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Introduction: 

 The aim of this document is to present the method to calibrate the sun photometer 

Calitoo in laboratory. Currently, we know how to calibrate that photometer by different 

methods but only with the sun. In it we will present the Calitoo and the different methods 

we know in order to finish by the method in laboratory. 

 

I/ Presentation of the Calitoo and introduction of the subject 

1) Presentation of the traineeship and the soft of calitoo 

2) Calculation of the aerosol optical depth (AOD) 

3) Comparison between AOD of Calitoo and AOD of aeronet 

 

II/ Actual methods of calibration 

1) Absolute calibration 

2) Intercalibration with a Lille photometer 

3) Intercalibration between two Calitoo 

 

III/ New method in laboratory 

1) Choice of this method and material used 

2) Heating time 

3) Principle of the method 

4) Problems with the method 

5) Presentation of the results and hopes for the future 
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I/ Introduction of the subject 

1) Presentation of the traineeship and the Calitoo 

The Calitoo photometer is a manual photometer that we can take everywhere with 

you. Thanks to it, you can determinate the AOD. It uses 3 wavelengths (465nm, 540nm and 

619nm) and it gives us some information like GPS position, time, pressure, the AOD and the 

Angström exponent. In order to calculate the AOD values, it uses some Cn which are some 

values which is proportional to the intensity of the source of light. These Cn go from 0 to 

4096 and the precision announced by the web PHOTONS/LOA for the AOD is 0.02. 

 

The current methods of calibration are the absolute calibration with Langley method 

or intercalibration with a photometer master of AERONET. These methods are a very long 

task and can’t be done at every moment because we need no cloud, so we try to found 

another method in laboratory to calibrate these photometers. 

 The society TENUM which produces the Calitoo develop also a soft for the Calitoo: 

 

 On this soft we can study the data of different Calitoo but also calibrate one of them. 

We can find on it different tools like intercalibration, the AOD calculator, data visualization, 

Langley calibration,… Here we will only use the data visualization and the intercalibration: 
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2) AOD calculation 

Before knowing how to calculate the AOD, it is important to know what it is. The 

optical depth is a way to measure the transparency of the atmosphere. The aerosols can 

alter the transparency of this atmosphere and so the AOD describe how aerosol have an 

impact on the transparency for different wavelengths. 

We know where we can see the values of the AOD with the Calitoo but it is important 

to understand how it works. From the Cn data, we can find again the AOD values. These 

calculations are done on an excel program which follows. In order to complete this folder, 

we need some coefficients like the R² and the Angstrom exponent (α). Their formula are: 

𝐑 =
(𝟏−𝟎.𝟎𝟏𝟔𝟕)²

𝟏+𝟎.𝟎𝟏𝟔𝟕𝐜𝐨𝐬⁡(𝟐𝛑(
𝐃

𝟑𝟔𝟓
))

 where D is the number of the day and⁡⁡𝛂 = −
𝐥𝐧⁡(

𝛅𝛌
𝛅𝛌𝟎

)

𝐥𝐧⁡(
𝛌

𝛌𝟎
)

.  We need 

also the solar elevation and a coefficient m which is m=1/sin (solar elevation). After that the 

calculation of the AOD is 𝐀𝐎𝐃 = −
𝟏

𝐦
. 𝐥𝐧(𝐓𝛌. 𝐑

𝟐) − 𝛕𝐫𝟎𝛌 (
𝐩

𝐩𝟎
) − 𝛕𝟎𝛌 where m is the 

coefficient linked with the solar elevation, Tλ is the transmission, 𝜏𝑟0𝜆 is the ozone optical 

depth and 𝜏0𝜆 the Rayleigh optical depth.  

With all these equations, we are able to calculate directly the AOD by hand. In fact it 

is what is done by the soft of calitoo. So we can compare if we have the good equation 

comparing our calculated AOD and the one given by the soft. Doing that we find: 

 

  

Here are the results for the blue channel of the Calitoo, the error is only due to the rounded 

error done by the soft.  

 

3) Comparison between AOD of Calitoo and AOD of aeronet 

In order to know if our Calitoo are “good”, we can check if there values are similar to 

those of AERONET. To do that it is important to see that the wavelengths are not the same 

between aeronet and Calitoo. So we have to calculate the aeronet AOD to the wavelengths 
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of Calitoo. To do that we use: 𝛕𝛌𝟎 = 𝛕𝛌(
𝛌

𝛌𝟎
)𝛂 where 𝜏𝜆0 is the value of the AOD to the 

wavelength we want, 𝜏𝜆 the value of the AOD we know, λ and λ0 the linked wavelength and 

α, the Angstrom exponent.  

We have another problem of interpolation which is the time. Sometimes, the values 

of aeronet and those of Calitoo are not taken in the same time. So we have to do a linear 

interpolation.  

After that, we are able to compare the different values and see if the Calitoo is close 

to aeronet values. So we put that values in Excel and with a little program on it we can find: 

 

 

 

We can see here the errors between the AOD given by Calitoo and the one 

recalculated of AERONET. We can see that the values of the Calitoo are close to those of 

AERONET. So this Calitoo is considered as “good” but it’s possible to find other Calitoo which 

values could be far from that. The values given by AERONET are with a potential error of 

maximum 0.01 on the AOD and the one given by Calitoo 0.02. So if we take a look of the 

difference between the two AOD the maximum of difference must be under 

⁡√0.012 + 0.02² ≈ 0.022. On these data, the maximum of error between AERONET and 

Calitoo is 0.007 so it is far under the 0.022 announced. 

 

 

 

 

 

Data from the 19/06/2017 

Data from the 19/06/2017 
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II/ Actual methods of calibration with the sun 

1) Absolute calibration 

The absolute calibration follows in fact the Langley calibration and doing that 

method, we have to take measures all the daylong in order to have a lot of measures in 

function of the air mass. We need to have a perfect sky and a constant AOD or zero. That 

is a difficulty of that method. 

With all these measures and the equation of the AOD we can found the V0. In fact, 

we have the values of some V of the day and the equation: ln(𝑉) = −𝑚𝐴𝑂𝐷 + ln⁡(𝑉0) 

so if the m value is 0, we can find the value of V0 and so calibrate the instrument. On this 

equation, the AOD is a constant that is the reason why we can do that, we have one less 

parameter. With all the values taken, we can draw a graph like the one which follows and 

we must find a straight line and the ordered at the origin gives us the value of the new V0. 

 

For the Calitoo this method is very repetitive because we have to take all measures 

by hand and by some perfect conditions. So this method was forget by the constructor 

and we can’t do it here because it is complicated to put in place. 

 

2) Intercalibration with a Lille photometer 
 

In order to calibrate our Calitoo we can use the method said as intercalibration and to 

begin we can intercalibrate a photometer on the roof of the PHOTONS network and a 

Calitoo. To put this method in place, we have to take some measures with our Calitoo on the 

roof near the AERONET photometer.  

Our measures taken, we can analyze them. We have a tool on the soft of Calitoo which 

permit to intercalibrate the both. With that tool, we have only to connect the Calitoo, to 

choose the day when we have done the measures and to collect the AERONET data. After 

that the soft calculate automatically the new Cn0s and we can see the differences between 

the old and the new one or to select only the values we need. 
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  For instance, on this picture we can see that the intercalibration is not very good 

because of one value so we can delete it to calibrate the calitoo. 

Intercalibration of the Calitoo #45 on the 19/06/2017 without checking 
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Without the bad data we have a better calibration lose to old values of Cn0s so we 

can update the Calitoo and/or create a calibration bulletin like the one provided when you 

buy a Calitoo. 

We can also do these calculations with a spreadsheet to understand better how it 

works. To be able to do that, we need also to do measures with the Calitoo but this time we 

will analyze them by hand. We need to know all the data of the Calitoo to calculate a 

coefficient which is the R². Its formula is: 𝐑 =
(𝟏−𝟎.𝟎𝟏𝟔𝟕)²

𝟏+𝟎.𝟎𝟏𝟔𝟕𝐜𝐨𝐬⁡(𝟐𝛑(
𝐃

𝟑𝟔𝟓
))

 where D is the number 

of the day. We can also calculate the Angstrom exponent thanks to these data. This 

coefficient is: 

𝛂 = −
𝐥𝐧⁡(

𝛅𝛌
𝛅𝛌𝟎

)

𝐥𝐧⁡(
𝛌

𝛌𝟎
)

.   

 

We can calculate the new Cn0 as done by the soft of Calitoo and compare both. The 

equation of the Cn0 is: 𝑪𝒏𝟎𝝀 = 𝑪𝒏𝝀. 𝑹
𝟐 . 𝐞𝐱𝐩(𝒎.𝑨𝑶𝑫𝝀) 

Intercalibration of the Calitoo #45 on the 19/06/2017 without the bad data 
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Here we calculate the difference between Cn0 calculated with AERONET data and Cn0 

calculated with Calitoo data in order to have an idea of the calibration of the Calitoo. The 

details of the calculation are not written here but use the previous formulas. We can see 

that the percentage is high so if necessary we can produce some ratios and calculate the 

new Cn0 of the Calitoo but that is explained after.  

 

3) Intercalibration between two Calitoo  

Another method of calibration of the Calitoo is the intercomparison between two 

Calitoo. To use that method, we need a Calitoo which is good calibrated (data close to those 

of AERONET thing we can compare thanks to the program done previously). After that, we 

can do our measures respecting the protocol of beginning by the Calitoo reference, finishing 

with it and doing measures with him between the other Calitoo.  

Once we have done these measures, we can produce some ratios between the values of 

the Cn of the reference and the Calitoo we want to calibrate. Thanks to these ratios, we can 

recalculate the value of the Cn0 for the Calitoo we have to calibrate. 

 
Intercalibration between Calitoo master #71 and field Calitoo #45 

Constants of master #71 

Constants of field Calitoo  #45 

Data from 

master #71 

Values of different Cn0 calculated and differences between these Cn0 



9 
 

Here we can see that we need some data from the calitoo to do that in particular the 

old Cn0s. After that, we put the data taken at the same time between the Calitoo and we 

produce our ratios (Cn_465_1stCalitoo/Cn_465_2ndCalitoo for instance) and so we are able 

to calculate the new value of the Cn0 for the second Calitoo. We can see that on the 

previous screen and the errors between the new and the old values for that manipulation. 

Here the difference could appear as big between those Cn0 but in percentage it is only few 

percent (between 1 and 7% of difference). We are also able to calculate by hand the values 

of the AOD with these ratios and the results are on the screen with the associated error. This 

error is also about few percent (maximum of 5% of difference between old and new Cn0).  

 Here the Calitoo number #71 is the master and it helps us to calibrate the #45, a field 

instrument. The results here show that if we use the new Cn0 and these ratios, the AOD 

value is closer to the one of a calibrated photometer. 

To conclude we can compare these two methods. About the facility of the methods 

we can say that the absolute calibration is much more difficult to put in place than the 

intercalibration. Even if the absolute calibration is the more precise method, the results of 

the intercalibration show that this method is reliable. The results given by the 

intercalibration are used nowadays to calibrate the Calitoo. So the better method between 

both is the intercalibration because it needs less conditions to be put in place even if we 

need to have a clear sky and go to Izana it takes less time and it is an easier method. In order 

to complete that we try to find an alternative method in laboratory. 
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III/ New method of calibration 

1) Choice of the method and material used 

The calibration with the sun has some inconvenient that we would want to delete. In 

fact we can’t do this calibration everywhere and every time and often, somebody has to go 

to the Izana (Canaries) in order to do the calibration. This is why we try to find a lab method 

of calibration easier to put in place. We need to calibrate the photometers regularly so it 

could be a gain of time and money if it is not necessary to go to Izana in order to calibrate 

the Calitoo. 

To do that calibration, we place the calitoo in front of a lamp and we do measures. 

That calitoo is supposed to be calibrated and it will be our master. After that we place the 

other calitoo that we have to calibrate in front of the lamp and we also do measures. To 

finish we do again measures with the reference. All these data are analyzed after.   

For the manipulation in laboratory, we need in addition to the calitoo, a powerful 

lamp in order to simulate the sun. This lamp is a 250W one with 12.5A and 24V. It is 

important to supply in consequence the lamp. Firstly, we used some batteries to know if the 

lamp was powerful enough for our Calitoo. After that we decided to buy a new supply which 

is more stable and less dangerous than the batteries. On this manipulation, we place the 

Calitoo in front of the lamp as we can see on the following photo: 

 

 Optical bench used for the calibration 
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2) Heating time 

Before beginning the measures, we have to know the heating time of the lamp. Indeed, 

we can’t do measures if the lamp is not stable. So in order to know it, we’ll take 

measurements just after turning on the lamp. And we found the following results: 

     

Diagram of the optical bench 

Three graphs which show 

the heating time in function 

of the time 

27.2cm between the 

extremity of the lamp and 

the front of the Calitoo 

Screw not to move the 

distance of the Calitoo 



12 
 

       To determinate this time, we place the calitoo in front of the lamp, and after that, we 

turn on the lamp and we take some measures at different moments. The aim is to see from 

what moment the values of the Cn don’t vary. For these graphs, we normalize it in order to 

be able to compare between the different wavelengths. 

On these graph, we can determinate the heating time of this lamp. We can see that 

after 10 minutes the Cn don’t vary more than 0.5% (which represent 1Cn for channel blue, 4 

for the green and 3 for the red one). After 15 minutes the variation is only about 0.3% so we 

can say that the heating time of that lamp is about 15 minutes.  

3) Flow of the method 

Firstly we have to present how we will take our measures. So in order to be as precise as 

possible, we choose a master and take all the other Calitoo we want to calibrate. After that 

we do a set of measures (in general 10) with the master, then a set with the first we have to 

calibrate, the master again and that until the last photometer to calibrate and we finish with 

a set of measures with the master. 

It is also important to know the value of the “black”. To do that, we turn off the lamp and 

we take a measure. We see that the value is 0 and so the influence of other source of light 

has no impact on the values seen by the Calitoo during the calibration. 

 

4) Problems we have with that method 

-Position of the calitoo 

So as to have the most precise measures as possible, we have to put the calitoo in the 

better place (where we have the maximum of intensity). So firstly, we found the distance 

between the calitoo and the lamp thanks to the Cn which are big enough to analyze but not 

too close to the lamp to avoid burning. With the sun, the values are close to 2000-2500 if the 

sky is clear and with the lamp these values are around 700-1600. To make the best measures 

as possible we have not to be under 1000 if it is possible. This value represent the value of 

measures on the sun/2. So we decided a place for the calitoo which is a good compromise. 

But distance is not the only parameter to take into account. We have to found also the high 

and the different angles to place the calitoo. 

To be sure of the position of the Calitoo in order to repeat the method, we can put a 

stop where the Calitoo has to be (for now we use a screw). After that, we can move the 

directions of the Calitoo to find the maximum but the distance between the lamp and the 

Calitoo must be the same. 
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We can also notice that the values of the Cn between the three wavelengths are not 

ion the same order with the sun and with the lamp. In fact with the sun the maximum is for 

the blue channel and the minimum for the red one and it is the opposite for the lamp. We 

can explain that with the spectrum of the sun and the lamp. The lamp has few power for the 

channel in UV in contrary to the sun. In fact it is quite impossible to have a lamp which 

deliver the same wavelengths as the sun because UV is dangerous for our skin and so 

constructors of the lamps block these UV. 

We have here to found a maximum on the CN of the Calitoo but we noticed that that 

position is not the same between the different calitoo so we can’t find a ‘position of 

calibration’. So we have to found manually that position of maximum for every measure. We 

can change the different angles of the Calitoo but the distance never changes. 

Some errors on the position can affect the values of the Cn like the angles or the high. 

So here is a recapitulation of the impacts of these parameters: 

Where we place the Calitoo with the stop in order to 

fix the distance  
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 The evaluation of the impacts of the angles is more difficult to put in place and we 

can find by hand the maximum possible at every measure. The error we can have due to the 

position of the Calitoo is about 4 Cn so 0.3%. 

-Sensibility of the supply 

We have also to be careful with the supply and not to change the value of the tension 

issued by the supply because the values of the Cn seen by the calitoo change with that 

tension. And so we can’t compare some values if they are not done at the same tension. 

 

 

-Choice of the reference 

In order to do our calibration, we need a photometer reference or master. For the 

moment we use a calitoo which is supposed to be calibrated but we don’t really know the 

precision of it instead is values are close to those of aeronet. The importance of that 

photometer is crucial because all the calibration depend on it. If it is possible we can also put 

another photometer like those in the roof of the laboratory in front of our lamp and do the 

same job but it is not for the moment. 

 

-Position of all the elements 

During a manipulation it is important not to move the different elements on the optical 

bench to be able to analyze our results. 

5) Presentation of the method 

Firstly, we have to know if our new method is stable and repeatable. In order to do that, 

we can take some measures with one Calitoo at different moments. Once we have these 

data, we can calculate the standard deviation of the Cn. We have done it for some data and 

find:  
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We can see that the standard deviation in percentage is less than 0.5% for these three 

Calitoo. So the stability and repeatability of this method is not a problem for the following of 

the process. 

With this method, we don’t need to do a temporal interpolation because after we get 

the stability of the lamp all the measures are done in the same conditions.  

To validate this calibration method of Calitoo, we have to compare it to some other 

methods. We know how to calibrate the calitoo thanks to the sun and thanks to the soft of 

calitoo. If we compare the new Cn0 that we get with the soft and with the new method we 

have:  

Data and constants from the master 

#71 (15 measures) 

Data and constants for the field 

Calitoo #62 (5 measures) 

Data and constants for the field 

Calitoo #45 (5 measures) 
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The difference between the two different new Cn0 is important but we have always the 

one calculated in laboratory higher than the one given by the soft. If we take a look at the 

signs, we can see that there are always the same and that is a first good point for our 

method. But these values are not close enough to those of the soft Calitoo. So we have to 

investigate a little bit more in order to know where the problem is. In a first time, this 

method can be done with other Calitoo. We don’t really know how good these ones are so 

we will check that with others just calibrated from Izana. 

 So we did the same experimentation with some other Calitoo taking for master a 

Calitoo calibrated from Izana. Here are some results: 
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The data for a first manipulation show that the standard deviation is correct for both of 

the field Calitoo. The percentage of difference between the old and the new V0 is also good 

(less than 1% of maximum for the #237). We can compare these measures with the same 

but in other days in order to know if it is repeatable. 

 

 

 

 

 

 

 

 

 

 

Data of the three Calitoo just calibrated from Izana 19/07/2017 

Percentage of 

difference 
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So here are the results for the second day: 

  

 

For the second day, the values of the standard deviation are also correct as we can see the 

maximum is 0.63%. The percentage of difference between the old and the new Cn0 is less than 1% 

also here so we can say that it is a good point for the method but these Calitoo have just been 

calibrated from Izana so it may be thanks to that. In order to answer this problem, we can take a look 

at some other field Calitoo taking the same master. 

 

This is a recap of the previous data. 

So we have done exactly the same protocol but with field Calitoo some new Calitoo that have 

never be used.  

 

Data of the three Calitoo just calibrated from Izana 20/07/2017 

 

Percentage of 

difference 
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The first results are here: 

 

  

 

 

We can see here that the standard deviation is always less than 1% for every Calitoo. The 

difference between old and new Cn0 in percentage is not very high. We are under 3% so it could be 

acceptable for these Calitoo. 

Data taking as master one of the Calitoo from Izana and as fields some of Calitoo never used 

20/07/2017 

Percentage of 

difference 
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We have done a second set of measures on the same Calitoo and we see always a few 

percantage of standard deviation (arround 1%). The difference between the Cn0 is more or less the 

same than the previous day so the method is also repeatable and as we are not so far from previous 

data, we can say that the method is also valuable. 

 

This is the recap of the different previous data. 

Data taking as master one of the Calitoo from Izana and as fields some of Calitoo never 

used 20/07/2017 

 

Percentage of 

difference 
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To finish the validation of the method, we have to know if the method is also valuable for some 

Calitoo that have been used. Comparing with the new Cn0 calculated by the soft of Calitoo, we can 

know if we are close or not from these values and so know if we can applicate this method to every 

Calitoo. 

So we have done the same protocol with the same master and with field instrument the #71 and 

the #45.  

  

 

 

So the standard deviation is under 0.6% for these two Calitoo as we can see here. 

Data taking as master a Calitoo from Izana and as fields two of Calitoo used 

previously 20/07/2017 
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Here we can’t study the difference between the old and the new Cn0 because these Calitoo are 

not calibrated. But thanks to the soft of Calitoo we can calculate a new Cn0 and so we can compare 

the two new Cn0 in order to know if the results of our method are similar to those of Calitoo. 

We see a difference of less than 0.5% for the first Calitoo and less than 2% for the second one. So 

the values calculated by Calitoo and by our method are very close. In fact if we do the calibration 

with Calitoo or with our method we find more or less the same values of Cn0. This is good for the 

validation of the method. 

 

 

 

 

 

 

 

Data taking as master a Calitoo from Izana and as fields two of Calitoo used previously 

20/07/2017 
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Conclusion 

To conclude we can say that the results we have seen previously show the future possibilities 

of that method. For the moment our results seem to validate the method because we have seen the 

repeatability and the stability of the method in addition to the prvious results. But we don’t have 

enougth measures in order to know if we can do that for every Calitoo. Some parameters like the 

angles of the Calitoo or the precision of the lamp are not taken in count and if we want to validate all 

the method we have to understand what is the impact of these parameters. 

We can recapitulate now the different errors which can affect our measures. Here is a list of 

these errors: 

-stability of the lamp (1-2 Cn 0.1%) 

-stability of the alimentation (1 Cn 0.1%) 

-position of the Calitoo: angles, high,… (4 Cn 0.4%) 

-precision of the Calitoo (0.02 on the AOD) 

So we have an  error of: √22 + 12 + 42 + 2² = √25 = 5 on the Cn which represent less than 

0.5% of error for each channel. This possible error on the Cn represent an error on the AOD of 

maximum 0.015.  

Some atmospheric corrections (Rayleigh and Ozone) appear in the calculation of the AOD. 

These corrections are constant for each site but can introduce an error when the intercalibration or 

the Langley calibration is done. Doing the calibration in laboratory these correction don’t come in 

count. This is one of the difference between the methods and advantage for the method in 

laboratory. 

We have also to take in count the master because until now, we use a Calitoo as master but 

it will be better to use another photometer. A changement of the master could be considered in the 

future and two options can be considered: taking one of the CIMEL photometer or taking a 

MICROTOPS photometer. 

 

 

 

 

 

 

 

 

 

 

 


