Implementing new commands in IPL
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Incomplete entries are highlighted in yellow. 
Like this one. 
Contributions welcome.
Introduction

The Image Processing Language (IPL) is a system for image manipulation and analysis developed by Scanco Medical AG (Switzerland), and which accompanies the CT scanners manufactured by the company. IPL offers access to the functionality present in Scanco’s image processing library, named D3. Thus, IPL presents several I/O functions, image filters, image segmentation procedures, and image analysis tools implementing well-established methods for the study of bone morphology.

The IPL system permits both interactive and scripted image processing, and integrates well with scripting in the VMS operating system. As a result, batch image processing using VMS and IPL is the mainstay of image analysis in the Bone Imaging Laboratory (BIL). 
In a partnership between Scanco and the BIL, Scanco disclosed details about sections of its software, with the intent of permitting that members of the BIL develop new IPL commands. Scanco made available a limited selection of the following material, related to the IPL system and the D3 library:

· compiled (object) code;

· header files (*.H);
· a few source code files (*.C) illustrating the mechanisms behind IPL and D3.

IPL was developed in C, and appears to be specific to the 64-bit VMS systems that ship with the CT scanners. In the following sections, a discussion is given on the internal structure of the IPL system and the D3 library, as inferred from the available source code, followed by a tutorial on how to develop new IPL commands, and how to manipulate images using D3.
How Scanco’s software is organized

The system is composed of two parts:
· D3, the image processing library, and

· IPL, the front-end for D3

It is not clear from the code samples provided by Scanco whether IPL uses only D3 in all of its commands, or if IPL relies on other image processing code (either within the IPL source code tree or external libraries).

Understanding D3

The name D3 stands for “3D”: the C language does not permit that identifiers (names of variables, functions, types, etc) start with a digit. Examples of three-dimensional elements are vectors, CT volumes, volume resolutions, and spatial offsets. Such elements will feature the string “D3” within its data type name: D3int32, D3float, D3Atof, D3AnyImage, etc. Likewise, two-dimensional elements will feature “D2” (e.g. D2float, D2CTSlice), and scalar elements will present the prefix “D1”.
Images (3D) are implemented by the structure D3AnyImage. As the name suggests, variables of type D3AnyImage are images of any basic type in the D3 library. Here is the D3AnyImage structure (from the file d3.h):

	/* 64-bit version ! 18.4.2001 A.Laib */

typedef struct {


char
    version;
    /* version 3.0: 030    */


char
    *proc_log;


void
    *dat;


int
    id;


int
    ref;


int
    type;
    /* type of data
    */


D3int
    pos;
    /* in pixels (absolut)  */


D3int
    dim;
    /* in pixels
    */


D3int
    off;
    /* in pixels
    */


D3int
    supdim;
    /* in subdims ( = 0 -> no sup image) */


D3int
    suppos;
    /* in pixels (relative) */


D3int
    subdim;
    /* in pixels
    */


D3int
    testoff;
    /* in pixels
    */


D3float
    el_size_mm;


D1AnyData   assoc;
    /* associated data
*/

} D3AnyImage,D3aim,D3AnyImage030;


Some of the important attributes of a D3AnyImage are: 

· char *proc_log: A diary of all image manipulation operations inflicted on the present image so far.

· void *dat: a void pointer to the actual image data. Type casting is necessary to recover the value of a voxel.

· int type: an integer that identifies the type of voxel carried by this image. 
· Given that the C language does not contain features for real-time type checking, Scanco implemented a type identification mechanism. 

· An integer value is defined for each of the basic data types, with a well-defined naming convention for the type-identifying integer constant. For example, the type D1char is identified by the constant D1Tchar. 

· See the file d2.h for the list of types and identifying integer constants.

· The identifying integer constant can be used to decide on the proper typecast to use.
· D3int dim: the size of the volume

· pos, off, supdim, suppos, subdim, testoff: not sure about these values

· D1AnyData: not sure about this one either
· D3float el_size_mm: voxel size

The following code example illustrates how to access voxel data at position (10, 20, 30) in a D3AnyImage:

	x = 10;

y = 20;

z = 30;

if (im.type == D1Tchar)

{

  D1char *dat;

  char c;

  dat = (D1char *) im.dat;

  c = dat[x + y * im.dim.x + z * im.dim.x * im.dim.y];

  printf("Value: %d\n", c);

}

else if (im.type == D1Tfloat)

{

  D1float *dat;

  float f;

  dat = (D1float *) im.dat;

  f = dat[x + y * im.dim.x + z * im.dim.x * im.dim.y];

  printf("Value: %f\n", f);

}

else

{

  printf("Type not supported.");

}


For a more complete example of image manipulation, check the file d3p_border_change.c.

To do: how to create and destroy an image.
Understanding IPL

IPL stands for the language itself (Image Processing Language), as well as for the image processing system that accepts IPL commands either interactively or as a script. When IPL is running, it manages two lists of objects: 
· The list of data objects

· The list of commands

Commands are declared in the file ipl_scanco_c.c. Any new command must be declared in this file, and the file must be recompiled and re-linked to the remaining object files provided by Scanco. Declaring a command is simply adding an entry into the existing command tables in ipl_scanco_c.c (or even creating a new command table), the entry consisting of a string – the command name in IPL – and a pointer to a function. This function is implemented elsewhere (different C file). 
The function has certain duties to perform. Upon being called by the IPL engine, it will provide to the engine information about this new IPL command, such as: 

· name of parameters, 

· type of parameters, 

· a pointer to a placeholder of data for the parameter, 

· the default argument for the parameter, 

· descriptive string for the parameter (for the purpose of providing help to the user), 

· descriptive string to the entire command, 

· and a pointer to the function that will perform the actual computation for this new IPL command.
Data objects are created by IPL commands. If a new D3AnyImage is created in a function, and if the newly created image must be available to subsequent commands in IPL, then the programmer must declare the newly created image in the IPL system, attributing a name (a string) to the image as well. 
Detailed instructions will be provided later in the document. See ipl_scanco_c.c and ipl_proc_example.c for a working example.
Creating a new function in IPL
1. Go to the development directory
Login on percy.kin.ucalgary.ca, and change to the development directory: 
cd ur devel cipl ipl

2. Set the symbol for the local IPL executable

Type the following on a single line: myipl == “$DISK3:[MICROCT.PROJECTS.DEVEL.CIPL.IPL]ipl_scanco_c.exe /inter”
3. Write the code for the new IPL function

This function must obey the following prototype: 

void BONELAB_IPL_foo(IPL_data *ipl, void *par);
The identifiers (function name, parameter names) could be named differently, of course, but I feel that it is reasonable to adopt the following convention:
· Function name: starts with “BONELAB_IPL_”, because Scanco’s own IPL functions adopt the “IPL_” prefix.

· Parameter names: same as in Scanco’s code, for greater clarity.

The types are fixed, though. The type “IPL_data” permits interaction with the IPL system, for example:

· Registering newly created volumes within the system

· Getting a pointer to a desired image
In the type IPL_data, the structure field olist contains a list of objects currently instantiated within the running IPL system. Here is how to access an image named “my_image” from IPL:
	D3AnyImage    *in;

IPL_Ol_GetAim(&ipl->olist, “my_image”, &in);


The parameter void *par is a pointer to a data structure whose fields are the parameters to the IPL command. When IPL receives a command and its parameters, it will assemble the data structure pointed by “par”, according to the instructions provided by the registrar function (to be discussed in the next section).

Here is an example of an IPL function and accompanying structures:

	typedef struct {

    D1charP         in;

} BONELAB_IPL_find_max_par;

void BONELAB_IPL_find_max(

        IPL_data             *ipl,

        void                 *par)

{

  BONELAB_IPL_find_max_par   p = *((BONELAB_IPL_find_max_par *) par);

  D3AnyImage    *in;

  IPL_Ol_GetAim(&ipl->olist, p.in, &in);

  if (in == 0) return;

  BONELAB_find_max(in);

}




The following points are worth noticing:

· The parameter “par”, a void pointer, is typecast into a pointer to a “BONELAB_IPL_find_max_par”. The latter is a simple structure consisting only of a string (D1charP is equivalent to (char *)): more complex lists of parameters can be constructed in the same manner. So, for a given list of parameters to an IPL function, create a structure called BONELAB_IPL_<function name>_par.
· The field “olist” (of the IPL_data structure pointed by the parameter “ipl”) is used to access the desired image. The name of the desired image is exactly what is passed from the IPL system to this function via “par”.

· The function BONELAB_find_max (not included here) is called to perform its work (simply finding the maximum value in the image and printing it through printf) on the image pointed by “in”.

· The name conventions are my personal recommendations, and follow a similar naming convention observed in the Scanco code: 

· IPL function: BONELAB_IPL_<function name>

· Parameter list structure: BONELAB_IPL_<function name>_par

· The actual image processing function: BONELAB_<function name>. Note the absence of the “_IPL_” segment here; since this function is not connected to IPL anymore, it depends only on D3. It may be wiser to have the BONELAB_<function name> functions independent of D3 altogether, but making use of Scanco’s predefined data types and real-time type checking mechanism is convenient. 

4. Write the IPL registrar function

This function, which I’m calling a “registrar” function (native English speakers, please propose a better name) introduces the new IPL function to the IPL system. The IPL system knows that it has to call this function to learn about a new IPL command, since a list of registrar functions (one per IPL command) is hard-coded into ipl_scanco_c.c. (As seen later in this document, the new registrar function will also be added to the lists in ipl_scanco_c.c, which will be recompiled every time a new IPL function is developed.)
Here is the registrar function for the IPL function of the last section:

	void BONELAB_IPL_find_max_M(

        IPL_data        *ipl)

{

  void_fp proc = (void_fp) BONELAB_IPL_find_max;

  /*  Parameter list definiton  */

  static BONELAB_IPL_find_max_par p;

  static IPL_Pl_param  param[] = {

    {"input", D1TcharP,    (vP)&p.in,        "in", "Input AIM"},

  };
  IPL_Pl_params params = 
    {sizeof(param)/sizeof(IPL_Pl_param), param, "",

      "Finds the maximum value in the image", True};

  IPL_Pl_Handle(ipl, &params, proc, (void *) &p);

}




Highlights:

· Once again, the function prototype is fixed, while the identifiers are not. My recommendation is to use “BONELAB_IPL_<function name>_M” for the registrar function’s name, and “ipl” for the IPL_data pointer
· “proc” is a pointer to the IPL function BONELAB_IPL_find_max developed in the last section

· “p” is a static variable of type “BONELAB_IPL_find_max_par. It seems that the variable must be non-volatile (hence the declaration “static”), so it can act as a pre-allocated placeholder that can be used by the IPL system to pass parameters whenever it needs to call the new command. (This is a reasonable inference only; the sample code given by Scanco is very limited and does not include the code that handles this parameter-passing mechanism.)
· The vector “param” is a list of IPL_Pl_param elements. Each element corresponds to a parameter to the IPL function. Here is the structure IPL_Pl_param (from ipl.h):

	typedef struct {


char

*name;  /* parameter's full name    */


int

type;
  /* parameter's DnT-type     */


void

*dat;
  /* pointer to parameter     */


char

*def;
  /* default parameter value  */


char

*info;  /* parameter info/help text */

} IPL_Pl_param;




This mechanism extends to longer lists of parameters: each parameter in the parameter structure of the IPL command will be given a new entry in the list “param”. 

Note the use of the field “dat” in the actual registrar function shown above: the field “dat” is given the (properly typecasted) address of the field “in” within the pre-allocated parameter variable “p”. 
· The variable “params” contains the vector “param”, and the number of elements in the vector. This silly-looking implementation is necessary because a vector in the C language is just a pointer to a given data type, with no mechanism to recover the number of elements in the vector or to prevent access to the memory space beyond the limits of the vector. The programmer must track the size of the vector through other means. Hence, it was necessary to create a new data type to store the original vector and the accessory information. (This feature, or lack of, of the C language, is the mother of almost every “General Protection Fault”, “segmentation fault”, “blue screen of death”, and related hackable slimy critters in the software development world.)

· The call IPL_Pl_Handle(ipl, &params, proc, (void *) &p) is the only real executable sentence in the registrar function, and it introduces the new IPL function and its parameters to the running IPL system.
Both the IPL function and the registrar function belong to a file different from ipl_scanco_c.c. The example being discussed in this document is implemented in bonelab_ipl_functions.c, reproduced below:

	/*        

**      

**         _/_/_/  _/_/_/    _/        

**          _/    _/    _/  _/           Image Processing Language  

**         _/    _/_/_/    _/ 

**        _/    _/        _/             (c) Andres Laib, IBT/ETH Zrich

**     _/_/_/  _/        _/_/_/_/

**        

**      

**      Module name:  bonelab_ipl_functions.c

**      Created:      09.22.08

*/        

#include <ipl/ipl>

/*

** BONELAB_find_max()

*/

#define bonelab_macro_find_max(img,pfstr,T) { \

  int x, y, z, max_x, max_y, max_z; \

  int64 offset; \

  T *dat, max_value; \

 \

  dat = (T *) img->dat; \

  offset = 0; \

 \

  max_value = dat[offset]; \

  max_x = 0; \

  max_y = 0; \

  max_z = 0; \

 \

  for (z = 0; z < img->dim.z; z++) \

    for (y = 0; y < img->dim.y; y++) \

      for (x = 0; x < img->dim.x; x++) \

      { \

        if (dat[offset] > (max_value)) \

        { \

          max_value = dat[offset]; \

          max_x = x; \

          max_y = y; \

          max_z = z; \

        } \

      } \
  printf("Maximum found at (%d, %d, %d)\n", max_x, max_y, max_z); \

  printf("Maximum value: "); \

  printf(pfstr, max_value); \

}                       

void BONELAB_find_max(D3AnyImage *in)

{

  if ( in->type == D1Tchar )

  {

    bonelab_macro_find_max(in,"%d",D1char);

  }

  else if ( in->type == D1Tshort )

  {

    bonelab_macro_find_max(in,"%d",D1short);

  }

  else

  {

    printf("Type not implemented yet!\n");

  }

}

/*        

**  BONELAB_IPL_find_max()

*/        

typedef struct {

    D1charP         in;

} BONELAB_IPL_find_max_par;

void BONELAB_IPL_find_max(

        IPL_data             *ipl,

        void                 *par)

{

  BONELAB_IPL_find_max_par   p = *((BONELAB_IPL_find_max_par *) par);

  D3AnyImage    *in;

  IPL_Ol_GetAim(&ipl->olist, p.in, &in);

  if (in == 0) return;

  BONELAB_find_max(in);

}
/*        

**  BONELAB_IPL_find_max_M()

*/        

void BONELAB_IPL_find_max_M(

        IPL_data        *ipl)

{

  void_fp proc = (void_fp) BONELAB_IPL_find_max;

  /*  Parameter list definiton  */

  static BONELAB_IPL_find_max_par p;

  static IPL_Pl_param  param[] = {

    {"input", D1TcharP,    (vP)&p.in,        "in", "Input AIM"},

  };

  IPL_Pl_params params = {sizeof(param)/sizeof(IPL_Pl_param), param, "",

    "Finds the maximum value in the image", True};

  IPL_Pl_Handle(ipl, &params, proc, (void *) &p);

}




The macro “bonelab_macro_find_max” is not essential, in the sense of being a required way to program in IPL. It was just a way to save time typing, as well as space in the file.

5. Add the registrar function to ipl_scanco_c.c

The file ipl_scanco_c.c contains several lists of IPL functions, one list per category of commands. I created a new category named “UofC Bone Lab Functions:”, containing two new commands: 
· “Shannon”, which says hi to people, and was written by Shannon Boucousis and Yves Pauchard

· “bonelab_find_max”, the current example

Here is the code segment that adds these commands to the IPL system:

	#define IPL_SPEC_TABLE_13   "UofC Bone Lab Functions:"

static IPL_Tt_transl ipl_spec_transl_13[] = {

   {"Shannon",        (void_fp) IPL_Misc_Shannon_M},

   {"bonelab_find_max", (void_fp) BONELAB_IPL_find_max_M},

  };




Note how simple it is: each command table consists of a list of commands; each command has a name and a pointer to a registrar function.

6. Add the new C file to the compilation script

The compilation script is bonelab_ipl_compile.com. The following line was added to compile the new C file:

$ c64 ipl:bonelab_ipl_functions
Also, a new line was added to instruct the linker to connect the new object file (from the new C file) to the executable IPL program. 

7. Compile
Run the compilation script:

@bonelab_ipl_compile

8. Run the new IPL!

Remember step 2 (Set the symbol for the local IPL executable)? Now simply type:

myipl

to run the new IPL program. Inside IPL, check the existence of the new command using “help”.

