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1 *159159* Met hod and apparatus for dlsplayLng‘Lngg__h~§_“N
data Technical Field The present invention relates to
a met hod and apparatus for displaying trend dﬁmml r
5 particularly relates to a nethod and appara #W” ”
di splaying digitally-obtained trend data on an ...
el ectronic display device, orlin sone variants a
printer. Background Paper charts are conventionally
used to recor dMetheddad appfrane forclispldyidg/témiaddiy uses a
10 sheet of paper which is translated at a constant
rate in a first direction, and an ink pen which noves
in a second, transverse direction to draw a trace on
%Eﬁmﬁ%??kkln response to neasuring the value of a

g quantity. \Wen the pen noves nore

the trace appears.thjnner an
The Rreodis il RS GRRT RS oo oty fon lsplgathe ipa data. 1
the trace appears thicker and/ or darker. The w dth
Patelpdy relaphiosr method and ppiayatysfos d&plaﬁtr@rﬁbgr@llycqm@n%trend
lighter or darker) on the paper trace thus give a user
datdioh ian ekeictronin desptaytdewive cor ib keme ag@ants a phaege and t he
frequency of occurrence of the neasured data while
the data value varies with tinme. This is especially
useful when the tine taken by typical variations in

Bh&gsaat i ty corresponds to a very small translational
Istance of the paper novenment and there is Iittle

n_in d|e of .t trage fro

B Bbdfiit Bore ey el PR el b s Shes o

a have been i nplemented to store _the, neasur
%&Fboffﬂa@?& which ARl 8icqnstaRtyRtadn 8 Giry direglings At ik pen
i nk and paper. However, a digital chart display
whishdegvey in ¢ srepnd. Jeansyegye disasHon td drawsd teace ofitheepapea frgkgsponse
of tinmes; thus, the period of nmeasurenent is
to measuring the value of a time-varying quantity. When the pen moves more quickly,

the trace appears thinner and/or lighter. When the pen moves multiple times over a
location, the trace appears thicker and/or darker. The width (whether thinner or thicker)
and intensity (whether lighter or darker) on the paper trace thus give a user additional
information on the rate of change and the frequency of occurrence of the measured data
while the data value varies with time. This is especially useful when the time taken by
typical variations in the quantity corresponds to a very small translational distance of
the paper movement and there is little variation in the gradient of the trace from which

to obtain rate and frequency information.

Digital charts have been implemented to store the measured data digitally and to avoid
having to use consumable ink and paper. However, a digital chart display typically

comprises for each “time slot” (i.e. range of times; thus, the period of measurement is

I
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partitioned into tine slots) only a sinple trace one

or a few pixels wide interpolated between a previous
value and a current value. A digital chart display is
therefore unable to provide visual information beyond
showi ng the extrene neasured data val ues during the
time slot. 5 Summary The invention ains to provide
pariitioned inweafme slory bolgs sanplessast onsod Dfewdpigelk adagiedpolated
representing a quantity which varies over tine. 10 In

Q&Q’@érﬁé Flteefor@ valuB8ndh @8R8t v'al'l‘%eﬂtdlé]fhl Qﬁzﬁ'p@ﬁﬁﬁ iWBErefore unable
data val ues (representing the value of the quantity

@ C})rrf) elag ﬁﬁi.\%ll\rlrgfogx:ng@?r) blofid %\ng € eg(greg{étrgeatskr{gﬁ da aqyaﬁies during

arra tren

nunerical values) is deflned Each trend melght

6P Ynds to a respective val ue which the quantity
may take. The array of trend weights is updated based
on the data values within the tine slot. For exanpl e,
for given pairs of data 15 val ues, the correspondi ng
Summdrywei ght s can be found, and these trend weights
and the trend weights between them can be increased.

Theinssmivitaib td pOvideGle®ame uieHil eRasandéysteh for displaying data
di fference between the data values. An inage is then

tg&%&mn% n(#w {M}I\gmcﬁyaﬁgqﬁ,@mﬁge time slot corresponds

a colu or ‘row of pixels, and different portions
of the colum/row of pixels are displayed with a
characteristic which depends on the 20 correspondi ng

I\Jl'\lege%er:]}al %ei‘r(relg tﬁe present invention proposes that data values (representing the value
of the quantity at respective times) are partitioned into time slots. For each time slot, an
array of trend weights (numerical values) is defined. Each trend weight corresponds to a
respective value which the quantity may take. The array of trend weights is updated
based on the data values within the time slot. For example, for given pairs of data
values, the corresponding trend weights can be found, and these trend weights and the
trend weights between them, can be increased. The amount of the increase may depend
on the difference between the data values. An image is then presented in which at least
one time sl.ot corresponds to a column or row of pixels, and different portions of the
column/row of pixels are displayed with a characteristic which depends on the

corresponding weight trends.

A first specific expression of the invention is an apparatus for displaying an image

representing the time-variation of a quantity, the apparatus comprising:
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A first specific expression of the invention is an
apparatus for displaying an i mage representing the
time-variation of a quantity, the apparatus

conprising: 3 a processor configured to receive a
plurality of successive data val ues, each data val ue
representing the value of the3quantity at a

corresponding tine, the processor being configured,

h processohc@ifigardd torrédeivieya Slhirality'®f sticedsSive dtaganRE,afach data value
corresponding set of a plurality of trend weights,

pdiehts V518 BE tHQuARHH APS tHiFespBnding GRREMe!pLSe i
g%ssfbtlrgtgeval ue tof Q@ai dpquanti%sj&/),nbyr/l,é for s ccggssoir\t/)gmg

I (| Il et I ont ai.nin
PRt Wi dact bty BERERTR AR LR BT P GBORIRY S ora
updating one ar. nore el ements of the correspondi ng set
Bl b YFights, cach raAd Hisighh FOIPPRAENE It [SgRRENE paSIDIe
di splaying, for at l|east one of said tinme slots, a
Vdupetiaid quantigs by clonpessessivefdagoralieshs corresponding to
sai d possi bl e values taken by 10 said quantity, at
(irast daemnioingribe time iskit icontaihingabé tiperassoeiataf with ¢hat daealue, and
dependi ng upon the corresponding trend weight. A

gBco ngpd?alﬁﬂg lohé 6r @BRS @6memS oPfhelcbftedpdnainkisetofitfend weights; and
met hod for displaying an i mage representing the

b g&-gwévﬁ%iceaﬁ%tre@fcﬂgﬁgﬁ%@ygé 5@{:53 ééags &&%ﬁ%ﬂ@é&ﬂ&g a

15 receiving a ura ve data val ues,

ach .data val ue r esenting the value of ft.
398 oq Sttt BE S S e Gt Sp Bhnosti R vatoes i by
of a pluraljty of tinme slots, a correspaondi ng set of a
3id, ﬂ'é‘%t% abl"'ag‘t‘%“é ﬁfaa%tr—@ﬂtcsqf cast RO ipR ﬁg thgetragh depending upon the
corresponding to a respective possible value of said
ereaspondjng wend weighsuccessi ve data val ues: 20 (i)
determining the tine slot containing the tine

associated with that data val ue, and

A second specific expression of the invention is a method for displaying an image
representing the time-variation of a quantity, the method comprising:

receiving a plurality of successive data values, each data value representing the value of
the quantity at a corresponding time;
generating, for each of a plurality of time slots, a corresponding set of a plurality of
trend weights, each trend weight corresponding to a respective possible value of said
quantity, by, for successive data values:

1 determining the time slot containing the time associated with that data value, and
(i)  updating one or more elements of the corresponding set of trend weights; and
displaying, for at least one of said time slots, a respective trace composed of portions
corresponding to said possible values taken by said quantity, at least one characteristic

of each portion of the trace depending upon the corresponding trend weight.
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(ii1) updating one or nore elenents of the
correspondi ng set of trend weights; and displ ayi ng,
for at least one of said time slots, a respective
trace conposed of portions corresponding to said
possi bl e val ues taken by said quantity, at |east one
characteristic of each portidn of the trace depending
upon the corresponding trend weight. 4 Brief

Beisf Degetipton of the lra®imggi ngs | n order that the present

i nvention may be fully understood and readily put into

Bf @@kt thad the Bics@ftlinveatlof ?‘ﬂ)’erfﬁl M uferdibl zida\’r@&hlﬁht Wb bpractical
now be described by way of non-limtative exanple,

Ell?@ct daﬁ‘mse%ﬂo%ﬂlgrplo? quvé,}qtltonél; g n%&%ccﬁsér?oehlh?. way ofr_non-hrmtatlve

acconpanyl ng mnngs

IS, a ,schemtic re esentat|o pl ural
et ISR ifnd VB FeEen s brthe SosofwRayips iustrafve
schematjc representation of a trace conposed of pixels
dRawAngy. MoVbisRcal e by an enbodi ment of the invention;
Fig. 2 is a schematic representation of an exenplary
higp dfaxisusssohbingtic fepreaentatidyoafi aygntalityl6f dafa pdiets ime singleaime slot;
Fig. 3(a) to (d) are various stages of a data array

Biged(bys 4 i’tﬁeﬁﬁb@fﬂpf@@ﬁtaﬁt&ﬂd)fﬂﬁtra&k@ﬂ?ﬁf»eﬁ dffpatelS6P4 6-100% scale
updated trace values and trend weights in a first

g%@ﬁ"&lnﬁodmﬁhgoftﬂé ﬁ'pveﬁt%n(d) are various stages of a
a

ta array used by the enbodi ment having elenents
%aE 1 GA gc)t(lgmg{?cg% ?e%aﬁt&@&ﬁo a%l egx%rshg?a?}g flﬁt’ga\?ﬁ; \\Pﬂlﬁlcgfls %rhembodlment
%E‘E I artly net hod used by t he embodi ment. Detail ed
EMVSRHYh of the Preferred Enbodinents A nethod as
outlined in Fig. 5 and an apparatus shown in Fig. 2
Kigi 3@ tor @) aseciRppry stages of a data array used by the embodiment having

elements that store updated trace values and trend weights in a first example;
Fig. 4(a) to (d) are various stages of a data array used by the embodiment having
elements that store updated trace values and trend weights in a second example; and

Fig. 5 is a flowchart of an exemplary method used by the embodiment.

Detailed Description of the Preferred Embodiments

A method as outlined in Fig. 5 and an apparatus shown in Fig. 2 which are exemplary

embodiments of the invention will now be described.

The method and apparatus provide a digital trend display that gives information on the
rate of change and/or the frequency of occurrence of the measured data comprising a
plurality of data points while the data values vary with time. Fig. 1(a) shows an

exemplary plurality of data points 0-10 in a single time slot. The digital trend data is
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enbodi nents of the invention will now be described. 20
The nmet hod and apparatus provide a digital trend

di splay that gives information on the rate of change
and/ or the frequency of occurrence of the nmeasured
data conprising a plurality of data points while the
data values vary with tinme. Fi’g. 1(a) shows an
exenplary plurality of data points 0-10 in a single
tisplaysd oy the Bhibodimgrit as a traentDdaingpdsed of a chlemhdyeid atgrnative
t he enbodi nent as a trace 102 conposed of a columm (or
embédiiRARa F6P) of YRR EEH £0- 180921 i06PABbIn IR FiLN (1.
0- 100% scal edwl})OG, as shown in Fig. 1(b)!O As shown glon(b’j)
Fig. 2, the apparatus 11 conprises a data receiver 12
that is configured for 5 receiving a plurality of

uccessi ve dat oi nts om a.data source ste
BRSRSE i) 2 R |1 @bGiseT pBrRreeeiis 14 difpShontigured fo
val ue. The data source 14 may be a neasuring system
feselingonpipTadibsofasuceessive dafa oy fre@ a dasa squsessi @tep 502, Fig. 7).
real -tine data as anal ogue signals and converts them
Eachdifghe dita paintsdms aMlataevahat iThe dyta sbmee ddinzaydeur meastiding system
may be a digital storage device containing previously

taacomgithesl at 1aast bhstevitecthht Medsajestrbaltiniagath @Lihasaiedignals and
10 for future playback. If nore than one data source

dohvests feRViodRStal VAR d IR ARGl Bl dhéh dodre Al hgHbE dfeRal
select the data source 14 according to a user's

[ - r Q n e
5O B T R ENTARE R o 0] LS soves
%)tgre it El}gal?l storical 15 data in an internal storage
LINEEe HayBagk ¢ urther sel ection. The apparatus 11 al so
conprises a processor 16 that is configured for

receiving the plurality of successive data points

fromthe data receiver 12. Fromthe data points, the
If more than one data source 14 is provided, the data receiver 12 is configured to select

the data source 14 according to a user’s choice. The data receiver 12 may also be
configured to obtain real-time data from the measuring system and store it as historical

data in an internal storage device 15 for further selection.

The apparatus 11 also comprises a processor 16 that is configured for receiving the
plurality of successive data points from the data receiver 12. From the data points, the
processor generates trace values and updates these to a data memory 18. The processor
also determines a time slot for each data value (step 504) and generates trend weights

(step 506) that affect how the trace 102 is displayed on a display 20.

A controller 22 may be provided to assign each of the plurality of data points to its

. appropriate time slot. The controller 22 is preferably also configured to instruct the
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processor generates trace val ues and updates these to
a data nenory 18. The processor 20 al so determ nes a
time slot for each data val ue (step 504) and generates
trend weights (step 506) that affect how the trace
102 is displayed on a display 20. A controller 22 may
be provided to assign each of the plurality of data
points to its appropriate tine slot. The controller
p@cessoplefocgeatiate tadcs valuenhndyeongshtd aendwighstfof betcles of data
processor 16 to generate trace val ues and conpute
boiardedvivedtnsa pe@ ltinkAdl6tRSis Odo tl@AlAe tri@ M12Ss ﬁg&cﬁéd/&gth@'?iisplay
a per tinme slot basis, so that the trace 102 is
. i . i r h
P Bl ShPhfbyal Sheing R ARSI for Fhfinay be
b chi eved by, the. control |l er 22 keepi a cqunt
B oy BB ler Y kesRing SobRteftras sl cBeGsBed Gorrent data
received by the data receiver 12 are within a current
PPIRS reqedted byfthe dafa recelyst At afesvithip ggurrens ting ept. if mdata point is
time slot, the controller 22 may instruct the
fouod ¢seuer AW tmorstat abe contellar Pdimay snstiuat thh pueeekseen6 to process
buffered as belonging to the current time slot for
dath poiintstthattHaee bebinstuiffeyed?43. be ldhgiga o Ap@rRintiSmé 51008 output to the
further conprise a configuration editor 24 to allow a
8isfay bO. enter pre-set trace values for specific
ranges of differences in data values, to nmake col our
intensity selections for specific ranges of trend
wei ghts, to specify the duration for a tine slot and
ior dat a cqjlec ion, and.so on 15.EEt&#Is of how this
R° appapii 1 SRaNTUhet eemRRiseiaFonfiguiatipn shiig4dR aHpy eqiser to enter
Exanple 1 This exanple describes how the frequency of
resat tracs valugs fgspeciiaranges ofediffprencesiin ghtayakiies,fip gnake calour
shows a nunerical data array 30 stored in the data
intemsity sel@tiphafor specific ranges of trend weights, to specify the duration for a

time slot and for data collection, and so on.

Details of how this is accomplished are given in the following examples.

Example 1

This example describes how the frequency of occurrence of data values may be
displayed. Fig. 3(a) shows a numerical data array 30 stored in the data memory 18 that
is initially set to O for all elements in the array 30. The elements may be 8, 16 or 32 bit
unsigned integers. The array 30 has a size that is preferably determined by how many
pixels the 0-100% scale 106 (in Fig. 1) is composed of. Each element of the array 30 is

associated with a corresponding pixel of the display.
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20 is initially set to O for all elenments in the array
30. The elenents may be 8, 16 or 32 bit unsigned
integers. The array 30 has a size that is preferably
determined by how many pixels the 0- 100% scal e 106

(in Fig. 1) is conposed of. Each elenent of the array

30 is associated with a corrésponding pi xel of the

di splay. 7 For exanple, the 0-100% scale 106 nmay span
$00exzimpde,she 0410044 schled86 endyrspam 50@pix81, in which case the array 30
correspondi ngly conprises 500 elenments. In this

e¥ePpbadinglyddhiprivéd 500 Mméts. R tﬁlb@xan%l@aedal@@alh@oitd%%n the

associated with array elenent [0] while a data val ue

{aléW?sQﬁhs ?omzﬁ&ﬁbvﬁ e| nﬁ%éﬂ?ﬁf@ﬁﬁl@%ﬁ ‘Pa.ll?er 3£360% on the

enent [ 499 ere nment's i n

IR e Fitpp i ataDiElpments in

SSOCI ted with their respective array elenents
Herae 0P isfe i Q0% serle AVeiaieat; 4yaValurs prigean Qg 100%
an exenplary plurality of data points received by the
degtraopatienardy agspciated wigle thelraspactie ety lenadniebet @eareelement [0]
0- 100% pi xel span of 500 pixels, the associated array
enceelementf[dp9each data val ue can be readily determ ned
as the nearest integer, as given in Table 1. Data
Poi nt Data Val ue Associated Array # (% Elenent 1
0.6 [3] 2 1.0 [5] 153 2.0 [10] 4 0.4 [2]

Table 1 shows an exemplary plurality of data points received by the data receiver 12,

each having a data value. Given a 0-100% pixel span of 500 pixels, the associated array

element for each data value can be readily determined as the nearest integer, as given in

Table 1.
Data Point | Data Value Associated Array
# (%) Element
1 0.6 [3]
2 1.0 [5]
3 2.0 [10]
4 0.4 [2]
Table 1

As the processor 16 receives the data points, it interpolates between successive data
points and generates trace values for all the data values between successive data points.
For example, when data points #1 and #2 are received by the processor 16, the
processor 16 generates a default trace value of 1 for their associated array elements [3]
and [5] as well as each of all the intervening array elements. The generated trace values

are updated to the data memory 18, as shown in Fig. 3(b).
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Table 1 As the processor 16 receives the data points,

it interpol ates between successive data points and
generates trace values for all the data val ues between
successive data points. 20 For exanple, when data

points #1 and #2 are received by the processor 16, the
processor 16 generates a defadlt trace value of 1 for

their associated array elenents [3] and [5] as well
Wheadata pintdi3|cotdee in, nheeproesssogl Gogenasates| fenierttmice Vhl@es for all the
generated trace values are updated to the data nenory

ddla valsesieudiated withGhe SleRknts etwRE Matidomt QI Nl dHR fOUTBS, these

in, the processor 16 generates further trace val ues

h Lot i j ' | e
Bt A e e T PRI R LBt T e TR S o
all the elenents fromelenents [5] to [10]
respectively, as shown in Fig. 3(c). 5 Simlarly,
s;a&g val ues are generated fromthe el enent associ ated

i Rrlyafracep@iyse arezangratedifgom i glpmeniasensiatedwithidate point #3 to

data point #4 when data point #4 is received, i.e.,
the slemeat asseeiatefl #0h daga poinnihwhémdata Poiat #4 soessvrd, L6, from
al so conputes a trend wei ght for each data val ue by
dementri@Olup eldngent ). generated trace val ues for each
data value. Fig. 3(d) shows the trend weight for the
array elenent associated with each data val ue that
has occurred between successive data points. As data

D 050 AGELHRALIL SURESTRA: Sl S i o
e RS ek S A B LA GO o

in the plurality of data points that 15 has been
eﬁ;raﬁrggg%)ﬁl_atedalé ¢ data value that has occurred between successive data

points. As data points are received in succession, the trend weight correspondingly
updates. Using a default trace value of 1, the trend weight is therefore an indication of
the number of occurrences of a particular data value in the plurality of data points that

has been processed.

Example 2

This example describes how the rate of change data value may be displayed.
Prior to processing any data points, a user pre-sets certain trace values to be associated
with specific ranges of difference in data value between successive data points. An

exemplary pre-set is given in Table 2.
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Thi s exanpl e descri bes how the rate of change data
val ue may be displayed. Prior to processing any data
points, a user pre-sets certain trace values to be
associated 20 with specific ranges of difference in
data val ue between successive data points. An

exenpl ary pre-set is given in°Table 2. 9 Difference
in Data Value Pre-Set Trace Value (% < 2.5 5
2.5-10.0 3 16601+ —5HTFapte2Fable—3-shows—ad
exenpl ary pl l}?@ﬁelnfje B‘fﬁﬁtﬁyéhl‘}o ntP§e'$%th';VP?Fe"zalH9 tlhe
data recei ver_12, t(r%jpt her with their assaociated
array el ements when<ds? ng a 50D-pixel array 30 flor
representing the @30000scal e 106. Data& Data Valjue
Associ ated Difference0.on Data JAssoci ated Pre- 10 Poi nt
# (% Array Value (%9 w.r.t. Set Trace Value enent
Next Data Point 1 0.6 [3] 0,45 21.0[5] 4.03 3
5.0 [25] 15.0 1 4 20.0 [100ft€2 Table 3

Table 3 shows an exemplary plurality of data points received by the data receiver 12,
together with their associated array elements when using a 500-pixel array 30 for

representing the 0-100% scale 106.

Data Data Value Associated Difference in Data | Associated Pre-
Point # (%) Array Value (%) w.r.t. Set Trace Value
Element Next Data Point

1 0.6 (3] 04 5

2 1.0 [5] 4.0 3

3 5.0 [25] 15.0 1

4 20.0 [100] - -

Table 3

As the plurality of data points are received, the processor 16 calculates the difference in
data value between successive data points, for all the data points. The calculated
differences are shown in Table 3. By looking up the pre-set trace values associated with
the difference in data value, the processor 16 generates an appropriate trace value for

each data point and updates the data memory 18 accordingly.

Fig. 4(a) shows all the array elements initially set to O.

Fig. 4(b) shows the trace value generated when data points #1 and #2 are received. The

elements from element [3] to [5] are updated with the trace value of 5, according to the

pre-set.
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15 As the plurality of data points are received, the
processor 16 calculates the difference in data val ue

bet ween successive data points, for all the data

poi nts. The calculated differences are shown in Table

3. By looking up the pre-set trace val ues associ ated

with the difference in data VYl ue, the processor 16
generates an appropriate trace value for each data
pdientdasaysbintpidadonses tilehel ploae 38NTH yenbthrescfaahel preHsst. tradd values for
Fig. 4(a) shows all the array elenents initially set

B0 tHe datd ealudd(Roctiy\with iR dIE@ERs B&W@n Hﬁﬂ gbﬁ‘ﬁ gsl aﬁM‘&zﬂa Pnomt #3,

data points #1 and #2 are received  enents

ﬂle@é@aﬁ %lf lheteq’erllgths ﬂgg‘g}fagéﬁt? ESt]\% g%g] tr%h%ect,t{\%gt? a¥ ?ﬂo%r} i?lfFl g.

5, acco ng to a poin
processor 16 generates further

g&%--c@lé"tpf?'ﬁé}ééaceé{fﬂ%é“ casgiy3-the data val ues

associated with the el enents between data point #2 and

data point #3, these being all the elenments from

el ements [5] to [25] respectively, as shown in Fig.
J(mai}arlyTbee-got acetaluasaceganataal fromtthe elemastasi®ifed with data point
Simlarly, pre-set trace values are generated fromthe

#3 enhe kleakn0adsadigEd Withdatepeinel When #a pOint #LisGEQIRIL i.c., from
associated with data point #4 when data point #4 is

él@&%ht\/{@@]tdelénentf[[m el ement [25] to el enent [100].
The processor 16 conputes a trend wei ght for each

data val ue by summ ng up the generated trace val ues
for each data val ue. Fig. 4(d) shows the trend wei ght

LR e A DB T U i up
generated trace values for each data value. Fig. 4(d) shows the trend weight for each
data value that has occurred between successive data points. The trend weight is
therefore an indication of the cumulative rate of change between successive data points.
In both examples, the display 20 uses 500 pixels to represent the 0-100% scale. The
trace is therefore always within the 500 pixels on the display. Each of the 500 pixels is
associated with an array element having a trend weight, as computed by the processor.

As data points are received in succession, the trend weight is correspondingly updated

in the data memory 18.

Using a 24-bit colour display and by designating different colours for particular trend
weights, the colour of the trace can be made to vary according to the trend weight for
each associated pixel. Optionally, the “colours” differ in brightness level, rather than
being different parts of the visual spectrum. For example, the display may be set to

display a dark colour when the trend weight is greater than 5, and to display a light
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therefore an indication of the cunulative rate of

change between successive data points. In both

exanpl es, the display 20 uses 500 pixels to represent

the 0-100% scale. The 15 trace is therefore always

wi thin the 500 pixels on the display. Each of the 500
pixels is associated with anllarray el ement having a

trend weight, as conputed by the processor. As data

palbut whar the trend iwe it isfessuhare® dh ohiis wakea tigee bsh 168ifeh thescolour
correspondingly updated in the data nenory 18. 20

bbihe displadéd Bade A0 KOW frél Rl Y ARG M K8 %bgﬁ?etd' iH%he %lurahty of

dlfferent colours for particular trend weights,

ﬁh ?)Ufntso %n&/gleth% rﬁ? Bf &?aﬂg? Eet%gr? Sl.tlcg é’s?\[eyda?dcfcgrrltg. Tihid & shows the

assoc

the col our iffer in brl ht ness | e
81 GH15% st eorBRpargme kel s it It L elmefita tos Sgaal 30 when this
spectrun1 For exanple, the display nay be set to o
erlew seiting isinsed te display tiheesultans racee P ine Fgamples, g shave in Fig.
than 5, and to display a light 11 col our when the
itbend weight is less than 3. In this way, a user can
tell fromthe colour of the displayed trace 102 how
frequently a data value has occurred in the plurality
of data points, and/or the rate of change betmeen

successi ol MTS ROWRidhy STV | ue
and LUllggﬁgﬁ;ius pirx Thiu%yU|?¥U| caugﬁgngﬁﬁﬁ? - t he
array—%@—mh&gr+h+e—f ot-et g bl ay
t he rlesyltant-tracetl for-—Ex 0 H\wn |
Fig. | 1(h) ¥lenent|[ ] Tréhd \eight TracRaol our | 0- 2
0 - 3-45 feddum 5|8 Dark3 Medium
25 4 Medium
26-100 1 Light
101-499 0 -
Table 4

Fig. 1(a) shows a plurality of data points 0-10 comprised in a single time slot having a
specific duration. The duration may be determined by a user. Depending on the duration
of each time slot and the duration of a course of data collection in which the plurality of
data points are obtained, the plurality of data points may be comprised in a single time

slot, or may be spread out over a number of time slots, as assigned by the controller 22.

On the display 20, a single time slot comprising a plurality of data points may be

allocated a pixel width of one pixel, such that the trace 102 has a stationary time axis, as

shown in Fig. 1(b). A time slot thus represents the minimum resolution for trend

display.
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6-24 3 Medium 25 4 Medium 26-100 1 Light 101-499 O
Table 4 10 Fig. 1(a) shows a plurality of data points
0-10 conprised in a single tinme slot having a

specific duration. The duration nay be determ ned by a
user. Depending on the duration of each tinme slot and
the duration of a course of dbita collection in which

the plurality of data points are obtained, the
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time 15 slot, or nay be spread out over a number of
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slot to increase the correspondi ng range of trend
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time. This mimics the action of an ink pen on a paper where ink would soak into the

paper and spread out as a broader trace if the pen was allowed to dwell on the paper.

In use, a user of the embodiments described above may change the definition of the
time-slots. For example the user may configure the device to concentrate on a certain
selected period during which data is selected, and to define the time-slots as (e.g. equal)
intervals during the selected period. This process may be repeated iteratively, and/or
successively for multiple selected periods. Having generated a display of interest, a u-ser
may control the embodiment to print that display out on a printer configured to generate
rows/columns of possible dots corresponding to the row/column arrangement of the

display.

Whilst there has been described in the foregoing description preferred embodiments of
the present invention, it will be understood by those skilled in the technology concerned

that many variations or modifications in details of design or construction may be made



trace 102 can be used to indicate that the quantity

has dwelt for a long tinme in the region of a
particul ar data value. In this way, a w der effective
trace 102 at a particular value would nmean that the
measured quantity is dwelling at that particular val ue
for a longer 10 tinme. This nmhics the action of an ink
pen on a paper where ink would soak into the paper
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sel ected period. This process may be repeated
iteratively, and/or successively for nmultiple
sel ected periods. Having generated a display of
interest, a user nmay control the enbodinent to print
that display out on a printer configured to generate
rows/ col ums of possible dots corresponding to the
row col um arrangenent of the 20 display. Wilst there
has been described in the foregoing description
preferred enbodi nents of the present invention, it
wi |l be understood by those skilled in the technol ogy
concerned that many variations or nodifications in
details of design or construction nay be nmade 13
wi t hout departing fromthe present invention. For
exanpl e, both the colour and the wdth of the trace
102 may be varied for one set of data. The trace 102
may be di splayed as a sequence of spots instead of as
aline. 14 dains
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1. An apparatus for displaying an i nage representing
the tine-variation of a quantity, the apparatus
conprising: a processor configured to receive a
plurality of successive data val ues, each data 5

val ue representing the value of the quantity at a
corresponding time, the prockEssor being configured,
for each of a plurality of time slots, to generate a
Chrimespondi ng set of a plurality of trend weights,
each trend weight corresponding to a respective

POss ARl a@p¥aiuy ?oerlsp‘lé’}hﬁi% ﬂyﬁﬁégetré!pre&&itmé tHe tlrﬁél‘?&%ﬁ)'n\b? a
datavaues (i) determining the tine sl ot

Cont????‘upénﬁﬂﬁfﬂﬁ‘%ﬁgggi ;ed with that data val ue,

and atrng one re elements of the

correspondi n t of trend and .an  out

v EBREBHP thiF Brdp RS PAGL 9onosesiFeddi VBies. speh data
said time slots, a 15 respective trace conposed of

por t | onsVaue FeRESsEHineihe V%lU% af te guangity pea efrespandingian, the

by said quantity, at |east one characteristic of each

porti on pocesher heimgeonfigepdnibr agchugfarplutabitycafitines gots diorgg nerate
trend weight. 2. An apparatus according to claim1 in

whi ch sai oregagaidingses beR plurality 0 (piid &eights, 242h(tRhd weight
deriving from each data val ue a correspondi ng nmenber

of the SglrdRpoddifd gt Spibic ¢dhle &%‘éuﬁﬂﬁﬁﬁﬁ?h%?ﬁ%

pairs of data values c rrespondlng to tines

same ti L ogataNGL8asi ng the value of all the trend
wei ghtsn%ecf%\ég dfl{%e uS?respondl ng pair of derived

tr eng) deQermlhing the time slot containing the time associated with that data value,
and
(i) updating one or more elements of the corresponding set of trend weights;
and
an output device configured for displaying, for at least one of said time slots, a
respective trace composed of portions corresponding to said possible values
taken by said quantity, at least one characteristic of each portion of the trace

depending upon the corresponding trend weight.

2. An apparatus according to claim 1 in which said updating step (ii) comprises:
(a) deriving from each data value a corresponding member of the set of trend
weights and,
(b) for successive pairs of data values corresponding to times within the same time
slot, increasing the value of all the trend weights between the corresponding pair

of derived trend weights.
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15 3. An apparatus according to claim2 in which, in
step (b), the pairs of successive data val ues are used
to obtain a trace value, each of the trend weights

bet ween the corresponding pair of derived trend

wei ghts being updated by the trace value. 5 4. An
apparatus according to claim® in which generating the
trace value conprises <calculating a difference in

8at aAvialpparatue varding e clagh 2 i@ iwhit e sﬂ? M) sthapaiird SfBaLEGsive
up a trace value associated with the difference, the

t r acgacy 3hiues AL SYbefih G ¢abs OMMue, %@n ?Ptthe LLRE %e)@llté"@e?ween the

associated wth specific ranges of ferences

An a f t he

cl ai %gé#ﬁ e?ﬁzﬁp ij(llé?g/e%l] gregﬁwv\%g%"lllgsn el%lrlﬁdaged A tﬂs ﬁgce value.
editor configured for pre-setting at |east one

vari abl e which determ nes the rel ationship between

data val ues and said at |east one characteristic. 15
6.  ANnRppRIAES gecosdias ieiflaim B on wibidhrgenerating thedasn yalye comprises
claim4 in which the weight configuration editor is

f ur t ¢éedeulatoryfa djtiiesoicé or dand Vaue bgwaen therpairofsipagioints hielooking
pre-set trace values and the specific ranges of

di ff @p @naeSvalde ashbei@Bd ikt tHE dFfeptce] the trh€ Pdl¥e being selected from
preceding claimfurther conprising a data nenory 20

conf %fsﬁacfeqranfeg Qb doBGedd"vinds sphel fg%& SO é%@ncgg/ the

processor. 8. An apparatus a to claim

whi ch the output device is a display device
configured to refer to the trend weight stored in the
gata menory and tg display 16 the traces, djfferent

or { PBAEPISHILE AEFRIRE & B 9{5: Jithppragtings lpimsfurther comprising a

characteristic of the trace according to the trend
wei gieight configuration editor configured for pre-setting at least one variable which

determines the relationship between data values and said at least one

characteristic.

6.  An apparatus according to claim 5 when dependent on claim 4 in which the
weight configuration editor is further configured for allowing a user to specify the

pre-set trace values and the specific ranges of differences.

7. An apparatus according to any preceding claim further comprising a data memory

configured for storing trend weights computed by the processor.

8. An apparatus according to claim 7 in which the output device is a display device

configured to refer to the trend weight stored in the data memory and to display



9. An apparatus according to any preceding claimin
which the at |east one 5 characteristic is col our
bri ghtness. 10. An apparatus according to any
preceding claimin which step (ii) conprises updating
one or nore trend wei ghts corresponding to at | east
one adjacent time slot. 10 16 A nmethod for
di spl aying an i mage representing the tinme-variation of
a quehettiates, diffebent poitioas of hepracs beigg displed M acharacteristic of
plurality of successive data val ues, each data val ue
repr @genkd AGokdify it Hen@lvelghe quantity at a
corresponding tine; 15 generating, for each of a
plurality of time slots, a corresponding set of a
plurality of trend weights, each trend wei ght
orrespondi ng to respective possible  value of said

Guanthepargy apcgrding X AGRToRedite i juich feyat feast one
determning the tine slot containing the tine

5  assoehasmceanisiif iscolomtbrightngssval ue, and 20 (ii) updating
one or nore elenents of the corresponding set of trend
wei ghts; and di splaying, for at |east one of said
tinme slots, a respective trace conposed of portions
c@r r 86 RPPAaNG adcdrding b AFFEddmoVAdiben WIBKIERepYii)@nthrises

guantity, at 17 |east one characteristic of each

port %g% ﬁ{@@r hbRGRHSREAHE BSriPOTHIED® at Gt SRPRHERGime

tren
slot.
10
11. A method for displaying an image representing the time-variation of a quantity,
the method comprising:
receiving a plurality of successive data values, each data value representing the
value of the quantity at a corresponding time;

15 generating, for each of a plurality of time slots, a corresponding set of a plurality
of trend weights, each trend weight corresponding to a respective possible
value of said quantity, by, for successive data values:

(i) determining the time slot containing the time associated with that data value,
and

20 (i) updating one or more elements of the corresponding set of trend weights;
and

displaying, for at least one of said time slots, a respective trace composed of

portions corresponding to said possible values taken by said quantity, at
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12. A nmethod according to claim1l in which said
updating step (ii) conprises: 5 (a) deriving from each
data val ue a correspondi ng nenber of the set of trend
wei ghts and, (b) for successive pairs of data val ues
correspondlng to times within the sane tine slot,

i ncreasing the value of all the trend weights betmeen
the corresponding pair of derived trend weights. 10
13. A nelchadnachanciengictaf eattaportid of thewhice Hepentingtuppn the
(b), the pairs of successive data values are used to
obt ai n acdrtedpéndidd ténd Raght. of the trend weights

bet ween the "correspondi ng pair of derived trend

wei ghts bei ng updated by the trace value. 15 14. A

nmet hod according to any one of clains 11 to 13 in

{ t
1 oo e Sagoflpg Bratot | in Wl Syl PR endi epraprises
pair of data _ points and |ooking up a trace val ue
asso® éﬁ%ﬂnwf&om ¢ach dataf‘fa&eeafﬁ%resvcr@nt& memberfiike sebef wepd

sel ected frompre-set trace values associated wth
specweigbtsramdges of differences. 20 15. A nethod
according to any one of clainms 11 to 14 further

conp(b) $orn@icerssive phikd ftatvalhedadtrespradingrtd dilee wilhirChe same time
determ nes the rel ationship between data val ues and

sai ds)af, idce@8ingAREvARALPAL @ itRhil Greights bé@eerﬁhg@&q&%ondmg pair
according to Claim14 further conpri sing specif

t he ch?erﬁrgatr'éﬁd’”‘%lgﬂ?sl ues and the specific ranges of
diffe

13. A method according to claim 12 in which, in step (b), the pairs of successive data
values are used to obtain a trace value, each of the trend weights between the

corresponding pair of derived trend weights being updated by the trace value.

14. A method according to any one of claims 11 to 13 in which generating the trace
value comprises calculating a difference in data value between the pair of data
points and looking up a trace value associated with the difference, the trace value
being selected from pre-set trace values associated with specific ranges of

differences.

15. A method according to any one of claims 11 to 14 further comprising pre-setting
at least one variable which determines the relationship between data values and

said at least one characteristic.
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17. A nmethod according to any one of clains 11 to 16
further conprising storing 5 trend weights conputed

by the processor in a data nenory. 18. A nethod

according to claim17 in which displaying the trace
conprises referring to the trend weight stored in the
data menory, different portiols of the trace being

di spl ayed with a characteristic of the trace according

i@ t Aend¢thehatcosdighto. cldith 1Dfurdhar corhprisingspeoifding Ghe fre aBytrace
one of clains 11 to 18 in which the at |east one

char a@ﬁ@rdnatth@sﬂe&fféqh@%é& obtifftdeess. 20. An nethod
according to any one of clainms 11 to 19 in which step

(ii) conprises 15 updating one or nore trend weights
corresponding to at | east one adjacent tine slot.

7. A method according to any one of claims 11 to 16 further comprising storing

trend weights computed by the processor in a data memory.

18. A method according to claim 17 in which displaying the trace comprises referring
to the trend weight stored in the data memory, different portions of the trace being

displayed with a characteristic of the trace according to the trend weight.

19.  An method according to any one of claims 11 to 18 in which the at least one

characteristic is colour brightness.

20.  An method according to any one of claims 11 to 19 in which step (ii) comprises
updating one or more trend weights corresponding to at least one adjacent time

slot.



