks are frecrunning with respeet 1o said master

clack.

15, Asystem according to any one of the preceding claims furtber comprise 2 dafa

storage device for storing the data samples and time stamps.

16. A systoemt according o any one of the preceding claims wherein the signals are

physiclogical signats.

17. A system according to any one of the preceding claims wherein the input means
comprises inferfaces for recciving signals from at least two off an ecg monifor, oxygen
saturation memiter, respirption monitor, blood pressure monitor, thermeomater, {ntea-
cranial pressure monitor, partial oxygen pressure menitor and partial carbon dioxide

pressure moeniior.

18 A system zecording to claim 2 or any claim dependent thercon comprising a
laptop computer incarporating the master clack, the time stamping means and the

display.

JP 2004-503317 A 2004.2.5
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18, A system according to claim 2 or any ¢laim dependent thereon whercin the data
processing means and the display are adapted to display a representation of the data
signals selectively on one of two different timeseales.

20, A system according to clzim 19 wherein the two different timescales are a first
timescale of a few seconds to a few minotes and a sseond tinescale of one minuts to a

fiow detys.,

21. A system according to claim 20 whercin the ficst timascale s such that less than

thirty scoonds of the ime axis is displayed.

22 Asystem according to claim 20 wherein the firet timesceale is such that less than
ten seconds of the time axis is displayed.

23, Asystem according to claim 20, 21 or 22 wherein on displaying the
representation of the data at the first timeseale, data sampled at a low sampling

frequency is disptayed as 2 nueric vatue.

24, Asystem according to cluime 20, 21, 22 or 23 wherein the second timescale is

such that more than one hour of the time axis iz displayed.

25, A sgystem according to claim 20, 21, 22 or 23 wherein the second tmescale is

sugh that five or more hours of the time axia is displayed,

26, Asystem sccording to any one of claims 20 0 25 wherein on displaying the
representation of the data at the scoond timescale, one trace of data sampled at « high

JP 2004-503317 A 2004.2.5
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sampling frequency is simultancously displayed at the first timeseale.
27, Asystern according to claim 26 wherein the ons trace of data is an ecy trace.

28. A system according to any one of the preceding claims wherein the displayed
representations of the data signals are scrolied with respect to the time axis as the data

signals are received.

20, A svstem for acquiring and displaying data from a plurality of data collection
devices, the system being constructed and arranged fo operate substantially as
bereinbefore deseribed with reference 10 and as ilusirated in the accompanying

dtawings.

30, Ametbod of synchrondsing data signals from a plusality of data collection
devices, each nwonitoring a parameter and outputting a data signal at a respective
sarnpling frequency based on respestive system clecks, the method comprising

associating a time stamp derived from a master clock with each of the data signals.

31. Amethod according to claim 30 wierein the time stamp has a higher resolution

than the master clock.

32, Amethed according to claitn 30 or 31 comprising, for data signals whose
sampling frequency 3 below a predetermined threshold, assouiating as the time stamp a
sampic of the mastor clock signal, and for data signals whose sampling frequency is
above the predstermined thyeshold assockating as an initial tine stamp ot a sample of
the data signal a sample of the master clack signal, and for subsequent samples of the

data signal an estivpated tivpe stamp.

JP 2004-503317 A 2004.2.5
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33 Amethod according o claim 32 whorcin the estimated time stanip is based ou 2
fime interval caleulated from the sampling frequency of the data collection device
providing the data signal and the initial tinte stamp.

34, Amethod according to claim 32 or 33, wherein the predstermined threshald is

less than or equal to the master clock frequency.

35 A method aecording fo elaim 32, 33 or 34 wherein, for data signals whose
sampling frequency is above the predetermived threshold, the estirnated time stamp
being assouiated with the current sample is periodically compared with the master elock
signal to determine the difference botween them and, if the difference is greater than a
predetermined atpount, the estimated tine stamp is corrected to correspond to the master

clock sigmal.

36. A method according to claim 35 wherein, if the difference is greater than the
predetermined amount, the time stamps of & contiguous set of sumples yreceding the

current sample are adjusted.

37. A method according to claim 36, wherein the e stanips of the contiguous set
of samples preceding the current sample are adjusted by an equal fraction of the
difference such that they are evenly spaced in time up to the current sample.

38 A method according to claim 36 or 37, wherein the number of samples in the

coatiguous set is substantially ihe number of samples sequived in ope second.

39, A method according to any ong of claims 34 to 38 wherein, if the difference iy

greater than a predetermined amount, the estimated iime stamp for subsequent sampies is

JP 2004-503317 A 2004.2.5
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based on an adjusted value of said ttme interval.

40. A metbod according to claim. 59, comprising 2 Kalman fltering pracess for
caleuiating the adjusted vatue of the time imerval.

41, Amethod according to claim 3%, wherein the vaue of the accuracy of the time
interval is caleulated in accordance witk the time taker for the predetermined amount to

be reached.

42, A method according to any one of claines 30 to 41 wherein the signals are

physiclopical signals.

43. A method according fo any one of clains 30 to 42 wherein the signals comprise
signals from at least twe of: an eeg manitor, oxygen safuration monitor, vespiration
monitar, blood pressure monitor, thermometer, intra-cranial pressure monitor, partiul

oxygen, pressun: moniter and partial carbon dioxide pressure monitor.

JP 2004-503317 A 2004.2.5
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cxtimulal lime slamp oy be pericdically comrected, and the estimaton calcularian can be improved by cortecting the value used for
\he Interval bebween samples. The ditferemt signals can bre displayed iogether on a display sligned witl respeet (e 3 e axis. The
system ¢an display. the data In two Sifferent timescales, one showing a fow sceonds of data and one showing a fow hours of daia.
The dala traces are scrotled across the thns asls, new data boing added to one end of the trace.
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SYSTEM AND METHCD FOR ACOUIRING DATA

This invention relates 10 the acquisition of data from a plurality of data collection
devices each monitoring one of more different parameters, and in particular 10 the
synchronisation of thas data.

There ere many different situations in which a system is monitored by a plurality
of sensars. Often such sensess are part of different datz coilection devices, and monitor
the same or different parameters of the system. Tn this sitoation each of the data
collection devices may include its own clock controiling the sampling of the data signaf
itis monttoring. These clocks may be free naming with respect 1o each other. Thus the
antput signals from the devives may not be syachronised and may be at widely differing

Yates.

For instance, it is nozimal when monitoring the condition, of a paticht to monitor a veriety
of physinlogical parameters such as the electrocardiogram (which can he multiple
chanmel), blood pressure, respiration, oxygen satization using pulse oximetry and -
temperature. Typically these arc acquired by different data collection devices and al are
acquired at different sampling rates. For example electrocardiograms {ECG) are
typically collected at 256 Lz, pulse oximetry waveforms are typioally acquired at 81.3
Bz, respiration waveforms at 64 Fz, temperature at 1Hz and blood pressure once every
10 or 20 minutes. All of these vital sigus are of clinical significance and are usualiy
displayed so that aedical staff can easily monitor the condition of the paiient. However,
because all are teasured at different rates, and typically by different pieces of epparatus
with respective system elocks within them, displaying the different parameters together

JP 2004-503317 A 2004.2.5
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in & cancise and synchronised way is difficult.

n order to overcame the problem of synchronizing the different signals, one
solution has been proposed which is to drive ali of the different monitays by the same
clock signal. However, this requires that 2il of the mowitors are, in essence, integrated
which js expensive and tuflexible, and further this roakes existing equipment redundant.

The display of the data is also sendered difficuit because pararusters such as the
BCG frace vary on a fast tinescale compared to parameters such as blood pressure
(which is only meamned every 10 o 20 minutes). Thus the timing of samples in an ECG
trace necds to be accwrately recorded. Howeves, the timing of samples of the blood

pressure can be of lower accuracy without the Ioss of clinical significance.

Similar protlems atise in other systems, such as plant monitoring and control, e.g. of
chemical processing plants, monitoring and contral of machines, such as angines or
vehicle systems.

According to the present invention fhere is provided 2 system for acquiring data
from a plurality of data collection devices sach monitoring a parameter and oufpuiting a
data sigpal at a respective sampling frequency based on respective system clocks, the
system comprising
data processing means baving:
input weans for receiving data signals from ¢ach of the plurality of daia
collection devices;
amaster clock for praviding » master clock. signal; apd
time stamping means for assaciating a time stamp derived from the
magter clock with each of the data signals.

JP 2004-503317 A 2004.2.5
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Thus the invention allows data to be cellected from a variety of diffsrent data
collection devices, but the data samples are given 2 timestamp which is synchronised

with & master clock.

The timestap may have & higher resclution than the master clock. The master
clock produces a new time value at regular intervals. The number of such intervals
within 2 second 1¢ known as the tick-sate, The resolution on the time axis is the mverse
of the tick-rate.

Preferably the iime staap associated with, the samples is caloulated in a different
way depending on the sammpling frequency of the data signal. For data signals (such as
in a physiological environment the biood pressure or temperature) whose sampling
frequency is below 2 predetermined threshold, sach sample of the data is assosiated with
atime stamp whick is sitaply the value of the master clock signal at the time the data is
given the timestamp. However for data signals whase sampling frequency is above the
predetemained threshiold (such as in 2 physiological enviroament the ECG, pulse
oximelry or respiration waveforns) a first samwple (or an appropriate sample in 2 first
batch) of the data signal is associated with the value of the master clock signat at the
time of time stamping, but subsequeni samples are provided with an estimated time
stamp. This ray be based on a tims interval calculated from the sampling frequency of
ihe data collection device providing that sigoal (based on the known specifications of the
Gata collecting device).

Preferably the estimate is periodically compared with the current value of the
master clock to determine whether the difference between fem i accepiable, or greater
than a predetermined amount. Ifit is greater than the predetermined amount then the

JP 2004-503317 A 2004.2.5
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time stamp is corrested. Fuvther, the fime stapips of a contiguous set of samplas
preceding the current samople are also adjusted, for instance by adjusting them so that
they are evenly spaced in titne wp to the cuent sample. The predetermined difference
below whick correction is regarded as unnecessary may be a multiple (hetween 5 and 50,
for example) of the master clock’s resolvtion and the predetermined threshold of
sampling frequency may be less than ar equal to the master clock frequency, preferably
leas than aue fifth of the master clock frequency.

As well as sdjusting the time stamps of the set of samples preceding the curent
sample, the manner in which the time starnp i estimated for fulure samples can be
adjusted by adiusting the value of sampiing imterval used in the calenlstion. Thas by
correcting that valus it i3 hoped that the estimated time stamp will wot diverge {or not
diverge so quickly) from the value of the magster clock. This adiustment can be achreved
using a ¥alman fiter in which the value for the accuracy of the sampling interval is set
in accordance with the time taken for the estimated time stamp io diverge significantly

from the master clock.

In one embodiment for use 1 monitoring a physiological system (such as a
patient) the system s suitable for receiving and displaying signals from an ECG monitor,
oxygen sataration monitor, respration monitor, blood preseure monitor and
thermametez, or indeed avy other transducer or womitor used for acquiring physiological

data.

Preferably the system is based around a datz processing device, which
incerporates the master clock, the time staynping means and the display, and the systera
may be tuggedized sa as to be easity portable without risk of damage.

JP 2004-503317 A 2004.2.5
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To improve the clarity of the display the data may be displayed selectively on
one of two different timescales wirich may be reforred to as a short term continzous
timescale, &1 8 "beat-to-beat” thnsstale in a physiological enwviremment, as in which the
time axis shows a short period of data in detail, e.g. 2 few seconds of data (fypically
frorm 3 10 60), and 2 “trend" timescale in which the time axis shows a longer section of
dafa, e.g. a few hours of data (typicafly this reay go from 1 minute to 1 day).

The parameters displaged and the manoer of their display may be varied between
the two iypes of dispiay. For instance, on displaying data at the fivst timescale, data
sarnpled at a low sanpling frequency, can be displayed as a sumerical value, rather than
2 continpous frace (which would have little meaning at this imescale given jts much,
lower sampling frequency). On the other hang, in the “trend timescale it may be useful
still to display & single high frequency trace at the shorter timescale 5o that a continuous
visual check of this trace can be maintained, even though the rest of the data is viewed
over a long timescale, Preferably key values for the system, such as in the physiclogical
enviconment, the heart rate, blood pressure, oxygen sahiration and temperature, are
always dispiayed as numerical values alongside the traces in both display modes,

As a further improvement of the display the represeniations of the signals,
ramely the traces, may be scrolled with respect fo the time wds as the data simals are
received. This coatrasts with the normat practice when displaying signals of refieshing
the displayed trace repeatedly.

The invention provides a sorresponding method of synchronizing data signals
and the invention maybe embodied as a computer progran comprising program code
means fo}- canying out the meihod. The invention thus extends to a oolnputm;raadahle
storape medium casrying such a program.

JP 2004-503317 A 2004.2.5
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The invention will be finther described by way of noo-limitative example with
refexence to the accompanying drawings in which:-

Figure 1 showes an acquisition and display apparatus according to an embodiment
of the mvention;

Figure 2 ilustrates an example af a "beat-to-beat” display mede of the
embodiment of Fignre 17 and

Tigre 3 shows an example of the "trend” display mode of the embodinient of
Figure [

A‘n embodiment of the investion will be described applied to the monitoring of
physialogical parameters, though the invention can be applied to any system being
monitored by devices ranning on independent clocks. Typical examples include
vehicles, manufactaring or processing plants, control or monitoring systems for instance

for the environment.

Referring to Figure 1 the jllustrated embodiment of the invention is based on a
ruggedized laptop computer which includes a display (1) a keyboard (3) and touchpad
(5) 2 data nput devices and comnectors {7) to which can be connected the various types
of data collection device from which physioiogical data is to be acquired.

This embodiment of the invention is suitable for receiving signals from such
devices as an elecirocardiograph, blood pressire monitor, respisation monitor, oxygen
satyration monitor and thermometer and, a5 will be appreciated from the discussion
dbave, typically all of these signals are acquired by those devices at diffevent sempling
vates. This embodiment of the nvention provides for the display, and storage, of these
pasameters synchronised with each other. Thus although each of the dets eollection

JP 2004-503317 A 2004.2.5
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devices has an. independent clock which is fres-running refative 1o the clocks of the other
devices, the invention provides for the time stamping of each sample of data from each
data collection device with respect to a master clack. Tn thiz embodimest this is the
master clock of the laptop computer, which has a resolution of approximately t,,, of a
gecand.

The master cleck used in this embodiment is sufficiently aceuvate, but has a
tather low rosatution, particilarly compared to the timescale of the ECG frace. Further,
this enbodiment is designed to allow for the processing of the data in batches. In order
to achieve this the incoming data from the devices is separated into two classes. The
first clazs is low-rate data, which axives ot a ftequency of less than 'Y, of the Tezolution
of the master clock, and may aciually amive at irregwdar intervals. The second class is
high-rate data which arrives at 2 higher frequency. The higher Frequency data is
generaily generated at a repular rate.

In this embodiment the data artiving at low rate, such 23 binod pressure
measwrements or temperature, ate tine stamped with a sample fron the master clock. Tn
othet words, each sample of data is associated with the value of the master clock at the.
time of time stamping of the data.

The high rate data is treated differentty. The first samiple received {or an
approptiate sample in a first batch) js given a time stamp from the mester clock, An
expecied time interval between samples from the data coliection devics providing this
physivlogical data is estimated based on the specifications of the data collection device.
Thus, guite simply, for an ECG wheve the sampling rate is 256 Iz, the estimated interval
ig 1/256 seconds, Swbsequent samples of the data foliowing the first are then given an
cstimated time stamp which is the time stap for the previous saple plus the expesied

JP 2004-503317 A 2004.2.5
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time intsrval

In oxder to aliow for the sstimated time stamyp diverging from the master clock, at
segular intervals (e.g. a low pmitiple of the resalution of the master clock typicaily 5 to
50), the time stamp given o a sample is compared ‘with the cucrent value of the master
clock. In baich processing this is done on the last value in the batch 1o give maximum
accwracy through the batek. If the fime stamp given to the sample and the masier clock
are in close agreement, i.e within a low multiple of the master clock’s resolution, then
the process continues.  Fowever, if the agreement is insufficient, two procedures are

carried out:-

ay The time stamp of thal sample is comected to the current value fiom the
master clock and a sufficiently Jong contiguous set of previous {e.g.
covering one second or 30) samnples bave their time stamp adjusted so that
they are gveniy spaced up to the new time stamp given to the current

sample.

b) Also the value of the time interval used in the estimate of the time stamps
i corrected. Thus rather than using the valve calculated from the |
specifications of the data collection device, that value is adjusted to try to
achieve lower divesgence fram the master clock. The comection can be
weighted acearding ta the acouracy of the clock and the acouracy of the
estimated time interval, for instance using 4 Kabnan filter cyele inwhich
the accuracy of the expected time imterval is related to the lengik of time
it takes for a fiming eswor to be Jeemed to bave occurred.  However, the
adjustment can be made i different ways.

JP 2004-503317 A 2004.2.5
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Thus the incoming data fivm the data collection devices is synchronized in
sofiware and this avoids the need to drive the different data collection devices using a
single master clock.

The synchronized data is, in this embodiment, stored on a hard disk o a -
gigabyte PUMCLA disk allowing 96 hours of cantinuows synchronized patient data of it
can be transmitted to atemots store, Further, the synchronization of the date allows the
signals from the different data collection devices to be displayed on the single digplay
aligned with respect to the time axis. Examples of the displays ate shown in Figures 2
and 3. In this embodiment the date may be displayed in two different modes, 2 "beai-io-
beat’" mode in which five seconds of data are displayed graphically (see Figure 2), and a
"trend" mode in which five hours of data is displayved (see Figure 3). The vser can
switch selectively between the two modes, and becanse all of the data received is tine
stamped apd stored the user can zoom it on key events by switching from the trend
mode o the ¢orresponding time point in the beat-io-beat mode. Further, in this
embodiment the displays are scroiled along the time axis with new data being added on
the vight hand side. This contrasts with 2 typical display of clinical dat in which one
race is peneratod and displaved, e.g from left to right, and then that trace is refieshed,
again, from lefl fo right, by new dafa being overwritten on the old trace.

Referring in mare detail to Figure 2, which shows the beat-to-beat mode, if can
‘be seen thal three channels of ECQ are dispiayed as traces 21, 22 and 23 together with an
OXYgen safration trace 24 and a respiration trace 25. The five truces are aligned
vertically one above the other on a tirze axis showing five seconds of data. 1n addition
important vital signs are shown in sumerical faskion on the right hand side of the
display, these being the heart rate, blood pressure, oxygen SaRation and temperanire.

JP 2004-503317 A 2004.2.5
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This beat-to-beat mode display can be compared with the longer fimescale frand

display in Figare 3. In Figure 3 the fraces 31, 32, 33 and 34 show data for a five hour
period. This imescale can be varied as degired so that data eovering from one mimste to
e day can be displayed. Trace 31 shows the heat rate in beats pey rainute, tace 32
shaws the bipod pressure in millimeires of mercury (and it ¢an be seen that values of the
systolic and diastolic blood pressurs are displayed one above the athet, bt they only
appear every 20 minutes or so}, the trace 33 shows the oxygen sahrating and trace 34
shows the temperatare. 1t should also be noted that although. the display is in the "trend”

mode, nevertbeless i single channel of ECG trace 35 is shown at the fasier timescale (i.e.

5 seconds of date over the time axis}. This allows proper monitoring of the current

condition of the patient. The respiration can also be displayed as airace at 36

To. 2 similar fashion to the beat-to-beat mode display, numerical values of the key
parameters are shown on the right hand side of the display.

It should be appreciated that the system can be adapted to acquire different
physiological parameters from different types of data callection device, nsing the same
time stamping principles.

/i
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1. A system. for acquiring date from a piarality of data collection devices ench

menitoring one or more parameters and nutputtiog 2 data signal at a respective sampling
frequency based on Tespective system clogks, the system comprising
data processing means baving:

input meuns for receiving the data signals from sach of the ptarality of
data cotlection devices;
a master clock for providing a master clock signal; and
{me stamping means for associating a time stamp derived from the
smastey elock with, each of the data signals.

2. A systemn according 2o claim 1, further comprising:
display for displaying a representation of the date signals aligned with respect to
a time axis on the basis of said respective time stamps.

3. A system according to glaim 1 or 2 wherein the time stamp has a higher
resolution then the master cloclk

4. A system according to claim 1, 2 or 3 wherein for data signals whose sampling
frequency is below a predetermined threshold the time stampiing means associates as the
time stanip & sample of the master clock signal, and for data signals whose satpling
frequency it above the predetermined threshald the time stamping means assaciates ag
an initial Gme stamp for » saraple of the dafa signal a sample of the mastes clock signai,
and for subsequent samples of the data signal an estimated time stamp,

3. A system according {0 claim 4, wherein the estimated fime stamp is based on a

JP 2004-503317 A 2004.2.5
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time jnterval caloulated from the sampling frequency of the data collection device
providing the data signal und the initial time gtarp.

5. A, syslem according to claim 4 or 5, wherein the predetermined threshoid is jess
than or equal to the master clock frequency.

A A sysiem accardiog to claim 4, § or 6 wherein the daga processing means
comprises a comparalor, and wherein for data signals whose sampling frequeney is
above the predetermined threshold the comparator periodically compares the estinated
tijne starap being associated with the courent sample with the master clock to determine
the difference between them and, if the difference is greater than a predetesinined
armonnt, the data processing means corrects the estimated time stamp to correspond to
the master cleck signal,

8. A system according fo claim 7 wherein, if the difference is greater than the
predetermined amount, the data processing means adjusts the time stamps of 2
contiguous set of samples preceding the current sample.

9. A gystem according to claim 8, wherein the date processing means adjusts the
time stamps of the contiguous set of samples preceding the current sample by an equal
fraction of the difference such that they are evenly spaced in time up to the current

sarpie.

10 A systom assording to olaim 8 or 9, whersin the mmmbes of samples in the

contighous sef 18 substantially the number of samples acquired in ope second.

il. A system according to any one of claims 6 to 10 wherein, if the difference is greater
than 2 predetenminsd amount, the data processing means produces the estimated time

JP 2004-503317 A 2004.2.5
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stamp for subsequent samples based on an adjusted vahie of said time interval,

12, Asystem according to claim 11, wherein the data precessing means comprises 2
Kaipan filter for calculating the adinsied value of the time interval.

13. A system according to claim 11, wherein the data processing tnedns sompriscs
calculating means for caleutating the value of the aveuracy of the time interval in.
accordanes with the time tiken for the predetcrmpined amonni 10 be reached.

[4. A system according fo any one of the preceding claims which is operabie wit:
data collection devices whose system clocks are free-running with respect to said master

clock.

15 A system according te any one of the preceding claims further comprise a data
storage device for storing the data samples and time stamps.

16. A systes according to any one of the preceding claims wherein the signals are
physicingical sipnals.

17. A sysiem according (o any one of the preceding claims wherein the inpat means
comprises interfaces for receiving signals from at least two of: an ecg monitor, oXygen
saturation monitor, respiration monitor. blood pressure sneaitor, thermomster, intra-
cramial pressure montior, partial oxygen pressure monitor and partial carbon dioxide

Pressue monitoy.

18 A system according to claim 2 or auy claim dependent thereon comprising a
laptop computer incorporating the master clook, the time starping mieans and the
display.

JP 2004-503317 A 2004.2.5
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9. Asystem accarding 1o claim 2 or any claim dependent therean wherein the date
processing means and the display are adapted to display a representation of fhe data

signals selectively om one of two different timescales.

20 Asystem according to claim 19 wherein: the two diffevent fimescales afe a first
timescale of a few seconds 1o a few minutes and a second timeseale of one minute to a

few days.

21, A system according to claim 20 wherein the first timescale is such that less than
thirly sceends of the time axis is displayed.

12, Asystem according to claim 20 wherein the firs( timescale is such that less than
ten scoconds of the time axis is displayed.

23, A system according te chaim 20, 21 or 22 wherein on displaying the
representation of the data at the first timescale, data sampled at a Llow sampling
frequency is displayed a8 & muzneric value,

24, A system according 10 claim 20, 21, 22 or 23 wherein the second timescale is
such: that more than one haur of the time axis is displayed.

25, A system according to claim 20, 21, 22 or 23 wherein the second timescale is

suck that five or more hours of the time axis is displayed.

6. A system according o ey one of claizms 20 to 25 wherein on displaying the
represtatation of the data at the second timescale, ope frace of data sampled at a high

JP 2004-503317 A 2004.2.5
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sampling frequency is simuftaneously displayed at the first imescale.,
7. Asystem according to claim 26 wherein the one trace of data is an ecg trace.

28. A systers according to any oae of the preceding claims wherein the displayed
representations of the data signals are scrolled with respect to the fime axis as the data

signals are received.

2%, A system for acgniring and dizplaying data from a plurality of data collection
devices, the system being constructed and artanged to operate substantially as
Lereinbefore described with veference to and as Hlustrated in the accovpanying

drawings.

30. A method of synchronising data signals fiomt a plurality of dala colleciion
devices, each monitoring a parameter and sulputling 2 Jata signal at a respective
gampling frequency based on respective system clocks, the method comprising
associating a time stamp derived from 2 master clock with each of the data signals.

31. A method according to claim 30 wherein the time stamp has a higher resolution
than the rmaster clock.

32 Amethod according to claim 30 or 31 comprising, for data signals whose
sampling frequency is below u predetermined threshold, assaciating as the time stamp a
sarmples of the master clock signal, and for data signals whose sampling frequency is
above the predeterrnined threshold assosiating 2s an initial tme stamy for 2 sample of
the data signal a sampie of the master clack sigual, and for subsequent samples of the
data signal an estimsted time siamp.

JP 2004-503317 A 2004.2.5
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35. A method according to claim 32 whorcin the estimated time stamp is based on a
time interval calculated fiom the sapapling frequency of the data collection device
providing the data signal and the injtial tine stamp.

34 Amethod aceonding to chdm 32 or 33, wherein the predetermined threshald is
less than or equal to the master clock frequency,

35, Amethod according o claim 32, 33 or 34 wherein, for data signals whose
sampling frequensy is above the predetermined threshold, the estimated time stamp
baing associated with the rurment senple s periodically compared with the master clnck
signal to determine the difference between them and, if the difference is greater tan s
predetermined wnotnt, the estimated time stamp is corected to correspond o the master
clock signal.

36. A method according to claim 35 wherein, if the difference is areater than the
predetermined amount, the time stamps of a contiguous set of samples preceding the
current satple are adjusted.

37, A method gccording to claim 38, wherein the time stamps of the contiguous et
of samples preceding the current sample e adjusted by an eqnal fraction of the
difference such that they are evenly spaced in time up to the current sample.

38. A method according to claim 36 ot 37, wherein the number of samples in the

conitiguous sel is substantial]y the number of saniples acyuited in one second.

36 A method according to any one of elaims 34 to 38 wherein, if the difference is

greater then a predetermined amount, the estimated tinie stamp for subsequent semples iz

JP 2004-503317 A 2004.2.5
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based on an adjusted value of said time interval.

40. A method according to claim 39, comprising a Kalman filtering process for
calculating the adjusied vaiue of the time inrerval.

41, Amethad accarding to claim 39, wherein the value of the accuracy of the time
interval is calculated in accordance with the time taken for the predetermineg amount to
be reached.

42, Amethod acoording to sny one of claims 30 to 41 wherein the sigrals are
physiological signals.

43. A method according to any one of etaims 30 to 42 whetein the signals comaprise
signais from at least two of: an ecg monitos, oxygen saturation monitor, respiration
monitat, blood pressure monitor, thexmameter, intra-cranial pressize monitoz, partial

oXygen pressure monitor and partial carbon dioxide preasure monitor.

JP 2004-503317 A 2004.2.5
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