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__init__ Module




IO Module

OSCAAR v2.0
Module for differential photometry

Developed by Brett Morris, 2011-2013


	
oscaar.IO.cd(a=None)[source]

	Change to a different directory than the current one.





	Parameters:	a : string


Location of the directory to change to.










Notes

If a is empty, this function will change to the parent directory.






	
oscaar.IO.cp(a, b)[source]

	Copy a file to another location.





	Parameters:	a : string


Path of the file to be copied.




b : string


Location where the file will be copied to.















	
oscaar.IO.load(inputPath)[source]

	Load everything from a oscaar.dataBank() object in a python pickle
using cPickle.





	Parameters:	inputPath : string


File location of an oscaar.dataBank() object to save into a pickle.







	Returns:	data : string


Path for the saved numpy-pickle.















	
oscaar.IO.parseRegionsFile(regsPath)[source]

	Parse a regions file for a set of data.





	Parameters:	regsPath : string


Location of the regions file to be parsed.







	Returns:	init_x_list : array


An array containing the x-values of the parsed file.




init_y_list : array


An array containing the y-values of the parsed file.















	
oscaar.IO.plottingSettings(trackPlots, photPlots, statusBar=True)[source]

	Description : Function for handling matplotlib figures
across OSCAAR methods.





	Parameters:	trackPlots : bool


Used to turn the astrometry plots on and off.




photPlots : bool


Used to turn the aperture photometry plots on and off.




statusBar : bool, optional


Used to turn the status bar on and off.







	Returns:	[fig, subplotsDimensions, photSubplotsOffset] : [figure, int, int]


An array with 3 things. The first is the figure object from
matplotlib that will be displayed while OSCAAR is running.
The second is the integer value that designates the x and y
dimensions of the subplots within the figure plot. The third
is the the number correlating to the location of the aperture
photometry plots, which depends on the values of trackPlots and
photPlots.




statusBarFig : figure


A figure object from matplotlib showing the status bar for
completion.




statusBarAx : figure.subplot


A subplot from a matplotlib figure object that represents what
is drawn.










Notes

This list returned by plottingSettings() should be stored to a variable,
and used as an argument in the phot() and trackSmooth() methods.






	
oscaar.IO.save(data, outputPath)[source]

	Save everything in oscaar.dataBank object <data> to a python pickle
using cPickle.





	Parameters:	data : string


File location of an oscaar.dataBank() object to save.




outputPath : string


Path to which the numpy-pickle will be saved.

















dataBank Module

oscaar v2.0
Module for differential photometry
Developed by Brett Morris, 2011-2013 & minor modifications by Luuk Visser


	
class oscaar.dataBank.dataBank(initParFilePath=None)[source]

	Methods for easily storing and accessing information from the entire
differential photometry process with OSCAAR.

Core Developer: Brett Morris

Methods


	
calcChiSq()[source]

	Calculate the  for the fluxes of each comparison star and the fluxes of the target star. This
metric can be used to suggest which comparison stars have similar overall trends to the target star.






	
calcChiSq_multirad(apertureRadiusIndex)[source]

	Calculate the  for the fluxes of each comparison star and the fluxes of the target star. This
metric can be used to suggest which comparison stars have similar overall trends to the target star.






	
calcMeanComparison(ccdGain=1)[source]

	Take the regression-weighted mean of some of the comparison stars
to produce one comparison star flux to compare to the target to
produce a light curve.

The comparison stars used are those whose chi-squareds calculated by
self.calcChiSq() are less than 2*sigma away from the other chi-squareds.
This condition removes outliers.






	
calcMeanComparison_multirad(ccdGain=1)[source]

	Take the regression-weighted mean of some of the comparison stars
to produce one comparison star flux to compare to the target to
produce a light curve.

The comparison stars used are those whose  are less than  away from the other :math:`$chi^2$`s.
This condition removes outlier comparison stars, which can be caused by intrinsic
variability, tracking inaccuracies, or other effects.






	
centroidInitialGuess(expNumber, star)[source]

	Gets called for each exposure. If called on the first exposure, it will return
the intial centroid guesses input by the DS9 regions file. If any other image
and only one regions file has been submitted, it will return the previous centroid
as the initial guess for subsequent exposures. If multiple regions files have been
submitted, it will return the initial guesses in those regions files when the image path
with index expNumber is equivalent to the path stored for that regions file’s
“Reference FITS image”.





	Parameters:	expNumber : int


The index of the exposure currently being analyzed. The image gets called
by its index from the list of image paths returned by getPaths().




star : str


The key from allStarsDict that corresponds to the star for which you’d
like a centroid initial guess.







	Returns:	est_x : float


Estimated centroid position of the star star along the x-axis of pixels for
exposure index expNumber




est_y : float


Estimated centroid position of the star star along the y-axis of pixels for
exposure index expNumber















	
computeLightCurve(meanComparisonStar, meanComparisonStarError)[source]

	Divide the target star flux by the mean comparison star to yield a light curve,
save the light curve into the dataBank object.

INPUTS: meanComparisonStar - The fluxes of the (one) mean comparison star

RETURNS: self.lightCurve - The target star divided by the mean comparison
star, i.e., the light curve.






	
computeLightCurve_multirad(meanComparisonStars, meanComparisonStarErrors)[source]

	Divide the target star flux by the mean comparison star to yield a light curve,
save the light curve into the dataBank object.





	Parameters:	meanComparisonStar : list


The fluxes of the (one) mean comparison star







	Returns:	self.lightCurves:


The fluxes of the target star divided by the fluxes of the mean comparison
star, i.e., the light curve




self.lightCurveErrors:


The propagated errors on each relative flux in self.lightCurves















	
czechETDstring(apertureRadiusIndex)[source]

	Returns a string containing the tab delimited light curve data for submission
to the Czech Astronomical Society’s Exoplanet Transit Database, for submission
here: http://var2.astro.cz/ETD/protocol.php





	Parameters:	apertureRadiusIndex : int


Index of the aperture radius from which to use for the light curve fluxes
and errors.















	
getAllChiSq()[source]

	Return :math:`$chi^2$`s for all stars






	
getAllFlags()[source]

	Return flags for all stars






	
getDict()[source]

	Return dictionary of all star data called ``allStarsDict`.






	
getErrors(star)[source]

	Return the errors for one star, where the star parameter is the key for the
star of interest.






	
getErrors_multirad(star, apertureRadiusIndex)[source]

	Return the errors for one star, where the star parameter is the key for the
star of interest.






	
getFlag(star)[source]

	Return the flag for the star with key star






	
getFluxes(star)[source]

	Return list of fluxes for the star with key star





	Parameters:	star : str


Key for the star from the allStarsDict dictionary







	Returns:	fluxes : list


List of fluxes for each aperture radius















	
getFluxes_multirad(star, apertureRadiusIndex)[source]

	Return the fluxes for one star, where the star parameter is the key for the
star of interest.






	
getKeys()[source]

	Return the keys for all of the stars






	
getMeanDarkFrame()[source]

	




	
getPaths()[source]

	Return the paths to the raw images to be used






	
getPhotonNoise()[source]

	Calculate photon noise using the lightCurve and the meanComparisonStar

RETURNS: self.photonNoise - The estimated photon noise limit






	
getScaledErrors(star)[source]

	Return the scaled fluxes for one star, where the star parameter is the
key for the star of interest.






	
getScaledErrors_multirad(star, apertureRadiusIndex)[source]

	Return the scaled errors for star and one aperture, where the star parameter is the
key for the star of interest.






	
getScaledFluxes(star)[source]

	Return the scaled fluxes for one star, where the star parameter is the
key for the star of interest.






	
getScaledFluxes_multirad(star, apertureRadiusIndex)[source]

	Return the scaled fluxes for star and one aperture, where the star parameter is the
key for the star of interest.






	
getTimes()[source]

	Return all times collected with dataBank.storeTime()






	
outOfTransit()[source]

	Boolean array where True are the times in getTimes() that are
before ingress or after egress.





	Returns:	List of bools










	
parseInit(initParFilePath=None)[source]

	Parses init.par, a plain text file that contains all of the running parameters
that control the differentialPhotometry.py script. init.par is written by
the OSCAAR GUI or can be edited directly by the user.





	Parameters:	initParFilePath : str


Optional full path to the init.par file to use for the data















	
parseRawRegionsList(rawRegionsList)[source]

	Split up the rawRegionsList, which should be in the format:

<first regions file>,<reference FITS file for the first regs file>;<second> regions file>,
<reference FITS file for the first regs file>;....

into a list of regions files and a list of FITS reference files.






	
parseRegionsFile(regPath)[source]

	Parses the regions files (.REG) created by DS9. These files are written in plain text, where
each circuluar region’s centroid and radius are logged in the form “circle(x-centroid,`y-centroid`,`radius`)”.
This method uses regular expressions to parse out the centroids.





	Parameters:	regPath : string


Path to the regions file to read







	Returns:	init_x_list : list


Initial estimates for the x-centroids




init_y_list : list


Initial estimates for the y-centroids















	
plot(pointsPerBin=10)[source]

	Produce a plot of the light curve, show it. Over-plot 10-point median binning
of the light curve.





	Parameters:	pointsPerBin : int, optional (default=10)


Integer number of points to accumulate per bin.















	
plotCentroidsTrace(pointsPerBin=10)[source]

	Plot all centroid positions for a particular aperture radius,
for each comparison star. The plot will be in (x,`y`) coordinates
to visualize the physical image drift (this is not a plot as a function
of time).





	Parameters:	pointsPerBin : int, optional (default=10)


Integer number of points to accumulate per bin.




apertureRadiusIndex : int, optional (default=0)


Index of the aperture radius list corresponding to the aperture radius
from which to produce the plot.















	
plotComparisonWeightings(apertureRadiusIndex=0)[source]

	Plot histograms visualizing the relative weightings of the comparison
stars used to produce the “mean comparison star”, from which the
light curve is calculated.





	Parameters:	apertureRadiusIndex : int, optional (default=0)


Index of the aperture radius list corresponding to the aperture radius
from which to produce the plot.















	
plotLightCurve(pointsPerBin=10, apertureRadiusIndex=0)[source]

	Produce a plot of the light curve, show it. Over-plot 10-point median binning
of the light curve.





	Parameters:	pointsPerBin : int, optional (default=10)


Integer number of points to accumulate per bin.




apertureRadiusIndex : int, optional (default=0)


Index of the aperture radius list corresponding to the aperture radius
from which to produce the plot.















	
plotLightCurve_multirad(pointsPerBin=10)[source]

	




	
plotRawFluxes(apertureRadiusIndex=0, pointsPerBin=10)[source]

	Plot all raw flux time series for a particular aperture radius,
for each comparison star.





	Parameters:	pointsPerBin : int, optional (default=10)


Integer number of points to accumulate per bin.




apertureRadiusIndex : int, optional (default=0)


Index of the aperture radius list corresponding to the aperture radius
from which to produce the plot.















	
plotScaledFluxes(apertureRadiusIndex=0, pointsPerBin=10)[source]

	Plot all scaled flux time series for a particular aperture radius,
for each comparison star.





	Parameters:	pointsPerBin : int, optional (default=10)


Integer number of points to accumulate per bin.




apertureRadiusIndex : int, optional (default=0)


Index of the aperture radius list corresponding to the aperture radius
from which to produce the plot.















	
scaleFluxes()[source]

	When all fluxes have been collected, run this to re-scale the fluxes of each
comparison star to the flux of the target star. Do the same transformation on the errors.






	
scaleFluxes_multirad()[source]

	When all fluxes have been collected, run this to re-scale the fluxes of each
comparison star to the flux of the target star. Do the same transformation on the errors.






	
setFlag(star, setting)[source]

	Set flag for star with key <star> to <setting> where
setting is a Boolean






	
storeCentroid(star, exposureNumber, xCentroid, yCentroid)[source]

	Store the centroid data collected by trackSmooth





	Parameters:	star : string


Key for the star for which the centroid has been measured




exposureNumber : int


Index of exposure being considered




xCentroid : float


x-centroid of the star




yCentroid : float


y-centroid of the star















	
storeFlux(star, exposureNumber, rawFlux, rawError)[source]

	
Store the flux and error data collected by phot






	Parameters:	star : string


Key for the star from the allStarsDict dictionary




exposureNumber : int


Index of exposure being considered




rawFlux : float


flux measured, to be stored




rawError : float


flux uncertainty measured, to be stored















	
storeFluxes(star, exposureNumber, rawFluxes, rawErrors)[source]

	Store the flux and error data collected by oscaar.phot()





	Parameters:	star : str


Key for the star from the allStarsDict dictionary




exposureNumber : int


Index of exposure being considered




rawFluxes : list of floats


flux measured, to be stored




rawErrors : list of floats


photon noise measured, to be stored















	
storeTime(expNumber)[source]

	Store the time in JD from the FITS header.
Parameters



	exposureNumber : string

	Index of exposure being considered











	
uncertaintyString()[source]

	



	Returns:	savestring : string


A string formatted for human-readable results from the MCMC process, with
the best-fit parameters and the  uncertainties















	
updateMCMC(bestp, allparams, acceptanceRate, dataBankPath, uncertainties)[source]

	Assigns variables within the dataBank object for the results of an MCMC run.





	Parameters:	bestp : list


Best-fit parameters from the MCMC run. The list elements correspond to [<ratio of planetary radius
to stellar radius>,<ratio of semi-major axis to stellar radius>,<inclination>,<mid-transit time>].




allparams : 2D matrix


This matrix represents the many “states”, “trails” or “links in the chain” that are accepted and saved
throughout the Metropolis-Hastings process in the MCMC scripts. From allparams we can calculate the
uncertainties on each best-fit parameter.




acceptanceRate : float


The final acceptance rate achieved by the chain; the ratio of the number of accepted states and the
number of states attempted




dataBankPath : string


Path to the dataBank object pickle (aka “OSCAAR pkl”) to update




uncertainties : list of lists


 uncertainties on each of the best-fit parameters in bestp





















differentialPhotometry Module




fitting Module


	
oscaar.fitting.fitLinearTrend(xVector, yVector)[source]

	Fit a line to the set {xVectorCropped,yVectorCropped}, then remove that linear trend
from the full set {xVector,yVector}






	
oscaar.fitting.get_uncertainties(param, bestFitParameter)[source]

	Find the uncertainties from a MCMC parameter chain.





	Parameters:	param : list


parameter chain from the completed MCMC algorithm




bestFitParam : float


the best-fit (chi-squared) minimizing value for the
parameter chain







	Returns:	[plus,minus] : list of floats


the upper and lower 1-sigma uncertainties on the best fit
parameter bestFitParameter















	
oscaar.fitting.linearFunc(xVector, params)[source]

	




	
oscaar.fitting.mcmc(t, flux, sigma, initParams, func, Nsteps, beta, saveInterval, verbose=False, loadingbar=True)[source]

	Markov Chain Monte Carlo routine for fitting. Takes a set of fluxes flux 
measured at times t with uncertainties sigma. Input fitting function func is fed
initial parameters initParams and iterated through the chains
a total of Nsteps times, randomly sampled from normal distributions
with widths beta, and every saveInterval-th state in the chain 
is saved for later analysis.





	Parameters:	t : list


times




flux : list


fluxes




sigma : list


uncertainties in fluxes




initParams : list


initial parameter estimates, x_0 in Ford 2005




func : function


fitting function




Nsteps : int


number of iterations




beta : list


widths of normal distribution to randomly sample for each parameter




saveInterval : int


number of steps between “saving” the accepted parameter in the chain.
Must satisfy Nsteps % saveInterval ==0.







	Returns:	bestp : list


parameters at minimum chi^2




x_0toN : array


trace of each parameter at each save step




acceptanceRate: float


the final acceptance rate of the chain













	[R1]	Eric Ford. “Quantifying the Uncertainty in the Orbits of Extrasolar Planets.” 
The Astronomical Journal, Volume 129, Issue 3, pp. 1706-1717. 2005.









	
oscaar.fitting.mcmc_iterate(t, flux, sigma, initParams, func, Nsteps, beta, saveInterval, verbose=False)[source]

	MCMC routine specifically for optimizing the beta parameters with the 
optimizeBeta() function.





	Parameters:	t : list



time





	flux : list

	fluxes



	sigma : list

	uncertainties in fluxes



	initParams : list 

	initial parameter estimates, x_0 in Ford 2005



	func : function 

	fitting function



	Nsteps : int

	number of steps to try in the chains



	beta : list

	widths of normal distribution to randomly sample for each parameter











	Returns:	acceptanceRateArray : list


Acceptance rates for each beta_mu













	[R2]	Eric Ford. “Quantifying the Uncertainty in the Orbits of Extrasolar Planets.” 
The Astronomical Journal, Volume 129, Issue 3, pp. 1706-1717. 2005.









	
class oscaar.fitting.mcmcfit(dataBankPath, initParams, initBeta, Nsteps, saveInterval, idealAcceptanceRate, burnFraction)[source]

	Methods


	
plot(num=0)[source]

	




	
run(updatepkl=False, apertureRadiusIndex=0)[source]

	Run the MCMC algorithms:





	Parameters:	updatepkl : bool, optional


update the OSCAAR save pkl file from which the data had
been loaded with the MCMC best fit parameters, parameter
chains, and acceptance rate.




apertureRadiusIndex : int, optional


Integer index of the aperture radius for which you’d like
to compute the MCMC fit, from the aperture 
radius range list



















	
oscaar.fitting.optimizeBeta(t, flux, sigma, initParams, func, beta, idealAcceptanceRate, plot=True)[source]

	The beta input parameters for the MCMC function determine the 
acceptance rate of the Metropolis-Hastings algorithm. According
to Ford 2005, the ideal acceptance rate is ~0.25 - ~0.44. This routine
is designed to take an initial guess for each of the beta parameters
and tweak them until they produce good acceptance rates for each parameter.
This is achieved by randomly perturbing each initial parameter with the small
perturbation by randomly sampling a normal distribution with a width given by
the initial beta vector beta. optimizeBeta() then tries running an MCMC chain
briefly to find the acceptance rate for that beta parameter. If the acceptance
rates are two high, for example, then the beta is too low, and optimizeBeta() 
will increase beta. This process continues until the beta vector produces
acceptance rates within 10% of the idealAcceptanceRate, which according to
Ford (2005) should be between 0.25-0.44.





	Parameters:	t : list


time




flux : list


fluxes




sigma : list


uncertainties in fluxes




initParams : list


initial parameter estimates, x_0 in Ford 2005




func : function


fitting function




beta : list


widths of normal distribution to randomly sample for each parameter




idealAcceptanceRate : float


desired acceptance rate to be produced by the optimized beta







	Returns:	beta : list


the beta vector optimized so that running a MCMC chain should produce
acceptance rates near idealAcceptanceRate (vector)













	[R3]	Eric Ford. “Quantifying the Uncertainty in the Orbits of Extrasolar Planets.” 
The Astronomical Journal, Volume 129, Issue 3, pp. 1706-1717. 2005.









	
oscaar.fitting.updatePKL(bestp, allparams, acceptanceRate, pklPath, uncertainties)[source]

	Load an OSCAAR pkl, add the MCMC parameters to the file, save it again.





	Parameters:	bestp : list


best-fit values for each parameter




allparams : array


2D array where each saved state of the chains is stored along one dimension,
for each fitting parameter (along the other)




acceptanceRate : float


the final acceptance rate acheived in the chain




pklPath : str


path to the pkl to overwrite.

















mathMethods Module

oscaar v2.0
Module for differential photometry

Developed by Brett Morris, 2011-2013


	
oscaar.mathMethods.chiSquared(vector1, vector2)[source]

	Return  (chi-squared) of two vectors






	
oscaar.mathMethods.medianBin(time, flux, medianWidth)[source]

	Produce median binning of a flux vector





	Parameters:	time : list or numpy.ndarray


List of times in time series




flux : list or numpy.ndarray


List of fluxes, one for each time in time vector




medianWidth : int


Width of each bin in units of data points







	Returns:	[binnedTime, binnedFlux, binnedStd] : [list, list, list]             or [numpy.ndarray, numpy.ndarray, numpy.ndarray]


The times, fluxes and uncertainties on each binned point,
where binnedTime is the time for each bin, binnedFlux
is the median flux in each bin, and binnedStd is the standard
deviation of the points within each bin















	
oscaar.mathMethods.regressionScale(comparisonFlux, targetFlux, time, ingress, egress, returncoeffs=False)[source]

	Use a least-squares regression to stretch and offset a comparison
star fluxes to scale them to the relative intensity of the target
star. Only do this regression considering the out-of-transit
portions of the light curve.





	Parameters:	comparisonFlux : numpy.ndarray


Flux of a comparison star




targetFlux : numpy.ndarray


Flux of the target star




time : numpy.ndarray


List of times for each flux measurement in JD




ingress : float


Time of ingress (JD, assuming time list is in JD)




egress : float


Time of egress (JD, assuming time list is in JD)







	Returns:	scaledVector : numpy.ndarray


Rescaled version of the comparisonFlux vector using the above
described process















	
oscaar.mathMethods.ut2jd(ut)[source]

	Convert times from Universal Time (UT) to Julian Date (JD)





	Parameters:	ut : string


Time in Universal Time (UT)







	Returns:	jd : float


Julian Date (JD)















	
oscaar.mathMethods.ut2jdSplitAtT(ut)[source]

	Convert times from Universal Time (UT) to Julian Date (JD), splitting
the date and time at the “T”





	Parameters:	ut : string


Time in Universal Time (UT)







	Returns:	jd : float


Julian Date (JD)

















oscaarGUI Module




other Module


	
oscaar.other.gd2jd(*date)[source]

	gd2jd.py converts a UT Gregorian date to Julian date.

Usage: gd2jd.py (2009, 02, 25, 01, 59, 59)

To get the current Julian date:
import time
gd2jd(time.gmtime())

Hours, minutesutes and/or seconds can be omitted – if so, they are
assumed to be zero.

Year and month are converted to type INT, but all others can be
type FLOAT (standard practice would suggest only the final element
of the date should be float)






	
oscaar.other.jd2gd(jd, returnString=False)[source]

	Task to convert a list of julian dates to gregorian dates
description at http://mathforum.org/library/drmath/view/51907.html
Original algorithm in Jean Meeus, “Astronomical Formulae for
Calculators”

2009-02-15 13:36 IJC: Converted to importable, callable function

Note from author: This script is buggy and reports Julian dates which are 
off by a day or two, depending on how far back you go. For example, 11 March 
1609 converted to JD will be off by two days. 20th and 21st century seem to 
be fine, though.

Note from Brett Morris: This conversion routine matches up to the “Numerical 
Recipes” in C version from 2010-2100 CE, so I think we’ll be ok for oscaar’s
purposes.






	
oscaar.other.overWriteCheck(filename, checkfiles, varcheck)[source]

	Checks to see if a particular file should be overwritten based on whether varcheck is on or off








photometry Module

oscaar v2.0 
Module for differential photometry
Developed by Brett Morris, 2011-2013


	
oscaar.photometry.multirad(image, xCentroid, yCentroid, apertureRadii, plottingThings, annulusOuterRadiusFactor=2.8, annulusInnerRadiusFactor=1.4, ccdGain=1, plots=False)[source]

	Method for aperture photometry.





	Parameters:	image : numpy.ndarray


FITS image opened with PyFITS




xCentroid : float


Stellar centroid along the x-axis (determined by trackSmooth or equivalent)




yCentroid : float


Stellar centroid along the y-axis (determined by trackSmooth or equivalent)




apertureRadii : list


List of aperture radii (floats) to feed to phot().




annulusInnerRadiusFactor : float


Measure the background for sky background subtraction fron an annulus from a factor of 
annulusInnerRadiusFactor bigger than the apertureRadius to one a factor annulusOuterRadiusFactor bigger.




annulusOuterRadiusFactor : float


Measure the background for sky background subtraction fron an annulus a factor of 
annulusInnerRadiusFactor bigger than the apertureRadius to one a factor annulusOuterRadiusFactor bigger.




ccdGain : float


Gain of your detector, used to calculate the photon noise




plots : bool


If `plots`=True, display plots showing the aperture radius and 
annulus radii overplotted on the image of the star







	Returns:	rawFlux : float


The background-subtracted flux measured within the aperture




rawError : float


The photon noise (limiting statistical) Poisson uncertainty on the measurement of rawFlux




errorFlag : bool



Boolean corresponding to whether or not any error occured when running oscaar.phot(). If an error occured, the flag is
True; otherwise False.




Core developer: Brett Morris (NASA-GSFC)















	
oscaar.photometry.phot(image, xCentroid, yCentroid, apertureRadius, plottingThings, annulusOuterRadiusFactor=2.8, annulusInnerRadiusFactor=1.4, ccdGain=1, plots=False)[source]

	Method for aperture photometry.





	Parameters:	image : numpy.ndarray


FITS image opened with PyFITS




xCentroid : float


Stellar centroid along the x-axis (determined by trackSmooth or equivalent)




yCentroid : float


Stellar centroid along the y-axis (determined by trackSmooth or equivalent)




apertureRadius : float


Radius in pixels from centroid to use for source aperture




annulusInnerRadiusFactor : float


Measure the background for sky background subtraction fron an annulus from a factor of 
annulusInnerRadiusFactor bigger than the apertureRadius to one a factor annulusOuterRadiusFactor bigger.




annulusOuterRadiusFactor : float


Measure the background for sky background subtraction fron an annulus a factor of 
annulusInnerRadiusFactor bigger than the apertureRadius to one a factor annulusOuterRadiusFactor bigger.




ccdGain : float


Gain of your detector, used to calculate the photon noise




plots : bool


If `plots`=True, display plots showing the aperture radius and 
annulus radii overplotted on the image of the star







	Returns:	rawFlux : float


The background-subtracted flux measured within the aperture




rawError : float


The photon noise (limiting statistical) Poisson uncertainty on the measurement of rawFlux




errorFlag : bool



Boolean corresponding to whether or not any error occured when running oscaar.phot(). If an error occured, the flag is
True; otherwise False.




Core developer: Brett Morris (NASA-GSFC)

















systematics Module


	
oscaar.systematics.meanDarkFrame(darksPath)[source]

	Returns the mean dark frame calculated from each dark frame in darksPath. If
there is only one file present in darksPath, use the dimensions of that image
to produce a dummy dark frame.





	Parameters:	darksPath : list of strings


Paths to the dark frames







	Returns:	The mean of the dark frames in darksPath












	
oscaar.systematics.standardFlatMaker(flatImagesPath, flatDarkImagesPath, masterFlatSavePath, plots=False)[source]

	Make a master flat by taking a mean of a group of flat fields





	Parameters:	flatImagesPath : string


Path to the flat field exposures




flatDarkImagesPath : string


Path to the flat field darks




masterFlatSavePath : string


Where to save the master flat that is created




plots : bool


Plot the master flat on completion when plots=True















	
oscaar.systematics.twilightFlatMaker(flatImagesPath, flatDarkImagesPath, masterFlatSavePath, plots=False)[source]

	Make a master flat using a series of images taken at twilight
by fitting the individual pixel intensities over time using least-squares
and use the intercept as the normalizing factor in the master flat.





	Parameters:	flatImagesPath : string


Path to the flat field exposures




flatDarkImagesPath : string


Path to the flat field darks




masterFlatSavePath : string


Where to save the master flat that is created




plots : bool


Plot the master flat on completion when plots=True

















timeConversions Module


	
oscaar.timeConversions.dateobs2jd(ut)[source]

	Convert times from Universal Time (UT) to Julian Date (JD), splitting the date and time at the “T”.





	Parameters:	ut : string


Time in Universial Time (UT), in the format: “<YYYY:MM:DD>T<HH:MM:SS>”







	Returns:	jd : float


Julian Date (JD)















	
oscaar.timeConversions.findKeyword(fitsFile)[source]

	



	Parameters:	fitsfile : string


Path to a FITS file







	Returns:	(useKeyword, allKeys, conversionFunction) : tuple


where 
- useKeyword is the FITS header keyword that should be used to find
the time of the exposure, 
- allKeys is the list of all header keywords in the first exposure
- conversionFunction is a function that will convert the time value stored in 
the keyword denoted by useKeyword to Julian Date















	
oscaar.timeConversions.jd2jd(jd)[source]

	




	
oscaar.timeConversions.mjd2jd(mjd)[source]

	Converts Modified Julian Date to Julian Date. Definition of Modified Julian Date (MJD): MJD = JD - 2400000.5





	Parameters:	mjd : float


The Modified Julian Date







	Returns:	jd : float


, the corresponding ordinary Julian Date

















transitModel Module

transitModel.py defines the function occultquad(), which 
loads the C library containing the function of the same 
name so that analytical transit light curves can be 
produced in python by passing pythonic arguments to the C code.


	
oscaar.transitModel.ellipe(k)[source]

	Computes polynomial approximation for the complete elliptic integral of the second kind (Hasting’s approximation)






	
oscaar.transitModel.ellipk(k)[source]

	Computes polynomial approximation for the complete elliptic integral of the first kind (Hasting’s approximation):






	
oscaar.transitModel.ellippi(n, k)[source]

	Computes the complete elliptical integral of the third kind using the algorithm of Bulirsch (1965)






	
oscaar.transitModel.occultquad(t, modelParams)[source]

	
Calculates the analytical transit light curve for a planet occulting a star, according to the formalism
of Mandel & Agol (2002) [R4].






	Parameters:	t : list or numpy.ndarray



List of the times sampled in Julian Date





	modelParams : list

	List of the planetary system parameters, in the following order: 
- : Ratio of the radius of the planet to the radius of the star
- : Ratio of the semi-major axis to the radius of the star
- : Orbital period
- : Limb-darkening coefficient, linear
- : Limb-darkening coefficient, quadratic
- : Eccentricity
- longPericenter: Longitude of pericenter
- : Mid-transit time (JD)











	Returns:	F : numpy.ndarray



Relative fluxes at each time of the time vector t







	[R4]	Mandel & Agol. “Analytic Light Curvesfrom glob import glob









for Planetary Transit Searches”.


The Astrophysical Journal, Volume 580, Issue 2, pp. L171-L175. 2002.
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astrometry Package


trackSmooth Module

oscaar v2.0 
Module for differential photometry
Developed by Brett Morris, 2011-2013


	
oscaar.astrometry.trackSmooth.quadraticFit(derivative, ext)[source]

	Find an extremum in the data and use it and the points on either side, fit
a quadratic function to the three points, and return the x-position of the 
apex of the best-fit parabola.

Called by oscaar.trackSmooth()





	Parameters:	derivative : numpy.ndarray


The first derivative of the series of points, usually calculated by np.diff()




ext : string


Extremum to look find. May be either “max” or “min”







	Returns:	extremum : float


The (non-integer) index where the extremum was found















	
oscaar.astrometry.trackSmooth.trackSmooth(image, est_x, est_y, smoothingConst, plottingThings, preCropped=False, zoom=20.0, plots=False)[source]

	Method for tracking stellar centroids.





	Parameters:	image : numpy.ndarray



FITS image read in by PyFITS





	est_x : float

	Inital estimate for the x-centroid of the star



	est_y : float

	Inital estimate for the y-centroid of the star



	smoothingConstant : float

	Controls the degree to which the raw stellar intensity profile will be smoothed by a Gaussian filter (0 = no smoothing)



	preCropped : bool

	If preCropped=False, image is assumed to be a raw image, if preCropped=True, image is assumed to be only the 
portion of the image near the star



	zoom : int or float

	How many pixels in each direction away from the estimated centroid to consider when tracking the centroid. Be 
sure to choose a large enough zoom value the stellar centroid in the next exposure will fit within the zoom



	plots : bool

	If plots=True, display stellar intensity profile in two axes and the centroid solution











	Returns:	xCenter : float




The best-fit x-centroid of the star





	yCenter : float

	The best-fit y-centroid of the star



	averageRadius : float

	Average radius of the SMOOTHED star in pixels



	errorFlag : bool

	Boolean corresponding to whether or not any error occured when running oscaar.trackSmooth(). If an 
error occured, the flag is True; otherwise False.








Core developer: Brett Morris
Modifications by: Luuk Visser, 2-12-2013




















          

      

      

    


    
         Copyright 2013, Brett M. Morris and the OSCAAR Team.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	OSCAAR 2.0beta documentation 

          	oscaar 

          	oscaar Package 
 
      

    


    
      
          
            
  
c Package


setup Module
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extras Package


Subpackages



	eph Package
	EphGUI Module

	calculateEphemerides Module

	ephemeris Module

	runEphemerisGenerator Module





	knownSystemParameters Package
	getLatestParams Module

	returnSystemParams Module
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eph Package


EphGUI Module




calculateEphemerides Module

Ephemeris calculating tool that uses transit data from exoplanets.org
and astrometric calculations by PyEphem to tell you what transits you’ll
be able to observe from your observatory in the near future.

Exoplanets.org citation: Wright et al.2011
http://arxiv.org/pdf/1012.5676v3.pdf

Core developer: Brett Morris


	
oscaar.extras.eph.calculateEphemerides.calculateEphemerides(parFile)[source]

	



	INPUTS:	





parFile  –       path to the parameter file






	
oscaar.extras.eph.calculateEphemerides.gd2jd(*date)[source]

	gd2jd.py converts a UT Gregorian date to Julian date.


Usage: gd2jd.py (2009, 02, 25, 01, 59, 59)

To get the current Julian date:
import time
gd2jd(time.gmtime())

Hours, minutesutes and/or seconds can be omitted – if so, they are
assumed to be zero.

Year and month are converted to type INT, but all others can be
type FLOAT (standard practice would suggest only the final element
of the date should be float)









	
oscaar.extras.eph.calculateEphemerides.jd2gd(jd, returnString=False)[source]

	Task to convert a list of julian dates to gregorian dates
description at http://mathforum.org/library/drmath/view/51907.html
Original algorithm in Jean Meeus, “Astronomical Formulae for
Calculators”

2009-02-15 13:36 IJC: Converted to importable, callable function

Note from author: This script is buggy and reports Julian dates which are 
off by a day or two, depending on how far back you go. For example, 11 March 
1609 converted to JD will be off by two days. 20th and 21st century seem to 
be fine, though.

Note from Brett Morris: This conversion routine matches up to the “Numerical 
Recipes” in C version from 2010-2100 CE, so I think we’ll be ok for oscaar’s
purposes.








ephemeris Module

Created on Feb 19, 2013

methods for calculating ephemerides

@author: bmmorris


	
class oscaar.extras.eph.ephemeris.eph(startSem, endSem)[source]

	Methods


	
IDdoubleEclipses(axis, color='k', ls='-')[source]

	Identify nights with two well separated transits






	
IDdoubleTransits(axis, color='k', ls='-')[source]

	Identify nights with two well separated transits






	
IDdoubles(axis, color='k', ls='-')[source]

	




	
addStar(name, Tc, pmTc, P, pmP, V, K)[source]

	




	
getAllKmags()[source]

	




	
getAllVmags()[source]

	




	
getKmag(star)[source]

	




	
getMidE(star)[source]

	




	
getMidT(star)[source]

	




	
getVmag(star)[source]

	




	
midEclipse(Tc, pmTc, P, pmP, name)[source]

	




	
midTransit(Tc, pmTc, P, pmP, name)[source]

	




	
plotEclipses(axis, format, alphaSetting, showLabels=False, showMags=False, yOffset=0.0)[source]

	




	
plotTransits(axis, format, alphaSetting, scaleSize=False, showLabels=False, showMags=False, yOffset=0.0)[source]

	








	
oscaar.extras.eph.ephemeris.gd2jd(*date)[source]

	gd2jd.py converts a UT Gregorian date to Julian date.

Usage: gd2jd.py (2009, 02, 25, 01, 59, 59)

To get the current Julian date:
import time
gd2jd(time.gmtime())

Hours, minutesutes and/or seconds can be omitted – if so, they are
assumed to be zero.

Year and month are converted to type INT, but all others can be
type FLOAT (standard practice would suggest only the final element
of the date should be float)






	
oscaar.extras.eph.ephemeris.jd2gd(jd, returnString=False)[source]

	Task to convert a list of julian dates to gregorian dates
description at http://mathforum.org/library/drmath/view/51907.html
Original algorithm in Jean Meeus, “Astronomical Formulae for
Calculators”

2009-02-15 13:36 IJC: Converted to importable, callable function

Note from author: This script is buggy and reports Julian dates which are 
off by a day or two, depending on how far back you go. For example, 11 March 
1609 converted to JD will be off by two days. 20th and 21st century seem to 
be fine, though.








runEphemerisGenerator Module

This tool generates custom transit and/or eclipse ephemerides
for your observatory and the dates you choose. You can also choose
a limiting target star magnitude (V) so that you don’t get a list 
flooded by targets that are too dim to observe at your with your
equipment. Similarly, you can choose a lower limit on the transit
depths, so that you’ll generate a calendar of events that you’ll
be able to produce observe with decent signal/noise.

The exoplanet data are loaded from exoplanets.org, so please run 
this script while connected to the internet so that you can have
the most up-to-date exoplanet data.

Core developer: Brett Morris (NASA GSFC)
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knownSystemParameters Package


getLatestParams Module


	
oscaar.extras.knownSystemParameters.getLatestParams.downloadAndPickle()[source]

	




	
oscaar.extras.knownSystemParameters.getLatestParams.internet_connected()[source]

	If internet connection is available, return True.








returnSystemParams Module


	
oscaar.extras.knownSystemParameters.returnSystemParams.RpOverRs(planet)[source]

	Ratio of planet radius to stellar radius, derived from transit depth since depth=(Rp/Rs)^2






	
oscaar.extras.knownSystemParameters.returnSystemParams.aOverRs(planet)[source]

	Returns semimajor axis over stellar radius (a/Rs)






	
oscaar.extras.knownSystemParameters.returnSystemParams.depth(planet)[source]

	Transit depth = (Rp/Rs)^2






	
oscaar.extras.knownSystemParameters.returnSystemParams.eccentricity(planet)[source]

	




	
oscaar.extras.knownSystemParameters.returnSystemParams.epoch(planet)[source]

	Tc at mid-transit. Units:  days






	
oscaar.extras.knownSystemParameters.returnSystemParams.inclination(planet)[source]

	




	
oscaar.extras.knownSystemParameters.returnSystemParams.period(planet)[source]

	Units:  days






	
oscaar.extras.knownSystemParameters.returnSystemParams.transiterParams(planet)[source]

	Return accepted values for the fitting routine
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import numpy as np
import pyfits
from matplotlib import pyplot as plt

[docs]def meanDarkFrame(darksPath):
    '''
    Returns the mean dark frame calculated from each dark frame in `darksPath`. If
    there is only one file present in `darksPath`, use the dimensions of that image
    to produce a dummy dark frame. 

    Parameters
    ----------
    darksPath : list of strings
        Paths to the dark frames
            
    Returns
    -------
        The mean of the dark frames in `darksPath`

    '''
    sumOfDarks = np.zeros_like(pyfits.getdata(darksPath[0]))
    
    N_exposures = len(darksPath)
    for i in xrange(N_exposures):
        sumOfDarks += pyfits.getdata(darksPath[i])
    meanOfDarks = sumOfDarks/len(darksPath)
    return meanOfDarks


[docs]def standardFlatMaker(flatImagesPath,flatDarkImagesPath,masterFlatSavePath,plots=False):
    '''Make a master flat by taking a mean of a group of flat fields
    
    Parameters
    ----------
    flatImagesPath : string
        Path to the flat field exposures

    flatDarkImagesPath : string
        Path to the flat field darks
    
    masterFlatSavePath : string
        Where to save the master flat that is created
    
    plots : bool
        Plot the master flat on completion when plots=True
    '''

    ## Create zero array with the dimensions of the first image for the flat field
    [dim1, dim2] = np.shape(pyfits.open(flatImagesPath[0])[0].data)
    flatSum = np.zeros([dim1, dim2])

    ## Create N-dimensional array for N dark frames, where the first 
    ##    two dimensions are the dimensions of the first image
    darks = np.zeros([len(flatDarkImagesPath),dim1,dim2])

    ## Take mean of all darks
    for i in range(0,len(flatDarkImagesPath)):
        darks[i,:,:] = pyfits.open(flatDarkImagesPath[i])[0].data
    dark = np.mean(darks,axis=0)

    ## Sum up all flat fields, subtract mean dark frame from each flat
    for flatImage in flatImagesPath:
        flatSum += pyfits.open(flatImage)[0].data - dark
    ## Divide the summed flat fields by their mean to obtain a flat frame
    masterFlat = flatSum/np.mean(flatSum)

    masterFlat[masterFlat == 0] += np.finfo(np.float).eps 	## If pixel is 0, make it just above zero

    if plots:
        ## If plots == True, plot the resulting master flat
        fig = plt.figure()
        a = plt.imshow(masterFlat,interpolation='nearest')
        a.set_cmap('gray')
        plt.title('Normalized Master Flat Field')
        fig.colorbar(a)
        fig.canvas.set_window_title('oscaar2.0 - Master Flat') 
        plt.show()

    ## Write out a FITS file
    #np.save(masterFlatSavePath+'.npy',masterFlat)
    if masterFlatSavePath.lower().endswith('.fits') or masterFlatSavePath.lower().endswith('.fit'):
        pyfits.writeto(masterFlatSavePath,masterFlat)
    else: 
        pyfits.writeto(masterFlatSavePath+'.fits',masterFlat)

        
[docs]def twilightFlatMaker(flatImagesPath,flatDarkImagesPath,masterFlatSavePath,plots=False):
    '''
    Make a master flat using a series of images taken at twilight
    by fitting the individual pixel intensities over time using least-squares
    and use the intercept as the normalizing factor in the master flat.
    
    Parameters
	---------- 
    flatImagesPath : string
        Path to the flat field exposures

    flatDarkImagesPath : string
        Path to the flat field darks
    
    masterFlatSavePath : string
        Where to save the master flat that is created
    
    plots : bool
        Plot the master flat on completion when plots=True
    '''
    ## Create zero array with the dimensions of the first image for the flat field
    [dim1, dim2] = np.shape(pyfits.getdata(flatImagesPath[0]))
    flatSum = np.zeros([dim1, dim2])

    ## Create N-dimensional array for N dark frames, where the first 
    ##    two dimensions are the dimensions of the first image
    darks = np.zeros([len(flatDarkImagesPath),dim1,dim2])

    ## Take mean of all darks
    for i in range(0,len(flatDarkImagesPath)):
        darks[i,:,:] = pyfits.getdata(flatDarkImagesPath[i])
    dark = np.mean(darks,axis=0)

    ## Create N-dimensional array for N flat frames, where the first 
    ##    two dimensions are the dimensions of the first image
    flats = np.zeros([len(flatImagesPath),dim1,dim2])

    ## Assemble data cube of flats
    for i in range(0,len(flatImagesPath)):
        flats[i,:,:] = pyfits.getdata(flatImagesPath[i]) - dark

    def linearFitIntercept(x,y):
        '''Use least-squares to find the best-fit y-intercept '''
        return np.linalg.lstsq(np.vstack([x,np.ones(len(x))]).T,y)[0][1] ## Returns intercept

    flat = np.zeros([dim1,dim2])
    for i in range(0,dim1):
        print 'Master flat computing step:',i+1,'of',dim1
        for j in range(0,dim2):
            flat[i,j] = linearFitIntercept(range(len(flats[:,i,j])),flats[:,i,j])

    masterFlat = flat/np.mean(flat)

    if plots:
        ## If plots == True, plot the resulting master flat
        fig = plt.figure()
        a = plt.imshow(masterFlat,interpolation='nearest')
        a.set_cmap('gray')
        plt.title('Normalized Master Flat Field')
        fig.colorbar(a)
        fig.canvas.set_window_title('oscaar2.0 - Master Flat') 
        plt.show()

    ## Write out both a Numpy pickle (.NPY) and a FITS file
    np.save(masterFlatSavePath+'.npy',masterFlat)
    pyfits.writeto(masterFlatSavePath+'.fits',masterFlat)
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  Source code for oscaar.IO

"""
OSCAAR v2.0
Module for differential photometry

Developed by Brett Morris, 2011-2013
"""

from glob import glob
from re import split
import cPickle
from shutil import copy
import os

from matplotlib import pyplot as plt


[docs]def cd(a=None):
    """
    Change to a different directory than the current one.

    Parameters
    ----------
    a : string
        Location of the directory to change to.

    Notes
    -----
    If `a` is empty, this function will change to the parent directory.
    """

    if a is None:
        os.chdir(os.pardir)
    else:
        os.chdir(str(a))



[docs]def cp(a, b):
    """
    Copy a file to another location.

    Parameters
    ----------
    a : string
        Path of the file to be copied.
    b : string
        Location where the file will be copied to.
    """

    copy(str(a), str(b))



[docs]def parseRegionsFile(regsPath):
    """
    Parse a regions file for a set of data.

    Parameters
    ----------
    regsPath : string
        Location of the regions file to be parsed.

    Returns
    -------
    init_x_list : array
        An array containing the x-values of the parsed file.
    init_y_list : array
        An array containing the y-values of the parsed file.
    """

    regionsData = open(regsPath, 'r').read().splitlines()
    init_x_list = []
    init_y_list = []
    for i in range(0, len(regionsData)):
        if regionsData[i][0:6] == 'circle':
            y, x = split("\,", split("\(", regionsData[i])[1])[0:2]
            init_y_list.append(float(y))
            init_x_list.append(float(x))
    return init_x_list, init_y_list



[docs]def save(data, outputPath):
    """
    Save everything in oscaar.dataBank object <data> to a python pickle
    using cPickle.

    Parameters
    ----------
    data : string
        File location of an oscaar.dataBank() object to save.
    outputPath : string
        Path to which the numpy-pickle will be saved.
    """

    # Over-write check
    if glob(outputPath) > 0 \
            or glob(outputPath+os.sep+'oscaarDataBase.pkl') > 0 \
            or glob(outputPath+'.pkl') > 0:
        print 'WARNING: could potentially overwrite the most recent oscaarDataBase.pkl'

    if outputPath.endswith('.pkl') or outputPath.endswith('.PKL'):
        outputName = outputPath
    elif outputPath[-1] == os.sep:
        outputName = outputPath+'oscaarDataBase.pkl'
    else:
        outputName = outputPath+'.pkl'

    # cPickle can not save functions, so delete the function data.convertToJD
    # before saving the object data
    try:
        del data.convertToJD
    except:
        pass

    output = open(outputName, 'wb')
    cPickle.dump(data, output)
    output.close()



[docs]def load(inputPath):
    """
    Load everything from a oscaar.dataBank() object in a python pickle
    using cPickle.

    Parameters
    ----------
    inputPath : string
        File location of an oscaar.dataBank() object to save into a pickle.

    Returns
    -------
    data : string
        Path for the saved numpy-pickle.
    """

    inputFile = open(inputPath, 'rb')
    data = cPickle.load(inputFile)
    inputFile.close()
    return data



[docs]def plottingSettings(trackPlots, photPlots, statusBar=True):
    """
    **Description :** Function for handling matplotlib figures
    across OSCAAR methods.

    Parameters
    ----------
    trackPlots : bool
        Used to turn the astrometry plots on and off.

    photPlots : bool
        Used to turn the aperture photometry plots on and off.

    statusBar : bool, optional
        Used to turn the status bar on and off.

    Returns
    -------
    [fig, subplotsDimensions, photSubplotsOffset] : [figure, int, int]
        An array with 3 things. The first is the figure object from
        matplotlib that will be displayed while OSCAAR is running.
        The second is the integer value that designates the x and y
        dimensions of the subplots within the figure plot. The third
        is the the number correlating to the location of the aperture
        photometry plots, which depends on the values of trackPlots and
        photPlots.
    statusBarFig : figure
        A figure object from matplotlib showing the status bar for
        completion.
    statusBarAx : figure.subplot
        A subplot from a matplotlib figure object that represents what
        is drawn.

    Notes
    -----
    This list returned by plottingSettings() should be stored to a variable,
    and used as an argument in the phot() and trackSmooth() methods.
    """

    if trackPlots or photPlots:
        plt.ion()
        statusBarFig = 0
        statusBarAx = 0
    if trackPlots and photPlots:
        fig = plt.figure(num=None, figsize=(18, 3), facecolor='w', edgecolor='k')
        fig.subplots_adjust(wspace=0.5)
        subplotsDimensions = 140
        photSubplotsOffset = 3
        statusSubplotOffset = 6
        statusBarAx = None
        fig.canvas.set_window_title('oscaar2.0')
    elif photPlots and not trackPlots:
        fig = plt.figure(num=None, figsize=(5, 5), facecolor='w', edgecolor='k')
        fig.subplots_adjust(wspace=0.5)
        subplotsDimensions = 110
        photSubplotsOffset = 0
        statusSubplotOffset = 2
        statusBarAx = None
        fig.canvas.set_window_title('oscaar2.0')
    elif trackPlots and not photPlots:
        fig = plt.figure(num=None, figsize=(13.5, 4), facecolor='w', edgecolor='k')
        fig.subplots_adjust(wspace=0.5)
        subplotsDimensions = 130
        photSubplotsOffset = 0
        statusSubplotOffset = 5
        statusBarAx = None
        fig.canvas.set_window_title('oscaar2.0')
    elif not trackPlots and not photPlots:
        statusBarFig = plt.figure(num=None, figsize=(5, 2), facecolor='w', edgecolor='k')
        statusBarFig.canvas.set_window_title('oscaar2.0')
        statusBarAx = statusBarFig.add_subplot(111, aspect=10)
        statusBarAx.set_title('oscaar2.0 is running...')
        statusBarAx.set_xlim([0, 100])
        statusBarAx.set_xlabel('Percent Complete (%)')
        statusBarAx.get_yaxis().set_ticks([])
        subplotsDimensions = 111
        photSubplotsOffset = 0
        fig = 0
        subplotsDimensions = 0
        photSubplotsOffset = 0
    return [fig, subplotsDimensions, photSubplotsOffset], statusBarFig, statusBarAx
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  OSCAAR 2.0 BETA


OSCAAR is the Open Source differential photometry
Code for Accelerating Amateur Research, or Open
Source differential photometry Code for Amateur
Astronomical Research, or various other rotating
alternative fun acronyms.


OSCAAR is a differential photometry package
written in Python created by Brett M. Morris
(NASA GSFC/UMD). Among other things, OSCAAR’s
mission to bring easily readable yet powerful
photometry code to inexperienced programmers via
user-friendly GUIs, and also to provide a modular,
object-oriented scaffolding upon which custom
photometry pipelines can be developed by advanced
coders.



		Dependencies: Python 2.7, NumPy, SciPy, matplotlib,


		pyFITS, wxPython (and optionally PyEphem)





For details in installation, check out the INSTALL
file in this directory.


For a detailed introduction to OSCAAR, tutorials and
more visit the OSCAAR wiki:
https://github.com/OSCAAR/OSCAAR/wiki


For more on dependencies visit:
https://github.com/OSCAAR/OSCAAR/wiki/Dependencies


OSCAAR is distributed under the MIT License, see the
LICENSE file in this directory.
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  Source code for oscaar.dataBank

'''oscaar v2.0
    Module for differential photometry
    Developed by Brett Morris, 2011-2013 & minor modifications by Luuk Visser
    '''
import numpy as np
import pyfits
from matplotlib import pyplot as plt
from scipy import optimize
from glob import glob

import os
import re
import oscaar
import mathMethods
import sys
import systematics
oscaarpath = os.path.dirname(os.path.abspath(oscaar.__file__))
oscaarpathplus = os.path.join(oscaarpath,'extras')

[docs]class dataBank:
    '''
    Methods for easily storing and accessing information from the entire
    differential photometry process with OSCAAR.

    Core Developer: Brett Morris
    '''
    def __init__(self, initParFilePath=None):
        """
        Get the inital guesses for the initial centroids of the stars from the DS9 regions file,
        create dictionaries in which to store all of the data collected for each star, and for each
        aperture radius. Allocate the memory for these arrays wherever possible. Parse the init.par
        file to grab the paths and initial parameters for the run.

        Parameters
        ----------
        initParFilePath : str
            Optional full path to the init.par file to use for the data

        """

        self.dict = {}
        self.parseInit(initParFilePath)

        self.flatPath = self.dict["flatPath"]
        self.rawRegionsList = self.dict["regPaths"]
        self.ingress = self.dict["ingress"]
        self.egress = self.dict["egress"]
        self.apertureRadii = self.dict["apertureRadius"]
        self.trackingZoom = self.dict["trackingZoom"]
        self.ccdGain = self.dict["ccdGain"]
        self.trackPlots = self.dict["trackPlots"]
        self.photPlots = self.dict["photPlots"]
        self.smoothConst = self.dict ["smoothConst"]
        self.darksPath = self.dict["darksPath"]
        self.imagesPaths = self.dict["imagesPaths"]
        self.timeKeyword = self.dict["timeKeyword"]

        if self.timeKeyword == 'JD':
            # Since we're trying to convert to JD, use a dummy lambda function
            self.convertToJD = lambda x: x
        elif self.timeKeyword == 'DATE-OBS':
            self.convertToJD = mathMethods.ut2jdSplitAtT
        #if not hasattr(sys, 'real_prefix'):
        #    assert len(self.imagesPaths) > 1, 'Must have at least two data images'

        if not hasattr(sys, 'real_prefix'):
            self.masterFlat = np.ones_like(pyfits.getdata(self.imagesPaths[0]))
        elif self.flatPath != '':
            self.masterFlat = pyfits.getdata(self.flatPath)
            self.masterFlatPath = self.flatPath
        elif self.flatPath == '':
            self.masterFlat = np.ones_like(pyfits.getdata(self.imagesPaths[0]))

        self.allStarsDict = {}

        self.regionsFileList, self.regionsFITSrefsList = self.parseRawRegionsList(self.rawRegionsList)
        init_x_list,init_y_list = self.parseRegionsFile(self.regionsFileList[0])
        zeroArray = np.zeros_like(self.imagesPaths,dtype=np.float32)
        self.times = np.zeros_like(self.imagesPaths,dtype=np.float64)
        self.keys = []
        self.targetKey = '000'

        Nradii = len(self.apertureRadii)

        for i in range(0,len(init_x_list)):

            self.allStarsDict[str(i).zfill(3)] = {'x-pos':np.copy(zeroArray), 'y-pos':np.copy(zeroArray),\
                'rawFlux':[np.copy(zeroArray) for j in range(Nradii)], 'rawError':[np.copy(zeroArray) for j in range(Nradii)],'flag':False,\
                'scaledFlux':[np.copy(zeroArray) for j in range(Nradii)], 'scaledError':[np.copy(zeroArray) for j in range(Nradii)], 'chisq':np.zeros_like(self.apertureRadii)}
            self.allStarsDict[str(i).zfill(3)]['x-pos'][0] = init_x_list[i]
            self.allStarsDict[str(i).zfill(3)]['y-pos'][0] = init_y_list[i]
            self.keys.append(str(i).zfill(3))

[docs]    def getDict(self):
        '''Return dictionary of all star data called ``allStarsDict`.'''
        return self.allStarsDict


[docs]    def getMeanDarkFrame(self):
        if type(self.darksPath) == str and self.darksPath == "":
            return np.zeros_like(pyfits.getdata(self.imagesPaths[0]))
        else:
            # Else it will be a list of strings
            return systematics.meanDarkFrame(self.darksPath)


[docs]    def centroidInitialGuess(self,expNumber,star):
        '''
        Gets called for each exposure. If called on the first exposure, it will return
        the intial centroid guesses input by the DS9 regions file. If any other image
        and only one regions file has been submitted, it will return the previous centroid
        as the initial guess for subsequent exposures. If multiple regions files have been
        submitted, it will return the initial guesses in those regions files when the image path
        with index ``expNumber`` is equivalent to the path stored for that regions file's
        "Reference FITS image".

        Parameters
        ----------
        expNumber : int
            The index of the exposure currently being analyzed. The image gets called
            by its index from the list of image paths returned by getPaths().
        star : str
            The key from ``allStarsDict`` that corresponds to the star for which you'd
            like a centroid initial guess.

        Returns
        -------
        est_x : float
            Estimated centroid position of the star ``star`` along the *x*-axis of pixels for
            exposure index ``expNumber``

        est_y : float
            Estimated centroid position of the star ``star`` along the *y*-axis of pixels for
            exposure index ``expNumber``
        '''
        if expNumber == 0:
            est_x = self.allStarsDict[star]['x-pos'][0]  ## Use DS9 regions file's estimate for the
            est_y = self.allStarsDict[star]['y-pos'][0]  ##    stellar centroid for the first exposure
        elif self.imagesPaths[expNumber] in self.regionsFITSrefsList:
            refIndex = self.regionsFITSrefsList.index(self.imagesPaths[expNumber])
            init_x_list, init_y_list = self.parseRegionsFile(self.regionsFileList[refIndex])
            est_x = init_x_list[int(star)]
            est_y = init_y_list[int(star)]
        else:
            est_x = self.allStarsDict[star]['x-pos'][expNumber-1]    ## All other exposures use the
            est_y = self.allStarsDict[star]['y-pos'][expNumber-1]    ##    previous exposure centroid as estimate
        return est_x, est_y


[docs]    def storeCentroid(self,star,exposureNumber,xCentroid,yCentroid):
        '''
		Store the centroid data collected by `trackSmooth`

		Parameters
		----------
		star : string
			Key for the star for which the centroid has been measured

		exposureNumber : int
			Index of exposure being considered

		xCentroid : float
			*x*-centroid of the star

		yCentroid : float
			*y*-centroid of the star
        '''
        self.allStarsDict[star]['x-pos'][exposureNumber] = xCentroid
        self.allStarsDict[star]['y-pos'][exposureNumber] = yCentroid


[docs]    def storeFlux(self,star,exposureNumber,rawFlux,rawError):
        '''
		Store the flux and error data collected by `phot`

        Parameters
        ----------
        star : string
            Key for the star from the ``allStarsDict`` dictionary

        exposureNumber : int
            Index of exposure being considered

        rawFlux : float
            flux measured, to be stored

        rawError : float
            flux uncertainty measured, to be stored
        '''
        self.allStarsDict[star]['rawFlux'][exposureNumber] = rawFlux
        self.allStarsDict[star]['rawError'][exposureNumber] = rawError

[docs]    def storeFluxes(self,star,exposureNumber,rawFluxes,rawErrors):
        '''
        Store the flux and error data collected by oscaar.phot()

        Parameters
        ----------
        star : str
            Key for the star from the `allStarsDict` dictionary

        exposureNumber : int
            Index of exposure being considered

        rawFluxes : list of floats
            flux measured, to be stored

        rawErrors : list of floats
            photon noise measured, to be stored
        '''
        for apertureRadiusIndex in range(len(self.apertureRadii)):
            self.allStarsDict[star]['rawFlux'][apertureRadiusIndex][exposureNumber] = rawFluxes[apertureRadiusIndex]
            self.allStarsDict[star]['rawError'][apertureRadiusIndex][exposureNumber] = rawErrors[apertureRadiusIndex]


[docs]    def getPaths(self):
        '''Return the paths to the raw images to be used'''
        return self.imagesPaths


[docs]    def getFluxes(self,star):
        '''
        Return list of fluxes for the star with key ``star``

        Parameters
        ----------
        star : str
            Key for the star from the ``allStarsDict`` dictionary

        Returns
		-------
        fluxes : list
            List of fluxes for each aperture radius
        '''
        return self.allStarsDict[star]['rawFlux']


[docs]    def getErrors(self,star):
        '''Return the errors for one star, where the star parameter is the key for the
            star of interest.'''
        return self.allStarsDict[star]['rawError']


[docs]    def storeTime(self,expNumber):
        '''
        Store the time in JD from the FITS header.
        Parameters
		----------
		exposureNumber : string
			Index of exposure being considered

        '''
        #try:
        timeStamp = pyfits.getheader(self.getPaths()[expNumber])[self.timeKeyword]
        #except KeyError:
        #    print 'Input Error: The Exposure Time Keyword indicated in observatory.par is not a valid key: ',self.timeKeyword
        #finally:
        self.times[expNumber] = self.convertToJD(timeStamp)


[docs]    def getTimes(self):
        '''Return all times collected with dataBank.storeTime()'''
        return self.times


[docs]    def getFlag(self,star):
        '''Return the flag for the star with key `star` '''
        return self.allStarsDict[star]['flag']


[docs]    def getAllFlags(self):
        '''Return flags for all stars'''
        flags = []
        for star in self.allStarsDict:
            flags.append(self.allStarsDict[star]['flag'])
        self.flags = flags
        return flags


[docs]    def setFlag(self,star,setting):
        '''Set flag for star with key <star> to <setting> where
            setting is a Boolean'''
        self.allStarsDict[star]['flag'] = setting


[docs]    def getKeys(self):
        '''Return the keys for all of the stars'''
        return self.keys


[docs]    def scaleFluxes(self):
        '''
        When all fluxes have been collected, run this to re-scale the fluxes of each
        comparison star to the flux of the target star. Do the same transformation on the errors.
        '''
        for star in self.allStarsDict:
            if star != self.targetKey:
                self.allStarsDict[star]['scaledFlux'], m = mathMethods.regressionScale(self.getFluxes(star),self.getFluxes(self.targetKey),self.getTimes(),self.ingress,self.egress,returncoeffs=True)
                print m
                self.allStarsDict[star]['scaledError'] = np.abs(m)*self.getErrors(star)
            if star == self.targetKey:    ## (Keep the target star the same)
                self.allStarsDict[star]['scaledFlux'] = self.allStarsDict[star]['rawFlux']
                self.allStarsDict[star]['scaledError'] = self.allStarsDict[star]['rawError']



[docs]    def getFluxes_multirad(self,star,apertureRadiusIndex):
        '''Return the fluxes for one star, where the star parameter is the key for the
            star of interest.'''
        return self.allStarsDict[star]['rawFlux'][apertureRadiusIndex]


[docs]    def getErrors_multirad(self,star,apertureRadiusIndex):
        '''Return the errors for one star, where the star parameter is the key for the
            star of interest.'''
        return self.allStarsDict[star]['rawError'][apertureRadiusIndex]


[docs]    def scaleFluxes_multirad(self):
        '''
            When all fluxes have been collected, run this to re-scale the fluxes of each
            comparison star to the flux of the target star. Do the same transformation on the errors.
            '''
        for star in self.allStarsDict:
            for apertureRadiusIndex in range(len(self.apertureRadii)):
                if star != self.targetKey:
                    print self.getFluxes_multirad(star,apertureRadiusIndex)[0]
                    self.allStarsDict[star]['scaledFlux'][apertureRadiusIndex], m = mathMethods.regressionScale(self.getFluxes_multirad(star,apertureRadiusIndex),self.getFluxes_multirad(self.targetKey,apertureRadiusIndex),self.getTimes(),self.ingress,self.egress,returncoeffs=True)
                    #print m
                    self.allStarsDict[star]['scaledError'][apertureRadiusIndex] = np.abs(m)*self.getErrors_multirad(star,apertureRadiusIndex)
                if star == self.targetKey:    ## (Keep the target star the same)
                    self.allStarsDict[star]['scaledFlux'][apertureRadiusIndex] = self.allStarsDict[star]['rawFlux'][apertureRadiusIndex]
                    self.allStarsDict[star]['scaledError'][apertureRadiusIndex] = self.allStarsDict[star]['rawError'][apertureRadiusIndex]



[docs]    def getScaledFluxes(self,star):
        '''Return the scaled fluxes for one star, where the star parameter is the
            key for the star of interest.'''
        return np.array(self.allStarsDict[star]['scaledFlux'])


[docs]    def getScaledErrors(self,star):
        '''Return the scaled fluxes for one star, where the star parameter is the
            key for the star of interest.'''
        return np.array(self.allStarsDict[star]['scaledError'])


[docs]    def getScaledFluxes_multirad(self,star,apertureRadiusIndex):
        '''Return the scaled fluxes for star and one aperture, where the star parameter is the
            key for the star of interest.'''
        return np.array(self.allStarsDict[star]['scaledFlux'][apertureRadiusIndex])


[docs]    def getScaledErrors_multirad(self,star,apertureRadiusIndex):
        '''Return the scaled errors for star and one aperture, where the star parameter is the
            key for the star of interest.'''
        return np.array(self.allStarsDict[star]['scaledError'][apertureRadiusIndex])


[docs]    def calcChiSq(self):
        """
        Calculate the :math:`$\chi^2$` for the fluxes of each comparison star and the fluxes of the target star. This
        metric can be used to suggest which comparison stars have similar overall trends to the target star.
        """
        for star in self.allStarsDict:
            self.allStarsDict[star]['chisq'] = mathMethods.chiSquared(self.getFluxes(self.targetKey),self.getFluxes(star))
        chisq = []
        for star in self.allStarsDict:
            chisq.append(self.allStarsDict[star]['chisq'])
        self.chisq = np.array(chisq)
        self.meanChisq = np.mean(chisq)
        self.stdChisq = np.std(chisq)


[docs]    def calcChiSq_multirad(self,apertureRadiusIndex):
        """
        Calculate the :math:`$\chi^2$` for the fluxes of each comparison star and the fluxes of the target star. This
        metric can be used to suggest which comparison stars have similar overall trends to the target star.
        """
        for star in self.allStarsDict:
            print self.getFluxes_multirad(self.targetKey,apertureRadiusIndex),self.getFluxes_multirad(star,apertureRadiusIndex)
            self.allStarsDict[star]['chisq'][apertureRadiusIndex] = mathMethods.chiSquared(self.getFluxes_multirad(self.targetKey,apertureRadiusIndex),self.getFluxes_multirad(star,apertureRadiusIndex))
        chisq = []
        for star in self.allStarsDict:
            chisq.append(self.allStarsDict[star]['chisq'][apertureRadiusIndex])
        self.chisq = np.array(chisq)
        self.meanChisq = np.mean(chisq)
        self.stdChisq = np.std(chisq)


[docs]    def calcMeanComparison_multirad(self,ccdGain=1):
        """
        Take the regression-weighted mean of some of the comparison stars
        to produce one comparison star flux to compare to the target to
        produce a light curve.

        The comparison stars used are those whose :math:`$\chi^2$`s calculated by
        `calcChiSq()` are less than :math:`$2\sigma$` away from the other :math:`$\chi^2$`s.
        This condition removes outlier comparison stars, which can be caused by intrinsic
        variability, tracking inaccuracies, or other effects.
        """
        self.meanComparisonStars = []
        self.meanComparisonStarErrors = []
        self.comparisonStarWeights = []

        for apertureRadiusIndex in range(len(self.apertureRadii)):
            ## Check whether chi-squared has been calculated already. If not, compute it.
            chisq = []
            for star in self.allStarsDict: chisq.append(self.allStarsDict[star]['chisq'])
            chisq = np.array(chisq)
            #if all(chisq == 0): self.calcChiSq_multirad(apertureRadiusIndex)
            if (chisq==0).all(): self.calcChiSq_multirad(apertureRadiusIndex)
            ## Begin regression technique
            numCompStars =  len(self.allStarsDict) - 1
            targetFullLength = len(self.getScaledFluxes_multirad(self.targetKey,apertureRadiusIndex))
            print "Aperture rad:", apertureRadiusIndex
            print "Target raw flux:",self.getFluxes_multirad(self.targetKey,apertureRadiusIndex)
            print "Target scaled flux:",self.getScaledFluxes_multirad(self.targetKey,apertureRadiusIndex)
            target = self.getFluxes_multirad(self.targetKey,apertureRadiusIndex)[self.outOfTransit()]
            compStars = np.zeros([targetFullLength,numCompStars])
            compStarsOOT = np.zeros([len(target),numCompStars])
            compErrors = np.copy(compStars)
            columnCounter = 0
            acceptedCompStarKeys = []
            compStarKeys = []
            for star in self.allStarsDict:
                if star != self.targetKey and (np.abs(self.meanChisq - self.allStarsDict[star]['chisq']) < 2*self.stdChisq).any():
                    compStars[:,columnCounter] = self.getScaledFluxes_multirad(star,apertureRadiusIndex).astype(np.float64)
                    compStarsOOT[:,columnCounter] = self.getScaledFluxes_multirad(star,apertureRadiusIndex)[self.outOfTransit()].astype(np.float64)
                    compErrors[:,columnCounter] = self.getScaledErrors_multirad(star,apertureRadiusIndex).astype(np.float64)
                    compStarKeys.append(int(star))
                    columnCounter += 1
                elif star != self.targetKey and (np.abs(self.meanChisq - self.allStarsDict[star]['chisq']) > 2*self.stdChisq):
                    print 'Star '+str(star)+' excluded from regression'
                    compStarKeys.append(int(star))
                    columnCounter += 1
            initP = np.zeros([numCompStars])+ 1./numCompStars
            def errfunc(p,target):
                if all(p >=0.0): return np.dot(p,compStarsOOT.T) - target ## Find only positive coefficients
            #return np.dot(p,compStarsOOT.T) - target

            bestFitP = optimize.leastsq(errfunc,initP[:],args=(target.astype(np.float64)),maxfev=10000000,epsfcn=np.finfo(np.float32).eps)[0]
            print '\nBest fit regression coefficients:',bestFitP
            print 'Default weight:',1./numCompStars

            self.comparisonStarWeights_i = np.vstack([compStarKeys,bestFitP])
            self.meanComparisonStar = np.dot(bestFitP,compStars.T)
            self.meanComparisonStarError = np.sqrt(np.dot(bestFitP**2,compErrors.T**2))
            self.meanComparisonStars.append(self.meanComparisonStar)
            self.meanComparisonStarErrors.append(self.meanComparisonStarError)
            self.comparisonStarWeights.append(self.comparisonStarWeights_i)
        return self.meanComparisonStars, self.meanComparisonStarErrors


[docs]    def getAllChiSq(self):
        """
        Return :math:`$\chi^2$`s for all stars
        """
        return self.chisq


[docs]    def outOfTransit(self):
        """
        Boolean array where `True` are the times in `getTimes()` that are
        before ingress or after egress.

        Returns
        -------
            List of bools

        """
        return (self.getTimes() < self.ingress) + (self.getTimes() > self.egress)


[docs]    def calcMeanComparison(self,ccdGain=1):
        """
        Take the regression-weighted mean of some of the comparison stars
        to produce one comparison star flux to compare to the target to
        produce a light curve.

        The comparison stars used are those whose chi-squareds calculated by
        self.calcChiSq() are less than 2*sigma away from the other chi-squareds.
        This condition removes outliers.
        """

        ## Check whether chi-squared has been calculated already. If not, compute it.
        chisq = []
        for star in self.allStarsDict: chisq.append(self.allStarsDict[star]['chisq'])
        chisq = np.array(chisq)
        if all(chisq == 0): self.calcChiSq()

        ## Begin regression technique
        numCompStars =  len(self.allStarsDict) - 1
        targetFullLength = len(self.getScaledFluxes(self.targetKey))
        target = self.getFluxes(self.targetKey)[self.outOfTransit()]
        compStars = np.zeros([targetFullLength,numCompStars])
        compStarsOOT = np.zeros([len(target),numCompStars])
        compErrors = np.copy(compStars)
        columnCounter = 0
        compStarKeys = []
        for star in self.allStarsDict:
            if star != self.targetKey and (np.abs(self.meanChisq - self.allStarsDict[star]['chisq']) < 2*self.stdChisq):
                compStars[:,columnCounter] = self.getScaledFluxes(star).astype(np.float64)
                compStarsOOT[:,columnCounter] = self.getScaledFluxes(star)[self.outOfTransit()].astype(np.float64)
                compErrors[:,columnCounter] = self.getScaledErrors(star).astype(np.float64)
                compStarKeys.append(int(star))
                columnCounter += 1
            elif star != self.targetKey and (np.abs(self.meanChisq - self.allStarsDict[star]['chisq']) > 2*self.stdChisq):
                print 'Star '+str(star)+' excluded from regression'
                compStarKeys.append(int(star))
                columnCounter += 1
        initP = np.zeros([numCompStars])+ 1./numCompStars
        def errfunc(p,target):
            if all(p >=0.0): return np.dot(p,compStarsOOT.T) - target ## Find only positive coefficients
        #return np.dot(p,compStarsOOT.T) - target

        bestFitP = optimize.leastsq(errfunc,initP[:],args=(target.astype(np.float64)),maxfev=10000000,epsfcn=np.finfo(np.float32).eps)[0]
        print '\nBest fit regression coefficients:',bestFitP
        print 'Default weight:',1./numCompStars

        self.comparisonStarWeights = np.vstack([compStarKeys,bestFitP])
        self.meanComparisonStar = np.dot(bestFitP,compStars.T)
        self.meanComparisonStarError = np.sqrt(np.dot(bestFitP**2,compErrors.T**2))
        return self.meanComparisonStar, self.meanComparisonStarError



[docs]    def computeLightCurve(self,meanComparisonStar,meanComparisonStarError):
        '''
        Divide the target star flux by the mean comparison star to yield a light curve,
        save the light curve into the dataBank object.

        INPUTS: meanComparisonStar - The fluxes of the (one) mean comparison star

        RETURNS: self.lightCurve - The target star divided by the mean comparison
        star, i.e., the light curve.
        '''
        self.lightCurve = self.getFluxes(self.targetKey)/meanComparisonStar
        self.lightCurveError = np.sqrt(self.lightCurve**2 * ( (self.getErrors(self.targetKey)/self.getFluxes(self.targetKey))**2 + (meanComparisonStarError/meanComparisonStar)**2 ))
        return self.lightCurve, self.lightCurveError


[docs]    def computeLightCurve_multirad(self,meanComparisonStars,meanComparisonStarErrors):
        '''
        Divide the target star flux by the mean comparison star to yield a light curve,
        save the light curve into the `dataBank` object.

        Parameters
        ----------
        meanComparisonStar : list
            The fluxes of the (one) mean comparison star

        Returns
        -------
        self.lightCurves:
            The fluxes of the target star divided by the fluxes of the mean comparison
            star, i.e., the light curve

        self.lightCurveErrors:
            The propagated errors on each relative flux in `self.lightCurves`

        '''
        self.lightCurves = []
        self.lightCurveErrors = []
        for apertureRadiusIndex in range(len(self.apertureRadii)):
            lightCurve = self.getFluxes_multirad(self.targetKey,apertureRadiusIndex)/meanComparisonStars[apertureRadiusIndex]
            self.lightCurves.append(lightCurve)
            self.lightCurveErrors.append(np.sqrt(lightCurve**2 * ( (self.getErrors_multirad(self.targetKey,apertureRadiusIndex)/self.getFluxes_multirad(self.targetKey,apertureRadiusIndex))**2 +\
                                         (meanComparisonStarErrors[apertureRadiusIndex]/meanComparisonStars[apertureRadiusIndex])**2 )))
        return self.lightCurves, self.lightCurveErrors


[docs]    def getPhotonNoise(self):
        '''
        Calculate photon noise using the lightCurve and the meanComparisonStar

        RETURNS: self.photonNoise - The estimated photon noise limit
        '''
        self.photonNoise = self.lightCurve*self.meanComparisonStarError
        return self.photonNoise


[docs]    def parseInit(self, initParFilePath=None):
        """
        Parses `init.par`, a plain text file that contains all of the running parameters
        that control the `differentialPhotometry.py` script. `init.par` is written by
        the OSCAAR GUI or can be edited directly by the user.

        Parameters
        ----------
        initParFilePath : str
            Optional full path to the init.par file to use for the data


        """

        if initParFilePath is None:
            init = open(os.path.join(
                os.path.dirname(os.path.abspath(oscaar.__file__)),
                'init.par'), 'r').read().splitlines()
        else:
            if os.path.exists(initParFilePath):
                init = open(os.path.abspath(initParFilePath), 'r').read().splitlines()
            else:
                raise ValueError, (
                    "PAR file {0} cannot be found.".format(initParFilePath))

        for line in init:
            if len(line.split()) > 1:
                inline = line.split(':', 1)
                name = inline[0].strip()
                value = str(inline[1].strip())
                list = [("Path to Master-Flat Frame", "flatPath"),
                        ("Path to Regions File", "regPaths"),
                        ("Ingress", "ingress"), ("Egress", "egress"),
                        ("Radius", "apertureRadius"), ("Tracking Zoom", "trackingZoom"),
                        ("CCD Gain", "ccdGain"), ("Plot Tracking", "trackPlots"),
                        ("Plot Photometry", "photPlots"), ("Smoothing Constant", "smoothConst"),
                        ("Output Path","outputPath"), ("Path to Dark Frames", "darksPath"),
                        ("Path to Data Images", "imagesPaths"), ("Exposure Time Keyword", "timeKeyword")]

                for string,save in list:
                    if string == name:
                        #if name == "Smoothing Constant" or name == "Radius" or name == "Tracking Zoom" or name == "CCD Gain":
                        if name == "Smoothing Constant" or name == "Tracking Zoom" or name == "CCD Gain":
                            self.dict[save] = float(value)
                        elif name == "Ingress" or name == "Egress":
                            self.dict[save] = mathMethods.ut2jd(value)
                        elif name == "Plot Photometry" or name == "Plot Tracking":
                            if value == "on":
                                self.dict[save] = True
                            else:
                                self.dict[save] = False
                        elif name == "Path to Dark Frames" or name == "Path to Data Images":
                            value = inline[1].strip()
                            if len(glob(value)) > 0:
                                self.dict[save] = np.sort(glob(value))
                            elif value == "":
                                self.dict[save] = ""
                            else:
                                tempArr = []
                                for path in str(inline[1]).split(','):
                                    path = path.strip()
                                    path = os.path.join(oscaarpathplus,os.path.abspath(path))
                                    tempArr.append(path)
                                self.dict[save] = np.sort(tempArr)

                        elif name == "Radius":
                            if len(value.split(',')) == 3:
                                ## If multiple aperture radii are requested by dictating the range, enumerate the range:
                                apertureRadiusMin, apertureRadiusMax, apertureRadiusStep = map(float,value.split(','))

                                if (apertureRadiusMax-apertureRadiusMin) % apertureRadiusStep == 0:
                                    apertureRadii = np.arange(apertureRadiusMin, apertureRadiusMax+apertureRadiusStep, apertureRadiusStep)
                                else:
                                    apertureRadii = np.arange(apertureRadiusMin, apertureRadiusMax, apertureRadiusStep)

                                self.dict[save] = apertureRadii
                            elif len(value.split(',')) == 1:
                                ## If only one aperture radius is requested, make a list with only that one element
                                self.dict[save] = [float(value)]
                            else:
                                self.dict[save] = [float(i) for i in value.split(',')]

                        elif name == "Output Path":
                            self.outputPath = os.path.join(oscaarpathplus,os.path.abspath(value))
                        else:
                            self.dict[save] = value


[docs]    def parseRegionsFile(self,regPath):
        """
        Parses the regions files (.REG) created by DS9. These files are written in plain text, where
        each circuluar region's centroid and radius are logged in the form "circle(`x-centroid`,`y-centroid`,`radius`)".
        This method uses regular expressions to parse out the centroids.

        Parameters
        ----------
        regPath : string
            Path to the regions file to read

        Returns
        -------
        init_x_list : list
            Initial estimates for the x-centroids

        init_y_list : list
            Initial estimates for the y-centroids
        """
        regionsData = open(regPath,'r').read().splitlines()
        init_x_list = []
        init_y_list = []
        for i in range(0,len(regionsData)):
            if regionsData[i][0:6] == 'circle':
                y,x = re.split("\,",re.split("\(",regionsData[i])[1])[0:2]
                init_y_list.append(float(y))
                init_x_list.append(float(x))
        return init_x_list,init_y_list


[docs]    def parseRawRegionsList(self,rawRegionsList):
        """
        Split up the `rawRegionsList`, which should be in the format:

        <first regions file>,<reference FITS file for the first regs file>;<second> regions file>,
        <reference FITS file for the first regs file>;....

        into a list of regions files and a list of FITS reference files.
        """
        regionsFiles = []
        refFITSFiles = []

        for pair in rawRegionsList.split(';'):
            if len(pair.split(",")) == 2:
                regionsFile, refFITSFile = pair.split(',')
                regionsFiles.append(regionsFile)
                refFITSFiles.append(refFITSFile)

        return regionsFiles, refFITSFiles



[docs]    def plot(self,pointsPerBin=10):
        """
        Produce a plot of the light curve, show it. Over-plot 10-point median binning
        of the light curve.

        Parameters
        ----------
        pointsPerBin : int, optional (default=10)
            Integer number of points to accumulate per bin.
        """
        plt.close()
        times = self.getTimes()
        meanComparisonStar, meanComparisonStarError = self.calcMeanComparison(ccdGain = self.ccdGain)
        lightCurve, lightCurveErr = self.computeLightCurve(meanComparisonStar, meanComparisonStarError)
        binnedTime, binnedFlux, binnedStd = mathMethods.medianBin(times,lightCurve,pointsPerBin)

        fig = plt.figure(num=None, figsize=(10, 8), facecolor='w',edgecolor='k')
        fig.canvas.set_window_title('OSCAAR')
        axis = fig.add_subplot(111)
        def format_coord(x, y):
            '''Function to give data value on mouse over plot.'''
            return 'JD=%1.5f, Flux=%1.4f' % (x, y)
        axis.format_coord = format_coord
        axis.errorbar(times,lightCurve,yerr=lightCurveErr,fmt='k.',ecolor='gray')
        axis.errorbar(binnedTime, binnedFlux, yerr=binnedStd, fmt='rs-', linewidth=2)
        axis.axvline(ymin=0,ymax=1,x=self.ingress,color='k',ls=':')
        axis.axvline(ymin=0,ymax=1,x=self.egress,color='k',ls=':')
        axis.set_title('Light Curve')
        axis.set_xlabel('Time (JD)')
        axis.set_ylabel('Relative Flux')
        plt.ioff()
        plt.show()


[docs]    def plotLightCurve(self,pointsPerBin=10,apertureRadiusIndex=0):
        """
        Produce a plot of the light curve, show it. Over-plot 10-point median binning
        of the light curve.

        Parameters
        ----------
        pointsPerBin : int, optional (default=10)
            Integer number of points to accumulate per bin.

        apertureRadiusIndex : int, optional (default=0)
            Index of the aperture radius list corresponding to the aperture radius
            from which to produce the plot.

        """
        binnedTime, binnedFlux, binnedStd = mathMethods.medianBin(self.times,self.lightCurves[apertureRadiusIndex],pointsPerBin)

        fig = plt.figure(num=None, figsize=(10, 8), facecolor='w',edgecolor='k')
        fig.canvas.set_window_title('OSCAAR')
        axis = fig.add_subplot(111)
        def format_coord(x, y):
            '''Function to give data value on mouse over plot.'''
            return 'JD=%1.5f, Flux=%1.4f' % (x, y)
        axis.format_coord = format_coord
        axis.errorbar(self.times,self.lightCurves[apertureRadiusIndex],yerr=self.lightCurveErrors[apertureRadiusIndex],fmt='k.',ecolor='gray')
        axis.errorbar(binnedTime, binnedFlux, yerr=binnedStd, fmt='rs-', linewidth=2)
        axis.axvline(ymin=0,ymax=1,x=self.ingress,color='k',ls=':')
        axis.axvline(ymin=0,ymax=1,x=self.egress,color='k',ls=':')
        axis.set_title(('Light curve for aperture radius %s' % self.apertureRadii[apertureRadiusIndex]))
        axis.set_xlabel('Time (JD)')
        axis.set_ylabel('Relative Flux')
        plt.ioff()
        plt.show()


[docs]    def plotRawFluxes(self,apertureRadiusIndex=0,pointsPerBin=10):
        """
        Plot all raw flux time series for a particular aperture radius,
        for each comparison star.

        Parameters
        ----------
        pointsPerBin : int, optional (default=10)
            Integer number of points to accumulate per bin.

        apertureRadiusIndex : int, optional (default=0)
            Index of the aperture radius list corresponding to the aperture radius
            from which to produce the plot.

        """
        plt.ion()
        fig = plt.figure(num=None, figsize=(10, 8), facecolor='w',edgecolor='k')
        fig.canvas.set_window_title('OSCAAR')
        axis = fig.add_subplot(111)
        def format_coord(x, y):
            '''Function to give data value on mouse over plot.'''
            return 'JD=%1.5f, Flux=%1.4f' % (x, y)
        axis.format_coord = format_coord
        for star in self.allStarsDict:
            axis.errorbar(self.times,self.allStarsDict[star]['rawFlux'][apertureRadiusIndex],yerr=self.allStarsDict[star]['rawError'][apertureRadiusIndex],fmt='o')

        axis.axvline(ymin=0,ymax=1,x=self.ingress,color='k',ls=':')
        axis.axvline(ymin=0,ymax=1,x=self.egress,color='k',ls=':')
        axis.set_title(('Raw fluxes for aperture radius %s' % self.apertureRadii[apertureRadiusIndex]))
        axis.set_xlabel('Time (JD)')
        axis.set_ylabel('Counts')
        plt.ioff()
        plt.show()



[docs]    def plotScaledFluxes(self,apertureRadiusIndex=0,pointsPerBin=10):
        """
        Plot all scaled flux time series for a particular aperture radius,
        for each comparison star.

        Parameters
        ----------
        pointsPerBin : int, optional (default=10)
            Integer number of points to accumulate per bin.

        apertureRadiusIndex : int, optional (default=0)
            Index of the aperture radius list corresponding to the aperture radius
            from which to produce the plot.

        """
        plt.ion()
        fig = plt.figure(num=None, figsize=(10, 8), facecolor='w',edgecolor='k')
        fig.canvas.set_window_title('OSCAAR')
        axis = fig.add_subplot(111)
        def format_coord(x, y):
            '''Function to give data value on mouse over plot.'''
            return 'JD=%1.5f, Flux=%1.4f' % (x, y)
        axis.format_coord = format_coord
        for star in self.allStarsDict:
            axis.errorbar(self.times,self.allStarsDict[star]['scaledFlux'][apertureRadiusIndex],yerr=self.allStarsDict[star]['scaledError'][apertureRadiusIndex],fmt='o')

        axis.axvline(ymin=0,ymax=1,x=self.ingress,color='k',ls=':')
        axis.axvline(ymin=0,ymax=1,x=self.egress,color='k',ls=':')
        axis.set_title(('Scaled fluxes for aperture radius: %s' % self.apertureRadii[apertureRadiusIndex]))
        axis.set_xlabel('Time (JD)')
        axis.set_ylabel('Counts')
        plt.ioff()
        plt.show()


[docs]    def plotCentroidsTrace(self,pointsPerBin=10):
        """
        Plot all centroid positions for a particular aperture radius,
        for each comparison star. The plot will be in (`x`,`y`) coordinates
        to visualize the physical image drift (this is not a plot as a function
        of time).

        Parameters
        ----------
        pointsPerBin : int, optional (default=10)
            Integer number of points to accumulate per bin.

        apertureRadiusIndex : int, optional (default=0)
            Index of the aperture radius list corresponding to the aperture radius
            from which to produce the plot.

        """

        fig = plt.figure(num=None, figsize=(10, 8), facecolor='w',edgecolor='k')
        fig.canvas.set_window_title('OSCAAR')
        axis = fig.add_subplot(111)
        def format_coord(x, y):
            '''Function to give data value on mouse over plot.'''
            return 'JD=%1.5f, Flux=%1.4f' % (x, y)
        axis.format_coord = format_coord
        for star in self.allStarsDict:
            axis.plot(self.allStarsDict[star]['y-pos'],self.allStarsDict[star]['x-pos'])

        axis.set_title('Tracing Stellar Centroids')
        axis.set_xlabel('X')
        axis.set_ylabel('Y')
        plt.ioff()
        plt.show()


[docs]    def plotComparisonWeightings(self, apertureRadiusIndex=0):
        """
        Plot histograms visualizing the relative weightings of the comparison
        stars used to produce the "mean comparison star", from which the
        light curve is calculated.

        Parameters
        ----------
        apertureRadiusIndex : int, optional (default=0)
            Index of the aperture radius list corresponding to the aperture radius
            from which to produce the plot.

        """
        plt.ion()
        weights = self.comparisonStarWeights[apertureRadiusIndex]
        weights = np.sort(weights,axis=1)
        width = 0.5
        indices = weights[0,:]
        coefficients = weights[1,:]
        fig = plt.figure(num=None, figsize=(10, 8), facecolor='w',edgecolor='k')
        fig.canvas.set_window_title('OSCAAR')
        ax = fig.add_subplot(111)
        ax.set_xlim([0,len(indices)+1])
        ax.set_xticks(indices+width/2)
        ax.set_xticklabels(["Star "+str(i) for i in range(len(indices))])
        ax.set_xlabel('Comparison Star')
        ax.set_ylabel('Normalized Weighting')
        ax.set_title('Comparison Star Weights into the Composite Comparison Star for aperture radius %s' \
                     % self.apertureRadii[apertureRadiusIndex])
        ax.axhline(xmin=0,xmax=1,y=1.0/len(indices),linestyle=':',color='k')
        ax.bar(indices,coefficients,width,color='w')
        plt.ioff()
        plt.show()


[docs]    def updateMCMC(self,bestp,allparams,acceptanceRate,dataBankPath,uncertainties):
        """
        Assigns variables within the dataBank object for the results of an MCMC run.

        Parameters
        ----------
        bestp : list
            Best-fit parameters from the MCMC run. The list elements correspond to [<ratio of planetary radius
            to stellar radius>,<ratio of semi-major axis to stellar radius>,<inclination>,<mid-transit time>].

        allparams : 2D matrix
            This matrix represents the many "states", "trails" or "links in the chain" that are accepted and saved
            throughout the Metropolis-Hastings process in the MCMC scripts. From allparams we can calculate the
            uncertainties on each best-fit parameter.

        acceptanceRate : float
            The final acceptance rate achieved by the chain; the ratio of the number of accepted states and the
            number of states attempted

        dataBankPath : string
            Path to the dataBank object pickle (aka "OSCAAR pkl") to update

        uncertainties : list of lists
            :math:`$\pm 1\sigma$` uncertainties on each of the best-fit parameters in `bestp`

        """
        self.MCMC_bestp = bestp
        self.MCMC_allparams = allparams
        self.MCMC_acceptanceRate = acceptanceRate
        self.dataBankPath = dataBankPath
        self.MCMC_uncertainties = uncertainties


[docs]    def uncertaintyString(self):
        """
        Returns
        -------
        savestring : string
            A string formatted for human-readable results from the MCMC process, with
            the best-fit parameters and the :math:`$\pm 1\sigma$` uncertainties
        """
        savestring = 'MCMC Best Fit Parameters And One-Sigma Uncertainties\n----------------------------------------------------\n\n'
        labels = ['Rp/Rs','a/Rs','Inclination','Mid-transit time']
        for i in range(len(labels)):
            savestring += '%s:\t%s\t +%s / -%s \n' % (labels[i],self.MCMC_bestp[i],self.MCMC_uncertainties[i][0],self.MCMC_uncertainties[i][1])
        return savestring


[docs]    def czechETDstring(self,apertureRadiusIndex):
        """
        Returns a string containing the tab delimited light curve data for submission
        to the *Czech Astronomical Society's Exoplanet Transit Database*, for submission
        here: http://var2.astro.cz/ETD/protocol.php

        Parameters
        ----------
        apertureRadiusIndex : int
            Index of the aperture radius from which to use for the light curve fluxes
            and errors.
        """

        N_measurements = len(self.lightCurves[apertureRadiusIndex])
        outputString = ''
        for i in xrange(N_measurements):
            outputString += '\t'.join(map(str,[self.times[i],self.lightCurves[apertureRadiusIndex][i],\
                                       self.lightCurveErrors[apertureRadiusIndex][i]]))
            outputString += '\n'
        return outputString


#     def plotMCMC(self):
#         bestp = self.MCMC_bestp
#         allparams = self.MCMC_allparams
#         x = self.times
#         y = self.lightCurve
#         sigma_y = self.lightCurveError
#
#         ##############################
#         # Prepare figures
#         fig = plt.figure()
#         ax1 = fig.add_subplot(331)
#         ax2 = fig.add_subplot(332)
#         ax3 = fig.add_subplot(333)
#         ax4 = fig.add_subplot(334)
#         ax5 = fig.add_subplot(335)
#         ax6 = fig.add_subplot(336)
#         ax7 = fig.add_subplot(337)
#         ax8 = fig.add_subplot(338)
#         ax9 = fig.add_subplot(339)
#         yfit = occult4params(x,bestp)
#         ax1.errorbar(x,y,yerr=sigma_y,fmt='o-')
#         ax1.plot(x,yfit,'r')
#         ax1.set_title("Fit with MCMC")
#
#         ##############################
#         # Plot traces and histograms of mcmc params
#         p = allparams[0,:]
#         ap = allparams[1,:]
#         i = allparams[2,:]
#         t0 = allparams[3,:]
#         abscissa = np.arange(len(allparams[0,:]))   ## Make x-axis for trace plots
#         burnFraction = 0.20     ## "burn" or ignore the first 20% of the chains
#
#         ax2.plot(abscissa,p,'k.')
#         ax2.set_title('p trace')
#         ax2.axvline(ymin=0,ymax=1,x=burnFraction*len(abscissa),linestyle=':')
#
#         ax3.plot(abscissa,ap,'k.')
#         ax3.set_title('ap trace')
#         ax3.axvline(ymin=0,ymax=1,x=burnFraction*len(abscissa),linestyle=':')
#
#         ax4.plot(abscissa,i,'k.')
#         ax4.set_title('i trace')
#         ax4.axvline(ymin=0,ymax=1,x=burnFraction*len(abscissa),linestyle=':')
#
#         ax5.plot(abscissa,t0,'k.')
#         ax5.set_title('t0 trace')
#         ax5.axvline(ymin=0,ymax=1,x=burnFraction*len(abscissa),linestyle=':')
#
#         def histplot(parameter,axis,title,bestFitParameter):
#             postburn = parameter[burnFraction*len(parameter):len(parameter)]    ## Burn beginning of chain
#             Nbins = 15              ## Plot histograms with 15 bins
#             n, bins, patches = axis.hist(postburn, Nbins, normed=0, facecolor='white')  ## Generate histogram
#             plus,minus = oscaar.fitting.get_uncertainties(postburn,bestFitParameter)   ## Calculate uncertainties on best fit parameter
#             axis.axvline(ymin=0,ymax=1,x=bestFitParameter+plus,ls=':',color='r')    ## Plot vertical lines representing uncertainties
#             axis.axvline(ymin=0,ymax=1,x=bestFitParameter-minus,ls=':',color='r')
#             axis.set_title(title)
#         ## Plot the histograms
#         histplot(p,ax6,'p',bestp[0])
#         histplot(ap,ax7,'ap',bestp[1])
#         histplot(i,ax8,'i',bestp[2])
#         histplot(t0,ax9,'t0',bestp[3])
#
#         plt.savefig("mcmc_results.png",bbox_inches='tight')     ## Save plot
#         plt.show()

[docs]    def plotLightCurve_multirad(self,pointsPerBin=10):
        for apertureRadiusIndex in range(len(self.apertureRadii)):

            meanTimeInt = int(np.rint(np.mean(self.times)))
            offsetTimes = self.times - meanTimeInt
            binnedTime, binnedFlux, binnedStd = mathMethods.medianBin(offsetTimes,self.lightCurves[apertureRadiusIndex],pointsPerBin)
            fig = plt.figure(num=None, figsize=(10, 8), facecolor='w',edgecolor='k')
            fig.canvas.set_window_title('OSCAAR')
            axis = fig.add_subplot(111)
            def format_coord(x, y):
                '''Function to give data value on mouse over plot.'''
                return 'JD=%1.5f, Flux=%1.4f' % (meanTimeInt+x, y)
            axis.format_coord = format_coord
            axis.errorbar(offsetTimes,self.lightCurves[apertureRadiusIndex],yerr=self.lightCurveErrors[apertureRadiusIndex],fmt='k.',ecolor='gray')
            axis.errorbar(binnedTime, binnedFlux, yerr=binnedStd, fmt='rs-', linewidth=2)
            axis.axvline(ymin=0,ymax=1,x=self.ingress-meanTimeInt,color='k',ls=':')
            axis.axvline(ymin=0,ymax=1,x=self.egress-meanTimeInt,color='k',ls=':')
            axis.set_title('Light curve for aperture radius: %s' % self.apertureRadii[apertureRadiusIndex])
            axis.set_xlabel(('Time - %i (JD)' % meanTimeInt))
            axis.set_ylabel('Relative Flux')
        plt.ioff()
        plt.show()
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  Source code for oscaar.transitModel

'''
    transitModel.py defines the function occultquad(), which 
    loads the C library containing the function of the same 
    name so that analytical transit light curves can be 
    produced in python by passing pythonic arguments to the C code. 
'''
import numpy as np
import ctypes
import os
## Resources on using ctypes:
# http://docs.python.org/2/library/ctypes.html#ctypes.c_float
# http://www.scipy.org/Cookbook/Ctypes#head-0c422ad0dcf3a37f8c16d4cfd85e37e1f7290214
# http://docs.scipy.org/doc/numpy/reference/routines.ctypeslib.html

## Save the absolute path to this document, so as to successfully
## call the C library stored in the oscaar/c/ directory
#oscaarModuleDir = os.path.split(os.path.abspath(oscaar.__file__))[0]
transitModelDir = os.path.dirname(os.path.abspath(__file__))
#print __file__ , os.path.abspath(__file__) , os.path.dirname(os.path.abspath(__file__))
#def occultquad(t,p,ap,i,t0,gamma1=0.23,gamma2=0.45,P=1.58,e=0.0,longPericenter=0.0):

[docs]def occultquad(t,modelParams):
    """
    Calculates the analytical transit light curve for a planet occulting a star, according to the formalism
    of Mandel & Agol (2002) [1]_.

    Parameters
    ----------
    t : list or numpy.ndarray
    	List of the times sampled in Julian Date

    modelParams : list
    	List of the planetary system parameters, in the following order: 
    	- :math:`$R_p/R_s$`: Ratio of the radius of the planet to the radius of the star
    	- :math:`$a/R_s$`: Ratio of the semi-major axis to the radius of the star
    	- :math:`$P$`: Orbital period
    	- :math:`$\gamma_1$`: Limb-darkening coefficient, linear
    	- :math:`$\gamma_2$`: Limb-darkening coefficient, quadratic
    	- :math:`$e$`: Eccentricity
    	- `longPericenter`: Longitude of pericenter
    	- :math:`$t_0$`: Mid-transit time (JD)

    Returns
    -------
    F : numpy.ndarray
    	Relative fluxes at each time of the time vector `t`

    .. [1] Mandel & Agol. "Analytic Light Curvesfrom glob import glob
 for Planetary Transit Searches". 
           The Astrophysical Journal, Volume 580, Issue 2, pp. L171-L175. 2002.
    """
    [p,ap,P,i,gamma1,gamma2,e,longPericenter,t0] = modelParams
    #[p,ap,P,i,gamma1,gamma2,e,longPericenter,t0] = modelParams

    ###################################################################################################
    ## Ctypes definitions from C-libraries
    lib = np.ctypeslib.load_library(os.path.join(transitModelDir,'c','analyticalTransitModel.so'),'.') 	## Loads .so library
    #lib = np.ctypeslib.load_library('transit1forLMLS.so','.')
    occultquadC = lib.occultquad
    occultquadC.argtypes = [np.ctypeslib.ndpointer(np.float64,flags='aligned,C_CONTIGUOUS'),	#t
                               ctypes.c_double,	# p
                               ctypes.c_double,	# ap
                               ctypes.c_double,	# P
                               ctypes.c_double,	# i
                               ctypes.c_double,	# gamma1
                               ctypes.c_double,	# gamma2
                               ctypes.c_double,	# e
                               ctypes.c_double, # longPericenter
                               ctypes.c_double, # t0
                               ctypes.c_double,	# n
                               np.ctypeslib.ndpointer(np.float64,flags='aligned,C_CONTIGUOUS')]	# F
    ## argtypes defines what each function argument's type will be using the numpy.ctypeslib and ctypes libraries. 
    ## NOTE!: If vector input is going to be a vector of C-floats, use np.ctypeslib.ndpointer(np.float32,flags='aligned,C_CONTIGUOUS')
    ##        If vector input is going to be a vector of C-doubles, use np.ctypeslib.ndpointer(np.float64,flags='aligned,C_CONTIGUOUS')

    ## The arguments of occultquad are: occultquad(float *t, float *phi, float p, float ap, float P, float i, float gamma1, 
    ##											   float gamma2, double e, double longPericenter, double t0, float n, float *F);

    occultquadC.restype = None	## Put the return type of the function here. If "return void" in C func, restype=None

    #################################################################
   
    ## np.require() will force the ndarrays to the right dtype as assigned in the `argtypes` list.
    n = np.float64(len(t))
    t = np.require(t,np.float64)
    F = np.empty_like(t,dtype=np.float64)
    occultquadC(t, p,  ap,  P,  i,  gamma1,  gamma2, e,longPericenter, t0,  n,  F)	## Simulate fake data
    return F


[docs]def ellipk(k):
    """
    Computes polynomial approximation for the complete elliptic integral of the first kind (Hasting's approximation):
    """
    ###################################################################################################
    ## Ctypes definitions from C-libraries
    lib = np.ctypeslib.load_library(os.path.join(oscaarModuleDir,'c','analyticalTransitModel.so'),'.') 	## Loads .so library
    Kfunction = lib.K
    Kfunction.argtypes = [ctypes.c_double]	
    ## argtypes defines what each function argument's type will be using the numpy.ctypeslib and ctypes libraries. 
    ## NOTE!: If vector input is going to be a vector of C-floats, use np.ctypeslib.ndpointer(np.float32,flags='aligned,C_CONTIGUOUS')
    ##        If vector input is going to be a vector of C-doubles, use np.ctypeslib.ndpointer(np.float64,flags='aligned,C_CONTIGUOUS')

    ## The arguments of occultquad are: occultquad(float *t, float *phi, float p, float ap, float P, float i, float gamma1, 
    ##											   float gamma2, double e, double longPericenter, double t0, float n, float *F);

    Kfunction.restype = ctypes.c_double	## Put the return type of the function here. If "return void" in C func, restype=None

    #################################################################
    return Kfunction(k)


[docs]def ellipe(k):
    """
    Computes polynomial approximation for the complete elliptic integral of the second kind (Hasting's approximation)
    """
    ###################################################################################################
    ## Ctypes definitions from C-libraries
    lib = np.ctypeslib.load_library(os.path.join(oscaarModuleDir,'c','analyticalTransitModel.so'),'.') 	## Loads .so library
    Efunction = lib.E
    Efunction.argtypes = [ctypes.c_double]	
    ## argtypes defines what each function argument's type will be using the numpy.ctypeslib and ctypes libraries. 
    ## NOTE!: If vector input is going to be a vector of C-floats, use np.ctypeslib.ndpointer(np.float32,flags='aligned,C_CONTIGUOUS')
    ##        If vector input is going to be a vector of C-doubles, use np.ctypeslib.ndpointer(np.float64,flags='aligned,C_CONTIGUOUS')

    ## The arguments of occultquad are: occultquad(float *t, float *phi, float p, float ap, float P, float i, float gamma1, 
    ##											   float gamma2, double e, double longPericenter, double t0, float n, float *F);

    Efunction.restype = ctypes.c_double	## Put the return type of the function here. If "return void" in C func, restype=None

    #################################################################
    return Efunction(k)


[docs]def ellippi(n,k):
    """
    Computes the complete elliptical integral of the third kind using the algorithm of Bulirsch (1965)
    """
    ###################################################################################################
    ## Ctypes definitions from C-libraries
    lib = np.ctypeslib.load_library(os.path.join(oscaarModuleDir,'c','analyticalTransitModel.so'),'.') 	## Loads .so library
    PIfunction = lib.PI
    PIfunction.argtypes = [ctypes.c_double,ctypes.c_double]	
    ## argtypes defines what each function argument's type will be using the numpy.ctypeslib and ctypes libraries. 
    ## NOTE!: If vector input is going to be a vector of C-floats, use np.ctypeslib.ndpointer(np.float32,flags='aligned,C_CONTIGUOUS')
    ##        If vector input is going to be a vector of C-doubles, use np.ctypeslib.ndpointer(np.float64,flags='aligned,C_CONTIGUOUS')

    ## The arguments of occultquad are: occultquad(float *t, float *phi, float p, float ap, float P, float i, float gamma1, 
    ##											   float gamma2, double e, double longPericenter, double t0, float n, float *F);

    PIfunction.restype = ctypes.c_double	## Put the return type of the function here. If "return void" in C func, restype=None

    #################################################################
    return PIfunction(n,k)
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  Source code for oscaar.mathMethods

"""
oscaar v2.0
Module for differential photometry

Developed by Brett Morris, 2011-2013
"""

import math

import numpy as np
from numpy import linalg as LA


[docs]def ut2jd(ut):
    """
    Convert times from Universal Time (UT) to Julian Date (JD)

    Parameters
    ----------
    ut : string
        Time in Universal Time (UT)

    Returns
    -------
    jd : float
        Julian Date (JD)
    """

    [date, Time] = ut.split(';')
    Time = Time.strip()
    [year, month, day] = date.split('-')
    [hour, minute, sec] = Time.split(':')
    year = int(year)
    month = int(month)
    day = int(day)
    hour = int(hour)
    minute = int(minute)
    sec = float(sec)
    
    if month == 1 or month == 2:
        month += 12
        year -= 1
    a = year/100
    b = a/4
    c = 2-a+b
    d = day
    e = np.floor(365.25*(year+4716))
    f = np.floor(30.6001*(month+1))
    years = c+d+e+f-1524.5
    fracOfDay = (hour/24.) + (minute/(24*60.)) + (sec/(24*60*60.))
    jd = years + fracOfDay
    return jd



[docs]def ut2jdSplitAtT(ut):
    """
    Convert times from Universal Time (UT) to Julian Date (JD), splitting
    the date and time at the "T"

    Parameters
    ----------
    ut : string
        Time in Universal Time (UT)

    Returns
    -------
    jd : float
        Julian Date (JD)
    """

    [date, Time] = ut.split('T')
    Time = Time.strip()
    [year, month, day] = date.split('-')
    [hour, minute, sec] = Time.split(':')
    year = int(year)
    month = int(month)
    day = int(day)
    hour = int(hour)
    minute = int(minute)
    sec = float(sec)
    
    if month == 1 or month == 2:
        month += 12
        year -= 1
    a = year/100
    b = a/4
    c = 2-a+b
    d = day
    e = np.floor(365.25*(year+4716))
    f = np.floor(30.6001*(month+1))
    years = c+d+e+f-1524.5
    fracOfDay = (hour/24.) + (minute/(24*60.)) + (sec/(24*60*60.))
    jd = years + fracOfDay
    return jd



[docs]def regressionScale(comparisonFlux, targetFlux, time, ingress, egress,
                    returncoeffs=False):
    """
    Use a least-squares regression to stretch and offset a comparison
    star fluxes to scale them to the relative intensity of the target
    star. Only do this regression considering the out-of-transit
    portions of the light curve.

    Parameters
    ----------
    comparisonFlux : numpy.ndarray
        Flux of a comparison star

    targetFlux : numpy.ndarray
        Flux of the target star

    time : numpy.ndarray
        List of times for each flux measurement in JD

    ingress : float
        Time of ingress (JD, assuming time list is in JD)

    egress : float
        Time of egress (JD, assuming time list is in JD)

    Returns
    -------
    scaledVector : numpy.ndarray
        Rescaled version of the comparisonFlux vector using the above
        described process
    """

    outOfTransit = (time < ingress) + (time > egress)
    regressMatrix = np.vstack([comparisonFlux[outOfTransit]]).T
    assert len(targetFlux[outOfTransit]) > 0, \
        'No fluxes marked as "out-of-transit" according to input ingress/egress'
    m = LA.lstsq(regressMatrix, targetFlux[outOfTransit])[0]
    scaledVector = m*comparisonFlux
    if returncoeffs:
        return scaledVector, m
    else:
        return scaledVector



[docs]def chiSquared(vector1, vector2):
    """Return :math:`$\chi^2$` (chi-squared) of two vectors"""

    return np.sum(np.power(vector1-vector2, 2))



[docs]def medianBin(time, flux, medianWidth):
    """
    Produce median binning of a flux vector

    Parameters
    ----------
    time : list or numpy.ndarray
        List of times in time series

    flux : list or numpy.ndarray
        List of fluxes, one for each time in `time` vector

    medianWidth : int
        Width of each bin in units of data points

    Returns
    -------
    [binnedTime, binnedFlux, binnedStd] : [list, list, list] \
            or [numpy.ndarray, numpy.ndarray, numpy.ndarray]
        The times, fluxes and uncertainties on each binned point,
        where `binnedTime` is the time for each bin, `binnedFlux`
        is the median flux in each bin, and `binnedStd` is the standard
        deviation of the points within each bin
    """

    numberBins = int(math.ceil(len(time)/float(medianWidth)))
    binnedTime = np.arange(numberBins, dtype=float)
    binnedFlux = np.arange(numberBins, dtype=float)
    binnedStd = np.arange(numberBins, dtype=float)
    for i in range(numberBins):
        fluxInBin = flux[i*medianWidth:(i+1)*medianWidth]
        binnedTime[i] = np.median(time[i*medianWidth:(i+1)*medianWidth])
        binnedFlux[i] = np.median(fluxInBin)
        binnedStd[i] = np.std(fluxInBin)/np.sqrt(len(fluxInBin))
    return binnedTime, binnedFlux, binnedStd
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  Source code for oscaar.photometry

'''oscaar v2.0 
   Module for differential photometry
   Developed by Brett Morris, 2011-2013'''
import numpy as np
from matplotlib import pyplot as plt
import matplotlib.cm as cm

[docs]def phot(image, xCentroid, yCentroid, apertureRadius, plottingThings, annulusOuterRadiusFactor=2.8, annulusInnerRadiusFactor=1.40, ccdGain=1, plots=False):
    '''
    Method for aperture photometry. 
    
    Parameters
    ----------
    image : numpy.ndarray
        FITS image opened with PyFITS
    
    xCentroid : float
        Stellar centroid along the x-axis (determined by trackSmooth or equivalent)
                
    yCentroid : float
        Stellar centroid along the y-axis (determined by trackSmooth or equivalent)
                
    apertureRadius : float
        Radius in pixels from centroid to use for source aperture
                     
    annulusInnerRadiusFactor : float
        Measure the background for sky background subtraction fron an annulus from a factor of 
        `annulusInnerRadiusFactor` bigger than the `apertureRadius` to one a factor `annulusOuterRadiusFactor` bigger.
    
    annulusOuterRadiusFactor : float
        Measure the background for sky background subtraction fron an annulus a factor of 
        `annulusInnerRadiusFactor` bigger than the `apertureRadius` to one a factor `annulusOuterRadiusFactor` bigger.
                          
    ccdGain : float
        Gain of your detector, used to calculate the photon noise
    
    plots : bool
            If `plots`=True, display plots showing the aperture radius and 
            annulus radii overplotted on the image of the star
                   
    Returns
    -------
    rawFlux : float
        The background-subtracted flux measured within the aperture
    
    rawError : float
        The photon noise (limiting statistical) Poisson uncertainty on the measurement of `rawFlux`
    
    errorFlag : bool
        Boolean corresponding to whether or not any error occured when running oscaar.phot(). If an error occured, the flag is
        True; otherwise False.
               
     Core developer: Brett Morris (NASA-GSFC)
    '''
    if plots:
        [fig,subplotsDimensions,photSubplotsOffset] = plottingThings
        if photSubplotsOffset == 0: plt.clf()
    annulusRadiusInner = annulusInnerRadiusFactor*apertureRadius 
    annulusRadiusOuter = annulusOuterRadiusFactor*apertureRadius

    ## From the full image, cut out just the bit around the star that we're interested in
    imageCrop = image[xCentroid-annulusRadiusOuter+1:xCentroid+annulusRadiusOuter+2,yCentroid-annulusRadiusOuter+1:yCentroid+annulusRadiusOuter+2]
    [dimy,dimx] = imageCrop.shape
    XX, YY = np.meshgrid(np.arange(dimx),np.arange(dimy))    
    x = (XX - annulusRadiusOuter)**2
    y = (YY - annulusRadiusOuter)**2
    ## Assemble arrays marking the pixels marked as either source or background pixels
    sourceIndices = x + y <= apertureRadius**2
    skyIndices = (x + y <= annulusRadiusOuter**2)*(x + y >= annulusRadiusInner**2)
    
    rawFlux = np.sum(imageCrop[sourceIndices] - np.median(imageCrop[skyIndices]))*ccdGain
    rawError = np.sqrt(np.sum(imageCrop[sourceIndices]*ccdGain) + np.median(ccdGain*imageCrop[skyIndices])) ## Poisson-uncertainty

    if plots:
        def format_coord(x, y):
            ''' Function to also give data value on mouse over with imshow. '''
            col = int(x+0.5)
            row = int(y+0.5)
            try:
                return 'x=%i, y=%i, Flux=%1.1f' % (x, y, imageCrop[row,col])
            except:
                return 'x=%i, y=%i' % (x, y)
       
        med = np.median(imageCrop)
        dsig = np.std(imageCrop)
        
        ax = fig.add_subplot(subplotsDimensions+photSubplotsOffset+1)
        ax.imshow(imageCrop, cmap=cm.gray, interpolation="nearest",vmin = med-0.5*dsig, vmax =med+2*dsig)
       
        theta = np.arange(0,360)*(np.pi/180)
        rcos = lambda r, theta: annulusRadiusOuter + r*np.cos(theta)
        rsin = lambda r, theta: annulusRadiusOuter + r*np.sin(theta)
        ax.plot(rcos(apertureRadius,theta),rsin(apertureRadius,theta),'m',linewidth=4)
        ax.plot(rcos(annulusRadiusInner,theta),rsin(annulusRadiusInner,theta),'r',linewidth=4)
        ax.plot(rcos(annulusRadiusOuter,theta),rsin(annulusRadiusOuter,theta),'r',linewidth=4)
        ax.set_xlabel('X')
        ax.set_ylabel('Y')
        ax.set_title('Aperture')
        ax.set_xlim([-.5,dimx-.5])
        ax.set_ylim([-.5,dimy-.5])
        ax.format_coord = format_coord 
        plt.draw()
    return [rawFlux, rawError, False]

     
[docs]def multirad(image, xCentroid, yCentroid, apertureRadii, plottingThings, annulusOuterRadiusFactor=2.8, annulusInnerRadiusFactor=1.40, ccdGain=1, plots=False):
    '''
    Method for aperture photometry. 
    
    Parameters
    ----------
    image : numpy.ndarray
        FITS image opened with PyFITS
    
    xCentroid : float
        Stellar centroid along the x-axis (determined by trackSmooth or equivalent)
                
    yCentroid : float
        Stellar centroid along the y-axis (determined by trackSmooth or equivalent)
                
    apertureRadii : list
        List of aperture radii (floats) to feed to phot().
                     
    annulusInnerRadiusFactor : float
        Measure the background for sky background subtraction fron an annulus from a factor of 
        `annulusInnerRadiusFactor` bigger than the `apertureRadius` to one a factor `annulusOuterRadiusFactor` bigger.
    
    annulusOuterRadiusFactor : float
        Measure the background for sky background subtraction fron an annulus a factor of 
        `annulusInnerRadiusFactor` bigger than the `apertureRadius` to one a factor `annulusOuterRadiusFactor` bigger.
                          
    ccdGain : float
        Gain of your detector, used to calculate the photon noise
    
    plots : bool
            If `plots`=True, display plots showing the aperture radius and 
            annulus radii overplotted on the image of the star
                   
    Returns
    -------
    rawFlux : float
        The background-subtracted flux measured within the aperture
    
    rawError : float
        The photon noise (limiting statistical) Poisson uncertainty on the measurement of `rawFlux`
    
    errorFlag : bool
        Boolean corresponding to whether or not any error occured when running oscaar.phot(). If an error occured, the flag is
        True; otherwise False.
               
     Core developer: Brett Morris (NASA-GSFC)
    '''

    #[apertureRadiusMin, apertureRadiusMax, apertureRadiusStep] = apertureRadiusSettings
    #apertureRadii = np.arange(apertureRadiusMin, apertureRadiusMax, apertureRadiusStep)

    fluxes = []
    errors = []
    photFlags = []
    for apertureRadius in apertureRadii:
        flux, error, photFlag = phot(image, xCentroid, yCentroid, apertureRadius, plottingThings, annulusOuterRadiusFactor=annulusOuterRadiusFactor, annulusInnerRadiusFactor=annulusInnerRadiusFactor, ccdGain=ccdGain, plots=False)
        fluxes.append(flux)
        errors.append(error)
        photFlags.append(photFlag)
    annulusRadiusOuter = annulusOuterRadiusFactor*np.max(apertureRadii)
    imageCrop = image[xCentroid-annulusRadiusOuter+1:xCentroid+annulusRadiusOuter+2,yCentroid-annulusRadiusOuter+1:yCentroid+annulusRadiusOuter+2]
    [dimy,dimx] = imageCrop.shape

    if plots:
        [fig,subplotsDimensions,photSubplotsOffset] = plottingThings
        if photSubplotsOffset == 0: plt.clf()
        def format_coord(x, y):
            ''' Function to also give data value on mouse over with imshow. '''
            col = int(x+0.5)
            row = int(y+0.5)
            try:
                return 'x=%i, y=%i, Flux=%1.1f' % (x, y, imageCrop[row,col])
            except:
                return 'x=%i, y=%i' % (x, y)
       
        med = np.median(imageCrop)
        dsig = np.std(imageCrop)
        
        ax = fig.add_subplot(subplotsDimensions+photSubplotsOffset+1)
        ax.imshow(imageCrop, cmap=cm.gray, interpolation="nearest",vmin = med-0.5*dsig, vmax =med+2*dsig)
       
        theta = np.arange(0,360)*(np.pi/180)
        rcos = lambda r, theta: annulusRadiusOuter + r*np.cos(theta)
        rsin = lambda r, theta: annulusRadiusOuter + r*np.sin(theta)
        for apertureRadius in apertureRadii:
            ax.plot(rcos(apertureRadius,theta),rsin(apertureRadius,theta),linewidth=4)
        #ax.plot(rcos(annulusRadiusInner,theta),rsin(annulusRadiusInner,theta),'r',linewidth=4)
        #ax.plot(rcos(annulusRadiusOuter,theta),rsin(annulusRadiusOuter,theta),'r',linewidth=4)
        ax.set_xlabel('X')
        ax.set_ylabel('Y')
        ax.set_title('Aperture')
        ax.set_xlim([-.5,dimx-.5])
        ax.set_ylim([-.5,dimy-.5])
        ax.format_coord = format_coord 
        plt.draw()            
    return fluxes, errors, photFlags
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  Source code for oscaar.extras.eph.ephemeris

'''
Created on Feb 19, 2013

methods for calculating ephemerides

@author: bmmorris
'''

import numpy as np
from matplotlib import pyplot as plt
import matplotlib.cm as cm
import colorsys

[docs]class eph():
	
	def __init__(self,startSem,endSem):
		self.startSem = startSem
		self.endSem = endSem
		self.stars = {}
		self.allKeysT = []
		self.allKeysE = []
		self.allMidE = []
		self.allMidT = []
		self.bufferTime = 0.1  ## 0.1666 JD = 4 hours (four hours between sunset/sunrise and acceptable midtransit)
						  #0.08 ## JD = 2 hrs; only count complete transits with space bufferTime before and after transit
		self.UToffset = -0.43184 ## Hawaiian time zone conversion from UTC: -0.416666 = -10 hours (UTC), 
		## Convert 155.46 deg to hours: 10.36 hours, or 0.43184 days (JD)
		self.bars = 0.08
[docs]	def addStar(self,name,Tc,pmTc,P,pmP,V,K):
		self.stars[str(name)] = {}
		self.stars[str(name)]['Tc'] = Tc
		self.stars[str(name)]['pmTc'] = pmTc
		self.stars[str(name)]['P'] = P
		self.stars[str(name)]['pmP'] = pmP
		self.stars[str(name)]['V'] = V
		self.stars[str(name)]['K'] = K
		self.stars[str(name)]['MidT'] = self.midTransit(Tc,pmTc,P,pmP,name)
		self.stars[str(name)]['MidE'] = self.midEclipse(Tc,pmTc,P,pmP,name)


[docs]	def midTransit(self,Tc, pmTc, P, pmP,name):
		timeRange = np.arange(0,5000)
		transitTimes = Tc + P*timeRange
		pmTransitTimes = np.sqrt(pmTc**2 + (pmP*timeRange)**2)
		transitTimesInSem = transitTimes[(transitTimes < self.endSem)*(transitTimes > self.startSem)]#,pmTransitTimes[(pmTransitTimes < self.endSem)*(pmTransitTimes > self.startSem)][0][0]
		transitTimesInSemOffset = transitTimesInSem + self.UToffset	## offset for hawaiian time
		transitTimesAtNight = transitTimesInSem[(transitTimesInSemOffset - np.floor(transitTimesInSemOffset) > 0.25+self.bufferTime)*(transitTimesInSemOffset - np.floor(transitTimesInSemOffset) < 0.75-self.bufferTime)]
		for i in transitTimesAtNight: self.allKeysT.append(name)
		for time in transitTimesAtNight: self.allMidT.append(time)
		return transitTimesAtNight

	
[docs]	def midEclipse(self,Tc, pmTc, P, pmP,name):
		timeRange = np.arange(0,5000)
		eclipseTimes = Tc + P*(0.5 + timeRange)
		pmEclipseTimes = np.sqrt(pmTc**2 + (pmP*timeRange)**2)
		eclipseTimesInSem = eclipseTimes[(eclipseTimes < self.endSem)*(eclipseTimes > self.startSem)]#,pmEclipseTimes[(pmEclipseTimes < self.endSem)*(pmEclipseTimes > self.startSem)][0][0]
		eclipseTimesInSemOffset = eclipseTimesInSem + self.UToffset	## offset for hawaiian time
		eclipseTimesAtNight = eclipseTimesInSem[(eclipseTimesInSemOffset - np.floor(eclipseTimesInSemOffset) > 0.25+self.bufferTime)*(eclipseTimesInSemOffset - np.floor(eclipseTimesInSemOffset) < 0.75-self.bufferTime)]
		for i in eclipseTimesAtNight: self.allKeysE.append(name)
		for time in eclipseTimesAtNight: self.allMidE.append(time)
		return eclipseTimesAtNight

	
#	def midEclipseOld(self,Tc, pmTc, P, pmP,name):
#		timeRange = np.arange(0,5000)
#		eclipseTimes = Tc + P*(timeRange + 0.5)
#		pmEclipseTimes = np.sqrt(pmTc**2 + (pmP*timeRange)**2)
#		return eclipseTimes[(eclipseTimes < self.endSem)*(eclipseTimes > self.startSem)],pmEclipseTimes[(pmEclipseTimes < self.endSem)*(pmEclipseTimes > self.startSem)]

[docs]	def getMidT(self,star):
		return self.stars[str(star)]['MidT']


[docs]	def getMidE(self,star):
		return self.stars[str(star)]['MidE']


[docs]	def getVmag(self,star):
		return self.stars[str(star)]['V']


[docs]	def getAllVmags(self):
		Vmags = []
		for star in self.stars:
			Vmags.append(self.stars[star]['V'])
		return np.array(Vmags)



[docs]	def getKmag(self,star):
		return self.stars[str(star)]['K']


[docs]	def getAllKmags(self):
		Kmags = []
		for star in self.stars:
			Kmags.append(self.stars[star]['K'])
		return np.array(Kmags)


[docs]	def plotTransits(self,axis,format,alphaSetting,scaleSize=False,showLabels=False,showMags=False,yOffset=0.0):
		def get_color(color):
			for hue in range(color):
				hue = 1. * hue / color
				col = [int(x) for x in colorsys.hsv_to_rgb(hue, 1.0, 230)]
				yield "#{0:02x}{1:02x}{2:02x}".format(*col)
		color = get_color(len(self.stars))
		for star in self.stars:
			acolor = next(color)
			#plt.plot(self.getMidT(star),np.zeros_like(self.getMidT(star)),format,alpha=alphaSetting,label=star)
			if scaleSize:
				#mags = 15000./self.getAllVmags()**2#self.getVmag(star)
				mags = 500000./self.getAllKmags()**4#20000./self.getAllKmags()**2.5
				axis.scatter(self.getMidT(star),np.zeros_like(self.getMidT(star)),color=acolor,s=mags,label=star,alpha=alphaSetting)
			else:
				axis.errorbar(self.getMidT(star),np.zeros_like(self.getMidT(star)) + yOffset,xerr=self.bars,label=star,color=acolor,fmt=format,alpha=alphaSetting)


			if showMags:
				labels = [star+', $K_{mag} = '+str(self.getKmag(star))+'$' for i in range(len(self.getMidT(star)))]
			else:
				labels = [star for i in range(len(self.getMidT(star)))]
			if showLabels:
				for label, x, y in zip(labels, self.getMidT(star), np.zeros_like(self.getMidT(star)) + yOffset):
					axis.annotate(
				        label,xy = (x, y), xytext = (0,5), textcoords = 'offset points', ha = 'left', va = 'bottom', rotation=45)
						
		axis.legend(numpoints=1)

		def format_coord(x, y):
			return 'Cursor: '+jd2gd(x,returnString=True)+' UT'
		axis.format_coord = format_coord 


[docs]	def plotEclipses(self,axis,format,alphaSetting,showLabels=False,showMags=False,yOffset=0.0):
		def get_color(color):
			for hue in range(color):
				hue = 1. * hue / color
				col = [int(x) for x in colorsys.hsv_to_rgb(hue, 1.0, 230)]
				yield "#{0:02x}{1:02x}{2:02x}".format(*col)
		color = get_color(len(self.stars))
		for star in self.stars:
			acolor = next(color)
			#plt.plot(self.getMidT(star),np.zeros_like(self.getMidT(star)),format,alpha=alphaSetting,label=star)
			axis.errorbar(self.getMidE(star),np.zeros_like(self.getMidE(star)) + yOffset,xerr=self.bars,color=acolor,fmt=format,alpha=alphaSetting,label=star)

			if showMags:
				labels = [star+', $V_{mag} = '+str(self.getVmag(star))+'$' for i in range(len(self.getMidE(star)))]
			else:
				labels = [star for i in range(len(self.getMidE(star)))]
			if showLabels:
				for label, x, y in zip(labels, self.getMidE(star), np.zeros_like(self.getMidE(star)) + yOffset):
					axis.annotate(
				        label, xy = (x, y), xytext = (0,5),textcoords = 'offset points', ha = 'left', va = 'bottom', rotation=45)

		axis.legend(numpoints=1)
		
		def format_coord(x, y):
			return 'Cursor: '+jd2gd(x,returnString=True)+' UT'
		axis.format_coord = format_coord 

	
[docs]	def IDdoubleEclipses(self,axis,color='k',ls='-'):
		'''Identify nights with two well separated transits'''
		doubleNights = []
		goodNights = []
		
		for time in range(0,len(self.allMidE)):
			for otherTime in range(0,len(self.allMidE)):
				if time != otherTime and np.abs(self.allMidE[time]-self.allMidE[otherTime]) < 0.5:
					doubleNights.append(self.allMidE[time])
					if np.abs(self.allMidE[time]-self.allMidE[otherTime]) > 0.16:
						goodNights.append(self.allMidE[time])
		for time in goodNights:
			axis.axvline(ymin=0,ymax=1,x=time,color=color,ls=ls)
		return np.unique(goodNights)

	
[docs]	def IDdoubleTransits(self,axis,color='k',ls='-'):
		'''Identify nights with two well separated transits'''
		doubleNights = []
		goodNights = []
		
		for time in range(0,len(self.allMidT)):
			for otherTime in range(0,len(self.allMidT)):
				if time != otherTime and np.abs(self.allMidT[time]-self.allMidT[otherTime]) < 0.5:
					doubleNights.append(self.allMidT[time])
					if np.abs(self.allMidT[time]-self.allMidT[otherTime]) > 0.16:
						goodNights.append(self.allMidT[time])
		for time in goodNights:
			axis.axvline(ymin=0,ymax=1,x=time,color=color,ls=ls)
		return np.unique(goodNights)		

	
[docs]	def IDdoubles(self,axis,color='k',ls='-'):
		doubleNights = []
		goodNights = []
		
		for time in range(0,len(self.allMidT)):
			for otherTime in range(0,len(self.allMidE)):
				if time != otherTime and np.abs(self.allMidT[time]-self.allMidE[otherTime]) < 0.5:
					doubleNights.append(self.allMidT[time])
					if np.abs(self.allMidT[time]-self.allMidE[otherTime]) > 0.11:
						goodNights.append(self.allMidT[time])
		for time in goodNights:
			axis.axvline(ymin=0,ymax=1,x=time,color=color,ls=ls)		
		return np.unique(goodNights)


					
"""
Functions for handling dates.

Contains:
   gd2jd  -- converts gregorian date to julian date
   jd2gd  -- converts julian date to gregorian date

Wish list:
   Function to convert heliocentric julian date!



These functions were taken from Enno Middleberg's site of useful
astronomical python references:
http://www.astro.rub.de/middelberg/python/python.html

"Feel free to download, use, modify and pass on these scripts, but
please do not remove my name from it." --E. Middleberg
"""

# 2009-02-15 13:12 IJC: Converted to importable function


[docs]def gd2jd(*date):
	"""gd2jd.py converts a UT Gregorian date to Julian date.
	
	Usage: gd2jd.py (2009, 02, 25, 01, 59, 59)
	
	To get the current Julian date:
	import time
	gd2jd(time.gmtime())
	
	Hours, minutesutes and/or seconds can be omitted -- if so, they are
	assumed to be zero.
	
	Year and month are converted to type INT, but all others can be
	type FLOAT (standard practice would suggest only the final element
	of the date should be float)
		"""
	#print date
	#print date[0]
	date = date[0]
	
	date = list(date)
	
	if len(date)<3:
		print "You must enter a date of the form (2009, 02, 25)!"
		return -1
	elif len(date)==3:
		for ii in range(3): date.append(0)
	elif len(date)==4:
		for ii in range(2): date.append(0)
	elif len(date)==5:
		date.append(0)
	
	yyyy = int(date[0])
	mm = int(date[1])
	dd = float(date[2])
	hh = float(date[3])
	minutes = float(date[4])
	sec = float(date[5])
	#print yyyy,mm,dd,hh,minutes,sec
	
	UT=hh+minutes/60+sec/3600
	
	#print "UT="+`UT`
	
	total_seconds=hh*3600+minutes*60+sec
	fracday=total_seconds/86400
	
	#print "Fractional day: %f" % fracday
	# print dd,mm,yyyy, hh,minutes,sec, UT
	
	if (100*yyyy+mm-190002.5)>0:
		sig=1
	else:
		sig=-1
	
	JD = 367*yyyy - int(7*(yyyy+int((mm+9)/12))/4) + int(275*mm/9) + dd + 1721013.5 + UT/24 - 0.5*sig +0.5
	
	months=["January", "February", "March", "April", "May", "June", "July", "August", "September", "October", "November", "December"]
	
	#print "\n"+months[mm-1]+" %i, %i, %i:%i:%i UT = JD %f" % (dd, yyyy, hh, minutes, sec, JD),
	
	# Now calculate the fractional year. Do we have a leap year?
	daylist=[31,28,31,30,31,30,31,31,30,31,30,31]
	daylist2=[31,29,31,30,31,30,31,31,30,31,30,31]
	if (yyyy%4 != 0):
		days=daylist2
	elif (yyyy%400 == 0):
		days=daylist2
	elif (yyyy%100 == 0):
		days=daylist
	else:
		days=daylist2
	
	daysum=0
	for y in range(mm-1):
		daysum=daysum+days[y]
		daysum=daysum+dd-1+UT/24
	
	if days[1]==29:
		fracyear=yyyy+daysum/366
	else:
		fracyear=yyyy+daysum/365
	#print " = " + `fracyear`+"\n"
	return JD



[docs]def jd2gd(jd,returnString=False):
	"""Task to convert a list of julian dates to gregorian dates
    description at http://mathforum.org/library/drmath/view/51907.html
    Original algorithm in Jean Meeus, "Astronomical Formulae for
    Calculators"

    2009-02-15 13:36 IJC: Converted to importable, callable function
    
    
    Note from author: This script is buggy and reports Julian dates which are 
    off by a day or two, depending on how far back you go. For example, 11 March 
    1609 converted to JD will be off by two days. 20th and 21st century seem to 
    be fine, though.
    """
	jd=jd+0.5
	Z=int(jd)
	F=jd-Z
	alpha=int((Z-1867216.25)/36524.25)
	A=Z + 1 + alpha - int(alpha/4)
	
	B = A + 1524
	C = int( (B-122.1)/365.25)
	D = int( 365.25*C )
	E = int( (B-D)/30.6001 )
	
	dd = B - D - int(30.6001*E) + F
	
	if E<13.5:
		mm=E-1
	
	if E>13.5:
		mm=E-13
	
	if mm>2.5:
		yyyy=C-4716
	
	if mm<2.5:
		yyyy=C-4715
	
	months=["January", "February", "March", "April", "May", "June", "July", "August", "September", "October", "November", "December"]
	daylist=[31,28,31,30,31,30,31,31,30,31,30,31]
	daylist2=[31,29,31,30,31,30,31,31,30,31,30,31]
	
	h=int((dd-int(dd))*24)
	minutes=int((((dd-int(dd))*24)-h)*60)
	sec=86400*(dd-int(dd))-h*3600-minutes*60
	
	# Now calculate the fractional year. Do we have a leap year?
	if (yyyy%4 != 0):
		days=daylist2
	elif (yyyy%400 == 0):
		days=daylist2
	elif (yyyy%100 == 0):
		days=daylist
	else:
		days=daylist2
	
	hh = 24.0*(dd % 1.0)
	minutes = 60.0*(hh % 1.0)
	sec = 60.0*(minutes % 1.0)
	
	dd =  int(dd-(dd%1.0))
	hh =  int(hh-(hh%1.0))
	minutes =  int(minutes-(minutes%1.0))
	
	
	#print str(jd)+" = "+str(months[mm-1])+ ',' + str(dd) +',' +str(yyyy)
	#print str(h).zfill(2)+":"+str(minutes).zfill(2)+":"+str(sec).zfill(2)+" UTC"
	
	#print (yyyy, mm, dd, hh, minutes, sec)
	if returnString:
		return str(yyyy)+'-'+str(mm).zfill(2)+'-'+str(dd).zfill(2)+' '+str(hh).zfill(2)+':'+str(minutes).zfill(2)#+':'+str(sec)[0:2].zfill(2)
	else:
		return (yyyy, mm, dd, hh, minutes, sec)
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  Source code for oscaar.extras.eph.calculateEphemerides

'''
Ephemeris calculating tool that uses transit data from exoplanets.org
and astrometric calculations by PyEphem to tell you what transits you'll
be able to observe from your observatory in the near future.

Exoplanets.org citation: Wright et al.2011
http://arxiv.org/pdf/1012.5676v3.pdf

Core developer: Brett Morris
'''
import ephem	 ## PyEphem module
import numpy as np
#from ephemeris import gd2jd, jd2gd
from matplotlib import pyplot as plt
from glob import glob
from os import getcwd, sep
from time import time
import os.path
import oscaar
import sys

[docs]def calculateEphemerides(parFile):
    '''
        :INPUTS:
        parFile	 --	  path to the parameter file
        '''

    #parFile = 'umo.par'

    '''Parse the observatory .par file'''
    parFileText = open(os.path.join(os.path.dirname(oscaar.__file__),'extras','eph','observatories',parFile),'r').read().splitlines()

    def returnBool(value):
        '''Return booleans from strings'''
        if value.upper().strip() == 'TRUE': return True
        elif value.upper().strip() == 'FALSE': return False
    if hasattr(sys, 'real_prefix'):
        show_lt = float(0)
    for line in parFileText:
        parameter = line.split(':')[0]
        if len(line.split(':')) > 1:
            value = line.split(':')[1].strip()
            if parameter == 'name': observatory_name = value
            elif parameter == 'latitude': observatory_latitude = value
            elif parameter == 'longitude': observatory_longitude = value
            elif parameter == 'elevation': observatory_elevation = float(value)
            elif parameter == 'temperature': observatory_temperature = float(value)
            elif parameter == 'min_horizon': observatory_minHorizon = value
            elif parameter == 'start_date': startSem = gd2jd(eval(value))
            elif parameter == 'end_date': endSem = gd2jd(eval(value))
            elif parameter == 'mag_limit': mag_limit = float(value)
            elif parameter == 'band': band = value
            elif parameter == 'depth_limit': depth_limit = float(value)
            elif parameter == 'calc_transits': calcTransits = returnBool(value)
            elif parameter == 'calc_eclipses': calcEclipses = returnBool(value)
            elif parameter == 'html_out': htmlOut = returnBool(value)
            elif parameter == 'text_out': textOut = returnBool(value)
            elif parameter == 'twilight': twilightType = value
            elif parameter == 'show_lt': show_lt = float(value)
    from oscaar.extras.knownSystemParameters import getLatestParams
    exoplanetDB = getLatestParams.downloadAndPickle()

    ''' Set up observatory parameters '''
    observatory = ephem.Observer()
    observatory.lat =  observatory_latitude#'38:58:50.16'	## Input format-  deg:min:sec  (type=str)
    observatory.long = observatory_longitude#'-76:56:13.92' ## Input format-  deg:min:sec  (type=str)
    observatory.elevation = observatory_elevation   # m
    observatory.temp = observatory_temperature	  ## Celsius 
    observatory.horizon = observatory_minHorizon	## Input format-  deg:min:sec  (type=str)

    def trunc(f, n):
        '''Truncates a float f to n decimal places without rounding'''
        slen = len('%.*f' % (n, f))
        return str(f)[:slen]

    def RA(planet):
        '''Type: str, Units:  hours:min:sec'''
        return exoplanetDB[planet]['RA_STRING']
    def dec(planet):
        '''Type: str, Units:  deg:min:sec'''
        return exoplanetDB[planet]['DEC_STRING']
    def period(planet):
        '''Units:  days'''
        return np.float64(exoplanetDB[planet]['PER'])
    def epoch(planet):
        '''Tc at mid-transit. Units:  days'''
        if exoplanetDB[planet]['TT'] == '': return 0.0
        else: return np.float64(exoplanetDB[planet]['TT'])
    def duration(planet):
        '''Transit/eclipse duration. Units:  days'''
        if exoplanetDB[planet]['T14'] == '': return 0.0
        else: return float(exoplanetDB[planet]['T14'])
    def V(planet):
        '''V mag'''
        if exoplanetDB[planet]['V'] == '': return 0.0
        else: return float(exoplanetDB[planet]['V'])
    def KS(planet):
        '''KS mag'''
        if exoplanetDB[planet]['KS'] == '': return 0.0
        else: return float(exoplanetDB[planet]['KS'])
    
    def bandMagnitude(planet):
        if band.upper() == 'V':
            return V(planet)
        elif band.upper() == 'K':
            return KS(planet)
    def depth(planet):
        '''Transit depth'''
        if exoplanetDB[planet]['DEPTH'] == '': return 0.0
        else: return float(exoplanetDB[planet]['DEPTH'])

    def transitBool(planet):
        '''True if exoplanet is transiting, False if detected by other means'''
        if exoplanetDB[planet]['TRANSIT'] == '0': return 0
        elif exoplanetDB[planet]['TRANSIT'] == '1': return 1
    ########################################################################################
    ########################################################################################

    def datestr2list(datestr):
        ''' Take strings of the form: "2013/1/18 20:08:18" and return them as a
            tuple of the same parameters'''
        year,month,others = datestr.split('/')
        day, time = others.split(' ')
        hour,minute,sec = time.split(':')
        return (int(year),int(month),int(day),int(hour),int(minute),int(sec))

    def list2datestr(inList):
        '''Converse function to datestr2list'''
        inList = map(str,inList)
        return inList[0]+'/'+inList[1]+'/'+inList[2]+' '+inList[3].zfill(2)+':'+inList[4].zfill(2)+':'+inList[5].zfill(2)

    def list2datestrCSV(inList):
        '''Converse function to datestr2list'''
        inList = map(str,inList)
        print inList
        return inList[0]+'/'+inList[1]+'/'+inList[2]+','+inList[3].zfill(2)+':'+inList[4].zfill(2)+':'+inList[5].zfill(2)


    def list2datestrHTML(inList,alt,direction):
        '''Converse function to datestr2list'''
        inList = map(str,inList)
        #return inList[1].zfill(2)+'/'+inList[2].zfill(2)+'<br />'+inList[3].zfill(2)+':'+inList[4].zfill(2)
        return inList[1].zfill(2)+'/<strong>'+inList[2].zfill(2)+'</strong>, '+inList[3].zfill(2)+':'+inList[4].split('.')[0].zfill(2)+'<br /> '+alt+'&deg; '+direction

    def list2datestrHTML_UTnoaltdir(inList,alt,direction):
        '''Converse function to datestr2list'''
        inList = map(str,inList)
        #return inList[1].zfill(2)+'/'+inList[2].zfill(2)+'<br />'+inList[3].zfill(2)+':'+inList[4].zfill(2)
        return inList[1].zfill(2)+'/<strong>'+inList[2].zfill(2)+'</strong>, '+inList[3].zfill(2)+':'+inList[4].split('.')[0].zfill(2)

    def list2datestrHTML_LT(inList,alt,direction):
        '''Converse function to datestr2list for daylight savings time'''
        #print "original",inList
        tempDate = ephem.Date(inList)
        inList = ephem.Date(ephem.localtime(tempDate)).tuple()
        #print "converted",lt_inList,'\n'
        inList = map(str,inList)
        #return inList[1].zfill(2)+'/'+inList[2].zfill(2)+'<br />'+inList[3].zfill(2)+':'+inList[4].zfill(2)
        return inList[1].zfill(2)+'/<strong>'+inList[2].zfill(2)+'</strong>, '+inList[3].zfill(2)+':'+inList[4].split('.')[0].zfill(2)+'<br /> '+alt+'&deg; '+direction

    def simbadURL(planet):
        if exoplanetDB[planet]['SIMBADURL'] == '': return 'http://simbad.harvard.edu/simbad/'
        else: return exoplanetDB[planet]['SIMBADURL']

    def RADecHTML(planet):
        return '<a href="'+simbadURL(planet)+'">'+RA(planet).split('.')[0]+'<br />'+dec(planet).split('.')[0]+'</a>'

    def constellation(planet):
        return exoplanetDB[planet]['Constellation']

    def orbitReference(planet):
        return exoplanetDB[planet]['TRANSITURL']

    def orbitReferenceYear(planet):
        '''ORBREF returns the citation in the format "<first author> <year>", so parse and return just the year'''
        return exoplanetDB[planet]['ORBREF'].split()[1]

    def nameWithLink(planet):
        return '<a href="'+orbitReference(planet)+'">'+planet+'</a>'

    def mass(planet):
        if exoplanetDB[planet]['MASS'] == '': return '---'
        else: return trunc(float(exoplanetDB[planet]['MASS']),2)

    def semimajorAxis(planet):
        #return trunc(0.004649*float(exoplanetDB[planet]['AR'])*float(exoplanetDB[planet]['RSTAR']),3)   ## Convert from solar radii to AU
        return trunc(float(exoplanetDB[planet]['SEP']),3)

    def radius(planet):
        if exoplanetDB[planet]['R'] == '': return '---'
        else: return trunc(float(exoplanetDB[planet]['R']),2) ## Convert from solar radii to Jupiter radii

    def midTransit(Tc, P, start, end):
        '''Calculate mid-transits between Julian Dates start and end, using a 2500 
            orbital phase kernel since T_c (for 2 day period, 2500 phases is 14 years)
            '''
        Nepochs = np.arange(0,2500,dtype=np.float64)
        transitTimes = Tc + P*Nepochs
        transitTimesInSem = transitTimes[(transitTimes < end)*(transitTimes > start)]
        return transitTimesInSem

    def midEclipse(Tc, P, start, end):
        '''Calculate mid-eclipses between Julian Dates start and end, using a 2500 
            orbital phase kernel since T_c (for 2 day period, 2500 phases is 14 years)
            '''
        Nepochs = np.arange(0,2500,dtype=np.float64)
        transitTimes = Tc + P*(0.5 + Nepochs)
        transitTimesInSem = transitTimes[(transitTimes < end)*(transitTimes > start)]
        return transitTimesInSem

    '''Choose which planets from the database to include in the search, 
        assemble a list of them.'''
    planets = []
    for planet in exoplanetDB:
        if bandMagnitude(planet) != 0.0 and depth(planet) != 0.0 and float(bandMagnitude(planet)) <= mag_limit and \
           float(depth(planet)) >= depth_limit and transitBool(planet):
            planets.append(planet)

    if calcTransits: transits = {}
    if calcEclipses: eclipses = {}
    for day in np.arange(startSem,endSem+1):
        if calcTransits: transits[str(day)] = []
        if calcEclipses: eclipses[str(day)] = []
    planetsNeverUp = []


    def azToDirection(az):
        az = float(az)
        if (az >= 0 and az < 22.5) or (az >= 337.5 and az < 360): return 'N'
        elif az >= 22.5 and az < 67.5:  return 'NE'
        elif az >= 67.5 and az < 112.5:  return 'E'
        elif az >= 112.5 and az < 157.5:  return 'SE'
        elif az >= 157.5 and az < 202.5:  return 'S'
        elif az >= 202.5 and az < 247.5:  return 'SW'
        elif az >= 247.5 and az < 292.5:  return 'W'	
        elif az >= 292.5 and az < 337.5:  return 'NW'

    def ingressEgressAltAz(planet,observatory,ingress,egress):
        altitudes = []
        directions = []
        for time in [ingress,egress]:
            observatory.date = list2datestr(jd2gd(time))
            star = ephem.FixedBody()
            star._ra = ephem.hours(RA(planet))
            star._dec = ephem.degrees(dec(planet))
            star.compute(observatory)
            altitudes.append(str(ephem.degrees(star.alt)).split(":")[0])
            directions.append(azToDirection(str(ephem.degrees(star.az)).split(":")[0]))
        ingressAlt,egressAlt = altitudes
        ingressDir,egressDir = directions
        return ingressAlt,ingressDir,egressAlt,egressDir

    def aboveHorizonForEvent(planet,observatory,ingress,egress):
        altitudes = []
        for time in [ingress,egress]:
            observatory.date = list2datestr(jd2gd(time))
            star = ephem.FixedBody()
            star._ra = ephem.hours(RA(planet))
            star._dec = ephem.degrees(dec(planet))
            star.compute(observatory)
            #altitudes.append(str(ephem.degrees(star.alt)).split(":")[0])
            altitudes.append(float(repr(star.alt))/(2*np.pi) * 360)	## Convert altitudes to degrees
        #if altitudes[0] > 0 and altitudes[1] > 0: return True
        if altitudes[0] > float(ephem.degrees(observatory_minHorizon))*(180/np.pi) and altitudes[1] > float(ephem.degrees(observatory_minHorizon))*(180/np.pi): return True
        else: return False

    def eventAfterTwilight(planet,observatory,ingress,egress,twilightType):
        altitudes = []
        for time in [ingress,egress]:
            observatory.date = list2datestr(jd2gd(time))
            sun = ephem.Sun()
            sun.compute(observatory)
            altitudes.append(float(repr(sun.alt))/(2*np.pi) * 360)	## Convert altitudes to degrees
        if altitudes[0] < float(twilightType) and altitudes[1] < float(twilightType): return True
        else: return False

    for planet in planets:		
        '''Compute all of the coming transits and eclipses for a long time out'''
        allTransitEpochs = midTransit(epoch(planet),period(planet),startSem,endSem)
        allEclipseEpochs = midEclipse(epoch(planet),period(planet),startSem,endSem)
        for day in np.arange(startSem,endSem+1,1.0):
            try:
                '''For each day, gather the transits and eclipses that happen'''
                transitEpochs = allTransitEpochs[(allTransitEpochs <= day+0.5)*(allTransitEpochs > day-0.5)]
                eclipseEpochs = allEclipseEpochs[(allEclipseEpochs <= day+0.5)*(allEclipseEpochs > day-0.5)]
                if calcTransits and len(transitEpochs) != 0:
                    transitEpoch = transitEpochs[0]
                    ingress = transitEpoch-duration(planet)/2
                    egress = transitEpoch+duration(planet)/2
                    
                    ''' Calculate positions of host stars'''
                    star = ephem.FixedBody()
                    star._ra = ephem.hours(RA(planet))
                    star._dec = ephem.degrees(dec(planet))
                    star.compute(observatory)
                    exoplanetDB[planet]['Constellation'] = ephem.constellation(star)[0]
                    
                    '''If star is above horizon and sun is below horizon during transit/eclipse:'''		
                    if aboveHorizonForEvent(planet,observatory,ingress,egress) and eventAfterTwilight(planet,observatory,ingress,egress,twilightType):
                        ingressAlt,ingressDir,egressAlt,egressDir = ingressEgressAltAz(planet,observatory,ingress,egress)
                        transitInfo = [planet,transitEpoch,duration(planet)/2,'transit',ingressAlt,ingressDir,egressAlt,egressDir]
                        transits[str(day)].append(transitInfo)		
                if calcEclipses and len(eclipseEpochs) != 0:
                    eclipseEpoch = eclipseEpochs[0]
                    ingress = eclipseEpoch-duration(planet)/2
                    egress = eclipseEpoch+duration(planet)/2
                    
                    ''' Calculate positions of host stars'''
                    star = ephem.FixedBody()
                    star._ra = ephem.hours(RA(planet))
                    star._dec = ephem.degrees(dec(planet))
                    star.compute(observatory)
                    exoplanetDB[planet]['Constellation'] = ephem.constellation(star)[0]
                    
                    if aboveHorizonForEvent(planet,observatory,ingress,egress) and eventAfterTwilight(planet,observatory,ingress,egress,twilightType):
                        ingressAlt,ingressDir,egressAlt,egressDir = ingressEgressAltAz(planet,observatory,ingress,egress)
                        eclipseInfo = [planet,eclipseEpoch,duration(planet)/2,'eclipse',ingressAlt,ingressDir,egressAlt,egressDir]
                        eclipses[str(day)].append(eclipseInfo)	
            
            except ephem.NeverUpError:
                if str(planet) not in planetsNeverUp:
                    print 'Note: planet %s is never above the horizon at this observing location.' % (planet)
                    planetsNeverUp.append(str(planet))

    def removeEmptySets(dictionary):
        '''Remove days where there were no transits/eclipses from the transit/eclipse list dictionary. 
            Can't iterate through the transits dictionary with a for loop because it would change length 
            as keys get deleted, so loop through with while loop until all entries are not empty sets'''
        dayCounter = startSem
        while any(dictionary[day] == [] for day in dictionary):	
            if dictionary[str(dayCounter)] == []:
                del dictionary[str(dayCounter)]
            dayCounter += 1

    if calcTransits: removeEmptySets(transits)
    if calcEclipses: removeEmptySets(eclipses)

    events = {}
    def mergeDictionaries(dict):
        for key in dict:
            if any(key == eventKey for eventKey in events) == False:	## If key does not exist in events,
                if np.shape(dict[key])[0] == 1:	## If new event is the only one on that night, add only it
                    events[key] = [dict[key][0]]
                else:			## If there were multiple events that night, add them each
                    events[key] = []
                    for event in dict[key]:
                        events[key].append(event)
            else:
                if np.shape(dict[key])[0] > 1: ## If there are multiple entries to append,
                    for event in dict[key]:
                        events[key].append(event)
                else:							## If there is only one to add,
                    events[key].append(dict[key][0])
    if calcTransits: mergeDictionaries(transits)
    if calcEclipses: mergeDictionaries(eclipses)

    if textOut: 
        allKeys = events.keys()
        allKeys = np.array(allKeys)[np.argsort(allKeys)]
        report = open(os.path.join(os.path.dirname(oscaar.__file__),'extras','eph','ephOutputs','eventReport.csv'),'w')
        firstLine = 'Planet,Event,Ingress Date, Ingress Time (UT) ,Altitude at Ingress,Azimuth at Ingress,Egress Date, Egress Time (UT) ,Altitude at Egress,Azimuth at Egress,V mag,Depth,Duration,RA,Dec,Const.,Mass,Semimajor Axis (AU),Radius (R_J)\n'
        report.write(firstLine)
        
        for key in allKeys:
            def writeCSVtransit():
                middle = ','.join([planet[0],str(planet[3]),list2datestrCSV(jd2gd(float(planet[1]-planet[2]))),planet[4],planet[5],\
                                   list2datestrCSV(jd2gd(float(planet[1]+planet[2]))),planet[6],planet[7],trunc(bandMagnitude(str(planet[0])),2),\
                                   trunc(depth(planet[0]),4),trunc(24.0*duration(planet[0]),2),RA(planet[0]),dec(planet[0]),constellation(planet[0]),\
                                   mass(planet[0]),semimajorAxis(planet[0]),radius(planet[0])])
                line = middle+'\n'
                report.write(line)
            
            def writeCSVeclipse():
                middle = ','.join([planet[0],str(planet[3]),list2datestrCSV(jd2gd(float(planet[1]-planet[2]))),planet[4],planet[5],\
                                   list2datestrCSV(jd2gd(float(planet[1]+planet[2]))),planet[6],planet[7],trunc(bandMagnitude(str(planet[0])),2),\
                                   trunc(depth(planet[0]),4),trunc(24.0*duration(planet[0]),2),RA(planet[0]),dec(planet[0]),constellation(planet[0]),\
                                   mass(planet[0]),semimajorAxis(planet[0]),radius(planet[0])])
                line = middle+'\n'
                report.write(line)
            
            if np.shape(events[key])[0] > 1:
                elapsedTime = []
                
                for i in range(1,len(events[key])):
                    nextPlanet = events[key][1]
                    planet = events[key][0]
                    double = False
                    '''If the other planet's ingress is before this one's egress, then'''
                    if ephem.Date(list2datestr(jd2gd(float(nextPlanet[1]-nextPlanet[2])))) -\
                        ephem.Date(list2datestr(jd2gd(float(planet[1]+planet[2])))) > 0.0:
                            double = True
                            elapsedTime.append(ephem.Date(list2datestr(jd2gd(float(nextPlanet[1]-nextPlanet[2])))) - \
                                               ephem.Date(list2datestr(jd2gd(float(planet[1]+planet[2])))))
                    
                    if ephem.Date(list2datestr(jd2gd(float(planet[1]-planet[2])))) - \
                        ephem.Date(list2datestr(jd2gd(float(nextPlanet[1]+nextPlanet[2])))) > 0.0:
                            '''If the other planet's egress is before this one's ingress, then'''
                            double = True
                            elapsedTime.append(ephem.Date(list2datestr(jd2gd(float(planet[1]-planet[2])))) - \
                                               ephem.Date(list2datestr(jd2gd(float(nextPlanet[1]+nextPlanet[2])))))
                
                for planet in events[key]:
                    if calcTransits and planet[3] == 'transit':
                        writeCSVtransit()
                    if calcEclipses and planet[3] == 'eclipse':
                        writeCSVeclipse()		  
            
            elif np.shape(events[key])[0] == 1:
                planet = events[key][0]
                if calcTransits and planet[3] == 'transit':
                    writeCSVtransit()
                if calcEclipses and planet[3] == 'eclipse':
                    writeCSVeclipse()
        # report.write('\n')
        
        report.close()
    #print exoplanetDB['HD 209458 b']
    print 'calculateEphemerides.py: Done'


    if htmlOut: 
        '''Write out a text report with the transits/eclipses. Write out the time of 
            ingress, egress, whether event is transit/eclipse, elapsed in time between
            ingress/egress of the temporally isolated events'''
        report = open(os.path.join(os.path.dirname(oscaar.__file__),'extras','eph','ephOutputs','eventReport.html'),'w')
        allKeys = events.keys()
        ## http://www.kryogenix.org/code/browser/sorttable/
        htmlheader = '\n'.join([
                                '<!doctype html>',\
                                '<html>',\
                                '	<head>',\
                                '		<meta http-equiv="content-type" content="text/html; charset=UTF-8" />',\
                                '		<title>Ephemeris</title>',\
                                '		<link rel="stylesheet" href="stylesheetEphem.css" type="text/css" />',\
                                '		 <script type="text/javascript">',\
                                '		  function changeCSS(cssFile, cssLinkIndex) {',\
                                '			var oldlink = document.getElementsByTagName("link").item(cssLinkIndex);',\
                                '			var newlink = document.createElement("link")',\
                                '			newlink.setAttribute("rel", "stylesheet");',\
                                '			newlink.setAttribute("type", "text/css");',\
                                '			newlink.setAttribute("href", cssFile);',\
                                
                                '			document.getElementsByTagName("head").item(0).replaceChild(newlink, oldlink);',\
                                '		  }',\
                                '		</script>',\
                                '	   <script src="./sorttable.js"></script>',\
                                '	</head>',\
                                '	<body>',\
                                '		<div id="textDiv">',\
                                '		<h1>Ephemerides for: '+observatory_name+'</h1>',\
                                '		<h2>Observing dates (UT): '+list2datestr(jd2gd(startSem)).split(' ')[0]+' - '+list2datestr(jd2gd(endSem)).split(' ')[0]+'</h2>'
                                '	   Click the column headers to sort. ',\
                                '		<table class="daynight" id="eph">',\
                                '		<tr><th colspan=2>Toggle Color Scheme</th></tr>',\
                                '		<tr><td><a href="#" onclick="changeCSS(\'stylesheetEphem.css\', 0);">Day</a></td><td><a href="#" onclick="changeCSS(\'stylesheetEphemDark.css\', 0);">Night</a></td></tr>',\
                                '		</table>'])
        
        if show_lt == 0:
            tableheader = '\n'.join([
                                     '\n		<table class="sortable" id="eph">',\
                                     '		<tr> <th>Planet<br /><span class="small">[Link: Orbit ref.]</span></th>	  <th>Event<br /><span class="small">[Transit/<br />Eclipse]</span></th>	<th>Ingress <br /><span class="small">(MM/DD<br />HH:MM, UT)</span></th> <th>Egress <br /><span class="small">(MM/DD<br />HH:MM, (UT), Alt., Dir.)</span></th>'+\
                                     '<th>'+band.upper()+'</th> <th>Depth<br />(mag)</th> <th>Duration<br />(hrs)</th> <th>RA/Dec<br /><span class="small">[Link: Simbad ref.]</span></th> <th>Const.</th> <th>Mass<br />(M<sub>J</sub>)</th>'+\
                                     '<th>Radius<br />(R<sub>J</sub>)</th> <th>Ref. Year</th></tr>'])
        else:
            tableheader = '\n'.join([
                                     '\n        <table class="sortable" id="eph">',\
                                     '        <tr> <th>Planet<br /><span class="small">[Link: Orbit ref.]</span></th>      <th>Event<br /><span class="small">[Transit/<br />Eclipse]</span></th> <th>Ingress <br /><span class="small">(MM/DD<br />HH:MM (LT), Alt., Dir.)</span></th> <th>Egress <br /><span class="small">(MM/DD<br />HH:MM (LT), Alt., Dir.)</span></th>   '+\
                                     '<th>'+band.upper()+'</th> <th>Depth<br />(mag)</th> <th>Duration<br />(hrs)</th> <th>RA/Dec<br /><span class="small">[Link: Simbad ref.]</span></th> <th>Const.</th> <th>Mass<br />(M<sub>J</sub>)</th>'+\
                                     ' <th>Radius<br />(R<sub>J</sub>)</th> <th>Ref. Year</th> <th>Ingress <br /><span class="small">(MM/DD<br />HH:MM (UT))</span></th> <th>Egress <br /><span class="small">(MM/DD<br />HH:MM, (UT))</span></th></tr>'])
    
        
        tablefooter = '\n'.join([
                                 '\n		</table>',\
                                 '		<br /><br />',])
        htmlfooter = '\n'.join([
                                '\n		<p class="headinfo">',\
                                '		Developed by Brett Morris with great gratitude for the help of <a href="http://rhodesmill.org/pyephem/">PyEphem</a>,<br/>',\
                                '		and for up-to-date exoplanet parameters from <a href="http://www.exoplanets.org/">exoplanets.org</a> (<a href="http://adsabs.harvard.edu/abs/2011PASP..123..412W">Wright et al. 2011</a>).<br />',\
                                '		</p>',\
                                '		</div>',\
                                '	</body>',\
                                '</html>'])
        report.write(htmlheader)
        report.write(tableheader)
        
        allKeys = np.array(allKeys)[np.argsort(allKeys)]
        for key in allKeys:
            def writeHTMLtransit():
                indentation = '		'
                if show_lt != 0: 
                    middle = '</td><td>'.join([nameWithLink(planet[0]),str(planet[3]),list2datestrHTML_LT(jd2gd(float(planet[1]-planet[2])),planet[4],planet[5]),\
                                               list2datestrHTML_LT(jd2gd(float(planet[1]+planet[2])),planet[6],planet[7]),trunc(bandMagnitude(str(planet[0])),2),\
                                               trunc(depth(planet[0]),4),trunc(24.0*duration(planet[0]),2),RADecHTML(planet[0]),constellation(planet[0]),\
                                               mass(planet[0]),radius(planet[0]),orbitReferenceYear(planet[0]),list2datestrHTML_UTnoaltdir(jd2gd(float(planet[1]-planet[2])),planet[4],planet[5]),\
                                               list2datestrHTML_UTnoaltdir(jd2gd(float(planet[1]+planet[2])),planet[6],planet[7])])
                else:
                    middle = '</td><td>'.join([nameWithLink(planet[0]),str(planet[3]),list2datestrHTML(jd2gd(float(planet[1]-planet[2])),planet[4],planet[5]),\
                                               list2datestrHTML(jd2gd(float(planet[1]+planet[2])),planet[6],planet[7]),trunc(bandMagnitude(str(planet[0])),2),\
                                               trunc(depth(planet[0]),4),trunc(24.0*duration(planet[0]),2),RADecHTML(planet[0]),constellation(planet[0]),\
                                               mass(planet[0]),radius(planet[0]),orbitReferenceYear(planet[0])])
                line = indentation+'<tr><td>'+middle+'</td></tr>\n'
                report.write(line)
            
            def writeHTMLeclipse():
                indentation = '		'
                if show_lt != 0:
                    middle = '</td><td>'.join([nameWithLink(planet[0]),str(planet[3]),list2datestrHTML_LT(jd2gd(float(planet[1]-planet[2])),planet[4],planet[5]),\
                                               list2datestrHTML_LT(jd2gd(float(planet[1]+planet[2])),planet[6],planet[7]),trunc(bandMagnitude(str(planet[0])),2),\
                                               '---',trunc(24.0*duration(planet[0]),2),RADecHTML(planet[0]),constellation(planet[0]),\
                                               mass(planet[0]),radius(planet[0]),orbitReferenceYear(planet[0]),list2datestrHTML_UTnoaltdir(jd2gd(float(planet[1]-planet[2])),planet[4],planet[5]),\
                                               list2datestrHTML_UTnoaltdir(jd2gd(float(planet[1]+planet[2])),planet[6],planet[7])])
                else: 
                    middle = '</td><td>'.join([nameWithLink(planet[0]),str(planet[3]),list2datestrHTML(jd2gd(float(planet[1]-planet[2])),planet[4],planet[5]),\
                                               list2datestrHTML(jd2gd(float(planet[1]+planet[2])),planet[6],planet[7]),trunc(bandMagnitude(str(planet[0])),2),\
                                               '---',trunc(24.0*duration(planet[0]),2),RADecHTML(planet[0]),constellation(planet[0]),\
                                               mass(planet[0]),radius(planet[0]),orbitReferenceYear(planet[0])])

                line = indentation+'<tr><td>'+middle+'</td></tr>\n'
                report.write(line)
            
            
            if np.shape(events[key])[0] > 1:
                elapsedTime = []
                
                for i in range(1,len(events[key])):
                    nextPlanet = events[key][1]
                    planet = events[key][0]
                    double = False
                    '''If the other planet's ingress is before this one's egress, then'''
                    if ephem.Date(list2datestr(jd2gd(float(nextPlanet[1]-nextPlanet[2])))) -\
                        ephem.Date(list2datestr(jd2gd(float(planet[1]+planet[2])))) > 0.0:
                            double = True
                            elapsedTime.append(ephem.Date(list2datestr(jd2gd(float(nextPlanet[1]-nextPlanet[2])))) - \
                                               ephem.Date(list2datestr(jd2gd(float(planet[1]+planet[2])))))
                    
                    if ephem.Date(list2datestr(jd2gd(float(planet[1]-planet[2])))) - \
                        ephem.Date(list2datestr(jd2gd(float(nextPlanet[1]+nextPlanet[2])))) > 0.0:
                            '''If the other planet's egress is before this one's ingress, then'''
                            double = True
                            elapsedTime.append(ephem.Date(list2datestr(jd2gd(float(planet[1]-planet[2])))) - \
                                               ephem.Date(list2datestr(jd2gd(float(nextPlanet[1]+nextPlanet[2])))))
                
                for planet in events[key]:
                    if calcTransits and planet[3] == 'transit':
                        writeHTMLtransit()
                    if calcEclipses and planet[3] == 'eclipse':
                        writeHTMLeclipse()		  
            elif np.shape(events[key])[0] == 1:
                planet = events[key][0]
                if calcTransits and planet[3] == 'transit':
                    writeHTMLtransit()
                if calcEclipses and planet[3] == 'eclipse':
                    writeHTMLeclipse()
        report.write(tablefooter)
        report.write(htmlfooter)
        report.close()

    #print exoplanetDB['HD 209458 b']


"""
    Functions for handling dates.
    
    Contains:
    gd2jd  -- converts gregorian date to julian date
    jd2gd  -- converts julian date to gregorian date
    
    Wish list:
    Function to convert heliocentric julian date!
    
    
    
    These functions were taken from Enno Middleberg's site of useful
    astronomical python references:
    http://www.astro.rub.de/middelberg/python/python.html
    
    "Feel free to download, use, modify and pass on these scripts, but
    please do not remove my name from it." --E. Middleberg
    """

# 2009-02-15 13:12 IJC: Converted to importable function


[docs]def gd2jd(*date):
    """
    gd2jd.py converts a UT Gregorian date to Julian date.
        
        Usage: gd2jd.py (2009, 02, 25, 01, 59, 59)
        
        To get the current Julian date:
        import time
        gd2jd(time.gmtime())
        
        Hours, minutesutes and/or seconds can be omitted -- if so, they are
        assumed to be zero.
        
        Year and month are converted to type INT, but all others can be
        type FLOAT (standard practice would suggest only the final element
        of the date should be float)
    """
    #print date
    #print date[0]
    date = date[0]

    date = list(date)

    if len(date)<3:
        print "You must enter a date of the form (2009, 02, 25)!"
        return -1
    elif len(date)==3:
        for ii in range(3): date.append(0)
    elif len(date)==4:
        for ii in range(2): date.append(0)
    elif len(date)==5:
        date.append(0)

    yyyy = int(date[0])
    mm = int(date[1])
    dd = float(date[2])
    hh = float(date[3])
    minutes = float(date[4])
    sec = float(date[5])
    #print yyyy,mm,dd,hh,minutes,sec

    UT=hh+minutes/60+sec/3600

    #print "UT="+`UT`

    total_seconds=hh*3600+minutes*60+sec
    fracday=total_seconds/86400

    #print "Fractional day: %f" % fracday
    # print dd,mm,yyyy, hh,minutes,sec, UT

    if (100*yyyy+mm-190002.5)>0:
        sig=1
    else:
        sig=-1

    JD = 367*yyyy - int(7*(yyyy+int((mm+9)/12))/4) + int(275*mm/9) + dd + 1721013.5 + UT/24 - 0.5*sig +0.5

    months=["January", "February", "March", "April", "May", "June", "July", "August", "September", "October", "November", "December"]

    #print "\n"+months[mm-1]+" %i, %i, %i:%i:%i UT = JD %f" % (dd, yyyy, hh, minutes, sec, JD),

    # Now calculate the fractional year. Do we have a leap year?
    daylist=[31,28,31,30,31,30,31,31,30,31,30,31]
    daylist2=[31,29,31,30,31,30,31,31,30,31,30,31]
    if (yyyy%4 != 0):
        days=daylist2
    elif (yyyy%400 == 0):
        days=daylist2
    elif (yyyy%100 == 0):
        days=daylist
    else:
        days=daylist2

    daysum=0
    for y in range(mm-1):
        daysum=daysum+days[y]
        daysum=daysum+dd-1+UT/24

    if days[1]==29:
        fracyear=yyyy+daysum/366
    else:
        fracyear=yyyy+daysum/365
    #print " = " + `fracyear`+"\n"
    return JD



[docs]def jd2gd(jd,returnString=False):
    """Task to convert a list of julian dates to gregorian dates
        description at http://mathforum.org/library/drmath/view/51907.html
        Original algorithm in Jean Meeus, "Astronomical Formulae for
        Calculators"
        
        2009-02-15 13:36 IJC: Converted to importable, callable function
        
        
        Note from author: This script is buggy and reports Julian dates which are 
        off by a day or two, depending on how far back you go. For example, 11 March 
        1609 converted to JD will be off by two days. 20th and 21st century seem to 
        be fine, though.
        
        Note from Brett Morris: This conversion routine matches up to the "Numerical 
        Recipes" in C version from 2010-2100 CE, so I think we'll be ok for oscaar's
        purposes.
        """
    jd=jd+0.5
    Z=int(jd)
    F=jd-Z
    alpha=int((Z-1867216.25)/36524.25)
    A=Z + 1 + alpha - int(alpha/4)

    B = A + 1524
    C = int( (B-122.1)/365.25)
    D = int( 365.25*C )
    E = int( (B-D)/30.6001 )

    dd = B - D - int(30.6001*E) + F

    if E<13.5:
        mm=E-1

    if E>13.5:
        mm=E-13

    if mm>2.5:
        yyyy=C-4716

    if mm<2.5:
        yyyy=C-4715

    months=["January", "February", "March", "April", "May", "June", "July", "August", "September", "October", "November", "December"]
    daylist=[31,28,31,30,31,30,31,31,30,31,30,31]
    daylist2=[31,29,31,30,31,30,31,31,30,31,30,31]

    h=int((dd-int(dd))*24)
    minutes=int((((dd-int(dd))*24)-h)*60)
    sec=86400*(dd-int(dd))-h*3600-minutes*60

    # Now calculate the fractional year. Do we have a leap year?
    if (yyyy%4 != 0):
        days=daylist2
    elif (yyyy%400 == 0):
        days=daylist2
    elif (yyyy%100 == 0):
        days=daylist
    else:
        days=daylist2

    hh = 24.0*(dd % 1.0)
    minutes = 60.0*(hh % 1.0)
    sec = 60.0*(minutes % 1.0)

    dd =  int(dd-(dd%1.0))
    hh =  int(hh-(hh%1.0))
    minutes =  int(minutes-(minutes%1.0))


    #print str(jd)+" = "+str(months[mm-1])+ ',' + str(dd) +',' +str(yyyy)
    #print str(h).zfill(2)+":"+str(minutes).zfill(2)+":"+str(sec).zfill(2)+" UTC"

    #print (yyyy, mm, dd, hh, minutes, sec)
    if returnString:
        return str(yyyy)+'-'+str(mm).zfill(2)+'-'+str(dd).zfill(2)+' '+str(hh).zfill(2)+':'+str(minutes).zfill(2)#+':'+str(sec)[0:2].zfill(2)
    else:
        return (yyyy, mm, dd, hh, minutes, sec)
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  Source code for oscaar.timeConversions

import pyfits
import numpy as np

###########################################################################
###########################################################################

[docs]def jd2jd(jd):
    return jd


[docs]def dateobs2jd(ut):
    """
    Convert times from Universal Time (UT) to Julian Date (JD), splitting the date and time at the "T". 
    
    Parameters 
    ----------
	ut : string
		Time in Universial Time (UT), in the format: "<YYYY:MM:DD>T<HH:MM:SS>"
    
    Returns
	-------
	jd : float
		Julian Date (JD)
    """
    [date, Time] = ut.split('T')
    Time = Time.strip()
    [year, month, day] = date.split('-')
    [hour, min, sec] = Time.split(':')
    year = int(year); month = int(month); day = int(day)
    hour = int(hour); min = int(min); sec = float(sec)
    #years = (int(year) + 4716)*365.25
    if month == 1 or month == 2: 
        month += 12
        year -= 1
    a = year/100
    b = a/4
    c = 2-a+b
    d = day
    e = np.floor(365.25*(year+4716))
    f = np.floor(30.6001*(month+1))
    years = c+d+e+f-1524.5
    fracOfDay = (hour/24.) + (min/(24*60.)) + (sec/(24*60*60.))
    jd = years + fracOfDay
    return jd



[docs]def mjd2jd(mjd):
    """
    Converts Modified Julian Date to Julian Date. Definition of Modified Julian Date (MJD): MJD = JD - 2400000.5

    Parameters
    ----------
    mjd : float
        The Modified Julian Date

    Returns
    -------
    jd : float
        :math:`$mjd + 2400000.5 = jd$`, the corresponding ordinary Julian Date
    """
    return mjd + float(2400000.5)


###########################################################################
###########################################################################

    
[docs]def findKeyword(fitsFile): 
    '''
	Parameters
	----------
	fitsfile : string
		Path to a FITS file

	Returns
	-------
    (useKeyword, allKeys, conversionFunction) : tuple
		where 
		- `useKeyword` is the FITS header keyword that should be used to find
		the time of the exposure, 
		- `allKeys` is the list of all header keywords in the first exposure
		- `conversionFunction` is a function that will convert the time value stored in 
		the keyword denoted by `useKeyword` to Julian Date
    '''
    
    
    ## All keys in FITS header for the file
    allKeys = pyfits.getheader(fitsFile).keys()
    
    ## List of potential keywords to search for
    knownkeys = ["JD","MJD-OBS","DATE-OBS","UTC-OBS"]
    conversions = [jd2jd, mjd2jd, dateobs2jd, dateobs2jd]
    conversionFunction = None
    useKeyword = None
    
    ## Search for keywords for which we've predefined conversion functions 
    j = -1
    while useKeyword == None and j < len(knownkeys)-1:
        j += 1
        if knownkeys[j] in allKeys:
            conversionFunction = conversions[j]
            useKeyword = knownkeys[j]
 
    if useKeyword == None: print "No known keywords found"
    return useKeyword, allKeys, knownkeys, conversionFunction
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  Source code for oscaar.astrometry.trackSmooth

'''oscaar v2.0 
   Module for differential photometry
   Developed by Brett Morris, 2011-2013'''
import numpy as np
from numpy import linalg as LA
import pyfits
from matplotlib import pyplot as plt
import matplotlib.cm as cm
from scipy import ndimage, optimize
from time import sleep
import shutil
from glob import glob
from re import split
import cPickle
from shutil import copy
import os

[docs]def quadraticFit(derivative,ext):
    '''
    Find an extremum in the data and use it and the points on either side, fit
    a quadratic function to the three points, and return the x-position of the 
    apex of the best-fit parabola. 
    
    Called by oscaar.trackSmooth()
    
    Parameters
    ----------
    derivative : numpy.ndarray
       The first derivative of the series of points, usually calculated by np.diff()
                    
    ext : string 
        Extremum to look find. May be either "max" or "min"
    
    Returns
    -------
    extremum : float
        The (non-integer) index where the extremum was found
       
    '''
    rangeOfFit = 1
    lenDer = len(derivative)/2
    if ext == "max":
        indExtrema = np.argmax(derivative[:lenDer])
    elif ext == "min":
        indExtrema = np.argmin(derivative[lenDer:])+lenDer

    fitPart = derivative[indExtrema-rangeOfFit:indExtrema+rangeOfFit+1]
    if len(fitPart) == 3:
        stackPolynomials = np.zeros([3,3])
        for i in range(0,len(fitPart)):
            stackPolynomials[i,:] = [i**2,i,1.0]
        estimatedCoeffs = np.dot(LA.inv(stackPolynomials),fitPart)
        d_fit = -estimatedCoeffs[1]/(2.0*estimatedCoeffs[0])            #d_fit = -b_fit/(2.*a_fit)
        extremum = d_fit+indExtrema-rangeOfFit
    else: 
        extremum = indExtrema
    return extremum


[docs]def trackSmooth(image, est_x, est_y, smoothingConst, plottingThings, preCropped=False, zoom=20.0,plots=False):
    '''
    Method for tracking stellar centroids. 
    
    Parameters
    ---------- 
        image : numpy.ndarray
            FITS image read in by PyFITS
    
        est_x : float
            Inital estimate for the x-centroid of the star
        
        est_y : float
            Inital estimate for the y-centroid of the star
        
        smoothingConstant : float
            Controls the degree to which the raw stellar intensity profile will be smoothed by a Gaussian filter (0 = no smoothing)
        
        preCropped : bool
            If preCropped=False, image is assumed to be a raw image, if preCropped=True, image is assumed to be only the 
            portion of the image near the star
        
        zoom : int or float
            How many pixels in each direction away from the estimated centroid to consider when tracking the centroid. Be 
            sure to choose a large enough zoom value the stellar centroid in the next exposure will fit within the zoom
        
        plots : bool
            If plots=True, display stellar intensity profile in two axes and the centroid solution
                                
     Returns
     ------- 
         xCenter : float
             The best-fit x-centroid of the star
    
         yCenter : float
             The best-fit y-centroid of the star
         
         averageRadius : float
             Average radius of the SMOOTHED star in pixels
         
         errorFlag : bool
             Boolean corresponding to whether or not any error occured when running oscaar.trackSmooth(). If an 
             error occured, the flag is True; otherwise False.
                         
     Core developer: Brett Morris
     Modifications by: Luuk Visser, 2-12-2013
    '''
    '''If you have an interpolated grid as input, small inputs for smoothingConst
        it won't have any effect. Thus it has to be increased by the
        zoom factor you used to sub-pixel interpolate. 
        
        np.e seems to give nice smoothing results if frame is already cut out, you can 
        set preCropped to True, so the script won't cut a frame out again. '''
    try:
	    if plots:
	        [fig,subplotsDimensions,photSubplotsOffset] = plottingThings
	    if preCropped:
	        zoom = image.shape[0]/2
	        est_x, est_y = 0,0
	        target = image ## Assume image is pre-cropped image of the star
	    else:
	        #smoothingConst *= zoom/20 
	        target = image[est_x-zoom:est_x+zoom,est_y-zoom:est_y+zoom]   ## Crop image of just the target star
	        
	    #Save original (unsmoothed) data for plotting purposses
	    if plots:
	        target_orig = target.copy()
	        axisA_orig = np.sum(target,axis=0)   ## Take the sums of all values in each column,
	        axisB_orig = np.sum(target,axis=1)   ## then repeat for each row
	    
	    target = ndimage.gaussian_filter(target, sigma=smoothingConst,order=0)
	    
	    ## Sum columns
	    axisA = np.sum(target,axis=0)   ## Take the sums of all values in each column,
	    axisB = np.sum(target,axis=1)   ## then repeat for each row
	
	    axisADeriv = np.diff(axisA)     ## Find the differences between each pixel intensity and
	    axisBDeriv = np.diff(axisB)     ## the neighboring pixel (derivative of intensity profile)
	
	    lenaxisADeriv = len(axisADeriv)
	    lenaxisADeriv_2 = lenaxisADeriv/2
	    lenaxisBDeriv = len(axisBDeriv)
	    lenaxisBDeriv_2 = lenaxisBDeriv/2
	    
	    derivMinAind = np.where(axisADeriv == min(axisADeriv[lenaxisADeriv_2:lenaxisADeriv]))[0][0] ## Minimum in the derivative
	    derivMinBind = np.where(axisBDeriv == min(axisBDeriv[lenaxisBDeriv_2:lenaxisBDeriv]))[0][0] ## of the intensity plot
	
	    derivMaxAind = np.where(axisADeriv == max(axisADeriv[0:lenaxisADeriv_2]))[0][0] ## Maximum in the derivative
	    derivMaxBind = np.where(axisBDeriv == max(axisBDeriv[0:lenaxisBDeriv_2]))[0][0] ## of the intensity plot
	
	    extremumA = quadraticFit(axisADeriv,ext="max")
	    extremumB = quadraticFit(axisADeriv,ext="min")
	    extremumC = quadraticFit(axisBDeriv,ext="max")
	    extremumD = quadraticFit(axisBDeriv,ext="min")
	
	    averageRadius = (abs(derivMinAind-derivMaxAind)+ \
	        abs(derivMinBind-derivMaxBind))/4. ## Average diameter / 2
	    axisAcenter = (extremumA+extremumB)/2.
	    axisBcenter = (extremumC+extremumD)/2.
	    
	    xCenter = est_x-zoom+axisBcenter
	    yCenter = est_y-zoom+axisAcenter
	    
	    if plots:
	        plt.clf()
	        #plt.clf(fig)
	        def format_coord(x, y):
	            '''Function to also give data value on mouse over with imshow.'''
	            col = int(x+0.5)
	            row = int(y+0.5)
	            try:
	                return 'x=%1.4f, y=%1.4f, z=%1.4f' % (x, y, target[row,col])
	            except:
	                return 'x=%1.4f, y=%1.4f' % (x, y)
	        
	        dimx,dimy = target.shape
	        med = np.median(target)
	        dsig = np.std(target)
	        
	        ax = fig.add_subplot(subplotsDimensions+1)
	        ax.imshow(target_orig, cmap=cm.gray, interpolation="nearest",vmin = med-0.5*dsig, vmax =med+2*dsig)
	        ax.set_title('Star Center')
	        ax.axvline(ymin=0,ymax=1,x=axisAcenter+0.5,color='b',linewidth=2)
	        ax.axhline(xmin=0,xmax=1,y=axisBcenter+0.5,color='r',linewidth=2)
	        ax.set_xlim([-.5,dimx-.5])
	        ax.set_ylim([-.5,dimy-.5])
	        ax.set_xlabel('X')
	        ax.set_ylabel('Y')
	        ax.format_coord = format_coord 
	        
	        ax2 = fig.add_subplot(subplotsDimensions+2)
	        ax2.set_title('Smoothed Intensity Profile')
	        ax2.plot(axisB,'-r')
	        ax2.plot(axisB_orig,'-r', alpha=0.33)
	        ax2.axvline(x=extremumC,ymin=0,ymax=1,color='r',linestyle=':',linewidth=1)
	        ax2.axvline(x=extremumD,ymin=0,ymax=1,color='r',linestyle=':',linewidth=1)
	        ax2.axvline(x=axisBcenter,ymin=0,ymax=1,color='r',linewidth=2)
	        ax2.set_xlabel('X')
	        ax2.set_ylabel('Counts')
	
	        ax3 = fig.add_subplot(subplotsDimensions+3)
	        ax3.plot(axisA,'-b')
	        ax3.plot(axisA_orig,'-b', alpha=0.33)
	        ax3.set_title('Smoothed Intensity Profile')
	        ax3.axvline(x=extremumA,ymin=0,ymax=1,color='b',linestyle=':',linewidth=1)
	        ax3.axvline(x=extremumB,ymin=0,ymax=1,color='b',linestyle=':',linewidth=1)
	        ax3.axvline(x=axisAcenter,ymin=0,ymax=1,color='b',linewidth=2)
	        ax3.set_xlabel('Y')
	        ax3.set_ylabel('Counts')
	        plt.draw()
	    return [xCenter,yCenter,averageRadius, False]
    except Exception:    ## If an error occurs:
        print "An error has occured in oscaar.trackSmooth(), \n\treturning inital (x,y) estimate"
        return [est_x, est_y, 1.0, True]
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  OSCAAR 2.0 BETA


In the same directory as this INSTALL file, execute


python setup.py install


from a Unix/Linux shell or the Windows command prompt.
If you’re machine runs Windows and you’ve never run a
Python script from the command prompt before, you’ll
first need to enter this


set path=%path%;C:python27


in the command prompt in order to be able to access the
“python” command from the command prompt. You only need
to do this once.


If you have any trouble, check for troubleshooting tips
from similar past issues on our Issue Tracker


https://github.com/OSCAAR/OSCAAR/issues?state=open


or for more tutorials on our wiki


https://github.com/OSCAAR/OSCAAR/wiki


If you’ve successfully installed OSCAAR, you can open
the GUI with the follow command (when not in the same
directory that you installed OSCAAR from)


python -c “from oscaar import oscaarGUI”
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  Source code for oscaar.extras.knownSystemParameters.returnSystemParams

import numpy as np
import os
import oscaar

'''
System parameters for occultquad: 
p   = Rp/Rs     = planet radius/stellar radius
ap  = a/Rs      = semimajor axis/stellar radius
P   = period
i   = inclination
gamma1  = limb darkening, linear
gamma2  = limb darkening, quadratic
e       = eccentricity
longPericenter = logitude of pericenter
t0      =   mid-transit time
'''
global exoplanetDB

[docs]def period(planet):
    '''Units:  days'''
    try:
        return np.float64(exoplanetDB[planet]['PER'])
    except KeyError:
        return -1


[docs]def epoch(planet):
    '''Tc at mid-transit. Units:  days'''
    if exoplanetDB[planet]['TT'] == '': return 0.0
    else: return np.float64(exoplanetDB[planet]['TT'])


[docs]def aOverRs(planet):
    '''Returns semimajor axis over stellar radius (a/Rs)'''
    try:
        return float(exoplanetDB[planet]['AR'])
    except KeyError:
        return -1


[docs]def depth(planet):
    '''Transit depth = (Rp/Rs)^2 '''
    try:
        if exoplanetDB[planet]['DEPTH'] == '': return 0.0
        else: return float(exoplanetDB[planet]['DEPTH'])
    except KeyError:
        return -1

        
[docs]def RpOverRs(planet):
    '''Ratio of planet radius to stellar radius, derived from transit depth since depth=(Rp/Rs)^2'''
    temp = depth(planet)
    if temp == -1:
        return -1
    else:
        return np.sqrt(depth(planet))



[docs]def inclination(planet):
    try:
        return float(exoplanetDB[planet]['I'])
    except KeyError:
        return -1

[docs]def eccentricity(planet):
    try:
        if float(exoplanetDB[planet]['ECC']) == '': return 0.0
        else: return float(exoplanetDB[planet]['ECC'])
    except KeyError:
        return -1

    
[docs]def transiterParams(planet):
    '''Return accepted values for the fitting routine'''

    ## Load latest data from exoplanets.org
    from getLatestParams import downloadAndPickle
    global exoplanetDB
    exoplanetDB = downloadAndPickle()
    return [RpOverRs(planet),aOverRs(planet),period(planet),inclination(planet),eccentricity(planet)]
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  Source code for oscaar.extras.knownSystemParameters.getLatestParams

import numpy as np
import cPickle
import os
from glob import glob
from urllib import urlopen
import urllib2
import oscaar
from time import time
from os.path import getmtime


[docs]def internet_connected():
    '''If internet connection is available, return True.'''
    try:
        response=urllib2.urlopen('http://www.google.com',timeout=10)
        return True
    except urllib2.URLError as err: pass
    return False


[docs]def downloadAndPickle():
    pklDatabaseName = os.path.join(os.path.dirname(oscaar.__file__),'extras','knownSystemParameters','exoplanetDB.pkl')	 ## Name of exoplanet database C-pickle
    pklDatabasePaths = glob(pklDatabaseName)   ## list of files with the name pklDatabaseName in cwd
    csvDatabaseName = os.path.join(os.path.dirname(oscaar.__file__),'extras','knownSystemParameters','exoplanets.csv')  ## Path to the text file saved from exoplanets.org
    csvDatabasePaths = glob(csvDatabaseName)

    '''First, check if there is an internet connection.'''

    if internet_connected():
        print "Internet connection detected."
    else:
        print "WARNING: This script assumes that you're connected to the internet. This script may crash if you do not have an internet connection."

    '''If there's a previously archived database pickle in this current working 
        directory then use it, if not, grab the data from exoplanets.org in one big CSV file and make one.
        If the old archive is >14 days old, grab a fresh version of the database from exoplanets.org.
        '''
    if csvDatabasePaths == []:
        print 'No local copy of exoplanets.org database. Downloading one...'
        rawCSV = urlopen('http://www.exoplanets.org/csv-files/exoplanets.csv').read()
        saveCSV = open(csvDatabaseName,'w')
        saveCSV.write(rawCSV)
        saveCSV.close()
    else: 
        '''If the local copy of the exoplanets.org database is >14 days old, download a new one'''
        secondsSinceLastModification = time() - getmtime(csvDatabaseName) ## in seconds
        daysSinceLastModification = secondsSinceLastModification/(60*60*24*30)
        if daysSinceLastModification > 14:
            print 'Your local copy of the exoplanets.org database is >14 days old. Downloading a fresh one...'
            rawCSV = urlopen('http://www.exoplanets.org/csv-files/exoplanets.csv').read()
            saveCSV = open(csvDatabaseName,'w')
            saveCSV.write(rawCSV)
            saveCSV.close()
        else: print "Your local copy of the exoplanets.org database is <14 days old. That'll do."

    if len(pklDatabasePaths) == 0:
        print 'Parsing '+os.path.split(csvDatabaseName)[1]+', the CSV database from exoplanets.org...'
        rawTable = open(csvDatabaseName).read().splitlines()
        labels = rawTable[0].split(',')
        labelUnits = rawTable[1].split(',')
        rawTableArray = np.zeros([len(rawTable),len(labels)])
        exoplanetDB = {}
        planetNameColumn = np.arange(len(labels))[np.array(labels,dtype=str)=='NAME'][0]
        for row in range(1,len(rawTable)): 
            splitRow = rawTable[row].split(',')
            exoplanetDB[splitRow[planetNameColumn]] = {}	## Create dictionary for this row's planet
            for col in range(0,len(splitRow)):
                exoplanetDB[splitRow[planetNameColumn]][labels[col]] = splitRow[col]
        
        output = open(pklDatabaseName,'wb')
        cPickle.dump(exoplanetDB,output)
        output.close()
    else: 
        print 'Using previously parsed database from exoplanets.org...'
        ''' Import data from exoplanets.org, parsed by
            exoplanetDataParser1.py'''
        inputFile = open(pklDatabaseName,'rb')
        exoplanetDB = cPickle.load(inputFile)
        inputFile.close()
    
    return exoplanetDB
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  All modules for which code is available


		oscaar.IO


		oscaar.astrometry.trackSmooth


		oscaar.dataBank


		oscaar.extras.eph.calculateEphemerides


		oscaar.extras.eph.ephemeris


		oscaar.extras.knownSystemParameters.getLatestParams


		oscaar.extras.knownSystemParameters.returnSystemParams
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  Source code for oscaar.other

import shutil
from re import split
import cPickle
from shutil import copy
import os


[docs]def overWriteCheck(filename, checkfiles, varcheck):
    """Checks to see if a particular file should be overwritten based on whether varcheck is on or off"""
    overcheck = None
    for i in range(0, len(checkfiles)):
        if checkfiles[i]== filename and varcheck == 'on':
            overcheck = raw_input('WARNING: Overwrite /' + filename + '/ ? (Y/n): ')
            break
    if overcheck == '' or overcheck == 'Y' or overcheck == 'y':
        shutil.rmtree(filename)
        os.mkdir(filename)


#######################################################################
#######################################################################       
"""
Functions for handling dates.

Contains:
   gd2jd  -- converts gregorian date to julian date
   jd2gd  -- converts julian date to gregorian date

Wish list:
   Function to convert heliocentric julian date!



These functions were taken from Enno Middleberg's site of useful
astronomical python references:
http://www.astro.rub.de/middelberg/python/python.html

"Feel free to download, use, modify and pass on these scripts, but
please do not remove my name from it." --E. Middleberg
"""

# 2009-02-15 13:12 IJC: Converted to importable function


[docs]def gd2jd(*date):
    """gd2jd.py converts a UT Gregorian date to Julian date.
    
    Usage: gd2jd.py (2009, 02, 25, 01, 59, 59)
    
    To get the current Julian date:
    import time
    gd2jd(time.gmtime())
    
    Hours, minutesutes and/or seconds can be omitted -- if so, they are
    assumed to be zero.
    
    Year and month are converted to type INT, but all others can be
    type FLOAT (standard practice would suggest only the final element
    of the date should be float)
        """
    #print date
    #print date[0]
    date = date[0]
    
    date = list(date)
    
    if len(date)<3:
        print "You must enter a date of the form (2009, 02, 25)!"
        return -1
    elif len(date)==3:
        for ii in range(3): date.append(0)
    elif len(date)==4:
        for ii in range(2): date.append(0)
    elif len(date)==5:
        date.append(0)
    
    yyyy = int(date[0])
    mm = int(date[1])
    dd = float(date[2])
    hh = float(date[3])
    minutes = float(date[4])
    sec = float(date[5])
    #print yyyy,mm,dd,hh,minutes,sec
    
    UT=hh+minutes/60+sec/3600
    
    #print "UT="+`UT`
    
    total_seconds=hh*3600+minutes*60+sec
    fracday=total_seconds/86400
    
    #print "Fractional day: %f" % fracday
    # print dd,mm,yyyy, hh,minutes,sec, UT
    
    if (100*yyyy+mm-190002.5)>0:
        sig=1
    else:
        sig=-1
    
    JD = 367*yyyy - int(7*(yyyy+int((mm+9)/12))/4) + int(275*mm/9) + dd + 1721013.5 + UT/24 - 0.5*sig +0.5
    
    months=["January", "February", "March", "April", "May", "June", "July", "August", "September", "October", "November", "December"]
    
    #print "\n"+months[mm-1]+" %i, %i, %i:%i:%i UT = JD %f" % (dd, yyyy, hh, minutes, sec, JD),
    
    # Now calculate the fractional year. Do we have a leap year?
    daylist=[31,28,31,30,31,30,31,31,30,31,30,31]
    daylist2=[31,29,31,30,31,30,31,31,30,31,30,31]
    if (yyyy%4 != 0):
        days=daylist2
    elif (yyyy%400 == 0):
        days=daylist2
    elif (yyyy%100 == 0):
        days=daylist
    else:
        days=daylist2
    
    daysum=0
    for y in range(mm-1):
        daysum=daysum+days[y]
        daysum=daysum+dd-1+UT/24
    
    if days[1]==29:
        fracyear=yyyy+daysum/366
    else:
        fracyear=yyyy+daysum/365
    #print " = " + `fracyear`+"\n"
    return JD



[docs]def jd2gd(jd,returnString=False):
    """Task to convert a list of julian dates to gregorian dates
    description at http://mathforum.org/library/drmath/view/51907.html
    Original algorithm in Jean Meeus, "Astronomical Formulae for
    Calculators"

    2009-02-15 13:36 IJC: Converted to importable, callable function
    
    
    Note from author: This script is buggy and reports Julian dates which are 
    off by a day or two, depending on how far back you go. For example, 11 March 
    1609 converted to JD will be off by two days. 20th and 21st century seem to 
    be fine, though.

    Note from Brett Morris: This conversion routine matches up to the "Numerical 
    Recipes" in C version from 2010-2100 CE, so I think we'll be ok for oscaar's
    purposes.
    """
    jd=jd+0.5
    Z=int(jd)
    F=jd-Z
    alpha=int((Z-1867216.25)/36524.25)
    A=Z + 1 + alpha - int(alpha/4)
    
    B = A + 1524
    C = int( (B-122.1)/365.25)
    D = int( 365.25*C )
    E = int( (B-D)/30.6001 )
    
    dd = B - D - int(30.6001*E) + F
    
    if E<13.5:
        mm=E-1
    
    if E>13.5:
        mm=E-13
    
    if mm>2.5:
        yyyy=C-4716
    
    if mm<2.5:
        yyyy=C-4715
    
    months=["January", "February", "March", "April", "May", "June", "July", "August", "September", "October", "November", "December"]
    daylist=[31,28,31,30,31,30,31,31,30,31,30,31]
    daylist2=[31,29,31,30,31,30,31,31,30,31,30,31]
    
    h=int((dd-int(dd))*24)
    minutes=int((((dd-int(dd))*24)-h)*60)
    sec=86400*(dd-int(dd))-h*3600-minutes*60
    
    # Now calculate the fractional year. Do we have a leap year?
    if (yyyy%4 != 0):
        days=daylist2
    elif (yyyy%400 == 0):
        days=daylist2
    elif (yyyy%100 == 0):
        days=daylist
    else:
        days=daylist2
    
    hh = 24.0*(dd % 1.0)
    minutes = 60.0*(hh % 1.0)
    sec = 60.0*(minutes % 1.0)
    
    dd =  int(dd-(dd%1.0))
    hh =  int(hh-(hh%1.0))
    minutes =  int(minutes-(minutes%1.0))
    
    
    #print str(jd)+" = "+str(months[mm-1])+ ',' + str(dd) +',' +str(yyyy)
    #print str(h).zfill(2)+":"+str(minutes).zfill(2)+":"+str(sec).zfill(2)+" UTC"
    
    #print (yyyy, mm, dd, hh, minutes, sec)
    if returnString:
        return str(yyyy)+'-'+str(mm).zfill(2)+'-'+str(dd).zfill(2)+' '+str(hh).zfill(2)+':'+str(minutes).zfill(2)#+':'+str(sec)[0:2].zfill(2)
    else:
        return (yyyy, mm, dd, hh, minutes, sec)
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  Source code for oscaar.fitting

import numpy as np
from matplotlib import pyplot as plt
from scipy import optimize
import IO
import transitModel
from time import sleep
[docs]def fitLinearTrend(xVector,yVector):
	'''Fit a line to the set {xVectorCropped,yVectorCropped}, then remove that linear trend
	   from the full set {xVector,yVector}'''
	print 'linearTrend'
	initP = [0.0,0.0]
	fitfunc = lambda p, x: p[0]*x + p[1]
	errfunc = lambda p, x, y: (fitfunc(p,x) - y)
	
	bestFitP = optimize.leastsq(errfunc,initP[:],args=(xVector,yVector))[0]
	return bestFitP


[docs]def linearFunc(xVector,params):
	return xVector*params[0] + params[1]


[docs]def mcmc(t,flux,sigma,initParams,func,Nsteps,beta,saveInterval,verbose=False,loadingbar=True):
	"""
	Markov Chain Monte Carlo routine for fitting. Takes a set of fluxes `flux` 
	measured at times `t` with uncertainties `sigma`. Input fitting function `func` is fed
	initial parameters `initParams` and iterated through the chains
	a total of `Nsteps` times, randomly sampled from normal distributions
	with widths `beta`, and every `saveInterval`-th state in the chain 
	is saved for later analysis.
	
	Parameters
	---------- 
	t : list
		times
	flux : list
		fluxes
	sigma : list
		uncertainties in fluxes
	initParams : list
		initial parameter estimates, `x_0` in Ford 2005
	func : function
		fitting function
	Nsteps : int
		number of iterations
	beta : list
		widths of normal distribution to randomly sample for each parameter
	saveInterval : int
		number of steps between "saving" the accepted parameter in the chain.
		Must satisfy ``Nsteps % saveInterval ==0``.
	
	Returns
	-------
	bestp : list
		parameters at minimum chi^2
	x_0toN  : array
		trace of each parameter at each save step
	acceptanceRate: float
		the final acceptance rate of the chain
		
	Notes
	-----
	 * Developed by Brett Morris (NASA-GSFC/UMD)	
	 * Based on the theory codified by Ford 2005 [1]_
	 * Code implementation partly influenced by Ian Crossfield's routines: http://www.mpia-hd.mpg.de/homes/ianc/python/transit.html
	

	.. [1] Eric Ford. "Quantifying the Uncertainty in the Orbits of Extrasolar Planets." 
		   The Astronomical Journal, Volume 129, Issue 3, pp. 1706-1717. 2005.
	"""
	
	Nsteps = int(Nsteps)			## Type cast where necessary
	saveInterval = int(saveInterval)
	assert Nsteps % saveInterval == 0, ("Must choose integer number of `saveInterval`s in `Nsteps`. "+\
				 "Currently: Nsteps %% saveInterval = %.2f (should be zero)" % (Nsteps % saveInterval))
	acceptedStates = 0
	nout = Nsteps/saveInterval

	## Prepare loading bar plot (if turned on)
	if loadingbar:
		plt.ion()
		statusBarFig = plt.figure(num=None, figsize=(5, 2), facecolor='w',edgecolor='k')
		statusBarFig.canvas.set_window_title('Running...')
		statusBarAx = statusBarFig.add_subplot(111,aspect=10)
		statusBarAx.set_title('Markov Chain Monte Carlo fitting...')
		statusBarAx.set_xlim([0,100])
		statusBarAx.set_xlabel('Percent Complete (%)')
		statusBarAx.get_yaxis().set_ticks([])
	
	## Metropolis-Hastings algorithm...
	x_n = initParams ## initial trial state, **Step 1 in Ford 2005**, n=0
	weights = 1./sigma**2
	x_0toN = np.zeros([len(x_n),nout],dtype=float)
	allchi = np.zeros(nout,dtype=float)
	bestp = None
	
	## Compute chi^2 using initial params
	trialModel = func(t,x_n)
	chisq_n = np.sum(((trialModel-flux)**2)*weights)
	chisq_min = 1e100	## Set very high initial chi-squared that will get immediately overwritten
	for n in range(Nsteps):
		## Update the loading bar every so often
		if loadingbar and n % 5000 == 0:
			plt.cla()
			statusBarAx.set_title('Markov Chain Monte Carlo fitting...')
			statusBarAx.set_xlim([0,100])
			statusBarAx.set_xlabel('Percent Complete (%)')
			statusBarAx.get_yaxis().set_ticks([])
			statusBarAx.barh([0],[100.0*n/Nsteps],[1],color='k')
			plt.draw()
		## Generate trial step in parameters, **Step 2 in Ford 2005**
		x_nplus1 = np.random.normal(x_n,beta)	 
			## ^^^ Sample gaussians with widths `beta` randomly centered 
			##		about each parameter in `params`
			
		## Should hold fixed constants and ensure pos-def here (not implementing)
		trialModel = func(t,x_nplus1)
		
		## Calculate chisq for current step **Step 3 in Ford 2005**
		chisq_nplus1 = np.sum(((trialModel-flux)**2)*weights)	
		
		## Ratio of probability distributions, Eq. 9 of Ford 2005;  **Step 4 in Ford 2005**
		ratioOfProbDist = np.exp((chisq_n - chisq_nplus1)/2.0)	
		alpha = np.min([ratioOfProbDist,1])## Eq. 11 in Ford 2005
		
		u = np.random.uniform(0,1)		## Draw random number on (0,1), **Step 5 in Ford 2005**
		if u <= alpha:					## If u<=alpha, accept this state
			x_n = np.copy(x_nplus1)
			chisq_n = chisq_nplus1
			acceptedStates += 1
		#elif u > alpha: x_nplus1 = x_n	## Implicit, commented out
		
		if chisq_nplus1 < chisq_min:	## If this chisq is minimum, record it
			bestp = np.copy(x_n)
			chisq_min = chisq_n
			
		if n % saveInterval == 0:		 ## Every `saveInterval`-th state, save it
			if verbose: print "Step",n,"of",Nsteps
			x_0toN[:,n/saveInterval] = np.copy(x_n)
			allchi[n/saveInterval] = chisq_n

	## Calculate acceptance rate, should ideally be ~0.44 (Ford 2005)
	acceptanceRate = float(acceptedStates)/Nsteps	
	plt.close()
	assert bestp is not None, "No best-fit found, chi^2 minimizing state not found"
	return bestp, x_0toN, acceptanceRate


[docs]def mcmc_iterate(t,flux,sigma,initParams,func,Nsteps,beta,saveInterval,verbose=False):
 	"""
	   MCMC routine specifically for optimizing the beta parameters with the 
	   optimizeBeta() function. 
 
 	   Parameters
	   ---------- 
		t : list
			time
		flux : list
			fluxes
		sigma : list
			uncertainties in fluxes
		initParams : list 
			initial parameter estimates, `x_0` in Ford 2005
		func : function 
			fitting function
		Nsteps : int
			number of steps to try in the chains
		beta : list
			widths of normal distribution to randomly sample for each parameter
	
		Returns
		-------
		acceptanceRateArray : list 
			Acceptance rates for each beta_mu   
		
		Notes
		-----
		 * Developed by Brett Morris (NASA-GSFC/UMD)	
		 * Based on the theory codified by Ford (2005) [1]
		 * Code implementation partly influenced by Ian Crossfield's routines: http://www.mpia-hd.mpg.de/homes/ianc/python/transit.html 

		.. [1] Eric Ford. "Quantifying the Uncertainty in the Orbits of Extrasolar Planets." 
			   The Astronomical Journal, Volume 129, Issue 3, pp. 1706-1717. 2005.
	"""   
	
	bestp = None
	timeout_counter = 0
	while bestp == None:
		timeout_counter += 1
		assert timeout_counter < 1e3, "mcmc_iterate time out: Your initial parameters are likely very poor,"+\
					"and the MCMC script can't find a best-fit solution starting from them. Try better initial parameters."
		Niterations = 5*len(initParams)#20 ##40000	## Hard coded in Evan's code as 4e4

		
		## Change one of the initial parameters at random per each iteration
		randomInitParamIndex = np.floor(np.random.uniform(0,len(initParams),Niterations))	## array of random indices of initParams
		NacceptancesPerParameter = np.zeros(len(initParams))	## initialize arrays
		NstepsPerParameter = np.zeros(len(initParams))
		originalInitParams = np.copy(initParams)
		for i in range(Niterations):
			initParams = originalInitParams
			#print "Iteration",i,"of",Niterations
			testParamIndex = int(randomInitParamIndex[i])	## This initParam index will be tested
			## Only use physically valid parameters, for this example, make up validity rules:
			## Keep slope between -0.2<m<0.2 and int between 0.0<intercept<1.0
			continueTag = True
			#while initParams[0] > 0.2 or initParams[0] < -0.2 or initParams[1] > 1.0 or initParams[1] < 0.0 or continueTag:
			#	initParams[testParamIndex] += np.random.normal(0,1)*beta[testParamIndex]			## np.random.normal(0,1) is equivalent to the IDL: randomn(seed,1)
			#	continueTag = False
			initParams[testParamIndex] += np.random.normal(0,1)*beta[testParamIndex]
			
			Nsteps = int(Nsteps)			## Type cast where necessary
			saveInterval = int(saveInterval)
			assert Nsteps % saveInterval == 0, ("Must choose integer number of `saveInterval`s in `Nsteps`. "+\
						 "Currently: Nsteps %% saveInterval = %.2f (should be zero)" % (Nsteps % saveInterval))
			acceptedStates = 0
			nout = Nsteps/saveInterval
			
			## Metropolis-Hastings algorithm...
			x_n = initParams ## initial trial state, **Step 1 in Ford 2005**, n=0
			weights = 1./sigma**2
			x_0toN = np.zeros([len(x_n),nout],dtype=float)
			allchi = np.zeros(nout,dtype=float)
			bestp = None
			
			## Compute chi^2 using initial params
			trialModel = func(t,x_n)
			chisq_n = np.sum(((trialModel-flux)**2)*weights)
			chisq_min = 1e100	## Set very high initial chi-squared that will get immediately overwritten
			for n in range(Nsteps):
				## Generate trial step in parameters, **Step 2 in Ford 2005**
				x_nplus1 = np.random.normal(x_n,beta)	 
					## ^^^ Sample gaussians with widths `beta` randomly centered 
					##		about each parameter in `params`
					
				## Should hold fixed constants and ensure pos-def here (not implementing)
				trialModel = func(t,x_nplus1)
				
				## Calculate chisq for current step **Step 3 in Ford 2005**
				chisq_nplus1 = np.sum(((trialModel-flux)**2)*weights)	
				
				## Ratio of probability distributions, Eq. 9 of Ford 2005;  **Step 4 in Ford 2005**
				ratioOfProbDist = np.exp((chisq_n - chisq_nplus1)/2.0)	
				alpha = np.min([ratioOfProbDist,1])## Eq. 11 in Ford 2005
				
				u = np.random.uniform(0,1)		## Draw random number on (0,1), **Step 5 in Ford 2005**
				if u <= alpha:					## If u<=alpha, accept this state
					x_n = np.copy(x_nplus1)
					chisq_n = chisq_nplus1
					acceptedStates += 1
					NacceptancesPerParameter[testParamIndex] += 1
				NstepsPerParameter[testParamIndex] += 1
				#elif u > alpha: x_nplus1 = x_n	## Implicit, commented out
				
				if chisq_nplus1 < chisq_min:	## If this chisq is minimum, record it
					bestp = np.copy(x_n)
					chisq_min = chisq_n
					
				if n % saveInterval == 0:		 ## Every `saveInterval`-th state, save it
					if verbose: print "Step",n,"of",Nsteps
					x_0toN[:,n/saveInterval] = np.copy(x_n)
					allchi[n/saveInterval] = chisq_n
		
			## Calculate acceptance rate, should ideally be ~0.44 (Ford 2005)
			acceptanceRate = float(acceptedStates)/Nsteps	
		
			#assert bestp is not None, "No best-fit found, chi^2 minimizing state not found"
			#return bestp, x_0toN, acceptanceRate
		acceptanceRateArray = NacceptancesPerParameter/NstepsPerParameter 
	
	return acceptanceRateArray



[docs]def optimizeBeta(t,flux,sigma,initParams,func,beta,idealAcceptanceRate,plot=True):
	'''
	The `beta` input parameters for the MCMC function determine the 
	acceptance rate of the Metropolis-Hastings algorithm. According
	to Ford 2005, the ideal acceptance rate is ~0.25 - ~0.44. This routine
	is designed to take an initial guess for each of the beta parameters
	and tweak them until they produce good acceptance rates for each parameter.
	This is achieved by randomly perturbing each initial parameter with the small
	perturbation by randomly sampling a normal distribution with a width given by
	the initial beta vector `beta`. optimizeBeta() then tries running an MCMC chain
	briefly to find the acceptance rate for that beta parameter. If the acceptance
	rates are two high, for example, then the beta is too low, and optimizeBeta() 
	will increase beta. This process continues until the beta vector produces
	acceptance rates within 10% of the `idealAcceptanceRate`, which according to
	Ford (2005) should be between 0.25-0.44.

	Parameters
	---------- 
	t : list
		time
	flux : list
		fluxes
	sigma : list
		uncertainties in fluxes
	initParams : list 
		initial parameter estimates, `x_0` in Ford 2005
	func : function 
		fitting function
	beta : list
		widths of normal distribution to randomly sample for each parameter
	idealAcceptanceRate : float
		desired acceptance rate to be produced by the optimized `beta`
	
	Returns
	-------
	beta : list
		the beta vector optimized so that running a MCMC chain should produce
		acceptance rates near `idealAcceptanceRate` (vector)

	Notes
	-----
	 * Developed by Brett Morris (NASA-GSFC/UMD)	
	 * Based on the theory codified by Ford (2005) [1]_
	 * Code implementation partly influenced by Evan Sinukoff's MCMC_Evan_Master_v3_new22.pro


	.. [1] Eric Ford. "Quantifying the Uncertainty in the Orbits of Extrasolar Planets." 
		   The Astronomical Journal, Volume 129, Issue 3, pp. 1706-1717. 2005.
	'''
	
	Nsteps = len(initParams)*100.0	  ## do N iterations per parameter
	saveInterval = 10.0					## Save every Nth step
	acceptanceRateArray = mcmc_iterate(t,flux,sigma,initParams,func,Nsteps,beta,saveInterval,verbose=False)

	if plot:
		plt.ion()
		fig = plt.figure(num=None, figsize=(10, 8), facecolor='w',edgecolor='k')
		fig.canvas.set_window_title('Beta optimization...')
		axis = fig.add_subplot(111)
		axis.set_title("Optimizing the set of $\\beta_\mu$...")
		axis.set_xlabel("Optimization iteration")
		axis.set_ylabel("Acceptance Rate")
		axis.axhline(xmin=0,xmax=1,y=1.1*idealAcceptanceRate,linestyle="--",linewidth=2,color='r')
		axis.axhline(xmin=0,xmax=1,y=0.9*idealAcceptanceRate,linestyle="--",linewidth=2,color='r')		

	for paramIndex in range(0,len(initParams)):	## For each random parameter to be changed,
		iterationCounter = 0		## Count how many times the while loop has been run
		while any(acceptanceRateArray > 1.1*idealAcceptanceRate) or any(acceptanceRateArray < 0.9*idealAcceptanceRate):	## While the acceptance rate is unacceptable (Ford 2005), 
			assert iterationCounter<1e2,"After 100 trials, the input beta parameters were not successfully optimized. Try new initial beta values."

			## Calculate the acceptance rates for each individual beta parameter
			acceptanceRateArray = mcmc_iterate(t,flux,sigma,initParams,func,Nsteps,beta,saveInterval,verbose=False)

			## If the acceptance rate is too high, the normal distributions sampled about each input parameter
			## are not wide enough, so try increasing the beta_mu term by raising (acceptanceRate/idealAcceptanceRate)
			## to a positive power `phi`, so that betaFactor = (acceptanceRate/idealAcceptanceRate)^phi > 1 and therefore
			## beta_mu * betaFactor > beta_mu, i.e., the next beta_mu will be larger.
			## If the acceptance rate is too low, take betaFactor < 1, and if the acceptance rate is good, take
			## phi to be zero, i.e., betaFactor = 1.0, or "make no change in beta_mu on this step"
			phi = np.zeros(len(acceptanceRateArray)) ## Initialize `phi` array
			
			phi[acceptanceRateArray > 1.1*idealAcceptanceRate] = 1	
			phi[acceptanceRateArray < 0.9*idealAcceptanceRate] = 1
			#phi[acceptanceRateArray > 1.4*idealAcceptanceRate] = 3			## If very far from within the limits, use higher power
			#phi[acceptanceRateArray < 0.6*idealAcceptanceRate] = 3			
			phi[(acceptanceRateArray <= 1.1*idealAcceptanceRate)*(acceptanceRateArray >= 0.9*idealAcceptanceRate)] = 0
			betaFactor = np.power(acceptanceRateArray/idealAcceptanceRate,phi) ## Change beta by a factor of `betaFactor
			betaFactor[betaFactor < 0.01] = 0.01		## If betaFactor very small, limit it to 1/100
			print "Betas:", beta
			beta *= betaFactor
			print "Optimizing each Beta_mu: acceptance rates for each parameter:", acceptanceRateArray
			print "Optimize by multiplying current beta by:",betaFactor
			iterationCounter += 1

			if plot: 
				for acceptanceRate in acceptanceRateArray:
					axis.plot(iterationCounter,acceptanceRate,marker='o',markersize=10,alpha=0.6,markeredgecolor='none')
					plt.xlim([0,iterationCounter+1])
					plt.draw()
				plt.pause(1)
	if plot:
		sleep(1)	## Pause for a second so the user can see that the solution has been reached
		plt.ioff()
		plt.close()
	return beta


[docs]def get_uncertainties(param,bestFitParameter):
	"""
	Find the uncertainties from a MCMC parameter chain. 
	
	Parameters
	----------
	param : list
		parameter chain from the completed MCMC algorithm
	
	bestFitParam : float
		the best-fit (chi-squared) minimizing value for the
		parameter chain
	
	Returns
	-------
	[plus,minus] : list of floats
		the upper and lower 1-sigma uncertainties on the best fit
		parameter `bestFitParameter`
	
	"""
	lowerHalf = param[param < bestFitParameter]
	upperHalf = param[param > bestFitParameter]
	
	plus = np.sqrt(np.sum((upperHalf - bestFitParameter)**2)/(len(upperHalf)-1))
	minus = np.sqrt(np.sum((lowerHalf - bestFitParameter)**2)/(len(lowerHalf)-1))
	return [plus,minus]


# def histplot(parameter,axis,title,bestFitParameter):
# 	"""
# 	Plot a histogram with 50 bins displaying the parameter chain
# 	frequencies for the chain `parameter` with best fit value
# 	`bestFitParameter`. Name the figure after the parameter `title`
# 	and plot it to the axis `axis`. 
# 	
# 	"""
# 	postburn = parameter[burnFraction*len(parameter):len(parameter)]	## Burn beginning of chain
# 	Nbins = 50			  ## Plot histograms with 15 bins
# 	n, bins, patches = axis.hist(postburn, Nbins, normed=0, facecolor='white',histtype='stepfilled')  ## Generate histogram
# 	plus,minus = get_uncertainties(postburn,bestFitParameter)   ## Calculate uncertainties on best fit parameter
# 	axis.axvline(ymin=0,ymax=1,x=bestFitParameter+plus,ls=':',color='r')	## Plot vertical lines representing uncertainties
# 	axis.axvline(ymin=0,ymax=1,x=bestFitParameter-minus,ls=':',color='r')
# 	axis.set_ylim([0,np.max(n)])		
# 	axis.set_title(title)

[docs]def updatePKL(bestp,allparams,acceptanceRate,pklPath,uncertainties):
	"""
	Load an OSCAAR pkl, add the MCMC parameters to the file, save it again. 
	
	Parameters
	----------
	bestp : list
		best-fit values for each parameter
		
	allparams : array
		2D array where each saved state of the chains is stored along one dimension,
		for each fitting parameter (along the other)
		
	acceptanceRate : float
		the final acceptance rate acheived in the chain
		
	pklPath : str
		path to the pkl to overwrite.
	
	"""
	data = IO.load(pklPath)
	data.updateMCMC(bestp,allparams,acceptanceRate,pklPath,uncertainties)
	IO.save(data,pklPath)

	
[docs]class mcmcfit:
	def __init__(self,dataBankPath,initParams,initBeta,Nsteps,saveInterval,idealAcceptanceRate,burnFraction):
		'''
		Initialize the `mcmc` object with the initial parameters and data needed
		to prepare the MCMC run. 
		
		Parameters
		----------
		dataBankPath : string
			Path to a saved instance of the dataBank object from 
			`oscaar.save` which we'll use to extract the times, 
			fluxes and uncertainties in the light curve (string).
								
		initParams : list
			Initial parameter estimates, `x_0` in Ford 2005. Should be in 
			the following order: RpOverRs,aOverRs,per,inc,gamma1,gamma2,ecc,longPericenter,t0
									
		Nsteps : int
			number of steps/links in the MCMC chain
		
		initBeta : list
			widths of normal distribution to randomly sample for each parameter
								
		saveInterval : int
			number of steps between "saves", ie, storing
			the current step for later analysis
								
		idealAcceptanceRate : float
			ideal acceptance rate that you would like the chain to 
			have, definied by Ford 2005. Ideally ~0.25-0.44.
								
		burnFraction : float 
			fraction of saved steps at the beginning of the chains 
			to discard when computing uncertainties. Typically ~0.20
		'''
		## Load parameters
		self.data = IO.load(dataBankPath)
		self.dataBankPath = dataBankPath
		self.initParams = np.require(initParams,dtype=np.float64)
		self.Nsteps = Nsteps
		self.initBeta = initBeta
		self.idealAcceptanceRate = idealAcceptanceRate
		self.saveInterval = saveInterval
		self.burnFraction = burnFraction
		## Choose the implementation of transit light curve function to use:
		self.func = transitModel.occultquad  
	
[docs]	def run(self,updatepkl=False, apertureRadiusIndex=0):
		'''
		Run the MCMC algorithms: 
		
		Parameters
		----------
		updatepkl : bool, optional
			update the OSCAAR save pkl file from which the data had
			been loaded with the MCMC best fit parameters, parameter
			chains, and acceptance rate. 
		
		apertureRadiusIndex : int, optional
			Integer index of the aperture radius for which you'd like
			to compute the MCMC fit, from the aperture 
			radius range list
		'''

		def occult4params(t,freeparams,allparams=self.initParams):
			'''Allow 4 parameters to vary freely, keep the others fixed at the values assigned below'''
			RpOverRs_free,aOverRs_free,inc_free,t0_free = freeparams
			RpOverRs,aOverRs,per,inc,gamma1,gamma2,ecc,longPericenter,t0 = allparams
			return transitModel.occultquad(t,[RpOverRs_free,aOverRs_free,per,inc_free,gamma1,gamma2,ecc,longPericenter,t0_free])

		RpOverRs,aOverRs,per,inc,gamma1,gamma2,ecc,longPericenter,t0 = self.initParams
		initParams = [RpOverRs,aOverRs,inc,t0]
		beta = optimizeBeta(self.data.times,self.data.lightCurves[apertureRadiusIndex],self.data.lightCurveErrors[apertureRadiusIndex],\
											initParams,occult4params,self.initBeta,idealAcceptanceRate=self.idealAcceptanceRate)


		self.bestp, self.allparams, self.acceptanceRate = mcmc(self.data.times,self.data.lightCurves[apertureRadiusIndex],\
									self.data.lightCurveErrors[apertureRadiusIndex],initParams,occult4params,self.Nsteps,beta,\
									self.saveInterval,verbose=False,loadingbar=True)
		self.MCMCuncertainties = []
		for i in range(len(self.allparams)):
			self.MCMCuncertainties.append(get_uncertainties(self.allparams[i],self.bestp[i]))
		
		print self.bestp,self.allparams,self.acceptanceRate
		print self.MCMCuncertainties
		if updatepkl: updatePKL(self.bestp,self.allparams,self.acceptanceRate,self.dataBankPath,self.MCMCuncertainties)


[docs]	def plot(self, num=0):
		def occult4params(t,freeparams,allparams=self.initParams):
			'''Allow 4 parameters to vary freely, keep the others fixed at the values assigned below'''
			RpOverRs_free,aOverRs_free,inc_free,t0_free = freeparams
			RpOverRs,aOverRs,per,inc,gamma1,gamma2,ecc,longPericenter,t0 = allparams
			return transitModel.occultquad(t,[RpOverRs_free,aOverRs_free,per,inc_free,gamma1,gamma2,ecc,longPericenter,t0_free])

		bestp = self.bestp
		allparams = self.allparams
		acceptanceRate = self.acceptanceRate
		data = IO.load(self.dataBankPath)
		burnFraction = self.burnFraction
		x = data.times
		y = data.lightCurves[num]
		sigma_y = data.lightCurveErrors[num]
	
		##############################
		# Prepare figures
		plt.ioff()
		fig = plt.figure(num=0, figsize=(10, 10), facecolor='w',edgecolor='k')		
		fig.canvas.set_window_title('MCMC Results: Chains') 

		figLC = plt.figure(num=1, figsize=(10, 8), facecolor='w',edgecolor='k')
		figLC.canvas.set_window_title('MCMC Results: Light Curve') 

		LCax1 = figLC.add_subplot(211)
		LCax2 = figLC.add_subplot(212,sharex=LCax1)
		ax1 = fig.add_subplot(421)
		ax2 = fig.add_subplot(422)
		ax3 = fig.add_subplot(423)
		ax4 = fig.add_subplot(424)
		ax5 = fig.add_subplot(425)
		ax6 = fig.add_subplot(426)
		ax7 = fig.add_subplot(427)
		ax8 = fig.add_subplot(428)

		yfit = occult4params(x,bestp)
		LCax1.errorbar(x,y,yerr=sigma_y,fmt='o',color='k')
		LCax1.plot(x,yfit,'r',linewidth=3,alpha=0.75)
		LCax1.set_title("Fit with MCMC")
		LCax1.set_xlabel("Time (JD)")
		LCax1.set_ylabel("Relative Flux")
		def format_coord(x, y):
			# '''Function to give data value on mouse over plot.'''
			return "Time (JD): %.6f, Flux: %f" % (x,y)
		LCax1.format_coord = format_coord
		
		LCax2.errorbar(x,y-yfit,yerr=sigma_y,fmt='o',color='k')
		LCax2.axhline(xmin=0,xmax=1,y=0,ls=':',color='gray')
		LCax2.set_title("Fit Residuals")
		LCax2.set_xlabel("Time (JD)")
		LCax2.set_ylabel("Relative Flux")
		def format_coord(x, y):
			# '''Function to give data value on mouse over plot.'''
			return "Time (JD): %.6f, Flux: %f" % (x,y)
		LCax2.format_coord = format_coord
		##############################
		# Plot traces and histograms of mcmc params
		p = allparams[0,:]
		ap = allparams[1,:]
		i = allparams[2,:]
		t0 = allparams[3,:]
		abscissa = np.arange(len(allparams[0,:]))   ## Make x-axis for trace plots

		def chainplot(parameter,axis,title,format,burnFraction=burnFraction):
			#yfmt.set_powerlimits((-30,30))
			#fmt2 = FormatStrFormatter('%.15f')
			#axis.yaxis.set_major_formatter(fmt2)
			axis.plot(abscissa,parameter,'k.')
			axis.axvline(ymin=0,ymax=1,x=burnFraction*len(abscissa),linestyle=':',color='gray',linewidth=1.5)
			axis.set_title(title+" Chain")
			axis.set_xlabel('Saved Step Index')
			axis.set_ylabel(title)
			axis.get_yaxis().get_major_formatter().set_useOffset(False)
			def format_coord(x, y):
				# '''Function to give data value on mouse over plot.'''
				return format % (x,y)
			axis.format_coord = format_coord 
			
			#yfmt = axis.yaxis.get_major_formatter()
			#yfmt.set_powerlimits((-50,50))

		chainplot(p,ax1,'$R_p / R_s$','Step: %i,  Rp/Rs: %f')
		chainplot(ap,ax3,'$a / R_s$','Step: %i,  a/Rs: %f')
		chainplot(i,ax5,'Inclination','Step: %i,  Inclination: %f')
		chainplot(t0,ax7,'Mid-Transit Time','Step: %i, Mid-Trans Time: %.6f')


		def histplot(parameter,axis,title,bestFitParameter,format):
			postburn = parameter[burnFraction*len(parameter):len(parameter)]	## Burn beginning of chain
			Nbins = 50			  ## Plot histograms with 15 bins
			n, bins, patches = axis.hist(postburn, Nbins, normed=0, facecolor='white',histtype='stepfilled',linewidth=1.5)  ## Generate histogram
			plus,minus = get_uncertainties(postburn,bestFitParameter)   ## Calculate uncertainties on best fit parameter
			axis.axvline(ymin=0,ymax=1,x=bestFitParameter+plus,ls='--',color='r',linewidth=1.5)	## Plot vertical lines representing uncertainties
			axis.axvline(ymin=0,ymax=1,x=bestFitParameter-minus,ls='--',color='r',linewidth=1.5)	   
			axis.axvline(ymin=0,ymax=1,x=bestFitParameter,color='r',linewidth=2)	   
			axis.set_ylabel('Frequency')
			axis.set_xlabel(title) 
			axis.set_title(title)
			axis.set_ylim([0,np.max(n)])		
			def format_coord(x, y):
				# '''Function to give data value on mouse over plot.'''
				return format % (x,y)
			axis.format_coord = format_coord 
		## Plot the histograms
		histplot(p,ax2,'$R_p / R_s$',bestp[0],"Rp/Rs: %f,  Freq: %i")
		histplot(ap,ax4,'$a / R_s$',bestp[1],"a/Rs: %f,  Freq: %i")
		histplot(i,ax6,'Inclination',bestp[2],"Inclination: %f,  Freq: %i")
		histplot(t0,ax8,'Mid-Transit Time',bestp[3],"Mid-Trans Time: %.6f, Freq: %i")
		#fig.subplots_adjust(wspace=0.4,hspace=0.3,bottom=0.1, right=0.95, left=0.05, top=0.95)
		figLC.subplots_adjust(wspace=0.4,hspace=0.2,bottom=0.1, right=0.9, left=0.1, top=0.95)
		fig.tight_layout()
		#plt.savefig("mcmc_results.png",bbox_inches='tight')	 ## Save plot
		plt.show()
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