
Utah Winter Inversion Optical Air Quality Study

Atmosphericpollution is oneof the greatestobstacleshumansfacetoday.

Atmosphericscientistshave a variety of ways to measureair pollution,

mostof which beingexpensive,andoftenunavailableto thegeneralpublic.

This studyattemptsto measureair pollution by analyzingthe luminanceof

imagesduringa winter inversionin theOgdenareatakenfrom two camera

systems. One is a flight camerasystemlooking at imageswith altitudes

cycling betweengroundand 500 feet aboveground,while the other is a

stationaryall-skycamera.
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The flight imaging systemyielded a limited set of usabledata.

Figure 3 shows the luminance slope values, plotted with the

respectivePM0.3 data. The amount of fine particulatematter is

higherat theground,anddecreasesaswe rise in altitude. With this

reference,the luminanceslopevaluesshouldthenstart from a low

value,and increaseto representthe building edgebecomingmore

crisp. This is not the trendthatoccurs. In fact it is difficult to make

a cohesiveconclusionfor severalreasons,the main being that we

cannotgetimageswith theproperparametersat low elevations.

The all sky cameraproducedmixed results. While somedaysdid

produceobvioustrendsin theevolutionof luminanceslopes,others

producedratherweak fit lines. Using ground-basedPM2.5 data1 to

proxy air quality, slopevalueshadvery little consistentcorrelation

with the trend of luminanceslopes. Even for daystestedthat had

expectedtrends,therewasno mathematicalcorrelationbetweenthe

PM2.5 slopesandluminanceslopesasa functionof time.

Introduction & Background

Results and Conclusions

The proposedmethod in this study involves the optical resolution of

images. We haveanalyzedthe changein luminanceover a high contrast

line. Thesteepnessof this slopeindicatestheoptical resolutionof that line.

A highly polluted atmospherecontainsmore particles,scatteringlight off

air particulates,creatinga shallowslopedline. In this studywe focuson the

analysesof theseslopesusingthefollowing methods:

Å Data were comparedto other flight hardwaremaking simultaneous

measurementsof altitude,time,andin situ air quality. A GT-526particle

counterwasusedasto providethePM measurementsfrom 0.3 to 10µm.

Å Comparisonof flight cameraimage resolutionbetweena background

target,the ground,and foregroundtarget(an industrial building). All -

sky cameraselectedobjectsweretheatmosphereanda stationarytarget

(in thiscase,a nearbybuilding).

ÅNASAôsSpotlight16 softwarewasusedto obtain line profiles of pixel

intensity to analyzethe contrastacrossa sharpedge. The slopeof this

contrastwasusedasa proxy to try anddeterminea valuefor air quality.

Å Slopeis calculatedfor the respectiveline profile, andthennormalized.

The normalizationaccountsfor imagesthat may altogetherbe brighter

or more dim by subtractingthe low luminancevalue, then scalingthe

maximumluminancevalueto 1, shownin thefollowing equation:
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Procedure

Figure 2. Snapshotof Spotlight16 softwaretakinga line profile of

the indicatedhigh contrastline. The imagewastakenon February

2, 2017duringa minor inversion.

Overall, the luminance-differential method lacked a consistent correlation between

luminance-slope trends and air quality which suggestsmore parametersneed to be

analyzed. Furtherwork on this topic would also suggesta more technicalapproach. The

useof RGB channelswould help bettercorrelatedata,asstudies2 haveshownthat some

colorsaremorecorrelatedto air quality datathanothers. Anothermethodcouldbeusinga

ratio of contrastsbetweentwo selectedtargets,ratherthanone. This methodalsoinvolves

usingtheLambert-BeerLaw to determinetheatmospherictransmissioncoefficient,Ű: 3 4

C = C0 e
-Űx . 
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Figure 3.Flight camera resolution compared to PM0.3-10 data taken by the GT-526 PM 

counter, we expected the opposite trend. Images were taken on 2/2/17 in Ogden, UT.

Figure 4. All sky camerapictureanalysisfor afternoonduringmild inversion. Comparison

to 24-hour averagePM2.5 data1 during the sametime show an anticorrelationbetween

luminanceslopeandamountof PM2.5 asexpected.

Figure 1. Very similar landscapeshowingthechangein overallbrightness

and color of an image. Normalization accountsfor images that may

altogetherbebrighteror moredim.

Å A general sense of the trend was determined by plotting each 

individual slope point as a function of altitude, and time. An 

inverse relationship is expected between air quality and 

luminance slope method. 
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Turbidity Measurement in Comparison to Particulate Count
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