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1.0. PURPOSE AND RELATED DOCUMENTS:

This document is a supplement to the 4STAR Functional Requirements Document (Dunagan et al., 2007) and the 4STAR Flight Software Plan (Johnson, 2008).  Its purpose is to provide guidance to the further development and refinement of the 4STAR Flight Software Plan.
2.0
EXPECTED OPERATING MODES FOR 4STAR-Air 

2.1
4STAR-Air will have several operating modes. It is expected that the 4STAR-Air operator will change operating modes during any given flight or ground operation on the basis of the goals of the flight or ground operation plan plus the atmospheric conditions and 4STAR performance encountered during the flight or ground operation. It will be desirable for some mode changes to be made without parking the instrument.  Some modes will be mandatory for inclusion in the 4STAR-Air prototype (as proposed to NASA ROSES in July 2008), whereas other modes can wait for implementation until after developing experience with the 4STAR-Air prototype. The following sections describe both prototype-mandatory and post-prototype modes, with an indication of which is which. The rationale for describing both types now is that it is useful to reserve space or structure for post-prototype modes in the basic software structure. 
2.1.1
Park. This mode points the entrance ports to a stowed position that protects entrance optics from deposition of particles (cloud or aerosol) by the air through which the aircraft is flying and allows dark measurements (see also 2.1.2). Prototype-mandatory. We will consider post-prototype addition of a calibration source in the parked position.
2.1.2
Darks. This mode measures detector output while the entrance ports are blocked to prevent entrance of outside light. Prototype-mandatory.
2.1.3
Onboard Calibration. In this mode the sky and/or sun barrels point at an onboard calibration source. Source needs to be stable to 1-2% for sky barrel & 0.1-0.2% for sun barrel. Post-prototype. This mode would be valuable even if restricted to pre-or post-flight operation.
2.1.4
Sun Tracking. This mode provides data on the Sun’s direct-beam transmission through the atmosphere. It is expected to be 4STAR-Air’s most commonly used mode in flight. Since it requires tracking the sun, it will be used when the 4STAR-Air aircraft has a clear view of the sun for several minutes or more (i.e., conditions cloud-free or partly cloudy above 4STAR, or under clouds thin enough to transmit a Sun disk distinct enough for 4STAR to track). Prototype-mandatory. 
2.1.5
Search for sun. Implemented automatically when Sun tracking mode loses Sun tracking for a period that exceeds x seconds, where x is user defined during operation. Prototype mandatory implementation will use AATS-like scans of sky (360 deg in azimuth at enough elevation angles for quad FOV to cover all of sky. Post-prototype implementation could use imaging detection of large portion of sky. A different post-prototype implementation could use ephemeris combined with A/C pitch, roll, yaw readout to point near sun.
2.1.6
Field of View (FOV). This mode is used to measure the field of view of both the Sun and sky channels, typically in two directions: principal plane (elevation) and almucantar (azimuth). It operates by sweeping the 4STAR entrance ports across the sun, starting several degrees away from the Sun on one side and ending an equal distance away on the other side. It will be desirable to switch from Sun Tracking to FOV mode without parking 4STAR. Prototype-mandatory. Spectral data not necessary; one selectable channel is sufficient.
[We can't really measure the FOV of the sky barrel without attenuator which in the current configuration will require getting outside the aircraft in flight. But this is not critical and the document is OK].

2.1.7
Sky. This mode is used to measure sky radiance in one of four sub-modes:

2.1.7.1 Almucantar Scan. This sub-mode sweeps the 4STAR entrance ports through 360˚ of azimuth at constant elevation passing through the sun. It is expected that the operator will choose this mode when sky conditions are such that most or all of the sweep will view clear sky (rather than clouds) and homogeneous properties of aerosols and the aircraft is flying nominally straight and level. It will be desirable to switch from Sun Tracking to Almucantar Scan mode without parking 4STAR. Prototype-mandatory.
2.1.7.1.1 Detail on possible Almucantar Scan: Start a few (TBD) degrees to one side of the sun, scan towards, across, and past the sun all the way out to 180 degrees azimuth. Then go back to the sun (briefly) before jogging few (TBD) degrees to the other side of the sun, scan towards, across, and past again but on the other side of the sky from the first one. The slightly overlapping shallow angles, repeated FOV scans, and temporally close direct beam measurements will be valuable. 
2.1.7.2 Principal Plane Scan. This sub-mode sweeps the 4STAR entrance ports through ~180˚ of elevation (horizon to horizon) at constant azimuth passing through the sun. It is expected that the operator will choose this mode when sky conditions are such that most or all of the sweep will view clear sky (rather than clouds) and homogeneous properties of aerosols and the aircraft is flying nominally straight and level. It will be desirable to switch from Sun Tracking to Principal Plane Scan mode without parking 4STAR. Prototype-mandatory.
2.1.7.2.1 Detail on possible Principal Plane Scan. We should restrict our principal plane scans mostly to the portion with elevation angles higher than the sun like Aeronet does. For example, Aeronet only goes six degrees below the sun. There are definite advantages to doing the PP scans by dropping several degrees below the sun and then scanning up to, across, and past the solar disk (with short integration times since the sky near the sun is bright) and then continuing to larger scattering angles with commensurately longer integration times.This gets the near-sun scattering angles measured close in time to the direct beam measurement and provides a quick FOV scan with the sun barrel as part of the scan to confirm good registration of our angles for these shallow scattering angles where it matters most.

2.1.7.3 Zenith View. This sub-mode keeps the 4STAR entrance ports pointing as close as possible to the zenith. Data from this mode (supplemented by upwelling flux measurements from another instrument such as SSFR or Hydrorad 3) are useful for cloud studies. Thus it is expected that the operator will choose this mode when 4STAR is underflying extensive or broken clouds when Sun may not be visible. It will be desirable to switch from Sun Tracking or other sky viewing modes to Zenith View mode without parking 4STAR. A Zenith View mode that points to aircraft zenith (useful for cloud studies in nominally straight and level flight) is prototype-mandatory. A Zenith View mode that uses aircraft attitude information (pitch, roll, yaw?) to point to geo-referenced zenith is post-prototype.
2.1.7.4 Hemispheric Scan. This mode scans the sky in a pattern designed to provide a good estimate of downwelling hemispheric flux (i.e., the integral of downwelling radiance from all downwelling directions, weighted by cosine of zenith angle). Kaufman et al. (2002) describe using principal plane scans for this purpose; however, it would be desirable to preserve the option of using other patterns to improve accuracy. Post-prototype.
2.1.8
Manual Pointing. This mode is used to control manually 4STAR’s pointing direction, using angles (with respect to aircraft frame) entered by the operator.
2.2 Immediate execution of mode commands. 4STAR-Air needs to include display buttons that execute a selected mode NOW without delay even if otherwise engaged in another mode. Prototype-mandatory. [PLEASE CHECK]



2.3 Stacking or queuing mode commands. The burden on the 4STAR operator can be reduced if the operator can stack (queue) commands to the program in advance of the actions. Example: having a scan automatically start right after another, without having to keep staring at the screen waiting for the end of the first scan. The queue should remain modifiable at any point, just like the coach can send a pinch hitter, a modification to the line-up, at any point of the game. A blank queue would mean back to sun-tracking. If that is too complicated, it would at least be useful to fine-tune settings for one mode while another mode is on. Example: changing the angles for an upcoming PPL scan while an ALM scan is going on. Post-prototype. 
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