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0. [bookmark: _Toc41502601]Purpose and Scope

This document forms part of deliverable D-60 of the European Space Agency (ESA) project ‘Fiducial Reference Measurements for Vegetation (FRM4VEG)’ and it should be used as a guide to operate Solar Light Company Microtops II sunphotometer. Its purpose is to provide an instrument technical description, together with information about maintenance and calibration history, pre-deployment uncertainties estimates, and steps required to achieve the FRM status.
The document is organized into 7 key sections:
· Section 1 provides a summary of the document.
· Section 2 overviews the technical characteristics of the instrument together with a description of its functioning.
· Section 3 refers to the pre-deployment calibration carried out by Solar Light Company, and to the uncertainty budget based on information provided by the manufacturer.
· Section 4 describes all the procedures that need to be followed when using the instruments, both in the field and during the data processing. 
· Section 5 lists useful advices for care and storage of the instruments as provided by the manufacturer.
· Section 6 lists the reasons for and solutions to common problems with the use of sunphotometer.
· Appendix A: provides the instrument calibration results mentioned in Section 3.
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The Solar Light Company Microtops II is a portable sunphotometer capable of measuring aerosol optical thickness (AOT) and direct solar irradiance in five spectral bands (440 nm, 675 nm, 870 nm, 936 nm and 1020 nm).  The instrument can also be used to derive the atmospheric water vapour column.  A global positioning system (GPS) receiver can be used to provide accurate time and location data to the instrument.  Technical characteristics of the instrument provided by the manufacturer are detailed in Table 1.

[bookmark: _Ref522978247][bookmark: _Toc39760829]Table 1: Technical characteristics of the Solar Light Company Mictotops II sunphotometer [1].
	Characteristic
	Details

	Optical channels
	440 ± 1.5 nm, 10.0 ± 1.5 nm full width at half maximum (FWHM)
675 ± 1.5 nm, 10.0 ± 1.5 nm FWHM
870 ± 1.5 nm, 10.0 ± 1.5 nm FWHM
936 ± 1.5 nm, 10.0 ± 1.5 nm FWHM
1020 ± 1.5 nm, 10.0 ± 1.5 nm FWHM

	Maximum out-of-band sensitivity relative to peak transmission
	440 nm: 10-5 < 1000 nm
675 nm: 10-6 < 1100 nm; 10-5 < 1200 nm
870 nm: 10-6 < 1100 nm; 10-5 < 1200 nm
936 nm: 10-6 < 1100 nm; 10-5 < 1200 nm
1020 nm: 10-6 < 1100 nm; 10-5 < 1200 nm

	Dynamic range
	> 300,000

	Viewing angle
	2.5°

	Precision
	1% to 2%

	Non-linearity
	Maximum 0.002% FS

	Operating environment
	0° C to 50° C, no precipitation

	Computer interface
	RS323

	Data storage
	800 records

	Power source
	4 AA alkaline batteries

	Battery life
	50 hours minimum continuous operation (10 minute inactivity shutdown)

	Weight
	21 oz. (600 g)

	Size
	4 ”W x 8 ”H x 1.7 ”D (10 cm x 20 cm x 4.3 cm)
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The Microtops II consists of five accurately aligned optical collimators, each with a field-of-view (FOV) of 2.5°.  Internal baffles are used to eliminate internal reflections, and photodiode detectors are coupled with narrow-band interference filters to provide sensitivity to the five spectral bands.  The collimators are housed within a cast aluminium optical block for stability [1].
To align the instrument to the sun, a target assembly is attached to the optical block, which is laser aligned during the manufacturing process to ensure accurate registration with respect to the optical collimators.  When the image of the sun is projected on the centre of the sun target, all optical collimators are pointing directly at the solar disk [1].
From measurements of atmospheric transmittance, the total optical thickness can be derived, facilitating the retrieval of AOT and water vapour.  Atmospheric transmittance is derived as the ratio of the voltage measured by each photodiode detector on the ground () to the extra-terrestrial voltage that would be recorded outside of the atmosphere (), at an Earth to Sun distance of once astronomical unit (AU).  The total optical thickness is then given by

where  is the Earth to Sun distance and  is the airmass, which can be calculated as a function of the solar zenith angle (SZA) [2].
AOT is derived by subtracting the optical thickness due to Rayleigh scattering, which is calculated as a function of wavelength and barometric pressure at the surface, from the total optical thickness.  The optical thickness due to other atmospheric constituents such as O3 and NO2 is ignored by the Microtops II, as the instrument makes use of spectral bands outside areas of the electromagnetic spectrum in which strong atmospheric absorption is observed [1], [2].
Water vapour is determined based on measurements at the water absorption peak (936 nm).  The effect of aerosols is accounted for based on the AOT observed in adjacent bands in which there is no absorption by water vapour (870 nm or 1020 nm) [1].
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Pre-deployment calibration of instrument #5366 was carried out by Solar Light Company at their calibration facility in Glenside, Pennsylvania on 20/04/2018.  The associated calibration report can be found in Appendix A.1.
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The instrument uncertainty budget was assembled by ‘Type B’ evaluation, based on information provided by the manufacturer, and is detailed in Table 2.

[bookmark: _Ref531541949][bookmark: _Toc39760830]Table 2: Microtops II uncertainty budget.
	
Source
	U value
	Unit
	Distribution type
	Divisor

	Precision
	1.5
	%
	Gaussian
	1

	Non-linearity
	0.002
	%
	Gaussian
	1

	Total
	1.50000133
	%
	 
	 

	Total (k=2)
	3.00000267
	%
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The following instrument operation instructions are adapted from those provided by the manufacturer [1]:
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1. To turn the instrument on, press the ‘On/Off’ button on the bottom left of the keypad.
a. Ensure that the black cover is covering the sensor heads before turning the instrument on.

2. To allow communication with the Garmin GPS 12 receiver, the baud rate on the instrument should be set to 9600.
a. To do this press the ‘Menu/Enter’ button, followed by the down arrow button until ‘Baud rate’ is selected.  Press the ‘Menu/Enter’ button again to confirm the selection.
b. Use the up and down arrow buttons to select 9600, and press the ‘Menu/Enter’ button to confirm the selection.
c. Use the ‘Scan/Escape’ button to return to the main menu.	
3. The baud rate of the Garmin GPS 12 receiver should also be set to 9600.  Turn the receiver on using the red lightbulb button located on the left hand side of the receiver.
a. Press the ‘PAGE’ button until the ‘MAIN MENU’ is shown at the top of the display.  Select ‘SETUP MENU’ from the available options using the arrow buttons, then press the ‘ENTER’ button to confirm the selection.
b. Use the arrow buttons to select ‘INTERFACE’, then press the ‘ENTER’ button to confirm the selection.
c. Use the ‘ENTER’ and arrow buttons to ensure the following settings are displayed:
‘NONE/NMEA’, ‘NMEA 0183 1.5’ or ‘NMEA 0183 2.0’ and ‘9600 baud’.
d. Press the ‘PAGE’ button to return to the satellite signal strength screen. 
4. Connect the Garmin GPS 12 receiver to the Microtops II using the data link cable.
a. When a GPS fix is acquired, the receiver will communicate with the Microtops II.  Successful communication will be acknowledged by a continuous sequence of three beeps.  If altitude information is also received, the instrument will beep three times, followed by two times.  The altitude data is not used in any calculations and is provided for information purposes only.
b. The receiver should be positioned so that it has an unobstructed view of the sky.  It may take several minutes to acquire a GPS fix.
5. To ensure the instrument uses its internal barometric pressure sensor, the pressure should be set to ‘0000’.
a. Press the ‘Menu/Enter’ button, followed by the down arrow button until ‘Location’ is selected.  Press the ‘Menu/Enter’ button again to confirm the selection.
b. Press the down arrow button until ‘Pressure’ is selected, and press the ‘Menu/Enter’ button to confirm the selection.
c. Use the arrow buttons to enter ‘0000’, and press the ‘Menu/Enter’ button to confirm the entry.
d. Use the ‘Scan/Escape’ button to return to the main menu.
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1. Once communication with the GPS receiver is established, the instrument is ready to collect a measurement.
a. Open the black cover and point the instrument at the sun.  The display should show ‘RDY’ to indicate the instrument is ready.	
b. A white dot will appear on the ‘Sun target’ sight located on the front of the instrument.  Move the instrument to align the dot as close to the centre of the target as possible.
c. Keeping the instrument still and the white dot centred, press the ‘Scan/Escape’ button.
d. The instrument will show the scan number and a message to ‘Point at the sun’ on the display.  Once the measurement is complete, the display will return to the ‘RDY’ message.
e. Once you have completed measurements, the instrument can be turned off by pressing and holding the ‘On/Off’ button.	

[image: Image result for microtops II]
[bookmark: _Toc39760821]Figure 1: Performing a measurement with the Mictotops II [3].
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Download measurements from the Microtops II after each day in the field.  This will minimise the risk of data loss and ensure the memory is clear for the next day.
1. Connect the instrument to the computer using the data cable, and turn the instrument on using the ‘On/Off’ button on the bottom left of the keypad.
2. Open the Microtops II Organiser software.
a. Click ‘Communications’ in the ‘Options’ menu, ensure the baud rate and COM port are set to ‘Auto Detect’, then click ‘OK’.
b. Click ‘Download’.  The data will be downloaded into a database which is located in the same place as the Microtops II Organiser software (i.e. ‘C:\Program Files\Solar Light Co\Microtops II Organizer\DATA.DBF’).
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1. With the instrument on, press the ‘Menu/Enter’ button, followed by the down arrow button until to ‘Data logging’ is selected.  Press the ‘Menu/Enter’ button again to confirm the selection.
a. You will be given the option to clear the memory.  Press the ‘Menu/Enter’ button to select this option, followed by the right arrow to confirm that you wish to clear the instrument’s memory.
b. Press the ‘Scan/Escape’ button to return to the main menu.
2. The instrument’s memory can also be cleared from within the Microtops II Organiser software by clicking on ‘Clear Buffer’ in the ‘Tools’ menu.
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The following care and storage advice is adapted from that provided by the manufacturer [1]:
· The instrument should be stored in a dry, dust-free place at room temperature.  Condensation may damage the instrument.
· The instrument should be protected from excessive shocks and vibrations, and its carrying case hould be used if the instrument is to be transported.
· After any shock (i.e. from dropping the instrument), it should be carefully examined and compared with another reference instrument to determine is recalibration is required.
· The front window should be kept clean, and the black cover should be closed unless performing a measurement.  The window must not be touched by the skin, as this will impart an oily residue that will affect the measurements.
· To clean the window, use a Q-tip to push lint and dust to one side, which can then be removed using compressed gas.
· Only pure alcohol should be used to remove heavier deposits from the window.
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