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Introduction

The purpose of this document is to present an initial design of control networks in Isis 3.  The design is based on current usage requirements, existing documents (http://isis.astrogeology.usgs.gov/IsisSupport/download.php?id=34) and new features gleaned from discussions with many Astrogeology team members.  A primary goal is to ensure control networks will meet current and future needs of the team. 

To facilitate a meaningful discussion our design will be presented in PVL (parameter value language) form to aid human comprehension.  This in no way implies the file format for control networks will be PVL.  However, the likelihood that control networks will be stored in databases format is very high, especially for large networks

While the document may mention applications in passing (e.g., qmatch, jigsaw, etc) it is not intended to discuss them at length, especially in regards to existing and/or new functionality. These issues will be addressed at a later time.  The caveat is, we must make certain the control network design can support the needs of the user in these applications.

Finally, a disconnect exists in the terminology used within the Astrogeology team.  This document will help define and establish a standard terminology.  
At this time everything is open for discussion. As we are in a “draft version” this document may be missing significant elements and will go through major revisions.  Please post any addendums or ideas on our message board at http://isis.astrogeology.usgs.gov/IsisSupport/viewtopic.php?t=464.

Usage Requirements and/or Desired Features
This list has been compiled from existing documents and discussions with users and is in no particular order.  
· Mark points to ignore without deleting them from file
· Mark points as held to a lat/lon

· Mark cubes as held (fixed camera angles)

· Mark cubes to ignore without deleting them from cube list

· Tighter integration of points and errors

· Record control points 
1. between images and a controlled base map
2. between multiple images
3. for a single image
· Allow the same code/file format to be used by multiple programs:
1.  qmatch
2.  coreg2pr
3.  jigsaw
4.  warp/random
5.  findrx
6.  qview
· Validation capabilities

1. Log creation and modification dates
2. Log authors/users
3. Search for duplicate points (same image id and same/close line/samp)
4. Search for points with zero or one image

5. Search for images with no points

· Allow notes to be added to control points

· Allow a point to be identified as a feature name

· Editing

1.  Extract subsets from a control net
2. Merge control nets
· Allow thumbnail images to be recorded for control points

· Use of polygons to define areas of image overlap

· Allow unique image id to be a string (instead of a number)
· Search and/or categorize based on:
1.  image id

2.  errors
3.  correlation coefficients
4.  point id
5.  lat/lon range
6.  resolution
Control Networks
In the simplest terms, a control network is a set of cubes and points.  A cube can contain one or more points.  A point can be in one or more cubes, in the later case, the point is deemed to be in the overlap of two (or more) cubes.  In the below example, we have two cubes (squares). Each contains two points, marked by a circle and X.  However, the X point is in two cubes.
[image: image1.png]



This is a trivial example of a control net and in reality, three types of control networks are commonly used in Isis.  They are 1) singleton, 2) image-to-image, and 3) image-to-ground.  We will discuss each of these networks in order.

Singleton Networks
A singleton network is used to define points within a single image. The classic example of a singleton network is reseau or fiducial locations.  Conceptually we present a singleton with two points as follows:


Object = ControlNetwork


  NetworkType = Singleton


  Object = CubeList


    File = “viking.cub”


  End_Object

        Object = ControlPoint


    Group = ControlMeasure


Sample = 3.5


      Line   = 7.2

          End_Group

        End_Object

        Object = ControlPoint


    Group = ControlMeasure


Sample = 79.3


      Line   = 8.4

          End_Group

        End_Object

      End_Object

At first glance this example seems to be overkill; however, over the course of this document we will grow the design such that the software and file format for control networks can satisfy many needs.  In particular, a ControlPoint will have many Measure in the other types of control networks.
Another example of the use of a singleton network is in the “random” program.   This program currently accepts line, sample, latitude, longitude control points.  It can then immediately convert a cube to a map projection.  This is especially useful for cubes which lack camera models and/or spice kernels and the only mapping alternative is to tie to a base map.  An example of this control network is:


Object = ControlNetwork


  NetworkType = Singleton


  TargetName  = Mars


  Object = CubeList


    File = “viking.cub”


  End_Object

        Object = ControlPoint


    Group = ControlMeasure


Sample    = 3.5


      Line      = 7.2


      Latitude  = 30.8


      Longitude = 160.2

          End_Group

        End_Object

        Object = ControlPoint


    Group = ControlMeasure


Sample = 79.3


      Line = 8.4


      Latitude  = 40.2


      Longitude = 170.1

          End_Group

        End_Object

      End_Object

Another possible use of the above network is in applications for first-order corrections to camera angles, similar to the vikbasefit program.
Image-to-Image Networks
An image-to-image network is used to identify the same physical location in two images using pixel coordinates only.  That is, it is independent of latitude/longitude ground coordinates.  Standard Isis application programs that utilize this network type are warp2, random, and coreg2pr.  An important concept to recognize is one of the images must be held while the other is geometrically warped to match.   
Using Two Cubes

The following example demonstrates an image-to-image network for two images.  Note that we maintain a linkage between a file and a Measure through the UniqueCubeId. 

Object = ControlNetwork


  NetworkType = ImageToImage


  Object = CubeList


    File = (“file1.cub”,Id1)


    File = (“file2.cub”,Id2,Held)


  End_Object

        Object = ControlPoint


    Group = ControlMeasure

      UniqueCubeId = Id1


Sample       = 3.5


      Line         = 7.2

          End_Group


    Group = ControlMeasure

      UniqueCubeId = Id2


Sample       = 15.8


      Line         = 30.2

          End_Group

        End_Object

        Object = ControlPoint


    Group = ControlMeasure

      UniqueCubeId = Id1


Sample       = 100.8


      Line         = 300.2

          End_Group


    Group = ControlMeasure

      UniqueCubeId = Id2


Sample       = 93.3

      Line         = 305.7
          End_Group

        End_Object

      End_Object
Errors/Residuals

An element of the random/warp2 applications is the ability to report errors in the control network.  This will be facilitated in the following manner:

Group = ControlMeasure

  UniqueCubeId   = Id2


  Sample         = 93.3


  Line           = 305.7


  ErrorLine      = -0.3

        ErrorSample    = 0.6


  ErrorMagnitude = 0.671 

      End_Group
Note that errors will be available in image-to-image and image-to-ground networks only.

Ignoring Control Points

In the random program, users have the need to eliminate points with high errors without deleting them from the network.  This will be accomplished through:

Object = ControlPoint

  Ignore = True


  Group = ControlMeasure

    UniqueCubeId = Id1


    Sample       = 100.8


    Line         = 300.2

        End_Group


  Group = ControlMeasure

    UniqueCubeId = Id2


    Sample       = 93.3


    Line         = 305.7

        End_Group

      End_Object
Note that ignoring a ControlPoint will be available in all three network types
Using Three or More Images

The final case for image-to-image networks is handling three or more images to construct a “first-look” mosaic.  That is, define points that tie a set of cubes together in image space.  Then without the benefit of a camera model and/or kernels generate a mosaic.  No program exists in Isis 2 or 3 to construct a “first-look” mosaic; therefore, it is often the case the images are hand mosaicked in Photoshop or some other tool.  The control network design will adequately handle this scenario when we decide to develop the application.  For example,

Object = ControlNetwork


  NetworkType = ImageToImage


  Object = CubeList


    File = (“file1.cub”,Id1)


    File = (“file2.cub”,Id2,Held)


    File = (“file3.cub”,Id3)


    File = (“file4.cub”,Id4)


  End_Object

        Object = ControlPoint


    Group = ControlMeasure
            UniqueCubeId = Id1



…

          End_Group


    Group = ControlMeasure
            UniqueCubeId = Id3



…

          End_Group


    Group = ControlMeasure
            UniqueCubeId = Id4



…

          End_Group

        End_Object

        Object = ControlPoint


    …

        End_Object


  …

        Object = ControlPoint


    …

        End_Object


End_Object

Ignoring Cubes

There may be situations which warrant removing a cube from the mosaic.  This can be handled through:

Object = CubeList


  File = (“file1.cub”,Id1)


  File = (“file2.cub”,Id2,Held)


  File = (“file3.cub”,Id3)


  File = (“file4.cub”,Id4,Ignore)


End_Object

Note that ignoring cubes will be available in both image-to-image and image-to-ground networks but not singleton networks as they only have one cube.
Ignoring Measure
Additionally, now that a ControlPoint can be inside of three or more cubes the need to ignore a ControlMeasure becomes necessary.  The will be accomplished via:


Group = ControlMeasure

  Ignore = True

        UniqueCubeId = Id1


    …

        End_Group


End_Group

This option will be available in both image-to-image and image-to-ground networks.
Image-to-Ground Networks
The image-to-ground network is the most complex and allows a set of images to be tied to a planetary body through software such as jigsaw or RAND bundle-block adjustment.  A key element of this network is that control points have a type, either match or ground.  The difference is a ground point has a well defined latitude/longitude and a match point does not.  An example follows:  

Object = ControlNetwork


  NetworkType = ImageToGround


  TargetName  = Mars


  Object = CubeList


    File = (“vik1.cub”,Id1)


    File = (“vik2.cub”,Id2)


  End_Object

        Object = ControlPoint


    PointType = Match


    PointId   = M0001


    Latitude  = Null


    Longitude = Null


    Radius    = Null


    Group = ControlMeasure
            UniqueCubeId = Id1


…

          End_Group


    Group = ControlMeasure
            UniqueCubeId = Id2


…

          End_Group

        End_Object

        Object = ControlPoint


    PointType = Ground


    PointId   = G0001


    Latitude  = 30.5


    Longitude = 175.0


    Radius    = 3950.2


    Group = ControlMeasure
            UniqueCubeId = Id1


Sample = 15.5


      Line = 23.2

          End_Group

        End_Object


  …


End_Object

Latitude/Longitude/Radius
Latitudes and longitudes will always be in the planetocentric, positive east, 0 to 360 reference.  Radius will be in kilometers.  For ground points the latitude, longitude, and radius are fixed to the recorded values.  For match points, they will be estimated using the average value from all Measure in the control point. 

More on Errors/Residuals

The latitude, longitude, and radius are used to compute a new line/sample for each Measure.  The residual for each Measure is the difference between the new coordinate and the measured coordinate.  Additionally, the control point will have a cumulative error.  That is, the cumulative error for a point is the sum of all error magnitudes in the Measure.  For example,


Object = ControlPoint

  PointType       = Match


  PointId         = M0001
        Latitude        = 30.5


  Longitude       = 175.0


  Radius          = 3950.2


  ErrorCumulative = 15.3

  
  Group = ControlMeasure

    UniqueCubeId   = Id2


    Sample         = 93.3


    Line           = 305.7


    ErrorLine      = -0.3

          ErrorSample    = 0.6


    ErrorMagnitude = 0.671 

        End_Group


  Group = ControlMeasure

    …


  End_Group


  …


End_Object
Holding Cubes

A held cube will not be allowed to have its camera angles adjusted.  Conceptually, 

Object = CubeList


  File = (“file1.cub”,Id1)


  File = (“file2.cub”,Id2,Held)


  File = (“file3.cub”,Id3)


  File = (“file4.cub”,Id4)


End_Object
Holding Points

Control points can be individually held.  By holding we mean, the point is weighted heavily in the bundled-block adjustment such that the latitude/longitude for the point will not change.  By default all ground points are held.  Match points can be held in the following manner:

Object = ControlPoint

  PointType       = Match


  PointId         = M0001

  Held = Yes

  …


End_Object

Also, any cube in the cube list which is identified as base map (map projected) can cause points to be held.  That is, all points that have Measure tied to the UniqueImageId of the base map are really ground points and therefore are held.
Measure Types

A Measure can have a specific type that defines the state of the Measure.  These states are Unmeasured, Estimated, Fixed, or AutoRegistered.  

An “unmeasured” measure implies a sample/line coordinate has not yet been identified in the cube, either manually by a human or automatically by an application program.  

An “estimated” measure is one whose sample/line coordinate has been set but is not likely to be sub-pixel accurate.  It is however close enough to attempt automated registration techniques.  

A “fixed” measure implies a sample/line coordinate has been identified and should not be subsequently changed by automated registration techniques.  

An “auto registered” measure implies a sample/line coordinate has been identified to sub-pixel accuracy through automated registration techniques.

An example is,

Group = ControlMeasure

  UniqueImageId = Id1


  MeasureType     = AutoRegistered


  Sample 
    = 15.3


  Line          = 288.3


End_Group


Group = ControlMeasure

  UniqueImageId = Id2


  MeasureType     = Fixed


  Sample 
    = 88.8


  Line          = 2.9


End_Group

Optional Features

There are many optional features for all three control networks.  Most deal with tracking and history of the network.  Such an example is:

Object = ControlNetwork


  NetworkId     = “MDIM 2.1”


  NetworkType   = ImageToGround


  TargetName    = Mars


  UserName      = jdoe

        Created       = 2004-10-19T10:49:29
        LastModified  = 2004-10-20T12:20:03


  Description   = “Test run number 3”

        Object = ControlPoint

          …

        End_Object

        …

        Object = ControlPoint

          …

        End_Object

        Group = CubeList

          …

        End_Group

      End_Object

In this case a network can have an associated id (NetworkId), a creation date (Created), a last modified date (LastModified), the user who initiated the network (UserName), and some textual information (Description).

Common Identifiers

In fact, Created, LastModified, UserName, and Description can be used within ControlNetwork, ControlPoint, or ControlMeasure to further refine the history of the network.  For example


Object = ControlPoint

  PointType       = Match


  PointId         = M0001


  UserName        = jdoe

        Created         = 2004-10-19T10:49:29
  
  Group = ControlMeasure

    UniqueCubeId   = Id2


    UserName       = bdog


    LastModified   = 2004-12-22T09:09:32

        End_Group


  Group = ControlMeasure

    …


  End_Group


  …


End_Object

Context Thumbnails and Feature Names

Additional information that can be recorded strictly for a control point is context thumbnail images and features names.  This information can make adding new measure to a control point or searching for a point easier.  A context thumbnail is a small image (possibly a jpeg-2000) containing the control point and a hot spot (sample/line) that defines the exact location.  For example,


Object = ControlPoint

  PointType       = Match


  PointId         = M0001


  FeatureName    = “Olympus Mons”


  ThumbnailImage = ($controldata/mons.jpg,31.4,22.3)


  …


End_Object

Registration

When measure are auto-registered to refine sample/line positions this will occur with different algorithms in Isis 3.  For example, a “Maximum Correlation Coefficient” versus a “Minimum Difference”.  These algorithms are specified through a plug-in/definition file similar to camera models and map projections.  The name of the definition file and a goodness of fit value will be recorded.  For example,

Group = ControlMeasure

  UniqueImageId = Id1


  MeasureType     = AutoRegistered


  Sample 
    = 15.3


  Line          = 288.3


  Registration  = (minmax.def.3, 2.5) 


End_Group

Diameter

When computing the radius at a latitude/longitude it may have been picked at the center of a crater.  The preferred radius to use at such a point is the height at the crater rim as opposed to the bottom.  When measure have a diameter, it will be used to compute the radius for non-held matchpoints at crater rim.  The diameter is in kilometers.  For example,


Group = ControlMeasure

  UniqueImageId = Id1


  MeasureType     = AutoRegistered


  Sample 
    = 15.3


  Line          = 288.3


  Diameter      = 15.5


End_Group

Validation

A key component of control networks, especially image-to-ground types, is the need to validate the network.  There are many different scenarios which can cause problems prior to bundle-block adjustment.   Conflicts will often arise when images, control points, and/or control measure are ignored.  The verification for each network type is listed below.
Singleton Networks

1. Must have one cube in the list

2. The cube in the list can not be ignored

3. All control points can have exactly one measure
Image-to-Image Networks

1. Must have two or more cubes in the list

2. No two cubes in the list should have the same UniqueCubeId

3. At least two cubes in the list can not be ignored

4. Exactly one cube in the list must be held

5. All control points must have at least two measure
6. A cube must have at least one control point

7. The distance between all control points in a cube must be greater than a user specified tolerance 

Image-to-Ground Networks
1. Must have two or more cubes in the list

2. No two cubes in the list should have the same UniqueCubeId

3. At least two cubes in the list can not be ignored

4. Ground points must have one or more measure
5. Match points must have two or more measure
6. A cube must have at least one control point

7. The distance between all control points in a cube must be greater than a user specified tolerance 

8. If one measure has a diameter then all measure must have a diameter
2

