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Application Note ANO004 JUN-2007

What is the Accurate meaning of Precision?

Preface

The terms accuracy, precision and resolution are very frequent in user’s manuals. Charmeg also
uses similar terms as “indication resolution” and “adjusting resolution” in the documents she issues.
How obvious is the meaning of such scientific terms and what is the right way of using them? The

present application note tries to clarify exactly this.

Terminology

Lets start from a plain digital display of a conventional

a® " t room thermostat. The environmental temperature is
| ] L] ]

e presented here in a form likely this 23.2°C.  The

information behind the indication is that the current
environmental temperature 1s 23.2°C. However no
measuring device is absolutely perfect. All of them suffer from various inaccuracies and usually
tend to measure the temperature with a degree of untruth.

Accuracy is exactly that degree of correctness the measuring device has and it is reflected to every

measured value. For example if according to the manufacturer specifications the accuracy of the

above thermostat is +/-0.5°C that means the true temperature can lie everywhere between 22.7°C
and 23.7°C. Indeed the indicated value is the most possible among the others , nobody can accuse
the device if the real temperature is in fact between the above limits. Accuracy is a way to know
how close to the reality the measuring instrument can be and simultaneously reflects the degree of
correctness of each measurement.

Examine again the above thermostat display to focus on the
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" s (o) ( : meaning of term resolution. Resolution represents the minimum
n

change or the measured magnitude that can be displayed from

the device. In our case we have two digits for temperature
representation of the integer part and one digit for the decimal.
The resolution is 0.1°C or in other words one tenth of a Celsius degree. The smallest portion of a
temperature change is 0.1°C. Lets now consider a second thermostat having a two digit display.
Only changes of integer part can be shown in such a display. Consequently in that case the

resolution is ten times less and just 1°C. If only the letters 5 and 0 can be shown in the decimal part
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of a display the resolution is 0.5°C simply because the device can’t show any temperature variation

smaller than a half of a degree.

In detail

The meaning of terms accuracy and resolution are absolutely different and they must not be
confused. The MP-A thermostat has for instance accuracy +/-1°C and resolution 0.1°C. Various
questions arise very often.

% What is the reason for a +/-1°C accurate thermostat to have such a high resolution? Despite
we know that the decimal part is possibly incorrect what is the reason that enforces us to
show it in the display?

In room thermostats or other devices of similar home use the knowledge of temperature
with absolute accuracy is not a necessity. These devices are not intent to be used as
scientific instruments. However it is useful to reach the temperature of comfort as close as
we can by doing the smallest possible steps.

Another important reason is that the decimal part despite being fully unconfident can
provide useful information regarding the temperature change tendency. A temperature series
of 20.5°C, 20.6°C, 20.7°C represent a clear indication of a temperature increase. No
information can be acquired in this case from a two digit display thermostat. Only when the
temperature will exceed the 21°C limit the thermostat will show a temperature change.

Obviously the highest resolution comprise an important advantage.

X/

% Why the manufacturers don’t develop devices having the same accuracy and resolution?
Isn’t it a more straightforward option?

Accuracy in general is something that achieved and maintained hardly. A highly accurate
thermostat would cost much more than usually and would demand recalibration from time
to time in order to remain accurate according to the specifications. This would cost a lot of
money and also would impose serious inconvenience. For that reasons a higher resolution

and a slightly less accuracy seems to be the most appropriate decision.

o
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Is it possible for a device to have better accuracy than resolution? Would it be possible for a
thermostat to be +/-0.1°C accurate while having 1°C resolution?

It could be if it was necessary. Especially for a digital room thermostat this could be truth. A
thermostat can have accuracy of +/-0.1°C and at the same time resolution as low as 1°C .
Nevertheless such a decision seems weird as it costs a lot while it does not allow the fully
accurate measurement exploitation. For instance the thermostat will show 23°C and will
only switch to 24°C if the measured temperature be as close as +/-0.1°C to the real
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environmental temperature. The precious advantage of an accurate measurement would be

throw away because of the inappropriate resolution.

*
°e

What is the difference between indication and adjusting resolution?

In general they have different meanings. In Charmeg products the two terms have also
meanings they differ from each other but usually the same value. Therefore a thermostat
having 0.1°C resolution when it shows the temperature can also be adjusted in 0.1°C steps.
However this is not an obligation.

I have heard the term precision. What is the meaning of that term? Does precision and

o
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accuracy mean the same?
We have already mentioned that accuracy reflects the correctness of a measurement. In other
words represents how close to the reality is the acquired value. The term precision is
something different that is strange to realize in everyday life. To be assisted lets see the
forthcoming example. The real temperature is 23°C. A room thermostat named (A) shows
wrongly the following values of temperature:
22.6°C, 22.7°C, 22.8°C.

Another thermostat (B) for the same environmental temperature has also incorrect
measurements and shows the next:

22.5°C, 22.6°C, 22.7°C, 22.8°C, 22.9°C.
The average of the above two sets of values is the same 22.7°C. For this reason both
thermostats are equally accurate. However the (A) is much more precise.
To distinguish between the two terms we could say that accuracy has to do with the truth,
the correctness of a result while precision depends on the propagation of those results over

the time.
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Teyviko ApOpo AN004 JUN-2007

IIowo to Op0B6 mepreyOpevo T0V Opov Akpipera;

I'eviké

Yuyva owPdlovpe oto €yyEPId TOV GLOKELMOV TOVG Opovs axpifela, opBoTTO, GAVAAVLON Kol
dwakprrikny wavotnto. H Charmeg avtictoryo ypnoytomotel toug 6povg axkpifeia pétpnong Kot
axpifelo omewdviong ota eyyepiowd mc. [Moco kald yvopilovpe Tt onuaivouv ot 6pot avtol Kot
TMOG UTOPOVLE VO TOVG YPNOLUOTOCOVUE TPOG OPeNOS pag; To teyvikd avtd apbpo emyepel va

OLHAEVKAVEL TO VOM LA KOl T (P01 TOV Op®V OVTOV.

Opopoi

Hekivovtag and v o0ovn evog ynoelokold Beppoctdn

HEE EEEEEN HER , , J ’
L eI B EYOVLE Y100 TAPASEYA TV AmMEWKOVION TG Oepprokpaciog
[ 1] u [ 1]
| ] ]

Ranmn "amn" = Buamn pe ™ popen 23.2°C. H ovokevn pog minpogopel 011 M

tpéyovca Beppokpacio tov yopov eivar 23.2°C. Kapia
OumG ovokevn Ogv eivar Télela. Aldpopol TapAyovVTEG
emmpedlovv ™ pé€tpnon pe oamotéAecpo M peTpovuevn Beppokpacio va punv givar cuyxvd m
TPOLY LOLTIKT).

Me tov 6po akpifsia gvvoovue to TOG0 KOVIA GTNV TPoYUaTikn T Bpicketol n LETPOOUEVT aTO

1 ovokeLn TiU]. MTopet Y. 0 KATOOKELAGTNG VO, LG TANpoPopel dTL 1 axpifeta (LéTpnong) etvan
+/-0.5°C. Avtd onpaiver 6Tt n Ty 23.2°C mov AdPape €xel peydin mboavotta va gival 6ot
aAAG M TpaypaTikn Beprokpacio propet va givor kaAlota omd 22.7°C éwg 23.7°C. H axpifela pe
Ao Aoy gtvor o PBabudg opBotntog g pétpnong, 10 OGO owoTty gival m UETpnom avTy.
Awopopetikd ek@pdlel T0 TOcO KOVTA PpIoKETOL 1) LETPOVUEVT] TIUY GTNV TPOYHOTIKOTITA.

Xpnowonowwvtag v O 006vn 1oL  Beppoctdn  cav

_..' " (o) C apetnpio og dovue T onuoacio Tov 6pov avdivoen (axpifelo

amewovions, Owkpltikn wovotnta). Otav  Adue  avdivon

EVVOOVUE TN MKPOTEPT O0QPOPA TOV UTOPEL VO, OTEIKOVIGEL N

006vn 10V opydvov. XtV mepinTmon pag £xovioag Ovo Yneio

Y0 TO OKEPALO HEPOG Kal Eva YNPio Yo ToL OEKTa AEUE OTL £YOVLE OVAALGT OEKATOV TOL PaBpov 1
0.1°C. H pkpdtepn dwpopd mov pmopet va dgicet n 006vn eivon 0.1°C. Avtd axpiog eivar m
avédivon N dwkprtikn woavotnta (n Charmeg ypnowonolel kot Tov 6po akpifelo amekdviong).

"Evag Oeppootdng n 006vn tov omoiov gppavilel povo axépateg Tipég Bepuoxpaciog m.y. 23°C €yet
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aviivon 1°C. Evag dAAog mov amewkovilel povo 1o 0.5 610 dekadikd Tov pépog £xel avaivon 0.5°C
ywoti n gldyiotn dvvarr dapopd Beppokpaciog mov propet va anewkoviotel etvar 0.5°C.
AvaioTikd

Ot évvoleg axpifeta kot avaivon eival amoAVT®MG SPOPETIKEG KO OgV TTPEMEL Vo cvyyEoviat. O
Oepuootatng MP-A yo mapaderypa €xel axpifeia +/-1°C kot avédivon 0.1°C. Tlpokdmtovv cuyvd
SLPOPa EPMTALLATO.

% Tt évag Beppootatg pe akpifea +/-1°C va éget avaroon 0.1°C; Apod dnAadn otav

detyver 25.0°C avtd umopet va onuaiver 24.0°C émg 26.0°C yati mpémel va delyvel )
Bepuoxpacio avé dékato tov Babuov;
H amdvinon eivar 01t moAAEG QOpEC OE TETOLEC CLOKELEG OE HOG EVOLOPEPEL I OmOALTA
coot) TN g OBeppokpocicg aAld avtiBeta m dvvardotnta va mpooeyyilovpe ™
Bepurokpacio Tov YOPoL pe 660 duvatdv KkpoTepa Prpata. ‘Evag dAlog Adyog givar Ot
BAEmOVTAG TN SIHKOLOVGT TOL OEKOOKOL YN eiov oynuatilovpe apéoms Gmoyn yuo To Qv N
Oepuoxpacio avepaivel | KatePaivel. Av mopaTnproovE TO deKadIKO YNeio o€ o GeEpd
evoeiEemv 20.5°C, 20.6°C, 20.7°C eivar cagéc 6t 1 Oeppokpacio avePaivel. Ze Eva duyneto
Beppootdtn 1 damictwon g BepHoKpAcIaKNG avodov yivetar povo otav 1 Beppokpacio
vrepPel tovg 21°C. Emopévag n avénpévn avaivon amotelel TAEOVEKTLO TOPOAO TOL 1
EvOEIEN TOL dOeKadOKOL ynoeiov £yel peydAn afepforotnta ko katd mwhoo mOavoOTnTO
SPEPEL OO TNV TPUYUATIKOTNTO.

TMoarti dev €yl 0 Beppootdtng v 101 akpifela kot aviAvon GoTe Ta TPAYUATO Vo givort

o
A5

amAoboTEPQ,

H axpifela pértpnong eivon katt mov dvokola emtvyydveTon Kot Suokoia dtotnpeitat. 'Evag
Oeppootdtng pe peyddn axpipfeo Bo k6cTWe TOAD 0Kkpiotepa amd 0Tt cvuvnBwe kot Ba
OTOLTOVCE EMAVOPLOULIOT] GE TAKTA YPOVIKA SLOUGTILOTA DCTE VO SICQAMOTEL OTL 1) EVOEIEN
tov PBpioketor evtog Tov opiov g dNAouévng akpipfeldg tov. Kot tétoo Ba frav ol
damavnpd kot evoyAntikd. I't avtd TIG MEPIGGOTEPES POPES TTPOTIUANE TNV ETIAOYN HLOG

erappms vtoPabpopuévng axkpifelag kot Tavtdypova TNV LYNAOGTEPT OvaALGT.

>

Mmnopet 1 akpifela piog cuokevng va givol peyoAdtepn amd v aviivon e, Aniadn

o
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umopet évag Beppoatdng va £xet axpifeta +/-0.1°C evod n avdivon tov givar 1°C;

H amdvinon eivor 011 e€aptdton. Av puAdpe yio Evov yneloko Beppoostdn yopov avutd gival
duvatd. Mmopet dmhadn n axpifea vo etvon +/-0.1°C kon 0 Beppootdng va deiyvel povo
axépatovg Padpots. Qotdco kaTL T€T010 KOoTilEl akpPd Kol TNV ovGio OV EMTPENEL TV
EKUETAAAEVOT OVTNG TNG SATOVTPNS KOt aKPLBOVG HETPNONG AOY® TEPLOPICUEVNG OLVAALGNG.
IMa va yiver autd mo kotavontd apketl va modue 6t Evag tétotog Beppootdng Oa delyvel Ot
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n Oeppoxkpacio eivar 23°C ko o petanéoel oto endpevo 24°C dtav Ba Bpioketar +/- 0.1°C
pokptd amd v Kavovikn Beppoxpacio. Opmg péypt va deiget 24°C 1 006vn Ba amerkovilet
23°C ko to mAeovEKTHA TNG VYNANG akpifetag Ba €xel yapopotel AOy®m TeEPLOPIoUEVNSG
avaivong (M aAAdg axpifelag anedviong).
* H axpifeio aneikoviong kot phopong sivor dtapopetikd Tpdrypora,;

Oa propovoav va gfvarl dapopetikd. Xt tpoidvta Charmeg avtd e cvpPaiver. Axpifela
ameoviong kot puduiong etvon ideg cav T aArd dwpépovv cav évvotec. 'Etol otav évog
Oeppootatng deiyvel ) OBepuokpacio e dékota Tov Pabuov pmopel vo pubuIcTEl Kol G€
dékata Tov Pabpov. Ot dvo avarvcelg eivan 0.1°C. Oa pmopovcay SU®G vo, unv £X0vV TV

o1 Tun.

R/

¥ 'Exo akovecetl tov 6po precision. Ilowa etvor n onpacio tov kot mowa 1 dtepopd Tov omd Tov
Opo accuracy;
Eirmape 611 axpifelo onuaiver katd kdmotov 1pomo 10 Pabud e opfotntag g HéTpnong.
I avtd ko etvar kaAvTEpO Vo XpNGLOTOIOVHE TOV Opo 0pBoTNTA OvTi akpifelo dtav
avapepopacte 6to PBobuod g ainbeag mov kpHPeton micw and o pétpnon. H opfomta
etvar avtd mov oty ayyAkn amodideton pe tov O6po accuracy. O Opog precision givol
KaAVTEPO TOTE Vo avtiotolyiletoan oy évvola g akpiferoc. H axpifela dvokora yiveral
AvVTIANTTH oo Tov Kafnuepvd dvBpwmo kol akOpo SVoKOAOTEPL OTAV OVUPEPOUACTE OE
pétpnon mov yiveton and €va Beppoctdtn yopov. Ag dodue to akdrovbo mapdodetrypo. Av n
Bepuokpacio Tov ydpov givar 23°C €otm 0 Beppootdtng x®pov (A) mov deiyvel TWES TOV
Kopoivovtol Hetasy Tomv:
22.6°C, 22.7°C, 22.8°C.

‘Ecto topoa Beppootdtng xopov (B) mov yw v 16w Beppoxpacio mepidilovtog deiyvet
TIWES IOV KupaivovTal HETAED TOV:

22.5°C, 22.6°C, 22.7°C, 22.8°C, 22.9°C.
Ot Bgppootateg avtol Exovy v 1010 0pBOTTO OAAG 0 (A) elvar peyadvtepng akpifetog amod
tov (B). Zuvenag yuo dedopéveg ko otabepés cuvOnkeg n axpifeta (precision) ekppalet
dwomopd tv Aapupavopéveov Timy kot 1 opfdtrta (accuracy) to Pabud mpociyyiong g

TPOYLOTIKOTNTOG,
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