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These notes were compiled to assist the gathering of field spectra using the CLW ASD_FR.  New users must always read the ‘Fieldspec Users Guide’ before attempting to deploy the radiometer.  These notes are a complement to the Users Guide.

CAUTION:

1. Treat the optical fibre with great care! Although it has an inbuilt protective helical metal sheath the fibre can be damaged by being crimped between closing edges (eg: in car doors, or under the lid of the travel case), or sudden overstretching or jerking (eg: being looped and caught around vegetation).
2. Do NOT handle or touch the white Spectralon panel surface with bare fingers!  Attempt to keep it clean, and always handle using the metal frame. Spectralon is a sintered material and will readily absorb oils from the skin causing changes in its calibration factor resulting in degraded quality of reflectance measurements. 

3. Care is needed when using Radiance (or FOV) Foreoptics (nude optic fibres and FOV lenses). NEVER, EVER point these directly at the sun disk – direct solar beam energy focussed into a spectrometer will most likely fry the detector arrays!
Introduction.

The ASD-FR spectroradiometer instrument consists of a backpack-mounted full-range (350 – 2500nm) spectrometer controlled using a portable laptop. A 1.4 metre long optical fibre transmits light from the target environment through a choice of foreoptics (bare-fibre, a Field-Of-View (FOV) lens or Radiance foreoptic, or a Remote Cosine Receptor (RCR) for Irradiance measurement) into the spectrometer unit.  Spectrometer setup, control, and spectrum monitoring and file saving, is done using a portable laptop, currently an IBM X31 ‘Think-pad’ (which is usually tray-mounted on the front of the operator during field use). An optional USB-based GPS unit can also be plugged into the X31 and a position log file created whenever spectra are saved.
Note: Files are saved in the laptop, not in the spectrometer.

System Components.

Figure 1 displays the basic layout and components of the ASD (note: these pictures illustrate the system with a Panasonic Tough book controller – an IBM X31 ThinkPad is now currently used).
1_1
=  Cabling ports on left-hand side of the unit. The controlling laptop (IBM X31) operates from its own batteries; the Power Out port on the spectrometer is now used for powering certain ancillaries such as the Contact probe and leaf clip (if used).
1_2
=  How to store the fibre optic lead and location of on/off power switch (or store the fibre loosely coiled in the void under the curved base of the spectrometer, above the backpack stand – this avoids possible compression kinks due to the fibre crossing over itself).
1_3
=  Cabling when running the ASD via mains (240 volt) supply

1_4
= 12vdc-240vac inverter used to operate the ASD via a car (12 volt) cigarette lighter

1_5
= Cabling used to supplement the laptop battery when in the field.*
1_6
= Standard cabling when gathering spectra.

*Note: The supplementary laptop transformer and power cables as shown in Fig. 1_5 are NOT used with the IBM X31 Think-Pad; please disregard this option when using the X31.

Setting Up (Field Use).
1. Lift the spectrometer/backpack unit from its trunk and stand upright on a flat, stable horizontal surface (such as the luggage area at the rear of a station wagon/4WD or tail-gate of a utility). If the instrument is positioned with the backplate/shoulder straps facing out to the open then the operator can sit in front of the unit, slip into the harness and finish the setting up without having to take the unit’s full weight.
2. Undo the Velcro flaps on both sides of the spectrometer; carefully uncoil the fibre optic cable (lift the spectrometer unit slightly out of the backpack using the white plastic handle to ensure the cable is not caught in crevasses when being removed). Remove the protective fibre end-cap and fit an appropriate foreoptic (if required). Arrange the fibre/foreoptic loosely beside the spectrometer in a position where they will not be damaged or sat on.
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Figure 1 : ASD system and cabling

Setting Up (continued).

3. Plug the 25-pin male connector on the cream-coloured parallel cable into the spectrometer parallel port; tighten the locking screws and close the Velcro flaps loosely over the cable with it dressed to emerge forwards towards the operator.

4. The operator can now sit down on the tail-gate etc. and slip into the backpack harness. Do up both hip strap and chest strap and adjust for best fit (the operator does not need to take the full weight of the unit at this stage).
5. Attach the laptop tray (carrying the laptop which should be on the uppermost side!) to the waist strap by clipping the karabiners through the holes in the tray near the foam padding. Attach the far corners of the tray to their matching shoulder-strap extensions (plastic buckles).
6. Connect the female 25-pin end of the parallel cable to the 25-pin port on the rear of the X31; tighten the locking screws to secure. The parallel cable is quite long and can easily get snagged on vegetation; it can be shortened by winding two coils of it around the left-hand shoulder strap extension (next to the X31) before connection to the laptop.
Operating the ASD-FR
The following flow charts (Figure 2) summarise the primary steps involved in gathering spectra.  Individual steps are portrayed as square boxes while steps with options requiring input are portrayed as ellipse.  Some options for standard operation are given beside each ellipse.
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Figure 2 : Chart for gathering basic reflectance spectra

Starting Procedure using the IBM X31 Think-Pad.
1. Turn on the spectrometer (push-button at side - listen for a ‘chugging’ noise; green LED will light).

2. Turn on the X31 and wait for it to boot up. If an anti-virus update banner appears select ‘Renew in 15 days’ then click ‘Renew Later’.
3. Using <right-click> on Windows ‘Start’, <left-click> on ‘Explore’ create an appropriate folder into which spectra will be saved, eg:  C:\data\middle_of_nowhere\day2\     Minimise the Explore window.
4. Double-click on the RS3 icon to start the spectrometer software (for fieldwork click on the High-Contrast RS3 icon instead; this version’s display is easier to see in the outdoors).
5. A message ‘Com ‘x’ comm port is invalid’ may appear; this is normal if the GPS unit hasn’t yet been plugged in to the laptop (Com ‘x’ is the assigned port for the USB-based GPS unit) – just click on OK. However if a message resembling ‘Cannot collect data under current instrument optimisation settings’ appears then there is an initialisation error between laptop and spectrometer – shut down both units, wait for a few moments, then restart from step 1, above. If the initialisation error occurs again, a flat spectrometer battery pack will be the likely cause - shut down and replace the battery with a fresh pack (See Tips, sections A and C, below) before restarting.
6. Tell RS3 where you want to save the spectra files. Click on Control, then Spectrum Save (shortcut keys: <Alt> C S). Click on the square button at the end of the directory location line to browse and navigate to the desired folder. Enter an appropriate base-name and Comment (if required – this is automatically copied to the header of every spectrum file), press OK when finished.
7. Click on Control, then Adjust Configuration. Select the foreoptic type to be used and also the number of scans per spectrum (50 for each of Spectrum, Dark Current and White Reference, is a good starting balance between sampling speed and reducing superimposed instrument noise on the spectrum). Larger numbers give lower instrument noise on each spectrum but require a longer acquisition time – an appropriate balance will be influenced by sampling requirements, changing light conditions and limitations in the time available for collecting the anticipated measurement set. Click OK when done.
The instrument is now ready for operation, including optimisation, white reference acquisition and target measurement – See ‘Tips for Taking Reflectance Spectra with the ASD-FR’ on page 5.
Adding the Optional USB-based GPS Unit.

The RS3 software can read position data from an external GPS unit and create a log file of locations corresponding to where and when spectra are saved. The CL&W ASD-FR system has a dedicated small, USB-based GPS receiver that is ideal for portable field applications.
1. Secure the GPS unit where is can obtain good satellite coverage (on the roof of a vehicle, taped to the operators hat, etc). Do NOT plug the USB plug into the X31 (yet)!
2. Start up the spectrometer and laptop as in steps 1 – 7, above.
3. Now plug the USB plug into the left side USB port near the screen hinge of the X31. A ‘ding-dong’ sound indicates the GPS has been recognised by the laptop.
4. In RS3, click on GPS then click on Settings. Check that the Port is Com 5, 4800 Baud, 8 data bits, Parity is none, 1 stop bit and the ‘Write to log file’ square is ticked. If all is correct press OK. To start the GPS click on Enabled. A tick will appear next to the ‘Enabled’ option and moving wavy line should appear at the bottom LH corner of the screen as well as sensible coordinates (although the Elevation reading may have substantial error).

Note: The GPS coordinates displayed in the RS3 graphical interface have been truncated; however the corresponding positions are saved to the GPS log file with full precision.
Tips and peculiarities in the use of the ASD-FR.

A. Changing the battery.

1. Turn off the spectrometer (push button on side of instrument – green light will go out and cooling system will stop ‘chugging’).

2. Open the semicircular cover below the Battery Status light by pulling out from the curved bottom, then pulling downwards to release.

3. Disconnect the battery connector by squeezing the clips on the sides of the brown power connector, then pulling the connectors apart to release.

4. Swap the batteries over, reconnect the battery connectors (observe correct polarity by aligning the appropriate keys/slots); close cover.

B. Charging the Batteries.

Batteries connected inside the ASD-FR spectrometer itself can no longer be fully charged via the instrument’s internal power circuitry so all battery charging must be done using the external chargers provided.  There are two separate charging systems enabling two instrument batteries to be charged simultaneously.
1. Charging system 1 consists of the larger black mains power supply and a separate white NiMH charger. Plug the power supply into the 240 Vac source (mains wall socket; inverter) and its output lead into the NiMH charger, then plug the battery into the charger lead and turn on power.  The power supply internal fan should start up and the Battery Status light on the charger should light to a bright, steady yellow during charging and revert to steady green when charging is complete. 
2. Charging system 2 consists of a single, smaller black unit which connects directly between battery and 240vac mains power. This unit is small, efficient and doesn’t have a cooling fan and is functionally similar to System 1. Upon switch-on this unit initialises with a red coloured LED which changes to yellow as charging commences.
3. Approximate time to recharge a flat battery is about 4 hours using either system. 

Note:  If the Battery Status light should start flashing red or fade to an orange colour either the charger has not powered up correctly or the battery connector is not making proper contact.  Disconnect and switch off the charger, check the battery connector, wait for one minute to allow the charger circuit to reset and then repeat the above steps 1 – 2.

Tip 1: When recharging overnight in a hotel room etc, it is a good idea to place System 1 combination in a separate room to where researchers are sleeping (eg, bathroom) to reduce the noise level from the power supply fan.
Tip 2: The current ASD-FR system has 4 batteries, so are best charged in 2 sets of two. Put the first pair of batteries on charge as soon as possible after returning from the field (ie, before going to dinner), then swap over to the remaining pair of batteries just before retiring to bed.
C. Signs of a flattening battery.

The ASD-FR cooling system (ie, the “chug-chug” sound from the unit) will begin to slow.  As the battery discharges further the RS3 software will display a message resembling ‘Cannot collect data under current instrument optimisation settings’ and control and communication between laptop and spectrometer is lost.  Turn off the ASD power switch, change the battery (if in the field) or put the spectrometer on charge (if in the lab or a vehicle), turn on the ASD again then reboot the laptop and restart the RS3 software.
Tips for Taking Reflectance Spectra with the ASD-FR.
Dark Current Readings. Please note that the ASD-FR has an internal shutter for dark-current readings and they are performed automatically; at the end of each Optimization and at the beginning of each White Reference measurement. The operator can choose to make separate Dark-Current readings by pressing the DC button.
A. Optimisation (OPT Button, or <CTRL> O).

Optimise the instrument with the lens/foreoptic viewing the reference panel in the brightest lighting conditions likely to be encountered (say, over the next 30 minutes).  For example during intermittent cloud, optimise the instrument when the sun is fully out (not behind cloud). This adjusts the instrument internal gain settings for best signal-to-noise during the brightest conditions and reduces the risk of detector saturation (signal over-range).  Unless the light conditions are changing rapidly, optimisation only has to be done every 10 to 30 minutes or so.

B. White Reference (WR Button, or press F4).

Repeat the White Reference whenever the reflectance spectra of the reference panel itself deviates from a straight line with a value of exactly 1.  This effect is most pronounced during warmup (actually cooling and temperature stabilisation of the detector arrays) over the first 30 to 60 minutes.  Deviation from the straight line at value 1 also may indicate changing illumination intensity or conditions.  If lighting conditions or illumination on the targets are changing rapidly, it is best to do a separate white reference reading for each target spectra taken ensuring the two readings are made as close together in time (and light conditions) as is practical.

C. Saving Spectra to file; File nomenclature.

The ASD-FR takes continuous measurements and continually updates the spectrum displayed in the RS3 window. To save a spectrum, press the Space bar. The spectrum that is saved to file is that currently being acquired at the time the space bar is pressed; NOT the spectrum that was displayed on the screen at that time (this is the display resulting from the previous scan). 

File Nomenclature: the first file saved to a new base-name has extension .000; for subsequent files the extension number increases (normally by 1). The filename displayed at the Spectrum Save bar at the lower LHS of the RS3 display window is the name of the NEXT file to be saved. 
D. Reflectance Spectra Disjunctions between Detectors.

The ASD-FR has three detector arrays that receive light through individual fibre bundles in the inlet optical fibre.  These bundles are located at physically different points in the fibre cross-section; when the 5-degree FOV foreoptic is used the lens focuses the scene onto the fibre bundle and each fibre consequently ‘sees’ a slightly different part of the target.  If the target is heterogeneous each bundle sees a different target material and consequently each detector array will produce a slightly different spectrum, resulting in mismatching or ‘steps’ between the array boundaries at around 980 and 1780nm.  This effect can be reduced by:

1. Making slight changes to observation angle and/or position over the target,

2. Moving the foreoptic smoothly over the area of interest of the target whilst taking a larger number of scans per spectra (greater than 25 per spectra).  This allows each fibre bundle in the foreoptic to “see” an averaged target surface to reduce the effect of target heterogeneity, and

3. Reduce specular reflection from shiny targets during measurement (use a tripod to maintain observation angle; wait for the wind to ease when measuring tree canopies or grasses, do not measure wet objects or those with rain or dew on the target surface).

4. Consider using the bare fibre without the 5 degree FOV foreoptic attached. The individual fibre response of the bare fibre is much more uniform across the bundle and nicely bypasses this issue. Beware of the wider FOV of the bare fibre: it becomes easier to take spectra of ones shoes and trousers if the operator is not careful. The bare fibre has a half-power response of 12 degrees, reducing to zero response beyond about 24 degrees (ie, no further response occurs outside a cone of radius 12 degrees from the central axis).  

D. Indoor Measurements; Taking Spectra Using Artificial Lightsources.

The ASD-FR detectors do not dump an instantaneous snapshot to the measuring circuitry, rather, the signals from the detectors arrays are read in a sweeping action.  If the sampled signal changes during that time, that change will appear as an anomaly in the spectrum being taken.  Lamps used for indoor measurement should preferably have the following characteristics;

1. Based upon incandescent or Quartz-Tungsten Halogen technology (these generally have a smoother output spectrum than spectrally-spiky fluorescent or emission lamps).

2. Operate on DC rather than AC current.

3. Powered from a regulated (ideally, constant-current) power supply.

4. Have an electronic controlled slow warm-up period for maximum lamp life and stability.

5. When measuring under artificial lights, use a large number (50 to 100 or more) scans-per-spectrum to reduce the instrument noise component superimposed on the spectra (especially in the far blue and in the SWIR beyond 2000nm).
E. Use CLEAN Reference Panels 

(or do regular intercomparisons between a soiled field panel and a clean laboratory panel).  See below, and also page 50 in the FieldSpec User’s Guide for directions to clean Spectralon reference panels.

Spectralon® Care and Handling Guidelines

To maintain the unique optical and reflectance properties of Spectralon reflectance material, the following cleaning and handling procedures must be followed:

1. General Care

Spectralon is an optical standard and should be handled in much the same way as other optical standards. Although the material is very durable, care should be taken to prevent contaminants such as finger oils from contacting the material’s surface. Always wear clean gloves when handling Spectralon.
2. Cleaning Instructions

If the material is lightly soiled, it may be air brushed with a jet of clean dry air or nitrogen. DO NOT use Freon. For heavier soil, the material can be cleaned by lightly sanding under running water with a 220-240 grit waterproof emery cloth using a moving circular motion until the surface is totally hydrophobic (water beads and runs off immediately). Ensure that clean disposable gloves are worn during the process. Blow dry with clean air or nitrogen or allow the material to air dry.  Use a new, clean plastic bag for storage (the old bag is most likely dirty – throw it in the bin!).

Low reflectance Spectralon (< 10% reflectance) should be dry sanded.
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