
CO-LOCATION FIELD STUDY
Full Report

Pamplona (SPAIN)
August ςNovember 2017 (4 Months)

Season: Summer-Autumn



Test Conditions

ÁDEVICEUNDERTEST(DUT): KUNAKAIRversion 2 provided
with CO,NO2, NO,O3, NOx,PM10, PM2.5, PM1, Temperature
andHumiditysensors.

ÁLOCATIONAND STATIONTYPE: Pamplona (Spain), Urban,
Traffic

ÁINSTRUMENTAIONAVAILABLEIN THEOFFICIALAIRQUALITY
STATION(PAMPLONA,Plazade la Cruz):

ÁCOAnalyzer: Teledyne300E

ÁNOAnalyzer: Teledyne200E

ÁNO2 Analyzer: Teledyne200E

ÁNOxAnalyzer: Teledyne200E

ÁO3 Analyzer: Teledyne400E

ÁParticlesizeAnalyzer: Met OneBAM1020

ÁTESTPERIOD: August2017ςNovember2017

ÁENVIROMENTALCONDITIONS:
Min Avg Max

T (ºC) 0.9 16.1 36.3

RH(%) 17.17 66.95 93.44



Test Procedure

ÁINSTALLATION: Ontop of AQS(3-4meters)

ÁSTABILIZATIONTIMEBEFORECALIBRATION: 2 days

ÁCALIBRATION PROCEDURE: Zero and Span
calibration compared to a Reference(AQS)using
KUNAKCalibrationTool. First4 days.

ÁPOST-PROCESSING: None. Real corrected data is
calculateddirectly in the devicewithout any delay.
No re-calibrationsor correctionsare appliedduring
the field tests unless specified. Then, the initial
calibration is maintained during the whole field
testsandthe resultsareshownin this study.

ÁSAMPLINGPERIOD: data is averagedeveryhour to
matchdatafrom referencestation.

Á100% of KUNAKAIRdata is used for analysis,
therefore, any possibleoutlier is included in the
statistics to show real time performancewithout
post-processing.

ÁVALIDATION: statisticsare only calculatedif valid
ReferenceData is available. All KUNAKAIRdata
within the measurementrangeisused.

KUNAK AIR 
K-A10 (4gas) + P10 

Parameters: O3, NO, NO2, NOx, CO, 
PM1, PM2.5, PM10, Temp, Humidity

REFERENCE 
STATION



Analysis and Characterization Procedure

Á ACCURACY: is obtainedasthe meanabsoluteerror (MAE)betweenKUNAKAIRmeasurementsandthe
referenceinstruments.

Á 90%CONFIDENCEINTERVAL: the 90%of the measurementsarebelowthis error

Á RELATIVEEXPANDEDUNCERTAINTY: U (y)=ςz
ᶻ ό

Á DATAQUALITYOBJECTIVE(DQO): concentrationvaluefrom which DQOdefinedin the EUAir Quality
Directive(2008/50/EC)is met. Also,the absoluterelativeerror (%) in 10 ppb increments(or 100ppb in
the CO)iscalculatedwithin the DQOplot as: (Avg. DUTErrors/AverageRef.) for eachinterval.

Á AVAILABILITY: is definedas the number of 1 hour averagedsamplessent by the device/ number of
hoursin the month.

Á Resultsalsoincludethe averageconcentrations(AVG. GC)duringthe whole tests.

Á Temporalplots, Scatterplots, DQOplot and TimeVariation of the Mean are usedto analyzethe test
results.

Á FIELDTESTMAIN OBJECTIVES:

1. Checkthe performanceof KUNAKAIRV2 devicevs. Referenceequipmentover time, obtaining
the statisticsdefinedpreviouslyduringsummerandautumntime.

2. Analysisthe performanceof KUNAKAIRV2 when changingfrom high temperaturesin summer
to low temperaturesin autumn.



FIELD TEST RESULTS

PAMPLONA

AUǴ17 ςNOV́17



Comments: TheReferenceAQSis not accurate
enoughfor low COconcentrations,havingvery
low resolution, experimentingup to 100pbb
changes in the baseline every 15 days
calibration period. Also, reference AQSonly
can measure in 60ppb steps. ¢ƘŀǘΩǎwhy,
although the KunakAirperformanceis linear,
correlation is low during the tests for the
wrongness of the inaccuracy at low
concentrationsof the referencestation. Higher
concentrationsareperfectlymatched.

Version: KUNAKAIR V2. 

/ŀǊōƻƴ aƻƴƻȄƛŘŜ ό/hύΣ  tŀƳǇƭƻƴŀ ό{ǇŀƛƴύΣ !ǳƎΩмт-bƻǾΩмт

R² = 0,27
Y= 0,41*X + 243

DQO / Relativeerror / 
ExpandedUncertainty



R²
ACCURACY

(PPB)
90% CONF.

(PPB)
DQO 
(PPB)

AVG. GC. 
REF (PPB)

AVG. GC. 
DUT (PPB)

AVAILAVILITY
REF/DUT

0,27 91,3 190,8 - 351,8 386,3 99% / 97,4%

/ŀǊōƻƴ aƻƴƻȄƛŘŜ ό/hύΣ tŀƳǇƭƻƴŀ ό{ǇŀƛƴύΣ !ǳƎΩмт-bƻǾΩмт

Comments: TheKunakAirV2 tracksperfectlythe hourly anddailyvariationscomparingto the referenceinstrument. However,
the lackof accuracyof the referenceinstrumentat low concentrationsresultsin not havingenoughaccuratedata to compare
the performancebetween KunakAirV2 and this referenceinstrument. Thisshowsas well the inefficiencyand inaccuracyof
somereferenceinstrumentsundercertainmeasurementconditions(low concentrationandlow resolutionin this case).



bƛǘǊƻƎŜƴ aƻƴƻȄƛŘŜ όbhύΣ tŀƳǇƭƻƴŀ ό{ǇŀƛƴύΣ  !ǳƎΩмт-bƻǾΩмт

Comments: Sinceit canbe appreciatedin the
temporalandscatterplot, duringthe summer
time small concentrations of NO are
measured because of high temperatures
effects,above30ºC,with humidity transients.
However, after summer time, an accurate
detectionis realizedwithout anyrecalibration
no matter the concentrationranges.

Version: KUNAKAIR V2. 

R² = 0,93
Y = 0,92*X + 3,2

DQO / Relativeerror / 
ExpandedUncertainty



R²
ACCURACY

(PPB)
90% CONF.

(PPB)
DQO 
(PPB)

AVG. GC. 
REF (PPB)

AVG. GC. DUT 
(PPB)

AVAILAVILITY
REF/DUT

0,93 4,2 9,2 42 10,4 12,7 98,5% / 97,4%

Comments: TheKunakAirV2, tracksperfectly the weeklyvariationsas well as the hourly, daily and monthly concentrations
comparingto the referenceinstrument. Just,during summertime, due to the humidity transientsunder high temperatures,
slightly more concentrationthan presentedis detected in in the central hours of the days,where the concentrationsare
almostzero,overestimatingthe averageconcentrationin 2ppb. DQOismet with excellentaccuracyandcorrelation.

bƛǘǊƻƎŜƴ aƻƴƻȄƛŘŜ όbhύΣ tŀƳǇƭƻƴŀ ό{ǇŀƛƴύΣ  !ǳƎΩмт-bƻǾΩмт



bƛǘǊƻƎŜƴ 5ƛƻȄƛŘŜ όbhнύΣ tŀƳǇƭƻƴŀ ό{ǇŀƛƴύΣ !ǳƎΩмт-bƻǾΩмт

Comments: Verygoodperformanceduringthe
4 months period where a small drift in the
baselinecanbe appreciatedwhen the average
temperature is reducedin autumn comparing
to the summer time. A recalibration would
havehelpedto correctthe baselinedrift.

Version: KUNAKAIR V2. 

R² = 0,89

Y= 0.94*X + 2.1

DQO / Relative error / 
Expanded Uncertainty 



R²
ACCURACY

(PPB)
90% CONF.

(PPB)
DQO
(PPB)

AVG. GC. 
REF (PPB)

AVG. GC. DUT 
(PPB)

AVAILAVILITY
REF/DUT

0,89 3,3 6 33 13,5 14,8 98,5% / 97,4%

bƛǘǊƻƎŜƴ 5ƛƻȄƛŘŜ όbhнύΣ tŀƳǇƭƻƴŀ ό{ǇŀƛƴύΣ !ǳƎΩмт-bƻǾΩмт

Comments: TheKunakAirV2, tracksperfectly the weeklyvariationsas well as the hourly, daily and monthly concentrations
comparing to the reference instrument. Accuracyis very good while the averageconcentration is pretty similar to the
referenceinstrumentduringthe whole testingperiod.



hȊƻƴŜ όhоύΣ tŀƳǇƭƻƴŀ ό{ǇŀƛƴύΣ !ǳƎΩмт-bƻǾΩмт

Comments: Very good correlation with the
reference AQS. Some days during summer
time experiment higher deviations at high
temperaturesalthough DQOis met above 22
ppb.

Version: KUNAKAIR V2. 

R² = 0,9

Y = 0,95*x + 0,29

DQO / Relativeerror / 
ExpandedUncertainty



R²
ACCURACY

(PPB)
90% CONF.

(PPB)
DQO 
(PPB)

AVG. GC. 
REF (PPB)

AVG. GC. DUT 
(PPB)

AVAILAVILITY
REF/DUT

0,9 2,2 4,44 22 15,8 15,3 96,9% / 97,4%

hȊƻƴŜ όhоύΣ tŀƳǇƭƻƴŀ ό{ǇŀƛƴύΣ !ǳƎΩмт-bƻǾΩмт

Comments: TheKunakAirV2, tracksperfectly the weeklyvariationsas well as the hourly, daily and monthly concentrations
comparing to the reference instrument. Accuracyis very good while the averageconcentration is pretty similar to the
referenceinstrumentduring the whole testingperiod. Absoluteerror is alsovery low during the whole testswith 90%of the
databelow4.4 ppberror againstthe referenceinstrument.


