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1 CIPS Science Data System Overviews

1.1 CIPS Data Product Definitions

Table 2:  CIPS Standard Data Products

NAME
LEVEL
DESCRIPTION

Raw Telemetry
0
Telemetry that has been extracted from the raw binary file.  CCSDS frames and headers removed, data is decomposed and tagged with a time stamp.   Data is available within 40 hours of execution.

Calibrated Radiance Images
1A
Images that have been calibrated and cleaned.   Image spikes have been removed and the signal has been converted to radiance.   Calibration processes include dark, linearity gain, scattered light, and degradation corrections.

Calibrated Radiance Images Geophyiscally Registered 
1B
Calibrated radiance images registered in geophysical units of latitude and longitude.  This calculation is done as soon as definitive orbit data is available.  This essentially replaces the preliminary Level 1A Calibrated Radiance Images.

Rayleigh Corrected Radiance Images
1C
Calibrated radiance images with the Rayleigh scattered background subtracted.  

Radiance Images on Standard Map Projection
2A
Calibrated radiance images placed onto a uniform, earth referenced, space time grid.  Distortions are removed and the image is mapped onto a standard map projection.

Orbital Merged Images
2B
Each calibrated radiance image observed during an orbit (27 images/orbit) is merged into one image.  Overlapping areas will be taken into account.  The result is one strip per orbit from 50 degrees to the pole at a resolution of 4x4 km.

Daily Merged Images
3A
Each orbital image or strip is merged into one image per day.  This image is mapped onto a polar projection to form a synaptic view of the clouds with a 4x4 km resolution.  Brightness will be depicted by grey scale.   Overlap regions will take into account time variability of the clouds.  This is the final morphological data product.

Cloud Season Movie
3B
Movies of the cloud season implemented from Level 3 Daily Merged Image data products.  Cloud movies will be made available post cloud season.

Cloud Properties
4CP
Cloud properties are derived from level 2A images above a minimum brightness.  A minimum of 4 consecutive images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, extent, particle area, and water content. 

Wave Dynamics
4WD
Images and scale length determinations of dynamical features related to gravity wave phenomena.  This includes data related to atmospheric gravity wave from the measured Rayleigh scattered modulated from the 50 km region and the cloud small scale features known to respond to gravity wave forcing.  The scale is 2x2km.  Wave dynamic data will be available following delivery of SOFIE and Common Volume data products. 

1.2 CIPS Data Product Flow

[image: image11.wmf]I

i

,

j

Cloud

DN

i

,

j

Cloud

f

AU

·

Dt

·

R

Opt

i

,

j

,

·

QE

Det

i

,

j

,

,

T

·

G

Int

i

,

j

,

,

HV

·

F

Sun

DN

i

,

j

Cloud

f

AU

·

Dt

·

R

Inst

i

,

j

,

,

T

,

HV

·

F

Sun

R

Inst

R

Opt

i

,

j

,

·

QE

Det

i

,

j

,

,

T

·

G

Int

i

,

j

,

,

HV

DN

i

,

j

Cloud

DN

i

,

j

Obs

DN

Off

·

N

CCD

DN

i

,

j

Background

DN

i

,

j

Dark

DN

i

,

j

Stray


1.3 CIPS High-Level Design
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2 CIPS Level 1A Processing

2.1 Level 1A Software Design
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2.2 Design Requirements for Electrical Offset Correction 

2.2.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will subtract an electrical offset value from the data number.  This routine is to be used in CIPS instrument image calibration instrument process.

2.2.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, and Gary Thomas

2.2.3 Background

Prior to signal readout from the analog to digital converter, an offset is placed in the amplifier to account for drift within the electrical system.   The raw data number received on the ground will include offset in the signal measurement and will need to be removed from the raw DN value. The electrical offset value is a constant, and may be updated during the course of the mission if calibration analysis determines new values are required.

2.2.4 Requirements

The following requirements apply to this package:

1. This is the first correction applied to the level 0 CIPS images

2. Correction is to be applied to all images including Science, Flat Field, and Dark.

3. A different offset value will be used for each camera.

4. Subtract the electrical offset for each pixel data number in a CIPS image

5. Track the error introduced by this correction

2.2.5 Algorithm Description

There is a linear relationship between the voltage into the Analog to Digital Converter and the data     number out.   The electrical offset is a constant value expressed in units of voltage.  The constant value is different for each camera.  The offset value must be subtracted on a pixel by pixel basis.    

1. Acquire the level 0 CIPS Science telemetry for the AIM database

2. Acquire the electrical offset constant for this image based on the camera id

3. For each pixel, subtract the electrical offset value

4. Calculate the error associated with this subtraction

5. Return the new pixel values along with the errors for this image

Package Names:  CipsElectricalOffsetCorrection 


2.2.6 Architectural Design

2.2.6.1 Software Components

· CipsScienceTelemetryServer

· This primitive dataset server provides the level 0 CIPS image data by obtaining the data from the data management system.

· CipsElectricalOffsetQuery

· CipsElectricalOffsetCorrection

2.2.6.2 Database Tables or File Format

CIPSElectricalOffsetValues

Name
Type
nullable
Description
Example
Keys

CalibrationSetId
Int
not null
Foreign key reference to CalibrationMetadata
5
PK, FK

JulianDay
Double
not null
The time



CameraId
Int
not null
Id referencing camera values 1-4



ElectricalOffset
Double
not null
The value of the electrical offset for this camera



Notes:

This table essentially stores the set of values for the electrical offset for each camera.

2.3 Design Description for CCD Non-Linearity Correction

2.3.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the CCD Non-Linearity correction used in CIPS instrument calibration process.

2.3.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, and Gary Thomas

2.3.3 Background

The image intensifier is a micro channel plate and is followed by a phosphor screen.  There is a slightly nonlinear relationship between the number of photons in and the number out.  Nonlinearity can occur in the intensifier and to a smaller degree in the analog to digital conversion. This effect needs to be corrected for in the raw data number or signal that is read by the instrument.

2.3.4 Requirements

The following requirements apply to this package:

1. Remove any non-linearity in the data number from the CCD Image Intensifier and Analog to Digital converter

2. Apply this correction to all CIPS images, including Science, Flat Field, and Dark

3. This correction should occur after the electrical offset value has been removed from the images

4. The correction must occur before the dark correction (Note this is the last correction that is applied to Dark images)

5. This correction is a polynomial and will have different coefficients for each of the 4 cameras

6. The correction must be applied to each pixel

2.3.5 Algorithm Description

Any non-linearity resulting from the image intensifier, or from the analog to digital conversion can be corrected by a 2nd or 3rd order polynomial.  The correction will be applied to each pixel for each image.  The correction is different for each of the 4 cameras.  

1. Acquire the polynomial coefficients for this image based on the camera id

2. Acquire the CIPS image pixel values that have had the electrical offset removed

3. For each pixel, apply the correction

4. Return the new pixel value along with updated error information

Package Names:  CipsCCDNonLinearityCorrection 


2.3.6 Architectural Design

2.3.6.1 Software Components

· CipsScienceTelemetryServer

· This primitive dataset server provides the level 0 CIPS Images data to obtain the data from the data management system.

· CipsLinearityCoefficeintsQuery

· This is a simple query to the CIPS database to retrieve the polynomial coefficients given a camera id

· CipsCCDNonLinearityCorrection

2.3.6.2 Database Tables or File Format

CIPSCCDNonLinearityCoefficients

Name
type
nullable
Description
Example
Keys

calibrationSetId
int
not null
Foreign key reference to CalibrationMetadata
5
PK, FK

JulianDay
double
not null
The time



CameraId
int
not null
Id of the camera (1-4)



numberCoefficients
int
not null
Order of the polynomial



coefficientId
int
not null
Defines with coefficient



coefficientValue
double
not null
The numeric value of the coefficient



Notes:

This table essentially stores a set of polynomial coefficients for each of the 4 CIPS camera.  The coefficients define the polynomial necessary to correct for CCD non-linearity.

2.4 Design Description for Dark Correction 

2.4.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the dark correction needed in CIPS instrument calibration process.

2.4.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, and Gary Thomas

2.4.3 Background

Each pixel in the CIPS CCD array creates a dark current that contributes to the signal read by the instrument.  The dark contribution to the raw data number (pixel value) needs to be subtracted from the raw data number.   This correction will use a history of dark images to provide a dark image map.  Dark images will be observed on a regular basis during the course of the mission. 

2.4.4 Requirements

The following requirements apply to this package:

1. The dark image correction will be applied to both Science and Flat Field images.

2. A different dark image map will be generated and used for each of the 4 cameras

3. The initial corrections of electrical offset and CCD nonlinearity must be applied before the dark correction

4. The dark images that are stored to the daily history files should have the electrical offset and nonlinearity corrections applied.

5. The dark value subtraction must be made to each pixel in an image

6. For each day, all dark images will be identified and stored in a special dark history file for that day.  This file will contain all dark images for a given day and will be stored in netCDF format.

7. The dark correction applied to a given science image shall be the nearest dark image that precedes the science image in time.

8. What happens if the preceding dark image is not available?  Can we go back further in time?

2.4.5 Algorithm Description

The voltage is proportional to the dark current generated by a pixel (which is a function of temperature??).  The dark current can be subtracted from each pixel by using the dark image map.  The map will be provided by science analysis of the dark image history.  Each dark image map will contain values for each pixel and will be different for each camera.  The dark correction will be a simple subtraction. 

1. Acquire the dark image map (or correction values) for this image based on the camera id

2. For each pixel, subtract the dark value

3. Return the new pixel value along with updated error information

Package Names:  CipsDarkCorrection


2.4.6 Architectural Design

2.4.6.1 Software Components

· CipsScienceTelemetryServer

· This primitive dataset server provides the level 0 CIPS Images data to obtain the data from the data management system.

· CipsDarkMapQuery

· This is a simple query to the CIPS database or file to retrieve the map (array) of dark values for a given camera

· CipsDarkCorrection

· Subtracts the dark current value per pixel per image

2.4.6.2 Database Tables or File Format

DarkImageCalibration

Name
type
nullable
Description
Example
Keys

calibrationSetId
int
not null
Foreign key reference to CalibrationMetadata
5
PK, FK

julianDay
double
not null
The time



cameraId
int
not null
The camera identifier (1-4)



pixelNumber
int
not null
The pixel location



darkValue
double
not null
The value of the dark current for a given pixel and camera



Notes:

This table essentially stores the dark current subtraction values for each pixel in each of the 4 cameras. 

2.5 Design Description for Scattered Light Correction

2.5.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the scattered light correction to be used in the CIPS instrument calibration process.

2.5.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, and Gary Thomas

2.5.3 Background

Stray and scattered light can be caused by solar illumination on camera and spacecraft structures (e.g. glint from the sunshade or camera internal baffles), or other stray light within the instrument. This phenomena can contribute to the signal determined by the instrument CCD and may need to be removed from the raw data number.  During the course of the mission, science analysis will be conducted to determine the effect of stray light on the signal. This correction will most likely not be applied early in the mission until analysis has shown a significant affect to warrant correction. If it is determined that this correction is required, a scattered light image map will be provided for each camera.

2.5.4 Requirements

The following requirements apply to this package:

1. Remove scattered light from the instrument images

2. Correction must be made to all Science and Flat Field images (note this is the last correction made to the flat field observation)

3. The scattered light correction should occur following the dark correction and before the flat field or ‘clear’ image correction

4. Correction image maps will be different for each camera

5. The subtraction must occur on a pixel by pixel basis

2.5.5 Algorithm Description

This algorithm will be a simple subtraction on a pixel by pixel basis with values differing from camera to camera.

1. Science image corrected for dark will be provided (array of data structures)

2. Retrieve the scattered light image map based on the camera id

3. For each pixel, subtract the scattered light value

4. Return the new pixel value along with updated error information

Package Names:  CipsScatteredLightCorrection 

2.5.6 Architectural Design

2.5.6.1 Software Components

· CipsScienceTelemetryServer

· This primitive dataset server provides the level 0 CIPS Images data to obtain the data from the data management system.

· CipsScatteredLightImageQuery

· This is a simple query to the CIPS database or file to retrieve the map (array) of scattered light values for a given camera

· CipsScatteredLightCorrection

· Subtracts the scattered light value per pixel for an image

2.5.6.2 Database Tables or File Format

ScatteredLightImage

Name
Type
nullable
Description
Example
Keys

calibrationSetId
Int
not null
Foreign key reference to CalibrationMetadata
5
PK, FK

julianDay
Double
not null
The time



cameraId
Int
not null
Identification of the camera (1-4)



pixelNumber
Int
not null
Location of pixel



scatteredLightValue
Double
not null
The scattered light value to be subtracted



Notes:

This table stores the Scattered Light Image per camera and contains a scattered light value for each pixel that is to be subtracted.

2.6 Design Description for Flat Field Correction

2.6.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the flat field correction used in CIPS instrument calibration process.

2.6.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, and Gary Thomas

2.6.3 Background

The CCD image intensifier for each pixel on each camera has different quantum efficiency. The result is a non-uniformly illuminated surface.  Like the dark images, flat field images (or clear images) will be observed and maintained during the course of the mission.  Based on the history of flat field images, science analysis will provide a flat field image map (or background map) to be used in the correction needed when observing a uniformly illuminated surface. 

*NOTE from Bill: This background subtraction comes from some magical process (analysis) using non-cloud or clear images.   It may not be possible to separate background and stray light. 

2.6.4 Requirements

The following requirements apply to this package:

1. Correct background defined from a flat field image map

2. This correction is to be made to all Science images (not dark or flat field images)

3. This correction must be made following the scattered light correction if it is made, or the dark correction if the scattered light correction is not applied

4. A different image map will be available per camera, with values for each pixel in a camera

5. The image map value is to be applied to each pixel

2.6.5 Algorithm Description

The flat field correction is a simple unity application.  The flat field image history will provide an image map for each pixel of each camera.  The map will contain a multiplicative value to be applied to each pixel.

1. CIPS Science images will be provided as input

2. Extract the flat field image map based on the camera id

3. Apply (multiply) the value to each pixel

4. Return the new pixel value along with updated error information

Package Names:  CipsFlatFieldCorrection


2.6.6 Architectural Design

2.6.6.1 Software Components

· CipsScienceTelemetryServer

· This primitive dataset server provides the level 0 CIPS Images data to obtain the data from the data management system.

· CipsFlatFieldImageMapQuery

· This is a simple query to the CIPS database or file system to retrieve the map (array) of flat field values for a given camera

· CipsFlatFieldCorrection

· Multiply the value per pixel for an image

2.6.6.2 Database Tables or File Format

FlatFieldCalibrationImage

Name
type
nullable
Description
Example
Keys

calibrationSetId
int
not null
Foreign key reference to CalibrationMetadata
5
PK, FK

JulianDay
double
not null
The time



CameraId
int
not null
Identification of the camera (1-4)



PixelNumber
int
not null
Location of pixel



flatFieldValue
double
not null
The flat field value to be multiplied



Notes:

This table stores the Flat Field image maps per camera and contains scattered light values to be applied to each pixel.

2.7 Design Description for Conversion of Signal to Radiance

2.7.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm for conversion of signal to radiance and is used in CIPS instrument calibration processing.

2.7.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, and Gary Thomas

2.7.3 Background

The raw data number or signal that is contained in level 0 CIPS science telemetry needs to be converted to meaningful units.  In the CIPS instrument images this is a conversion of DN to Radiance units.

2.7.4 Requirements

The following requirements apply to this package: 

1. Convert the signal to radiance units

2. The conversion is made after the flat field corrections have been applied

3. The signal is converted before the intensifier gain correction

4. This conversion is applied to Science images only (not flat field or dark images)

5. The conversion equation is multiplicative and will be applied on a pixel by pixel basis

6. Each camera will have its own equation

2.7.5 Algorithm Description

The reference calibration to convert to radiance must be applied to each pixel.  This is an NxN matrix that contains both the optics and detector effects for each pixel and each of the 4 cameras.  
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1. Acquire the level 0 CIPS Science telemetry that has been corrected for flat field background

2. Extract the reference calibration equation for this camera id

3. Apply the reference calibration to each pixel

4. Return the new pixel value along with updated error information

Package Names:  CipsSignalToRadianceConversion


2.7.6 Architectural Design

2.7.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the level 0 CIPS Images data to obtain the data from the data management system.

· CIPSSignalConversionCalibrationQuery

· This is a simple query to the CIPS database or file to retrieve the reference calibration to convert to radiance.

· CIPSSignalToRadianceConversion

· Applied to reference calibration to convert the instrument signal to radiance values

2.7.6.2 Database Tables or File Format

CIPSSignalConversionCalibration

Name
Type
nullable
Description
Example
Keys

calibrationSetId
Int
not null
Foreign key reference to CalibrationMetadata
5
PK, FK

julianDay
Double
not null
The time



cameraId
int
not null
Camera identification (1-4)



numberCoefficient
int
not null
The order of the equation (or number of coefficients



coefficientValue
double
not null
Value to this coefficient



?? pixel number??






2.8 Design Description for Intensifier Gain Correction

2.8.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the correction for intensifier gain to be used in CIPS instrument calibration process.

2.8.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, and Gary Thomas

2.8.3 Background

The signal is amplified to a level higher then the noise, so that the amount of light coming off the camera changes with the amount of voltage applied to the intensifier.   That is, the number of photons in is different (smaller) then the number of photons out and is dependent on voltage.  This gain is not flat and has a contour.   Further, gain corrections per camera will be different.

2.8.4 Requirements

The following requirements apply to this package:

1. Correct science images for intensifier gain.   This does not include flat field or dark images.  

2. The pixel values in the image must be converted to radiance units prior to this correction

3. This correction should be made prior to the intensifier temperature correction

4. The gain correction is dependent on instrument voltage.

5. Intensifier correction is different for each of the four cameras.

6. Apply the correction to each pixel.   

7. Track errors.

2.8.5 Algorithm Description

Either an intensifier map of each pixel for each of the 4 cameras will be applied to each pixel in an image, or a multiplicative correction per each camera will be applied to each pixel in an image.   

1. Acquire the level 0 CIPS Science images that have been converted to radiance units

2. Retrieve the housekeeping instrument voltage information

3. Acquire the intensifier map for this camera id (or retrieve the correction for this camera at this voltage)

4. Apply the gain correction to each pixel

5. Return the new pixel value along with updated error information

Package Names:  CipsIntensifierGainCorrection  


2.8.6 Architectural Design

2.8.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the level 0 CIPS Images data to obtain the data from the data management system.

· CIPSHousekeepingTelemetryServer

· This primitive dataset server provides the level 0 CIPS housekeeping data to obtain the data from the data management system.

· CIPSIntensifierMapQuery

· This is a simple query to the CIPS database or file to retrieve the intensifier map

· CIPSIntensifierGainTableQuery

· This is a simple query to the CIPS database or file to retrieve the gain lookup table.

· CIPSIntensifierGainCorrection

· Correct images for intensifier gain

2.8.6.2 Database Tables or File Format

CIPSIntensifierGainCalibration

Name
type
nullable
Description
Example
Keys

???

2.9 Design Description for Intensifier Temperature Correction

2.9.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the correction for intensifier temperature to be used in CIPS instrument calibration process.

2.9.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, and Gary Thomas

2.9.3 Background

Like the intensifier gain correction, the intensifier temperature also affects the signal read from the CCD.  The correction is nonlinear, per degree Celsius, and is relative to the temperature the instrument is calibrated at.  The intensifier temperature correction is significantly smaller then the gain correction.

2.9.4 Requirements

The following requirements apply to this package:

1. Correct all science images for intensifier temperature gain

2. Each pixel value must be converted to radiance prior to this correction

3. The temperature correction is dependent on instrument temperature and retrieved from the CIPS housekeeping data.

4. The temperature correction is applied only to Science Images. 

5. This correction will have different values for each camera.

6. Each pixel in the image will need to be corrected

7. Errors introduced by this correction must be folded into the existing uncertainties for each pixel.

2.9.5 Algorithm Description

Apply the intensifier temperature correction to each pixel in a science image.   Correction values will be different for each camera.

1. Given a science image that has been corrected for intensifier gain

2. Retrieve the intensifier correction

3. Apply the intensifier temperature to each pixel in the image.  The correction will be multiplicative

4. Track errors

Package Names:  CipsIntensifierTemperatureCorrection  


2.9.6 Architectural Design

2.9.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the level 0 CIPS Images data to obtain the data from the data management system.

· CIPSIntensifierTemperatureCorrection

· Correct images for intensifier temperature changes

2.9.6.2 Database Tables or File Format

CIPSIntensifierTemperatureCalibration

Name
type
nullable
Description
Example
Keys

???

2.10 Design Description for Instrument Degradation Correction

2.10.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the correction for instrument degradation to be used in CIPS instrument calibration processing.

2.10.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, and Gary Thomas

2.10.3 Background

During the course of the mission, the detector, optics and other instrument hardware will degrade.  The CIPS science team will analyze the images over time to determine the amount of degradation. 

2.10.4 Requirements

The following requirements apply to this package:

1. Apply the degradation correction to science images that have been corrected for intensifier temperature and gain.

2. Degradation corrections are applied only to Science Images and not to dark or flat field images.

3. The degradation correction will be different for each camera

4. Degradation coefficients or a degradation map will exist for each camera

5. This correction is made to each pixel in an image

6. Errors introduced by this correction must be calculated for each pixel

2.10.5 Algorithm Description

The degradation can be retrieved from the ratio of two flat field images that are corrected for nonlinearity, stray light and dark.   Most likely a set of calibration coefficients will be determined.  Degradation will be different for each of the 4 cameras and will need to be applied not only on a pixel by pixel basis, but also per camera. 

1. Given a science image that has been corrected for intensifier temperature

2. Retrieve the degradation coefficients or pixel map for the camera used for this image

3. Apply the correction to each pixel

4. Calculate the error introduced to each pixel and fold into the existing pixel uncertainty.

Package Names:  CipsDegradationCorrection  


2.10.6 Architectural Design

2.10.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the level 0 CIPS Images data to obtain the data from the data management system.

· CIPSDegradationCorrection

· Correct images for degradation of the detector and optics

2.10.6.2 Database Tables or File Format

CIPSDegradationCoefficients

Name
type
nullable
Description
Example
Keys

calibrationSetId
int
not null
Foreign key reference to CalibrationMetadata
5
PK, FK

julianDay
double
not null
The time



???

2.11 Design Description for Spike Removal 

2.11.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to remove spikes from the CIPS images to be used in instrument processing.

2.11.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

2.11.3 Background

The need to remove spikes from the CIPS images stems from the fact that random particles may hit the CCD disturbing or saturating one or many pixels.   This is a random event that cannot be anticipated.  The dark and flat field information will not provide information on which pixels are affected so that an algorithm is needed to recognize pixels that have been affected.  This algorithm will need to take into account the fact that binning has occurred in both hardware and software prior to receipt of this data on the ground.   

2.11.4 Requirements

The spike removal algorithm will need to take into account the following noise characteristics:

1. Spikes due to fixed detector characteristics.  These will presumably be removable by applying the fixed detector mask to an image.

2. Spikes, possibly due to cosmic ray or high-energy particle collisions.

3. Streaks across the detector as a result of high-energy particle interacting with the CCD image intensifier.  Based on Ginger’s comments, this will likely manifest itself as streaks of saturated pixels, and we do apparently have some sample images showing this effect, which were taken from the TIMED SEE program.  

4. Corrupted pixel values due to on-board memory corruption.  These would probably look like spikes or streaks, but with varying levels of intensity.

5. CCD noise increase due to increasing dark current over time.  This sounds more like a gradual reduction in our ability to distinguish between artifacts in the images and real data.  We need a more quantitative understanding of how this effect will likely manifest itself.

6. Changes in the “read noise” of the system due to “other” electrical phenomena onboard.  Again, we need a more quantitative understanding of the manifestation of this problem.

In addition, the following requirements apply to this package:

7. Apply spike removal to all science images (not including flat field or dark images)

8. Degradation corrections must be applied to images prior to this correction

9. This is the final correction to the images for Level 1A processing

10. Track Errors introduced by this algorithm

2.11.5 Algorithm Description

We will remove spikes by applying an algorithm that takes into account the above noted requirements.  

1. Given a science image

2. Apply the spike removal algorithm

3. Fold the errors introduced by this algorithm into the existing uncertainties for each pixel

4. Write the Level 1A data product to the database or file system

Package Names:  CipsDegradationCorrection

2.11.6 Architectural Design

2.11.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS science images data obtained from the data management system.

· CIPSSpikeRemoval

· Algorithm to remove data spikes.

· CIPSWriteLevel1AImages

· Writes the Level 1A images to the data management system.

2.11.6.2 Database Tables or File Format

CIPS Level 1A Images

Name
type
nullable
Description
Example
Keys

time
double
not null
Time of the image

PK, FK

cameraId
int
not null
Camera id for this image (values 1-4)
2


pixelNumber
int
not null
Pixel location
537


radiance
double
not null
Radiance value of the pixel



qualityFlag
double
not null
Indicates the quality of the pixel



uncertainty
double
not null
Error value of each pixel










Notes:

This table essentially stores the CIPS Level 1A image information. 

3 CIPS Level 1B Processing

3.1 Level 1B Software Design
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3.2 Design Description for Latitude Longitude Calculation 

3.2.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to calculate latitude and longitude for each pixel in a science image and is used in instrument data processing.

3.2.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

3.2.3 Background

The CIPS science images will need to be registered with geophysical units of latitude and longitude in degrees.  This is to allow further analysis and processing of the data, to determine which images are in the common volume, to assist with merging orbital and daily images, and for processing of the common volume data set.  

3.2.4 Requirements

The following requirements apply to this package:

1. Latitude and Longitude values will be determined for each pixel in an image.

2. This algorithm will need to take into account the spacecraft position, velocity and viewing geometry at the time the image was taken.

3. The location of each pixel with respect to the spacecraft center point will also need to be accounted for.   This will be different for each camera and each pixel, based on each camera’s position and tilt with respect to the spacecraft as well as the location of each pixel within the camera.

4. The latitude and longitude points are defined as the nadir point below each pixel’s line of sight to the cloud deck

5. The altitude of the cloud deck is a constant value currently defined at 82 km.

6. Latitude and longitude values will be calculated in units of degrees

7. Uncertainties associated the calculation of latitude and longitude will need to be tracked

8. All science images will be registered to geophysical units (this does not apply to dark images)

9. This algorithm is applied to Level 1A Calibrated Radiance Images

3.2.5 Algorithm Description

The latitude and longitude of each pixel for each camera will be determined along with uncertainties associated with each latitude and longitude value.  Existing astrophysical libraries may be reused from the SORCE mission.  Small modifications will be needed to provide the AIM specific requirements.  Note that no changes have been made to the radiance values of each pixel in the image, but rather each pixel will now be tagged with a geophysical location. 

1. Given a level 1A calibrated radiance image

2. Retrieve the spacecraft vector and quaternion for the time the image was observed

3. Retrieve the camera and pixel locations for the camera that took this image

4. Apply the algorithm for each pixel in the image

5. Determine the latitude and longitude errors

Package Names:  CipsLatitudeLongitudeCorrection

3.2.6 Architectural Design

3.2.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 1A science images obtained from the data management system.

· CIPSSLatitudeLongitudeCorrection

· Algorithm to determine latitude and longitude values.

3.2.6.2 Database Tables or File Format

CIPS Level 1A Images

Name
type
nullable
Description
Example
Keys

time
double
not null
Time of the image

PK, FK

cameraId
int
not null
Camera id for this image (values 1-4)
2


pixelNumber
int
not null
Pixel location
537


radiance
double
not null
Radiance value of the pixel



qualityFlag
double
not null
Indicates the quality of the pixel



uncertainty
double
not null
Error value of each pixel










AIM Spacecraft Vector and Viewing Geometry

Name
type
nullable
Description
Example
Keys

time
double
not null
Time of the image

PK, FK

xPos
double
not null
X position component of the s/c position vector



yPos
double
not null
Y position component of the s/c position vector



zPos
double
not null
Z position component of the s/c position vector



xVel
double
not null
X velocity component of the s/c velocity vector



yVel
double
not null
Y velocity component of the s/c velocity vector



zVel
double
not null
Z velocity component of the s/c velocity vector



quaternion
double
not null
S/c viewing geometry



AIM Cloud Deck Altitude

Name
type
nullable
Description
Example
Keys

cloudDeckAltitude
double
not null
Altitude in km

PK, FK

3.3 Design Description for Determination of Images in the Common Volume 

3.3.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to determine science image that are in the common volume and is used in instrument data processing.

3.3.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

3.3.3 Background

CIPS primary science images that are observed when the spacecraft is flying over the common volume provide critical science to the AIM mission.  Additional analysis and processing is necessary for these images.   The CIPS science common volume images and SOFIE level 2 data products will be combined to produce the level 4 Common Volume data set.  As a result, the processing system will need to distinguish between CIPS science images within the common volume and those taken elsewhere in the orbit.   This can be accomplished once the latitude and longitude of the images is determined.

3.3.4 Requirements

The following requirements apply to this package:

1. Latitude and Longitude information per image is required  

2. The algorithm will need to know the definition of the common volume

3. The altitude of the cloud deck will need to be known.   Currently this value is set at 82 km and should be considered a constant.  

4. Images within the common volume will be flagged

5. This algorithm will be applied to Level 1A Calibrated Radiance Images following the calculation of latitude and longitude

6. This algorithm along with the latitude and longitude calculations produce Level 1B data, Calibrated Radiance Images Registered to Geophysical Units

3.3.5 Algorithm Description

The latitude and longitude of each pixel for each camera will be determined along with uncertainties associated with each latitude and longitude value.  Existing astrophysical libraries may be reused from the SORCE mission.  Small modifications will be needed to provide the AIM specific requirements.  Note that no changes have been made to the radiance values of each pixel in the image, but rather each pixel will now be tagged with a geophysical location. 

1. Given a level 1A calibrated radiance image that has been tagged with geophysical units

2. Retrieve the common volume definitions

3. Retrieve the cloud deck altitude

4. Determine if the image is within the common volume

5. Flag those images that are contained within the common volume

Package Names:  CipsCommonVolumeFlagCorrection

3.3.6 Architectural Design

3.3.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 1A science images that are geophysically registered

· CIPSCommonVolumeDefinitionQuery

· CIPSCloudDeckAltitudeQuery

· CIPSCommonVolumeFlag

· Process to determine which images are contained within the common volume.

3.3.6.2 Database Tables or File Format

CIPS Level 1B Images

Name
type
nullable
Description
Example
Keys

time
double
not null
Time of the image

PK, FK

cameraId
int
not null
Camera id for this image (values 1-4)
2


commonVolumeFlag
bit
not null
Bit indicating per image indicating whether the image is within the CV



pixelNumber
int
not null
Pixel location
537


radiance
double
not null
Radiance value of the pixel



latitude
double
not null
Latitude in degrees per pixel



longitude
double
not null
Longitude in degrees per pixel



qualityFlag
double
not null
Indicates the quality of the pixel



uncertainty
double
not null
Error value of each pixel










NOTE:   We are now starting to carry more then a few items that are related only to the image, and not each pixel.   Do we want to think about an Image file or database table, along with a file or table containing all the pixels.

NOTE:  If we carry the s/c viewing vector and attitude information from this point on – do we want to carry it just per image?  Or per pixel?  Do we want to carry the original s/c telemetry format (position, velocity, quaternion) – or do we want a viewing vector?  Either way, some of the  following information will needed.

AIM Viewing Vector and Attitude

Name
type
nullable
Description
Example
Keys

time
double
not null
Time of the image

PK, FK

cameraId
int
not null
Camera 1-4



xPos
double
not null
X position component of the viewing vector



yPos
double
not null
Y position component of the viewing vector



zPos
double
not null
Z position component of the viewing vector



quaternion
double
not null
S/c viewing attitude



AIM Cloud Deck Altitude

Name
type
nullable
Description
Example
Keys

cloudDeckAltitude
double
not null
Altitude in km

PK, FK

AIM Common Volume Definition

Name
type
nullable
Description
Example
Keys

 ????






4 CIPS Level 1C Processing

4.1 Level 1C Software Design

[image: image5.wmf]Level 0 - AIM S/C  Telemetry 

S/C Vector, Attitude

CIPS Processing Flow - Level 1

Extract Spacecraft Telemetry

Retrieve Level 1A Calibrated Images

Subtract 

Rayleigh 

Background

Identify Clouds / Non Clouds

(tolerance map per pixel)

Calculate Latitude and Longitude per pixel

Write Level 1B Calibrated Radiance

Images, Latitude/Longitude/Flag per pixel,

Viewing Vector and Attitude/image

Level 0 - Raw Telemetry 

(LASP MOC)

Level 1A - Calibrated Radiance Images

Level 1B - 

Geolocated 

Calibrated

Radiance Images

Level 1C - 

Rayleigh 

Corrected 

Radiance Images

Retrieve Level 1A Images and Ancillary Data

Write All Level 1C Images,

Cloud ID to File

Flag Images in Common Volume

Write non-Cloud images to File

(based on statistical 

albedo 

tolerance)

Flat Field History

Model Parameters

Common Volume Definition

Cloud Deck Altitude

CIPS Calibration Data

CIPS 

iDPC 

Data

CIPS 

iDPC 

Process

LASP MOC Data

Statistical 

Albedo 

Tolerances


4.2 Design Description for Rayleigh Subtraction

4.2.1 Scope

This is a description of the top-level design and proposed concept for software that will remove the Rayleigh scattered background from the calibrated CIPS images.

4.2.2 References

   The CIPS Algorithm Theoretical Basis Document

4.2.3 Background

The CIPS images consist of two components:  Scattered sunlight from polar mesospheric clouds, and Rayleigh scattered sunlight from the Earth’s atmosphere.  To derive cloud properties it is necessary to remove the Rayleigh scattered component from the images.  This is accomplished by using previously measured images that are cloud free and a model of atmospheric scattering.  

4.2.4 Requirements

The following requirements apply to this package:

1.  A data set of background images are needed.

2.  A model for Rayleigh scattering shall be used to understand images.

3.  Acquired images with clouds will be analyzed and cloud free sections of the image identified.

4.  Acquire pre-selected cloud free images selected by location, time, etc.

5.  Store the image in the data management system.

4.2.5 Algorithm Description

The objective of this algorithm is to provide CIPS images with Rayleigh scattered background removed.  The resulting image contains only cloud intensities and extent.  Errors resulting from the subtraction are also calculated.

1. Acquire the CIPS image data from the calibrated dataset.

2. Acquire the Rayleigh background from the appropriate data base.

3. Determine the cloud-free regions in the CIPS image.  Normalize Rayleigh background image to CIPS science image.  Locate regions of image where shape is compatible with pure Rayleigh scattering and modeled scattering.  If no areas found use archive or model image and subtract background.

4. Subtract and calculate statistical errors

5. Store results

4.2.6 Architectural Design

4.2.6.1 Validation and Testing

Carried out with simulated data and modeled Rayleigh scattering emissions.  Algorithm will be testes to insure:

                               1.  The search for cloud free regions does not overlap cloud emission regions.  This requires a     statistical approach that depends on the quality of the data.

      2.  The subtraction algorithm provides the correct statistical uncertainty on the resulting image

4.3 Design Description for Cloud Identification

4.3.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to identify and label clouds within the CIPS science image.   This algorithm is used in data processing from Level 1B to Level 1C.

4.3.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

4.3.3 Background

CIPS primary science images that are taken while the instrument is in primary science mode may or may not contain clouds.   Those images that do not contain clouds can be used in flat field or clear image analysis as well as in the level 2 and 3 morphology data products.  Further, level 4 data products will need uniquely identified clouds since the cloud property data products are derived for each cloud.

4.3.4 Requirements

The following requirements apply to this package:

1. Cloud identification must occur after the Rayleigh scattering background has been subtracted from the image so that only cloud brightness or albedo remains  

2. Statistical albedo tolerances will be used to determine cloud images

3. Different tolerance values will be used to determine cloud images versus non-cloud images.  

4. This is the last process that will be applied to Level 1B data and will result in the level 1C data product.

5. Since no manipulation of the cloud brightness or albedo has occurred, the uncertainty of each pixel will not be updated.  (However, we may need to track errors associated with the image cloud????)

4.3.5 Algorithm Description

The determination of cloud images will be based on statistical albedo tolerances with different tolerance values for cloud images and non-cloud images.  It is possible that an Albedo Tolerance map will be generated consisting of 0’s and 1’s (TBD???)  All science images will be used in the remaining processing of morphological data products (levels 2 and 3), regardless of whether the image contains a cloud image or not, since all images are necessary when merging images for the orbital and daily synoptic views.   However, images that have been determined to be non-cloud images will also be contained and managed in flat field image history.  

1. Given a level 1B radiance images that have had the Rayleigh scattering background removed

2. Retrieve the statistical albedo tolerances (maybe a map)

3. Determine if the image contains a cloud

4. If the image has a cloud, determine a unique identifier for the image (or for the cloud??)

5. If the image does not have any clouds – write this image to the flat field history file or database table

6. Write all cloud and non-cloud images to the Level 1C data product – Level 1C Rayleigh Corrected Radiance Images

Package Names:  CipsCloudIdentification

4.3.6 Architectural Design

4.3.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 1A science images that are geophysically registered

· CIPSAlbedoTolerancesQuery

· CIPSCloudIdentification

· Process to determine unique identification of clouds that are contained within an image.

4.3.6.2 Database Tables or File Format

CIPS Level 1C Images

Name
type
nullable
Description
Example
Keys

time
double
not null
Time of the image

PK, FK

cameraId
int
not null
Camera id for this image (values 1-4)
2


commonVolumeFlag
bit
not null
Bit indicating per image indicating whether the image is within the CV



cloudId
int
not null
Number identifying a unique cloud



pixelNumber
int
not null
Pixel location
537


albedo
double
not null
Albedo or cloud brightness



latitude
double
not null
Latitude in degrees per pixel



longitude
double
not null
Longitude in degrees per pixel



qualityFlag
double
not null
Indicates the quality of the pixel



uncertainty
double
not null
Error value of each pixel










NOTE:   We are now starting to carry more then a few items that are related only to the image, and not each pixel.   Do we want to think about an Image file or database table, along with a file or table containing all the pixels.  Obviously I have not taken the time to consider normalizing the files or database

NOTE:  If we carry the s/c viewing vector and attitude information from this point on – do we want to carry it just per image?  Or per pixel?  Do we want to carry the original s/c telemetry format (position, velocity, quaternion) – or do we want a viewing vector?  Either way, some of the  following information will needed.

AIM Viewing Vector and Attitude

Name
type
nullable
Description
Example
Keys

time
double
not null
Time of the image

PK, FK

cameraId
int
not null
Camera 1-4



xPos
double
not null
X position component of the viewing vector



yPos
double
not null
Y position component of the viewing vector



zPos
double
not null
Z position component of the viewing vector



quaternion
double
not null
S/c viewing attitude



AIM Albedo Tolerances

Name
type
nullable
Description
Example
Keys

cloudTolerance
double
not null
Altitude in km

PK, FK

NonCloudTolerance

??????






Or should this be a map of albedo tolerances.

5 CIPS Level 2A Processing

5.1 Level 2A Software Design
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5.2 Design Description for Map Projection

5.2.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to map CIPS science images to a standard uniform grid.

5.2.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

5.2.3 Background

CIPS science images (level 1C) are still in the original tilted perspective.   Prior to merging two images each image must first be converted to an appropriate map projection.   A suitable map projection is one that removes the distortions present in the original tilted perspective view, producing a vertical view with uniform scale in both directions.

5.2.4 Requirements

The following requirements apply to this package:

1. Science images must have Rayleigh background subtracted so that pixel values are in albedo units

2. Only science images from the two nadir cameras will be used

3. Use a map projection that will remove distortions and product a vertical view with a uniform scale

4. For the chosen map, the image will be sampled on a grid with a spacing somewhat finer than the maximum image resolution.  (Sampling at a lower resolution would result in larger errors during the merging process). 

5.2.5 Algorithm Description

The following algorithm applies to this package:

1. Given a level 1C calibrated radiance images that have had the Rayleigh scattering background removed

2. Retrieve the map projection

3. Convert each image to the map projection

4. ??

5. Write the map images – Level 2A 

Package Names:  CipsDistortionRemoval

5.2.6 Architectural Design

5.2.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 1C science images for the nadir cameras

· CIPSMapProjectionQuery

· CIPSDistortionRemoval

· Process to remove distortion from the science image by mapping to a standard uniform grid.

5.2.6.2 Database Tables or File Format

CIPS Level 2A Images

Name
type
nullable
Description
Example
Keys

time
double
not null
Time of the image

PK, FK

cameraId
int
not null
Camera id for this image (values 1-4)
2


commonVolumeFlag
bit
not null
Bit indicating per image indicating whether the image is within the CV



cloudId
int
not null
Number identifying a unique cloud



pixelNumber
int
not null
Pixel location
537


albedo
double
not null
Albedo or cloud brightness



latitude
double
not null
Latitude in degrees per pixel



longitude
double
not null
Longitude in degrees per pixel



qualityFlag
double
not null
Indicates the quality of the pixel



uncertainty
double
not null
Error value of each pixel










6 CIPS Level 2B Processing

6.1 Level 2B Software Design
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6.2 Design Description for Orbital Image Merge

6.2.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to merge nadir camera images for each orbit.

6.2.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

6.2.3 Background

One of the standard level 2 products for the CIPS instrument is a merge of all images taken during an orbit.   The result is a strip from 50 degrees to the pole of cloud images observed during an orbit.

6.2.4 Requirements

The following requirements apply to this package:

1. Science images must have distortions removed 

2. Only science images from the two nadir cameras will be used

3. Overlapping regions must be taken into account. This includes the overlap from both nadir cameras field of view, as well as the overlap from subsequent images.

6.2.5 Algorithm Description

The following algorithm applies to this package:

The first task is to merge the two simultaneous nadir camera images. Two or more tie points within the overlap region can be used to register the two images. Points in the overlap region from the two separate images can either be averaged in some manner or replaced by the points from one of the two images. Since we don't know at this time which method of merging will produce the most pleasing results, both methods should be available to the scientist. The resulting merged image will resemble a bow-tie, as a result of the mapping transformations. Data near the corners of the bow-tie can be thrown out, leaving a rectangular image. The data that is thrown out is at the lowest resolution, and the remaining rectangular image will still overlap the subsequent rectangular image by about 50%.

The above process is then repeated for the next two nadir camera images, taken about 41 seconds later. The next task is to merge this new rectangular image with the previous one. As before we will start by using two or more tie points to obtain an initial registration of the two images. But now we have the option of adjusting the registration by correlating the data from the two images in the large overlap region. This will correct for pointing errors between the two rectangular images. Of course this assumes that PMC movement in a time interval of 41 seconds is small compared to any satellite pointing errors. Once a final registration has been obtained, data points in the overlap region will either be replaced by data points from one of the rectangular images or be averaged from the data points in both images using a suitable algorithm. As before, both methods of merging images should be available since we don't know which method will work better.

These steps are then repeated until all the images in a nadir imaging event have been combined to form a single image along the orbit track. A variation on the method that does not do averaging would be to select from each rectangular image a sub-image having a smaller dimension along the orbit track such that the overlap between images to be merged is minimal. That way only the highest resolution data from each rectangular image would be used in making the final merged image.

Package Names:  CipsOrbitalMerge

6.2.6 Architectural Design

6.2.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSOrbitalMerge

· Process to merge images for an orbit 

6.2.6.2 Database Tables or File Format

CIPS Level 2B Images

Name
type
Nullable
Description
Example
Keys

startTime
double
not null
Start time of the orbital strip

PK, FK

stopTime
double
not null
Stop time of the strip



numberOfElements
int
not null
Total number of elements in the orbital strip
537


elementNumber
int
not null
Location of the element in the image strip



albedo
double
not null
Albedo or cloud brightness per element



latitude
double
not null
Latitude in degrees per element



longitude
double
not null
Longitude in degrees per element



uncertainty
double
not null
Error value of each pixel










7 CIPS Level 3A Processing

7.1 Level 3A Software Design
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7.2 Design Description for Daily Merged Images

7.2.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to merge the orbital strips to provide a daily morphology of PMC Clouds.

7.2.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

7.2.3 Background

One of the standard level 3 products for the CIPS instrument is a merge of all orbital image strips taken during a day.

7.2.4 Requirements

The following requirements apply to this package:

1. Use all orbital image strips created for a given day

2. Take into account the overlap region near the poles (above 70 degrees)

3. Time variability in the clouds must also be considered in the overlap region

7.2.5 Algorithm Description

The following algorithm applies to this package:

Package Names:  CipsDailyMerge

7.2.6 Architectural Design

7.2.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSDailyMerge

· Process to merge images for an orbit 

7.2.6.2 Database Tables or File Format

CIPS Level 3A Images

Name
type
Nullable
Description
Example
Keys

date
??
not null
Year/Day of Year

PK, FK

numberOfElements
int
not null
Total number of elements in the orbital strip
537


elementNumber
int
not null
Location of the element in the image strip



albedo
double
not null
Albedo or cloud brightness per element



latitude
double
not null
Latitude in degrees per element



longitude
double
not null
Longitude in degrees per element



uncertainty
double
not null
Error value of each pixel










8 CIPS Level 3B Processing

8.1 Level 3B Software Design
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8.2 Design Description for Cloud Season Movies

8.2.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to merge the daily cloud images into a cloud season movie.

8.2.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

8.2.3 Background

One of the standard level 3 products for the CIPS instrument is a merge of all daily images to form a cloud season movie. 

8.2.4 Requirements

The following requirements apply to this package:

8.2.5 Algorithm Description

The following algorithm applies to this package:

Package Names:  CipsCloudSeasonMovie

8.2.6 Architectural Design

8.2.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSCloudSeasonMovie

· Process to merge images from each day for a cloud season 

8.2.6.2 Database Tables or File Format

CIPS Level 3B Movies

Name
type
Nullable
Description
Example
Keys

???






9 CIPS Level 4 Processing

9.1 Level 4 Software Design
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9.2 Design Description for Cloud Size Calculation

9.2.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to calculate the cloud sizes. 

9.2.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

9.2.3 Background

Standard CIPS level 4 data products include cloud properties.   Cloud properties are derived from level lC images above a minimum brightness.   A minimum of 4 consecute images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, particle are, water content and cloud size.   This design section describes the algorithm used to determine cloud size.

9.2.4 Requirements

The following requirements apply to this package:

9.2.5 Algorithm Description

The following algorithm applies to this package:

Package Names:  CipsCloudSizeCalculation

9.2.6 Architectural Design

9.2.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSCloudSizeCalculation

· Process to me

9.2.6.2 Database Tables or File Format

CIPS 

Name
type
Nullable
Description
Example
Keys

???






9.3 Design Description for Large Cloud Division

9.3.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to divide large clouds into sub clouds. 

9.3.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

9.3.3 Background

Standard CIPS level 4 data products include cloud properties.   Cloud properties are derived from level lC images above a minimum brightness.   A minimum of 4 consecutive images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, particle are, water content and cloud size.   This design section describes the method to be used for subdividing large clouds.   Due to cloud property variability over large distances, clouds that are greater then 500 km will need to be subdivided into smaller areas.   The sub-clouds are then be used in the derivation of other cloud properties.

9.3.4 Requirements

The following requirements apply to this package:

9.3.5 Algorithm Description

The following algorithm applies to this package:

Package Names:  CipsLargeCloudDivision

9.3.6 Architectural Design

9.3.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSLargeCloudDivision

· Process 

9.3.6.2 Database Tables or File Format

CIPS 

Name
type
Nullable
Description
Example
Keys

???






9.4 Design Description for Selection of Consecutive Images

9.4.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to determine which of 6 consecutive cloud images to use in cloud property calculations. 

9.4.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

9.4.3 Background

Standard CIPS level 4 data products include cloud properties.   Cloud properties are derived from level lC images above a minimum brightness.   A minimum of 4 consecutive images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, particle are, water content and cloud size.   This design section describes the method used for selecting which of the common volume images will be used for deriving the cloud properties.

9.4.4 Requirements

The following requirements apply to this package:

1. Choose six subsequent cloud images in the common volume.  A minimum of 4 is required.

2. Images from the nadir cameras must be used

3. Selection of consecutive images will be based on images above a minimum brightness.

4. ???

9.4.5 Algorithm Description

The following algorithm applies to this package:

Package Names:  CipsConsecutiveImageSelection

9.4.6 Architectural Design

9.4.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSConsecutiveImageSelection

· Process 

9.4.6.2 Database Tables or File Format

CIPS 

Name
type
Nullable
Description
Example
Keys

???






9.5 Design Description for Determination of Cloud Brightness

9.5.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to calculate cloud brightness as a function of phase angle. 

9.5.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

9.5.3 Background

Standard CIPS level 4 data products include cloud properties.   Cloud properties are derived from level lC images above a minimum brightness.   A minimum of 4 consecutive images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, particle are, water content and cloud size.   This design section describes the algorithm used to calculate cloud brightness.

9.5.4 Requirements

The following requirements apply to this package:

9.5.5 Algorithm Description

The following algorithm applies to this package:

1. Use the 6 consecutive cloud images selected by the process described in Section 9.4

2. Determine brightness for each cloud and sub-cloud

3. Plot as a function of scattering angle

4. Fit Mie theory curve to derive cloud brightness as a function of phase angle

5. ???

Package Names:  CipsCloudBrightness

9.5.6 Architectural Design

9.5.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSCloudBrightness

· Process 

9.5.6.2 Database Tables or File Format

CIPS 

Name
type
Nullable
Description
Example
Keys

???






9.6 Design Description for Extinction Calculation

9.6.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to determine cloud extinction. 

9.6.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

9.6.3 Background

Standard CIPS level 4 data products include cloud properties.   Cloud properties are derived from level lC images above a minimum brightness.   A minimum of 4 consecutive images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, particle are, water content and cloud size.   This design section describes the algorithm used in calculating cloud extinction.   

9.6.4 Requirements

The following requirements apply to this package:

The extinction calculation is the albedo divided by solar flux.  For the Common Volume calculation, the SOFIE instrument will provide the solar flux input for this equation.   For the CIPS science data set, the SORCE Solar Flux Model at 269nm can be used.

9.6.5 Algorithm Description

The following algorithm applies to this package:

1. Use the 6 consecutive cloud images selected by the process described in Section 9.4

2. Retrieve the cloud brightness or albedo for each cloud and sub-cloud

3. Retrieve solar flux model (may use the SORCE Solar Flux Model at 269 nm)

4. Divide albedo/solar flux to determine extinction

5. Track errors and fold into existing uncertainties

Package Names:  CipsExtinctionCalculation

9.6.6 Architectural Design

9.6.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSExtinctionCalculation

· Process 

9.6.6.2 Database Tables or File Format

CIPS 

Name
type
Nullable
Description
Example
Keys

???






9.7 Design Description for Determination of Particle Size 

9.7.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to calculation the average ice particle size. 

9.7.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

9.7.3 Background

Standard CIPS level 4 data products include cloud properties.   Cloud properties are derived from level lC images above a minimum brightness.   A minimum of 4 consecutive images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, particle are, water content and cloud size.   This design section describes the algorithm used in calculating average ice particle size.   

9.7.4 Requirements

The following requirements apply to this package:

Calculate the particle size based on the Mie Theory.  The width distribution will be assumed.  In the Common Volume calculation, the width distribution will be provided by SOFIE Level 2 data.  Average over the cloud extent (cloud property described in section 9.3) to determine the average ice particle size

9.7.5 Algorithm Description

The following algorithm applies to this package:

1. Retrieve cloud brightness as a function of phase angle (cloud property described in section 9.5)

2. Retrieve the assumed width distribution

3. Apply Mie theory to determine particle size

4. Retrieve the cloud extent (see section 9.3)

5. Average particle size over cloud extent

6. Track errors and fold into existing uncertainties

Package Names:  CipsParticleSizeCalculation

9.7.6 Architectural Design

9.7.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSParticleSizeCalculation

· Process 

9.7.6.2 Database Tables or File Format

CIPS 

Name
type
Nullable
Description
Example
Keys

???






9.8 Design Description for Calculating Surface Area

9.8.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to determine the particle mean surface area. 

9.8.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

9.8.3 Background

Standard CIPS level 4 data products include cloud properties.   Cloud properties are derived from level lC images above a minimum brightness.   A minimum of 4 consecutive images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, particle are, water content and cloud size.   This design section describes the algorithm used in calculating the mean surface area of the ice particles.   

9.8.4 Requirements

The following requirements apply to this package:

The surface area is derived from the average ice particle size..

9.8.5 Algorithm Description

The following algorithm applies to this package:

Package Names:  CipsSurfaceAreaCalculation

9.8.6 Architectural Design

9.8.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSSurfaceAreaCalculation

· Process 

9.8.6.2 Database Tables or File Format

CIPS 

Name
type
Nullable
Description
Example
Keys

???






9.9 Design Description for Determination of Particle Density

9.9.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to determine particle density. 

9.9.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

9.9.3 Background

Standard CIPS level 4 data products include cloud properties.   Cloud properties are derived from level lC images above a minimum brightness.   A minimum of 4 consecutive images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, particle are, water content and cloud size.   This design section describes the algorithm used in calculating particle density.   

9.9.4 Requirements

The following requirements apply to this package:

Use the Mie theory with the known cloud brightness and particle size to derive particle density.

9.9.5 Algorithm Description

The following algorithm applies to this package:

Package Names:  CipsParticleDensityCalculation

9.9.6 Architectural Design

9.9.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSExtinctionCalculation

· Process 

9.9.6.2 Database Tables or File Format

CIPS 

Name
type
Nullable
Description
Example
Keys

???






9.10 Design Description for Determination of Ice Water Content

9.10.1 Scope

The intent of this note is to describe the top-level design and proposed concept of execution for the software that will provide the algorithm necessary to determine ice water content. 

9.10.2 References

· The software-level documentation associated with these algorithms can be found at XXXXX

· The CIPS Algorithm Theoretical Basis Document

· Verbal communications with Dave Rusch, Bill McClintock, Mike Callan, and Gary Thomas

9.10.3 Background

Standard CIPS level 4 data products include cloud properties.   Cloud properties are derived from level lC images above a minimum brightness.   A minimum of 4 consecutive images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, particle are, water content and cloud size.   This design section describes the algorithm used in calculating ice water content.   

9.10.4 Requirements

The following requirements apply to this package:

Use particle size and density to derive ice water content.

9.10.5 Algorithm Description

The following algorithm applies to this package:

Package Names:  CipsIceWaterContent

9.10.6 Architectural Design

9.10.6.1 Software Components

· CIPSScienceTelemetryServer

· This primitive dataset server provides the CIPS level 2A science images for the nadir cameras

· CIPSIceWaterContent

· Process 

9.10.6.2 Database Tables or File Format

CIPS 

Name
type
Nullable
Description
Example
Keys

???
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