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Purpose of Document

1) Notes for myself (Kirk) and record of the changes to photometric software that have been suggested in SSC/photometry tiger team meetings

2) Notes and guidance on implementation for the ISIS developer (Barrett)

3) Solicitation of feedback from expert users, in particular

a. Comment on relative priority of developments suggested here

b. Approve/reject suggestions to eliminate some features currently in photomet, (typically research-oriented and perhaps not needed by users, who might appreciate a less cluttered interface)

c. Comment on my suggested approach to managing wavelength-dependent and phase-dependent parameters

Reference material

To save time, I am not putting a full description of the capability, parameters, and algorithms of photomet (ISIS 2 and ISIS 3) in this document.  The parameter sets for the two versions are listed at the end of the document because this was easy and they provide a convenient “crib sheet” of the capabilities for those who are at least somewhat familiar with the programs.  I have annotated the lists with a few notes indicating which modes some of the parameters are used in, and called out the wavelength-dependent photometric parameters in italics.  Readers are referred to the ISIS documentation for more detail on what the different modes do, etc.  If in doubt, please ask for further explanations.

Recent enhancements of ISIS 3 Photomet

1) Add capability to obtain photometric angles from DTM, allowing topographic correction, simulation of topographic images, etc.

2) Add capability to obtain single set of photometric angles at start of program, for “fast” processing of images with small range of angles, e.g., HiRISE

Desirements for Photomet development

The first 3 items are discussed at greater length below

1) Add empirical Minnaert and empirical lunar-Lambert models (multiple requests)

2) Add capability to define scattering parameters as functions of wavelength (multiple requests)

3) Move parameters that are not related to scattering functions from template to photomet UI, so template contains only the (eventually wavelength-dependent) photometric information (suggested by Kirk to declutter interface, reflect the logical separation of operational and photometric parameters).  

4) Provide guidance to users in the form of “default” parameter sets for different bodies.  This capability is enabled by items 1–3, after which we will have a template format that can store parameters for multiple different photometric functions (different representations of the same body) and that excludes the program parameters so it does not have to be edited for different applications.  We would then need to collect recommended parameter values from the literature and deliver them as template files with helpful, target-related names.  Users could also use these suggestions as a starting point for editing to use photometric parameters from a different source.

5) Simplify some options if OK with users (suggested by Kirk)

a. Eliminate “NONORMALIZATION” mode, same as “SHADE”

b. Eliminate duplicate “lunar-Lambert” surface function?  Does anyone require it for compatibility with L values in the literature or other reasons? 

i. “lunar-Lambert McEwen” is L (2 u0 /(u0+u)) + (1-L) u0  with a factor of 2 so the magnitude of the function does not change substantially as L is varied (McEwen, 1991)

ii. Presumably lunar-Lambert is the older form in the literature without the factor of 2

c. Eliminate 1st order atmospheric models?  These were implemented as a step toward the 2nd order models.  They should be slightly faster to evaluate but have poorer accuracy as the optical depth TAU increases.  Is the speed advantage useful?  Has anyone done performance tests?

d. Eliminate HGAREF,WHAREF,BHAREF?  These allow the effects of the atmosphere to be taken out (in the atmospheric modes) and then the effects of a “reference atmosphere” with finite optical depth TAUREF and possibly different scattering parameters to be put back in…something that made some kind of sense when I was working on the original ISIS 2 program but does not at present.  Perhaps not even TAUREF is needed (always output appearance with no atmosphere) but it seems more useful than being able to change the optical properties of the reference atmosphere.  Note that eliminating these parameters would not eliminate the ability to simulate surface appearance with an atmosphere, because in that case (ATMSHADE) the output is the model evaluated with the values TAU, HGA, etc. and not the reference values.

6) Add additional capabilities as needed (perhaps later…but consider the impacts now)

a. Trim centered on CLAT, CLON to distance ? (This capability appears not to be available in ISIS 3.  The capability to trim on incidence and emission angles is provided separately by photrim)

b. Hapke-Legendre surface?  (Does anybody use this?  I added it in ISIS 2 just because I developed it for the atmosphere model.)

c. Hapke-Henyey surface – extend from 2 to 3 parameter version of Henyey-Greenstein (some fits of this form are available in literature)

d. Hapke atmosphere – extend from 1 to 2 or 3 parameter version

e. Turn opposition effect off/on (i.e., it is always included in the model photometric function at the pixel geometry.  We currently do not include the opposition surge when we “put back in” the photometric function at the reference geometry, but some users may want to do this)

f. Additional surface models:  Hillier (would make phohillier and lrowacpho redundant), Lumme-Bowell, Buratti roughness correction, Akimov, Shkuratov…

g. User mode (user provides a subroutine that is compiled as a plug-in and describes the desired photometric processing, an ISIS 2 capability but is it feasible and would it be used?)

h. Interactive version of program showing effect of processing when key parameters are adjusted (suggested in SSC)

i. …?

7) Port photometry helper programs from ISIS 2 and make consistent

a. Get coefficients for empirical models that mimic a given Hapke (or potentially other) model

i. pho_emp_global

ii. pho_emp_local

b. Estimate optical depth from image properties

i. shadow_tau

ii. shade_tau

Description of “empirical” models

They have been defined for Minnaert and lunar-Lambert (McEwen version) models, which normally have one “limb darkening” parameter K or L.  Empirical models have K or L as a specified function of phase angle AND have an overall brightness multiplier

(“phase curve”) as a function of phase angle.  (The brightness multiplier is, logically speaking, part of the non-empirical versions too, but it cancels out because it’s the same at the pixel geometry and reference geometry.)

In ISIS 2 this is implemented by having 3 lists for each empirical model:  list of phase angles, list of limb darkening parameter values, list of phase curve values.  The length of the lists (same for all 3) is also a parameter.

For non-atmosphere models, the use is straightforward.  Any time the photometric function is needed at a specific (pixel or reference) geometry, the tables are interpolated to get the limb darkening and phase curve at that phase, then the existing simple formulae are used.

For the atmosphere models, it is also necessary to compute two kinds of integrals of the surface photometric function: directional-hemispheric albedo, which is a single integral and a function (i.e., a table) of incidence angle, and hemispheric albedo, which is a double integral and thus a single number.  These albedos have to be evaluated numerically, not just for the empirical models but also for the Hapke model, so the code is already set up to evaluate them.  We just have to use the approach described above (interpolate the 2 tables to get parameters at each call to the photometric function) within the integrals.

ISIS 2 has utility programs pho_emp_global and pho_emp_global that take a set of Hapke parameters and output the best-fit limb darkening and phase curve values at a set of phase angles.  Unfortunately, these are formatted wrong and have to be reformatted to be used as input (DATAFILE) to photomet.  In ISIS 3 we’d like equivalent programs that output the information in the right format to be pasted directly into a template file.

Handling wavelength dependence

Desirements

1) As easy as possible to set up in the case where the user has a short list of wavelength bands to process

2) Flexible enough to handle hyperspectral processing with many bands

From this, I conclude that all the wavelength-dependent parameters should be stored as tables of values vs wavelength (i.e., with a matching list of wavelengths to which they apply) and that photomet should be able to both interpolate the tables to wavelengths in between (allowing hyperspectral use without having to have photometric parameters explicitly for every wavelength in the cube) and extrapolate (use end-most values for wavelengths outside the range covered…in particular, if there is only one wavelength in the table, use its values for all wavelengths in the cube).

Empirical photometric functions will unfortunately have to have a two-dimensional table (or list of lists) giving the limb darkening and phase curve as a function of both phase and wavelength.  Figuring out how best to handle this is one of the main design challenges.  The format of the template file should be as robust as possible so that a user can create one by using a text editor if necessary.  Aspects of robustness include not requiring a fixed format (so that it is not required to have placeholders for all the parameters of the different possible models, just the parameters that the user wants to use) and having some kind of clear punctuation so that tables of values and tables of tables can be entered with a reasonable chance of success.

One design consideration is whether to allow all of the different parameters in a template file to have the same number and list of wavelengths, or to handle each one separately.  The former makes the file smaller and simpler (the wavelength count and wavelength list only have to be given once) but I don’t think it’s acceptable.  A template for a given target might contain (say) a Hapke model from one source and a Minnaert  or empirical model from another source that provided information for different wavelengths.  I think we need to be able to mix and match.  Therefore, I think the template should probably have a wavelength count and wavelength list for each parameter or vector of parameters.

Photomet should be designed to use the wavelength dependencies efficiently.  It should probably start, before accessing any pixels, by setting up all the quantities it needs at the specific wavelengths recorded in the cube.  The quantities that need to be interpolated are:

· The parameter(s) for the specific surface photometric function chosen by the user.  This ranges from none (Lambert) to one (Minnaert, lunar-Lambert) to six (Hapke) to a set of tables vs phase (empirical) but the other models that may have data in the template file do not need to be interpolated.

· If an atmosphere mode is chosen, the parameters for the specific atmospheric model.

· If an atmospheric mode is chosen, the directional-hemispheric and hemispheric albedos.

Parameters in the UI and the template

My opinion is that the UI should contain all parameters that control the operation of the program.  This includes not only the files (FROM, TO, PHOPAR) and the trim parameters (MAXINCIDENCE, MAXEMISSION) but the mode and model types (NORMALIZATION, PHOTOMETRIC, ATMOSPHERIC).  Several “reference state” parameters also describe how the program is being used rather than the target properties, so should be in the UI (INCREF, THRESH, TAUREF, turning opposition effect on/off if this is implemented).  I have tentatively concluded that HGAREF, WHAREF, BHAREF should be eliminated to simplify the program (the reference values would just be the same as the entered parameters HGA, WHA, BHA, which is the current default behavior) unless users have use cases in which these parameters are needed.

The template file should be considered a description of photometric properties, not a command file for running the program (hence the removal of modes from it).  It should be OK to have quasi-redundant information in the template file, e.g., parameters for more than one photometric model as they apply to the same surface.  For example, we might know a Hapke model for Mars and also include empirical Minnaert and lunar-Lambert fits as well.  For another body we might have only a single Minnaert K parameter. The program ought to run as long as the template contains the parameters that are needed based on the choices made in the UI, and ignore everything else.

The parameter TAU may need special treatment.  It is a photometric parameter of the planet and potentially a function of wavelength, both of which are arguments for having it in the template file.  However, unlike the other parameters, TAU is highly variable and is never known in advance for a given image (except to the extent that we had in ISIS 2 some tools for estimating it…these need to be ported to ISIS 3).  Thus, it is desirable for the user to be able to re-run photomet repeatedly, changing the value of TAU with as little effort as possible in order to observe the results.

I can think of at least two ways to achieve some of this functionality, of which the second approach seems more realistic and thus desirable:

· The template can contain a table of TAU vs wavelength, but the UI also has a single TAU parameter.  If TAU is specified in the UI, it overwrites the template at all wavelengths.

· The template can contain a table of the relative variation of tau with wavelength (something that should be relatively stable for a given planet, unlike the absolute optical depth).  The UI has a TAU parameter that is multiplied by this set of relative values to get the values used.  If the template does not contain the table of relative tau values this would be handled the same way as if it contained a table with all values equal to 1.

ISIS 2 Photomet parameters (all in TAE, of course)

Potentially wavelength dependent parameters are italicized

(Files and mode)

FROM

SFROM

TO

GENMOD

PHOTODEM

PHOTOBACKP

Surface photometric params

FUNC

K


(Minnaert)

L


(Lunlam)

DATAFILE

(Empirical)

WH


(Hapke)

B0


“

HH


“

THETA


“

HG1


“ Henyey-Greenstein

HG2


“ Henyey-Greenstein

BH


“ Legendre

CH


“ Legendre

USARA


(User)

These could be separated as “Parameters for user mode”

OBJNAM


(User)

Atmospheric photometric params

ATMOS

TAU

TAUREF

WHA

WHAREF

BHA


(A1/A2)

BHAREF


(A1/A2)

HGA


(H1/H2)

HGAREF


(H1/H2)

HNORM

NULNEG

Parameters for trimming

INC

EMA

TRIMANG

CLAT

CLON

RLAT

RLON

Parameters for various modes

INCREF

INCMAT

(Mixed)

ALBEDO

THRESH

(Topo, mixed)

Parameters for Lunar mode

MOONOPT

D


(Moonopt=albedo)

E


“

F


“

G2


“

XMUL


“

WL


“

H


“

BSH1


“

XB1


“

ISIS 3 Photomet parameters 

Existing (Files and Trim)

FROM

TO

PHOPAR

MAXEMISSION

MAXINCIDENCE

ISIS 3 Photemplate parameters 

(Surface) Photometric model and parameters

PHOTOMETRIC
(=FUNC…2 lunlam versions, no Hapke Legendre)

THETA

WH

HG1

HG2

HH

B0

L

K

Normalization model (mode) and normalization parameters

NORMALIZATION

(=GENMOD)

INCREF

INCMAT


(Mixed)

THRESH


(Topo, mixed)

ALBEDO

D


(Moonalbedo)

E


“

F


“

G2


“

H


“

XMUL


“

Atmospheric model and parameters

ATMOSPHERIC
(=ATMOS)

NULNEG

TAU

TAUREF

HGA

HGAREF

WHA

WHAREF

BHA

BHAREF

HNORM

