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graphic engine.

Programmer’s guide.

Abstract.

Mindswap graphic engine (further Mindswap), was developed as independent component, providing through they API abilities to create, visualize and control 3-dimensiopnal scenes. By now API development is not completed, is still is to be supplemented, but existing API elements even be changed in further, probably will be changed unessentially (in fact, there is only doubts in correctness of naming in connection with extension functional abilities of some elements, in the rest they are corresponds to chosen development concept).

Mindswap is made out as DLL library and it exports a number of functions according to agreements of calls for WANAPI modifier (in C). By now there is three function groups: general, renderer usage and scene usage. All functions in case of fail are returns MIS_FAIL value. In case of success, if returned value is not stipulated specially, MIS_OK value is returned. Now about them in more detail.

Data objects.

Mindswap was developed to unify application usage of graphical engine. Result-out was allocated the following structure data objects (they are just encapsulates in themselves certain data groups and doesn’t has any methods):


Renderer encapsulates in itself all the settings, connected to settings of videomodes, OpenGL operate modes, rendering modes etc. The scene contains only polygonal description of displayed scene with visual parameters of polygons, textures etc.  The question about light sources location still is not finally solved. Are available variants of location of this information both in separate data object and in scene data structure.
General functions.

This functions group contains functions for initialising and deinitialising, and also information functions [mindswap.h]
. In this groups are contained:

	MiSInit
	Initialises library. Before this moment almost all API functions are inaccessible, except for information functions for only part of parameters. Attempt to call any other function dues to error iMiSENotInitialized  occurrence (see also errors list).

	
	int
WINAPI MiSInit(int init_flags,LPVOID init_data)

	
	Parameters and data structures are defined in file [mis_init.h]

	
	init_flags
	Description

	
	iMiSINoInit
	«empty» call. Does not make any actions.
init_data = NULL

	
	iMiSIStandart
	Standard initialisation. Does not demands any parameters.
init_data = NULL

	MiSKill
	Deinitialises library. It should be called explicitly before moment of library unloaded from memory, as at automatic deinitialisation while unloading some times occurs errors, connected with end of internal execution threads. If this errors will be corrected in further, this requirement will be removed.

	
	int
WINAPI MiSKill()

	MiSInfo
	Function to obsession various kind of information. A part of information is accessible before library is initialised.

	
	int
WINAPI MiSInfo(int req_info,LPVOID ans_data)

	
	Parameters and data structures [mis_info.h]

	
	req_info
	Descriptions

	
	iMiSINoInfo
	«empty» call. Does not make any actions.
ans_data = NULL

	
	iMiSIVersion
	Information about library versions. Requires in ans_data a pointer to sMiSIVersion structure.

	
	iMiSIExtensions
	Number and list of supported by this library version  extensions. Requires in ans_data a pointer to sMiSIExtensions structure.

	
	iMiSISystemInfo
	Information about operational system version, where library was started (available after initialisation). Requires in ans_data a pointer to sMiSISystem structure.

	MiSEnum
	This function is for obtain various kind of information as a list of elements. Part of information is available before library is initialised.

	
	int WINAPI MiSEnum(int req_enum,long req_num,LPVOID ans_data)

	
	Parameters and data structures are defined in file [mis_info.h]

	
	req_enum
	Description

	
	iMiSINoEnum
	«empty» call. Does not make any actions.

ans_data = NULL

	
	iMiSIEnumDisplayDevices
	List of available screen properties (is available after initialisation). Requires in ans_data a pointer to sMiSIDisplayDevice structure. In req_num required device number is written. To retrieve a whole list one should sequentially request device numbers, start from 0, until function error code returns.

	
	iMiSIEnumDisplaySettings
	List of available operational modes from selected screen device (is available after initialisation). Requires in ans_data a pointer to sMiSIDisplaySettings structure. In req_num required device number is written. It acts similarly to previous case.

	MiSError
	Returns last error code (see also error codes list).

	
	unsigned long WINAPI MiSError(int er_scope)

	
	Parameters and data structures are defined in file [mis_err.h]

	
	er_scope
	Description

	
	iMiSEGlobal
	Last library error.

	
	iMiSESystem
	Code of the last operational system error, occurs while library function was processed.

	
	iMiSEGL
	Code of the last OpenGL error, occurs while library function was processed.


Prospective this function usage script is:
· Check for library version and needed extensions presence using MiSInfo.

· Library initialisation using MiSInit.

· Available display(s) operation modes information retrieving using MiSEnum.

· … Needed actions undertaking  …

· … In case of function returning error attribute, retrieving code error using MiSError.

· Library deinitialisation using MiSKill.

Renderer usage functions.

Here are functions for creation, removing and control of renderer [structures and constants for them are defined in mis_rend.h].

Renderer is some data object, contains all the setting, needed for some scene visualisation. Basically, it is supposed, that can be created few renderers simultaneously. However, now this ability is locked.

Renderer creation and removing are carried out by a pair of functions: MiSRCreate and MiSRDelete. Now about them in more detail.

MiSRCreate
int
WINAPI MiSRCreate(int r_flags,LPVOID r_data)

Function returns renderer id in case of success or MIS_FAIL in case of fail.

Receives as parameters following values:

iMiSEmptyType

«empty» call. Does not create renderer and no error returns.
r_data = NULL

iMiSStandartType

Creation of renderer with parameters by default. It is most simple variant. In this case renderer creates a window to image output and begins work in window mode.
r_data = NULL

iMiSCustomWNDType

In this case you can specify window, where output will be taken. This window will be used in full screen mode also.

r_data – contains a pointer to HWND.

iMiSCustomDCType

In this case you can specify device context, where output will be taken. It can be, for example, context of some control in window, but it absolutely should be context, outputted to screen. For full screen modes, renderer himself creates window.

r_data – contains a pointer to HDC.

iMiSExplicitType

In this case you can explicitly set the parameters of created renderer. For this structure sMiSRParameters is used.

r_data – contains a pointer to structure sMiSRParameters.

This structure contains:

	HDC hRDC;
	HDC for window-mode output or NULL, if DC is determinet by used window.



	HWND hRWND;
	HWND for full screen-mode output or NULL, if the renderer created window is used. If hRDC is equal to NULL, in window-mode also output is taken to this window.

	char *sWindowName;
	Pointer to string with caption for window, created by renderer or NULL, and then the default caption is used.

	long
lDDev;

	Screen device number for full screen mode, or constants: iMiSRPrimaryDisplay – use primary screen device, iMiSRCurrentDisplay – use screen device is current for window.

	long
lDSet;
	Video mode number for full screen mode or constant: iMiSRDefaultSettings – use default for this device vide mode

	unsigned long lRState;
	Renderer state. The following constants are allowed:

mMiSRSZeroMode – «empty» constant
mMiSRSFontOutline – use to inscription letters, created as 3-dimensional objects, otherwise flat letters images are used.

mMiSRSFullScreen – full screen or windowed operation mode

mMiSRSAsync – synchronous or a synchronous operation  mode
mMiSRSResetGLDC – for synchronous operation  mode, whether it is necessary to redefine context to each frame generate

mMiSRSOwnThread – for asynchronous operation  mode, whether it is necessary to create separate thread


Renderer operation modes are requires some explanations. There differed synchronous and asynchronous operation modes. Synchronous mode assumes, that each frame creation is occurs by control process request. For this task function MiSRRender is used. Each call of it in this mode results-out generate and display one frame, then control is returned. Flag mMiSRSResetGLDC is connected with this mode and defines whether it is necessary to newly set context at each call of MiSRRender function. If you can guarantee this function calls are occurs from one thread, this flag can be set, otherwise, if calls are occurs from different threads, this flag setting will lead to error occurring.

Asynchronous operation mode assumes, that frame creation is occurs uninterruptible, controlled by renderer. In this case two variants are possible. In one of them flag mMiSRSOwnThread is setted. This means renderer creates separate internal thread to frames generate. Thus generate is started by MiSRRender function call, control from which at once is returned to calling process. Be this flag not set, MiSRRender function does not return control, and in a cycle generates frames. To stop rendering process in asynchronous operation mode one can by setting with MiSRParam function renderer state with flag iMiSRPRStop.

MiSRDelete

int WINAPI MiSRDelete(int r_id)

Removes renderer. As a parameter it receives renderer id, which is to be removed.

MiSRRender

int WINAPI MiSRRender(int r_id)

Makes rendering process. It’s operation logic depends on renderer operation mode (see also description MiSRCreate function, synchronous and asynchronous operation modes). As a parameter it receives renderer id.

MiSRParam

int WINAPI MiSRParam(int r_id,int r_flag,LPVOID r_data)

Sets renderer operation parameters. Parameters are applied only after MiSRApply function call, at next frame generation. r_id is renderer id. r_flag accepts following values:

iMiSRPEmptyType

«empty» call. Not actions are undertaken.

iMiSRPRendering

Sets renderer state. Requires in r_data a pointer to sMiSRPRendering structure.

	unsigned long
flag;
	Renderer state flags. Flags mMiSRSFontOutline, mMiSRSFullScreen and iMiSRPRStop are Allowed.

All others flags are ignored.


iMiSRPVideoMode

Sets video mode parameters. Requires in r_data a pointer to sMiSRPVideoMode structure.

	unsigned long
flag;
	Specifies fields of structure used within this call. iMiSRPVEmpty, iMiSRPVDC, iMiSRPVWND, iMiSRPVWndName, iMiSRPVDDev, iMiSRPVDSet, iMiSRPVState flags are allowed.

	HDC hRDC;
	Similarly to structure sMiSRParameters.

	HWND hRWND;
	Similarly to structure sMiSRParameters.

	char *sWndName;
	Similarly to structure sMiSRParameters.

	long lDDev;
	Similarly to structure sMiSRParameters.

	long lDSet;
	Similarly to structure sMiSRParameters.

	unsigned long lState;
	Not used by now.


iMiSRPWorld

Defines scene to display. Requires in r_data a pointer to sMiSRPWorld structure.

	int w_id;
	Scene id.


iMiSRPGLMode

Defines some OpenGL operation parameters. Requires in r_data a pointer to sMiSRPGLMode structure.

	unsigned long lMode;
	OpenGL operation modes flags. Допускаются флаги:

iMiSRPGLighting – turn on/off light calculation.

iMiSRPGTexturing – turn on/off textures using.


iMiSRPGLMatrix

Defines OpenGL transformation matrixes. This parameters set and the next set are for one purpose: transformation from object coordinate system to user coordinate system customizing, difference between them is in transformation definition way. Both of them can be used for changing observer location point, however if you do not directly need to use explicit matrixes transformation definition, it is more preferred to use iMiSRPGLView. Then, in this data set you should specify only image context size (aViewport port). If you want to learn transformation matrixes roles more detailed see also OpenGL documentation. Requires in r_data a pointer to sMiSRPGLMatrix structure.

	unsigned long
flag;
	Specifies structure fields to be used within this call.

iMiSRPGModelView, iMiSRPGProjection, iMiSRPGTexture, iMiSRPGViewport, iMiSRPGDepthRange flags are allowed.

	double aModelView[16];
	ModelView transformation. Columns defined matrix.

	double aProjection[16];
	Projection transformation. Columns defined matrix.

	double aTexture[16];
	Textures transformation. Columns defined matrix.

	int aViewport[4];
	Context to display size, in pixels. 0 and 1 elements are coordinates of upper left corner of context, 2 and 3 – are coordinates of bottom right corner. Are used to context length and width calculation,  Используются для вычисления длины и ширины контекста, therefore values by themselves are not important.

	int aDepthRange[2];
	Display depth for Z buffer. 0 element is nearest border, 1 is remotest border. Values within [-1;1] range are allowed


iMiSRPGLView

Similarly to previous, customizes OpenGL transformation matrixes, however data are represented in more convenient sort. Requires in r_data a pointer to sMiSRPGLView structure.

	unsigned long
flag;
	Specifies structure fields to be used within this call.

iMiSRPGEyePoint, iMiSRPGTargetPoint, iMiSRPGUpDirection, iMiSRPGFOV, iMiSRPGAspect, iMiSRPGZRange flags are allowed.

	double aEyePoint[3];
	Observer location point coordinates.

	double aTargetPoint[3];
	Observed point location coordinates.

	double aUpDirection[3];
	The observer’s upper direction.

	double
dFOV;
	View range in vertical plane.

	double
dAspect;
	Context width to height ratio.

	double
aZRange[2];
	Display depth. 0 element is nearest border, 1 is remotest border.


iMiSRPGLLighting

Specifies general scene lighting parameters. Requires in r_data a pointer to sMiSRPGLLighting structure.

	unsigned long
flag;
	Specifies structure fields to be used within this call. IMiSRPGAmbient flag is allowed.

	float aAmbient[4];
	General scene lighting intensity. As RBGA.


MiSRApply

int WINAPI MiSRApply(int r_id)

Allows to usage changed renderer parameters. After this function call at next frame generate changed parameters will be applied. As a parameter it receives renderer id.
Scene operation functions.

This functions group is used to create visualized scene [structures and constants for them are defined in mis_wrld.h].

Scene contains polygonal description of objects, supplemented with their visualization parameters, light sources and textures. The objects shape are defined with simple convex polygons, that is meets following requirements:

· Polygon sides are intersected in polygon-defining points only.

· There are no doubled points in polygon definition.

· In each intersect point are combined only two polygon sides.

Polygons may contain holes. For this purpose polygon description consists of closed circuit. One circuit is external, describes polygon external border, and other circuits are describes holes in polygon. Circuit types are determined automatically. Circuit is set as a point sequence. The last in sequence point is supposed to be connected with first one.

For each point one can define color and perpendicular. It made by function, which sets current parameters. All the points at creation are receiving current values for color and perpendicular. Following current parameters changes are not interferences with already created points parameters.

Texture is defined for a whole polygon. It’s overlaying on polygon is defined by texture coordinates, which specifying texture points corresponds to polygon ones. The [0,0] coordinate point to the left bottom texture corner, and [1,1] point to the right upper one.

Light sources are of two types: directed and dotted. First ones define only light distribution direction and doesn’t have certain location in space. For these source type distances to source have no mean, light intensity depends on only angle between surface perpendicular and light distribution direction. Other ones define light, distributing from certain location at a cone shape. For this source type one can specify parameters for light attenuation with increase of distance to source.

Now about them in more detail.

MiSWCreate

int WINAPI MiSWCreate(int w_flags,LPVOID w_data)

Creates scene, returning its id, which further is used in all function operation functions calls. In case of error MIS_FAIL returned.

Receives as a parameter following values:

iMiSWEmptyType

«empty» call. Does not create scene and no error returns.

w_data = NULL

iMiSWStandart

Creation of scene with default parameters.

w_data = NULL

MiSWDelete

int WINAPI MiSWDelete(int w_id)

Removes scene. Receives as a parameter scene id, which is to be removed.

MiSWBeginPolygon

unsigned long WINAPI MiSWBeginPolygon(int w_id)

Creates new polygon. Receives as a parameter scene id. After this function called, polygon circuits are defined by MiSWVertex function calls, finishing polygon creation by MiSWEndPolygon function call.

MiSWEndPolygon

int WINAPI MiSWEndPolygon(int w_id)

Finishes polygon creation. Receives as a parameter scene id.

MiSWPoint

unsigned long WINAPI MiSWPoint(int w_id,float x,float y,float z,float w)

Auxiliary function, allows creating a point in space to which few nodes can refer. It allows reducing points double in part. In addition, this allows to more conveniently manipulate objects, contained of a few linked polygons, as changed coordinates not of all nodes, refers to that point, but only that point’s coordinates. So, for example, for cube, at which each point are referred by three nodes, one need to change coordinates only for one point, not for three nodes.

Function receives as a parameter scene id and point coordinates in space.

MiSWVertex

unsigned long WINAPI MiSWVertex(int w_id,int v_flag,LPVOID v_data)

Creates polygon node. Uses four node creation variants:

1. On a basis of point, created by MiSWPoint function.

· v_flag = iMiSWPVertexP

· v_data requires a pointer to sMiSWPVertexP structure:

	int v_flag;
	Contains values iMiSWPVUsualVertex (usual node) or iMiSWPVNewCurve (new circuit begin).

	unsigned long point;
	Point id.


2. Similar to previous, but texture coordinates are specified.

· v_flag = iMiSWPVertexPT

· v_data requires a pointer to sMiSWPVertexPT structure:

	int v_flag;
	Contains values iMiSWPVUsualVertex (usual node) or iMiSWPVNewCurve (new circuit begin).

	unsigned long point;
	Point id.

	float u,v;
	Texture coordinates.


3. With explicit coordinates indication.

· v_flag = iMiSWPVertexC

· v_data requires a pointer to sMiSWPVertexC structure:

	int v_flag;
	Contains values iMiSWPVUsualVertex (usual node) or iMiSWPVNewCurve (new circuit begin).

	float x,y,z,w;
	Point coordinates in space.


4. Similar to previous, but texture coordinates are specified.

· v_flag = iMiSWPVertexCT

· v_data requires a pointer to sMiSWPVertexCT structure:

	int v_flag;
	Contains values iMiSWPVUsualVertex (usual node) or iMiSWPVNewCurve (new circuit begin).

	float x,y,z,w;
	Point coordinates in space.

	float u,v;
	Texture coordinates.


MiSWParam

int WINAPI MiSWParam(int w_id,int p_flag,LPVOID p_data)

Allows changing current nodes and polygons creation parameters.

Receives as a parameters following values:

iMiSWPNoParameter

«empty» call.
p_data = NULL

iMiSWPNormal

Changes current value for perpendicular. Forces on nodes.

p_data requires a pointer to sMiSWPNormal structure:

	float dx,dy,dz;
	Perpendicular vector coordinates.


iMiSWPColor

Changes current value for colour. Forces on nodes.

p_data requires a pointer to sMiSWPColor structure:

	float r,g,b,a;
	Red, green, blue colour components and transparency.


IMiSWPTexture

Changes current texture. Forces on polygons.

p_data requires a pointer to sMiSWPTexture structure:

	unsigned long tex;
	Texture id.


iMiSWPTexMode

Changes current texture overlaying mode. Forces on polygons.

p_data requires a pointer to sMiSWPTexMode structure:

	int mode;
	Overlaying modes for each texture coordinate. For each one is chosen one of available mode, then they are combined together by OR. If no mode is chosen explicitly for coordinate, default value iMiSWPTMExplicit used. Available modes:

iMiSWPTMExplicit – common for all, explicit value of texture coordinates.

iMiSWPTMObjLinear{S,T,R,Q} – linear overlaying in object space coordinates.

iMiSWPTMEyeLinear{S,T,R,Q} – linear overlaying in observer coordinates.

iMiSWPTMSphereMap{S,T} – spherical overlaying, depends on observer location.

	float aS[4];
	Parameters for S coordinate. Required for iMiSWPTMObjLinearS and iMiSWPTMEyeLinearS modes.

	float aT[4];
	Parameters for T coordinate. Required for iMiSWPTMObjLinearT and iMiSWPTMEyeLinearT modes.

	float aR[4];
	Parameters for R coordinate. Required for iMiSWPTMObjLinearR and iMiSWPTMEyeLinearR modes.

	float aQ[4];
	Parameters for Q coordinate. Required for iMiSWPTMObjLinearQ and и iMiSWPTMEyeLinearQ modes.


Coordinates S and T correspond to u and v coordinates, defined at node creation, coordinates R and Q are additional and aren’t used in given version.

Linear overlaying in object space means, that chosen texture coordinate is calculated by equation =p1*x+p2*y+p3*z+p4*w, where (p1,p2,p3,p4) are parameters, and (x,y,z,w) are point coordinates, at which coordinate is calculated.

Linear overlaying in observer space means, that parameters and coordinates preliminary are transformed to observer view.

Spherical overlaying corresponds to overlaying of mirrored image. Texture at that offsets depending on observer location by the polygon, it is overlaid.

Detailed description of texture overlaying modes is in [1].

MiSWTexture

unsigned long WINAPI MiSWTexture(int w_id,int t_flag,LPVOID t_data)

Creates texture. Receives as a parameter following values:

iMiSWTNoTexture

«empty» call.

t_data = NULL

iMiSWTStandart

Creation texture with standard parameters.

t_data requires a pointer to sMiSWTTexture structure:

	unsigned long
width;
	Texture width. Should be equal to 2 in something power.

	unsigned long
height;
	Texture height. Should be equal to 2 in something power.

	unsigned long
format;
	Texture data format. Allowed values are iMiSWTF_BGR_EXT and iMiSWTF_BGRA_EXT.

	unsigned long
type;
	Structure data element type. Allowed values are iMiSWTTByte, iMiSWTTInt and iMiSWTTFloat.

	void *data;
	Image data by rows in selected format.


MiSWLight

unsigned long WINAPI MiSWLight(int w_id,int l_flag,LPVOID l_data)

Creates light source. Receives as a parameters following values:

iMiSWLNoLight

«empty» call.

l_data = NULL

iMiSWLLightP

Light source creation at a basis of existing.

l_data requires a pointer to sMiSWLLightP structure:

	unsigned long
point;
	Point, defining light source location (for dot light sources).

	sMiSWPColor intAmb;
	Intensity of ambient lights.

	sMiSWPColor intDiff;
	Intensity of diffuse lights.

	sMiSWPColor
intSpec;
	Intensity of specular lights.

	sMiSWPNormal spotDir;
	Light distribution direction vector.

	float spotExp;
	Exponential curve for attenuation while deviating from light distribution direction. Values range is [0;128].

	float spotCutoff;
	Maximal angle of deviation of light distribution direction from direction vector. Values are [0;90] and 180.

	float attConst;
	Constant for light attenuation.

	float attLinear;
	Constant for linear light attenuation while distance to source increases.

	float attQuad;
	Constant for square light attenuation while distance to source increases.

	unsigned long
bType;
	Light source type. Allowed values are iMiSWLDirect, iMiSWLPoint and iMiSWLDynamic. 


iMiSWLLightC

Creation of light source at a basis of point location coordinates.

l_data requires a pointer to sMiSWLLightC structure:

	float x,y,z;
	Point coordinates, defining light source location (for dot sources).

	sMiSWPColor intAmb;
	Intensity of ambient lights.

	sMiSWPColor intDiff;
	Intensity of diffuse lights.

	sMiSWPColor
intSpec;
	Intensity of specular lights.

	sMiSWPNormal spotDir;
	Light distribution direction vector.

	float spotExp;
	Exponential curve for attenuation while deviating from light distribution direction. Values range is [0;128].

	float spotCutoff;
	Maximal angle of deviation of light distribution direction from direction vector. Values are [0;90] and 180.

	float attConst;
	Constant for light attenuation.

	float attLinear;
	Constant for linear light attenuation while distance to source increases.

	float attQuad;
	Constant for square light attenuation while distance to source increases.

	unsigned long
bType;
	Light source type. Allowed values are iMiSWLDirect, iMiSWLPoint and iMiSWLDynamic. 
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� In square brackets is pointed out header file for C, which contains function prototypes and structure descriptions to use them.
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