vV M L ABS

M3DL

Nuon 2D & 3D Graphics Library

Revision N
5-Jun-00

VM Labs, Inc.
520 San Antonio Rd
Mountain View, CA 94040

Tel: (650) 917-8050
Fax: (650) 917-8052



Copyright O 1999-2000 VM Labs, Inc. All rights reserved.
Copyright O 1999-2000 Miracle Designs BVBA, All rights reserved.

Nuon™, Merlin™, Merlin Media Architecture™ and theE logo are
trademarks of VM Labs, Inc.

Proprietary and Confidential to VM Labs, Inc.

The information contained in this document is confidential and proprietary to
VM Labs, Inc., and is provided pursuant to a Non-Disclosure agreement
between VM Labs, Inc., and the recipient. It may not be distributed or
copied in any form whatsoever without the express written permission of VM
Labs.

The information in this document is preliminary and subject to change at any
time. VM Labs reserves the right to make changes to any information
described in this document.

Note: This document is a work in progress. Please address
comments or report errors to Mike Fulton at VM Labs
(mfulton@vmlabs.com).



1.

4.

Table of Contents

INTRODUCTION 1-1
11 What ISMB3DL? .ttt 1-1
1.2 TheStructure Of M3DL... ..o 1-1

M3DL CONFIGURATION 2-1
21 INOOUCTION ..ottt 2-1
2.2 MPE Usage Configuration FUNCLIONS.........cccccovrieeenneninieie e 2-1

2.2.1 MASEtUPMPRCHAIN ...ttt 2-1

222 MAREMOVEMPRCHAIN. ... 2-2
2.3 MPR Configuration FUNCLIONS...........coeeiirinieinerireererese e 2-2

2.3.1 MAACHIVEDFAWCORLEXT ..o 2-2
24 MPR Synchronization FUNCLIONS.........cccoirieinnineeienerieee e 2-2

24.1 IADTAWSYRC..c...c.ooveeiiiiiiiiiieeette ettt 2-2

FRAME BUFFER SETUP 3-1
31 INrOAUCLION ...t 3-1

3.1.1 Buffer Formats............ccccccoovnne.. Error! Bookmark not defined.

3.1.2 VideO SEHUP ...ttt 3-3
3.2 YCrCb Screen Setup FUNCLIONS..........ceoirerinieeneririetere e 34

3.2.1 mdSetBuf YCCI6B NOZ..........cccommeiciosiciinseeieeeeeeeeens 3-4

322 mdSetBuf YCC32B NOZ.........cccommiiiinecininsceieeeeeeeeaes 3-4

3.2.3 mdSetBuf YCCIO6B _WITHZ...........ccccoemiiiineciineeeeeneee 3-5

3.24 mdSetBufYCC32B _WITHZ...........coceoeoieeninsciineeeeeeeen 3-5

325 mdSetBufYCC16B_WITHZSHARED.............cccoevnnicinnnne. 3-6
3.3  RGB Screen Setup FUNCLIONS ..ot 3-7

3.3.1 mdSetBufGRBI6B _NOZ YCCIOB........cconiioinnceieae 3-7

3.3.2 mdSetBufGRBI6B _NOZ YCC32B......coueoennniiineeeinnean 3-7

3.3.3 mdSetBufGRB32B _NOZ YCC32B......ccoueoevnniiinsicieneean 3-8

3.34 mdSetBufGRB16B_WITHZ YCCIOB........cccovvecevinnicinnenn. 3-8

335 mdSetBufGRB16B_WITHZ YCC32B.......cccovvevivinneeinnenne. 3-9

3.3.6 mdSetBufGRB32B WITHZ YCC32B ......cccoovvecioinnccennenae 3-9
34 Buffer SWap FUNCHIONS ..ot 3-10

3.4.1 SWaApDFaWBUFGRB ........ococovoiiiiiiiiiiiseeceeeeet e 3-10

3.4.2 SWapDrawBufYCC........ccocovoiviiiiiiciinseceeet e 3-10
3.5  Buffer Clear FUNCLIONS ..o 3-11

3.5.1 MACLEArDIAW ... 3-11

3.5.2 IACIEATDISP ...ttt 3-11

UTILITY FUNCTIONS 4-1

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE IlI



41 [g10 0 T0 (81w 1T 0] o FH TSR 4-1

4.2 Utility FUNCLION REFEIENCE. ..o 4-1
4.2.1 IASCIRGB ...ttt 4-1
422 IMASCIRGBA. ...ttt 4-1
4.2.3 IASELAIDRG ...ttt 4-2
4.2.4 INASEESCIVECHOF ...ttt 4-2
4.2.5 IMASEESCIRECT ...ttt 4-2

5. 3D GRAPHICS TRANSFORM FUNCTIONS 5-1

51  INrOQUCLION......coiieciiiiicec s 5-1

52 M3DL CoOrdinate SYyStEM........cceeererirreererinieeresesieiese e sesesseseseseseens 5-1
5.2.1 COOFAINALE TYPES ...ttt 5-1
522 CoOrdinate SYStEM.............ccoveoioinveiiesieiieeee et 5-1
523 Triangle Vertex Ordering.............cccouucvcoinnccoinnccoennecenns 5-2
524 Quadrangle Vertex Ordering................ccucccevneocoennecocnnenenn 5-2
525 ROIAION ANGIES.........o.ooiiiicte e 5-2
5.2.6 CLIPDING ..ottt 5-2
5.2.7 Backface CUIlING ............ccooviiciviniiiiiiicciceteeeet e 5-6
5.2.8 Perspective TransSformation................cccccvvcocoinnccoinneenennns 5-7
529 DeEPth CUCING ...ttt 5-7

5.3  Coordinate System FUNCLIONS ..o 5-7
5.3.1 IASEIXSCALC ...ttt 5-7
532 MAGEIXSCALC ...ttt 5-8
533 IASELYSCALE ...t 5-8
534 IMAGELYSCAIE ... 5-8
535 IMASEIXYSCALe. ...ttt 5-8
5.36 IASCUXOSISEL ...ttt 5-9
5.3.7 IMAGELXONISEL ...ttt 5-9
5.3.8 INASELYOSISEL ...ttt 5-9
5.3.9 TNAGELY OSSOttt 5-9
5310 MASEUXYOSISEL ..ottt 5-9

5.4  Transformation MatriX FUNCLIONS...........ccoociciininincsnssees 5-10
54.1 mdSetTranSformMatrix............ccccveeoeonnecininneeinseeee e 5-10
542 mdGetTranSformMatrix ..............ccooveceeneeccninneeinseeeeeeeeees 5-10
543 mdPlaceTransformMatrix...............cccouveeeonncocoinsccccnneneen. 5-10
544 mdVecPlaceTransformMatrix ...............cccovveoconncccennenenn. 5-11
545 mdTransTranSformMatrix ...............cccovvecconncocoinnecceneneen. 5-11
5.4.6 mdVecTrans TransformMatrix..............cccccovvcoconnccccnneneen. 5-11
5.4.7 MAMulTransformMatrix ..............c.cccoovveoionncconnicceseee 5-11
548 mdGetTransformMatrixTrans ..............ccccccovvcoconscceennenen. 5-12

55  General MatriX FUNCHONS..........cccciniiciiincrcss s 5-12
5.5.1 MAPIACEMALFIX..........c.ooveciiiiiiiiiiectieeet s 5-12
552 MAVeCPlaceMatrix ..............ooccoeevicoioinieiineeeieeeee e 5-12
553 IMATIANSMALFIX ...ttt 5-12
554 MAVeCTranSMatrix ...........cccoceceoneeoeninieiineee e 5-13

5-JUN-00

VM LABS CONFIDENTIAL PROPRIETARY PAGE IV



5.5.5 MAGEIMAIFIXTVANS ... 5-13
556 MALAENLIEYMALFIX ...ttt 5-13
557 MATraAnSPOSEMALTIX .........c.coovevueiiniiiiiiieciieeceeeeee e 5-14
558 MASEtMAVIXSIACK ..o 5-14
559 IAPUSHMATIIX ... 5-14
5510  MAPOPMAIFIX ...ttt 5-14
5511 mMAMUIMAQIFIX.........ccooceoeeeeeeceeeeeeeeeeeeeeeeeeeeeeeee e 5-14
5512 MAROIMAITIXX ... 5-15
5.5.13  MAROIMAIFIXY ... 5-15
5.5.14  MAROIMAIVIXZ .........oocoeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 5-16
5515 MAROIMAITIX..........cooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 5-16
5.516  MAROIMAIFIXXYZ.........ooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 5-16
5.5.17  MAROIMAIFIXYXZ.........ooceoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 5-17
5.5.18  MAROIMAIFIXZYX.......coooeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 5-17
56  Frustrum Setting FUNCLIONS.........ccoiuiiirreceereee e 5-18
5.6.1 IASCENCATZ ... 5-18
5.6.2 IAGEINCAT L. 5-18
5.6.3 IASCLEAVZ ... 5-18
5.6.4 IAGELFAF L. 5-19
5.6.5 MASCINCATFAVZ ... 5-19
5.6.6 IASCEFFUSIUML. ... 5-19
5.7  Vertex Transformation FUNCLIONS.........cccccoveeveirecenecsecee e 5-20
5.7.1 TAROL ... 5-20
5.72 TAROLS ..o 5-20
5.7.3 TAROIA ... 5-20
5.74 TAROIN. ... 5-20
5.7.5 TAROITFANS ..o 5-21
5.7.6 IAROITIANSS ... 5-21
5.7.7 IAROITIANSY ... 5-21
5.7.8 AROITIANSN. ... 5-22
5.7.9 TAPEES ... 5-22
5700 TAPEES3 ..o 5-22
5701 IAPECESA ... 5-22
5712 IAPEUSN ... 5-23
5713 MACUILS ... 5-23
5714 MACUILA ... 5-23
5715 mMAPerSCUllS ..........coooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 5-24
5716 mMAPersCulld ..........c.ocoooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 5-24
5.7.17  MAROITFANSCIIP ...ttt 5-25
5.7.18  mdAROITransClip3 ..ottt 5-25
5.7.19  mMAROITransClip4........cccccovmieoinniiininectseeeeeeeee s 5-25
5.7.20  mdAROITransCLPN ..........cccccouieoinniioinnecteeeeteeeee e 5-26
5.7.21  MAROITFANSPEFS...........cooceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 5-26
5.7.22  MAROITFANSPEFS3 ... 5-27
5.7.23  MAROITFANSPE S ..........c.oooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeea 5-27
5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE V



5.7.24  MAROITIANSPEFSIN ......ccc.ooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 5-27

5.7.25  mdRotTransPersCull3...........ccooooveoioeeneiieieeieeeeeeeeennns 5-27
5.7.26  mdRotTransPersCulld............ccccovoeveeneiieeieeieeieeeeeeenns 5-28
5.7.27  MACED .ottt 5-28
5.7.28  MACLP3 ... 5-29
5.7.29  MACLDA ..ot 5-29
5.7.30  MACHPN.......cooiiiiiiciieeet ettt 5-29
5.8  VECIOr FUNCHIONS ... 5-30
5.8.1 IASEIVECIOF ... 5-30
5.8.2 IAAAAVECHOF ... 5-30
5.83 IASUDVECTOT ... 5-30
5.84 MADOIPTOAUCK. ... 5-31
585 MADOIPTOAUCESFT ...t 5-31
5.8.6 MACTOSSPIOAUCE ... 5-32
5.8.7 MACTOSSPrOAUCESFT ... 5-32
588 MAVECtOrNOFMAL..............ccooeeieieieieieiieeeeeeeeee e 5-33
589 mdVectorNOrmalSFT ............cccoooioieioieieeiieeeeeeeeeene 5-33
5.8.10  mdVectorMagnitude.................c.cococovoernicoinniiiinniiinneen 5-34
5.8 11 MAAPPIYMAIFIX ...ttt 5-34
5.9  Depth Cue FUNCLIONS.......c.ioiiiirieerererieeeres et 5-35
5.9.1 mdActiveBlendColor.............c..ccooeoeeeoeeeiiieieeeeeeeen, 5-35
592 MASEIFOZCOION ...ttt 5-35
593 MASEtFOGNEATFAF ..ottt 5-35
5.94 IMADEPIRCUE. ...ttt 5-35
595 MADEPINCUECS ...ttt 5-36
5.9.6 IMADEPIRCUCS ...ttt 5-36
5.9.7 MADEPIICUEN...........c.ooveeiiiieiitieeeteeee et 5-36
5.10  Clipping FUNCLIONS .....c.couiuiiieirieereresieee e et 5-37
5.10.1  MANEArCIIP3 ...ttt 5-37
6. RENDERING FUNCTIONS 6-1
6.1  INrOAUCLION........oieciiiicicc s 6-1
6.2  SCreen COOrdiNaLES..........cccouviiiicirinirc s 6-1
6.2.1 2D CLPPIAG ..ottt 6-1
6.2.2 UV COOPAINALES ... 6-1
6.2.3 Z=DePth VAIUES ..ottt 6-1
6.3 Drawing PrimitiVES.......cocoociirrieiererieieererisiee s 6-2
6.3.1 Basic Primitive TYPES ..........cccoccveviveieienicinieieeieeeeceieeeeeeaens 6-2
6.4  Rendering EffiCIeNCY ....ooocoiirriieiereee e 6-7
6.5  Primitive Drawing FUNCLIONS.........c.coeioinrinieeneneeserereeee e 6-8
6.5.1 IADFAWPOLY ...ttt 0-8
6.5.2 IADFAWSPFILE ...ttt 6-8
6.5.3 IMADTAWIMAGE..........c.cooveiiiiiiiiiieeete ettt 6-9
6.5.4 IADFAWTIIC.........c.ooeoeieieeeeeeee s 6-9
6.5.5 IADFAWPFIML. ... 6-9

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE VI



6.6 Screen Clear FUNCHIONS ..ot st s s 6-10

6.7 3D Model FUNCLIONS.........cccuiiiiiiccr s 6-10
6.7.1 MARENACTOBJEC ...ttt 6-10
6.7.2 mdRenderObjectAMBIEnt...............cccccovvccioinnciinneeeeneee 6-10

7. BILLBOARDS 7-1

7.1 BillDOArd TYPES....c ittt s 7-1
7.1.1 SBOARD.......cooiiiiiiiiiseictieeette ettt 7-1
7.1.2 TBOARD........ccooiiiiiiiiiieicteieeet ettt 7-2
7.1.3 OBOARD ...ttt 7-2

7.2 USING BillDOAIAS.......cooieieieeriee e 7-2
7.2.1 Perspective Correction & Billboards..................ccccoucveennvccnn. 7-2
7.2.2 Billboard Parameters ..............coceeeceeeoeeeeneeieeieesieeseeeenens 7-2

7.3 Billboard FUNCLIONS...........cccciuiiiircs s 7-3
7.3.1 MARTPSBOAFA.........c.oooooeieeiieieeeeeeeeeeeeeee s 7-3
7.3.2 MARTPDPGSBOGF ...........c.coooveeiiiiviiiiisciiiseete et 7-4
7.3.3 MARTPCIPSBOAF ...ttt 7-5
7.3.4 MARTPDpqCLipSBoard ..............cccoeeceoviciineciineecieeeen 7-6
7.3.5 MARTPTBOAFA............coooeeeeeeeeeeeeeeeee s 7-6
7.3.6 MARTPDPGTBOAId ...ttt 7-7
7.3.7 MARTPCIPTBOAT ...ttt 7-8
7.3.8 MARTPDpqClLipTBOArd............c.ccooovviiiiiineciieeceeee 7-9
7.3.9 MARTPQBOAYd. ...ttt 7-9
7.3.10  mdRTPDpqQOBoard..............ccccccceoviioinnniininnieinnecce 7-10
7.3.11  mdRTPCLpOBOArd.............cccvviiiiiiiniiiisceteeeee 7-11
7.3.12  mdRTPDpqClipQBoard ...............ccccocoocoimnnioininniiinnecenn, 7-12

8. MATERIAL FUNCTIONS 8-1

8.1  INrOdUCLION ..ot 8-1

8.2  M3DL Image File FOMALS.......cco et 8-1

8.3  Material Format Capabilties & ReStICtioNS.........ccoccverirercenerinicenerinens 8-1
8.3.1 MATEXTURE FOFMQALS......ocooovieieiieieeeeeeeeeeeeeesee e §-1
832 MAIMAGEDATA FOrMALS............cooeeeeieeieeieeeeeeeeeeeee §-2

8.4  Material FUNCHIONS ... 8-3
8.4.1 MAGEIMBMINSO. ...ttt 8-3
842 MAGEIMBIINSO ...ttt 8-3
8.4.3 mdTextureFromMBM ..o 8-4
8.4.4 mdImageDataFromMBI ..o 8-4

9. MB3DL DATA TYPES 9-1

9.1 INrOAUCLION ...ttt 9-1

0.2  BaSiCDAATYPES ..ottt e 9-1
9.2.1 INEEGET TYPES.....ooooveiiiiieiicieeeeeeet e 9-1
9.2.2 Fixed POint TYPES.....coooueueoiviiiiiieiiiciieeettesee et 9-1

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE VII



9.3 SUHUCTUMNES ...ttt s be s s b st s be s ebe s sabe s 9-2

9.3.1 Frame Buffer & Drawing COntext...............ccoccceevnccocnneencnn. 9-2
9.3.2 3D GFAPRICS ...ttt 9-3
9.3.3 Drawing Primitives...........c..cccccovioiiniiencoiniiinieieieeceeeeeeeens 9-4
9.3.4 BillDOATAS.........cooeeeeiiiiiiietect et 9-7
9.3.5 Texture & Bitmap Data.................ccccccovcevccenccincoiniiniinecneen, 9-8

10. COMMAND LINE TOOLS 10-1
10.1  INEFOOUCHION. ...ttt 10-1
10.2  Command LiNE TOOIS........cccccuriniinsiscse s 10-1
10.2.1  BMP2MBM ..ottt 10-1
10.2.2 MBMINFO ..ottt 10-2
10.2.3  MBMPOS ......coooiiiiiiicteeeee ettt 10-2
10.2.4  TEN2MBM ......cooooiiiiiiiiiiiiictte ettt 10-3
10.2.5  MERGEMBM........ccoooiiiiiiiiiiiineecteeeete et 10-3

11. 3D STUDIO MAX PLUG-IN 11-1
111 INSEEHEHON. ... s 11-1
11.2  USING e PIUG-IN ..o 11-1
11.2.1  EXPOFt OPHORS. ...ttt 11-1
11.2.2  Export MBM Settings Dialog..............cccocoeeivvvecinnicinnanan. 11-4
11.2.3  EXpOrt LIMitQtiONS. .........c..ccooeovviiiiiniiinicinieieceeeseeeeeeeneenn 11-5
11.2.4  Using The Exported Data...................ccccoucccoinnccoinnecennenne. 11-5

12. MBM FILE FORMAT 12-1
12.1  INEFOOUCTION. ...ttt 12-1
122 MBM SHUCIUIES ... 121
12.2.1  mMBMTEXTURE.DIXIYPE ..ottt 12-2

123 MBM Fl@FOIMEL........ccceririiriririninenenesesesesesee e 12-2
12.3.1  RESIFICHIOMNS. ...t 12-4

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE VIII



5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE IX






1. Introduction

1.1 What is M3DL?

M3DL isalibrary for creating 2D and 3D graphics on Nuon, originally created by
Miracle Designs for their own game devel opment projects.

VM Labs has made an arrangement with Miracle Designsto make the M3DL library
availableto all Nuon developers. It isdesigned to be familiar and easy for
experienced console game devel opersto learn and use.

1.2 The Structure of M3DL

The M3DL library is broken down into two main parts. The main library runson
MPE 0 and is accessible through aC API. It isresponsible for setup functions, 3D
coordinate transformation, and generally everything except the actual rendering of

the display.

The other main part of thelibrary isthe MPR chain. MPR standsfor “Merlin
Primitive Renderer”. This code is downloaded to the processors that you specify
and isresponsible for low-level rendering tasks.

The MPR chain is discussed in further detail in chapter 2.
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2. M3DL Configuration

2.1 Introduction

This section discusses general functions for configuring the MPR rendering chain,
utility functions for color manipulation, etc.

2.2 MPE Usage Configuration Functions

The MPR chain isthe portion of the M3DL library responsible for low-level
rendering tasks. This code runs on MPE 1, 2, and/or 3 and does no 3D calculations,
polygon backface culling, hidden surface removal, etc. The MPR code is dedicated
to the requirements of rendering individual primitives as quickly as possible.

Before you can render anything with M3DL, you must first configure the MPR
chain to run on the desired M PE processors using the mdSetupMPR Chain()
function. This causesthe main library to download the MPR program code to the
processors which you have specified.

When it' s time to render something, the main library sends a message to the next
available MPR processor. That processor then performs whatever specific rendering
task isindicated.

Some M3DL functions may be used without an active MPR chain. Theseinclude
the frame buffer setup functions described in sections 0 and 3.6, the utility functions
described in chapter 4, the 3D graphics functions described in chapter 4, and the
materials functions described in chapter 8.

2.21 mdSetupMPRChain

Set up the specified MPEs as part of the M3DL rendering chain.
voi d ndSet upMPRChai n( st artnmpe, nunmpes)

Function Arguments

Type | Name Description
ndUl NT32 startnpe First MPE to use
ndUl NT32 nunmpes Number of MPEs to use
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2.2.2 mdRemoveMPRChain
Free MPEs reserved by the mdSetupMPR Chain() function.
voi d ndRemoveMPRChai n(voi d)

2.3 MPR Configuration Functions

2.3.1 mdActiveDrawContext
Send Screen Buffer information to MPRs
voi d ndActi veDr awCont ext (dcx)

Function Arguments

Type | Name Description
md DRAWCONTEXT * dex Pointer to drawing context

2.4 MPR Synchronization Functions

2.4.1 mdDrawSync
Wait for MPR activity to finish.
voi d ndDr awSync(voi d)
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3. Frame Buffer Setup

3.1 Introduction

The M3DL library includes avariety of frame buffer allocation functions that create
buffersin SDRAM for rendering and displaying graphics. This section will discuss
these functions and related concepts.

3.2 Frame Buffer Initialization

The first M3DL function normally used by an application is one of the M3DL
functionsfor allocating one or more frame buffers. Thisinitializesthe drawing
context structures that will be used hereafter by thelibrary.

Which specific function is called depends on the desired frame buffer format.
M3DL supports avariety of different buffer formats. Y ou may choose 16-bit or 32-
bit and either Y CrCb or RGB.

3.2.1 Using YCrCb Mode

Using Y CrCb mode is normally recommended on NUON because thisis the mode
natively supported by the hardware. Theterms*Y CrCh” and “Y CC” may be used
interchangeably.

Y CrCb mode pixels consist of three components. Thefirst component is“Y” and
represents the luminance value, or brightness. The“Cr” and “Cb” components
definethe “chroma’ part of the pixel, or the color hue. Together these values
represent aparticular position on a2-dimensional grid that contains all of the
available hues.

Y CrCh is used as the native mode by the NUON hardware because the Y CrCb color
space was invented for the requirements of color television and is the basis of
MPEG-encoded video.

If you want amore precise tutorial on Y CrCb color space, you'll have to look
elsewhere. For agood visual example of what YCrCbisall about, look at the
Y CrCb color square sample program included in the NUON SDK.

When using Y CrCb mode, you may select between 1 and 3 buffers. If you select a
single buffer, it will be used for both rendering and asthe display. Thisisvery
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economical regarding memory usage, but may show “tearing” when your application
drawsinto the buffer.

If you specify two buffers, they can be used for atraditional double buffering setup
where one buffer is used to render while the other is used for the current display.
Y our application can also use triple buffering if you specify three buffers.

The main drawback to using Y CrCb mode is that blending doesn’t really work right,
nor do colored lighting effects. These require the RGB color space. It would be
possible to perform color conversions on the fly, but this would slow down
performance so much that it's not really practical.

3.2.2 Using RGB Mode

RGB modes are actually represented internally as GRB. Theterms“RGB” and
“GRB” may be used interchangeably unless referring specifically to the layout of
individua pixels.

The main drawback to using RGB mode is that the NUON video display hardware
works only with YCrCb data. Therefore, when your program renders datain RGB
mode, M3DL must convert it to Y CrCb before it can be displayed. Thisishandled
automatically by the library, but it does consume a certain amount of processing
time that may impact your application’s performance.

The screen setup functions that specify RGB mode always set up atotal of three
buffers:

Render buffer in GRB format, either 16-bit or 32-bit depending on the setup
function used. In 32-bit mode the buffer format is Green-Red-Blue-Alpha.

Two display buffersin Y CrCb format. Oneisused to hold the data currently
being displayed, the other is used as the target of the required RGB to Y CrCh
color space conversion.

There are separate calls for selecting various combinations of 16-bit and 32-bit
buffers. Y ou can, for example, render into a 16-bit RGB mode but use a 32-bit
Y CrCb mode for the display buffer.

3.2.3 A Note About Color Values

Note that the md COLOR structure used by the M3DL library always describes a
color in RGB color space, even when rendering in Y CrCb mode. The M3DL library
automatically handles conversion to Y CrCb color space when required.
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3.2.3.1 Texture Data & Frame Buffer Format

Note that your texture data must always match the current rendering mode. If you
are using RGB mode, then your textures must all bein RGB format. If you are
using Y CrCb maode, then your textures must all beinY CrCb format.

3.3 Drawing Context

The drawing context structure initialized by your M3DL frame buffer setup call is
used to track which frame buffer is being used for rendering, which oneis used for
the current display, and so forth. 'Y ou normally have either one or two drawing
context structures, stored as an array, depending on which color model you are
using. The table below shows which drawing context structure is associated with
what:

RGB Mode Refers to RGB rendering Refers to YCrCb display
buffer buffer

YCrCb Mode Refers to YCrCb rendering | Not used
& display buffers

The actbuf field of the drawing context indicates the “active” buffer. That is, the
buffer that should be currently on display. Thisvalueisused to determine which
buffer datais passed to the VidSetup() call.

3.4 Video Setup

All of the buffer setup functions described in sections 3.5 and 3.6 below expect that
an application will call the BIOS VidSetup() function to configure the display. For
example:

ndDr awCont ext dcx[ 2] ;

ndBYTE *buf, *sdranadddr;

i nt dnafl ags;

sdramaddr = (nmdBYTE*) 0x40000000;

sdram en = ndSet Buf GRB16B_W THZ_YCC32B( dcx, sdranaddr, 360,
240, 20, 8, 320, 224);

buf = (mdBYTE*)dcx[ 1] . buf[dcx[ 1] . act buf]. sdranmaddr;

dmafl ags = dcx[1]. buf[dcx[ 1] . act buf]. dmaf| ags;
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Vi dSetup( buf, dnaflags, dcx[1].dispw, dcx[1].disph,0);

The mdSetBuf******() function initializes the drawing context contained in dex.
After the call, the drawing context will contain the information that must be passed
to the VidSetup() function to configure the display.

Note that we used the values from dex|[1] for doing our video setup. Thisis
because dex[1] refersto the Y CrCb buffers used for display, while dex[0] refers to
our RGB rendering buffer. 1f the example above had specified a'Y CrCb mode, then
the video setup would have used dex|[0] instead.

3.5 YCrCb Screen Setup Functions

3.5.1 mdSetBufYCC16B_NOZ
Set up screen buffers. Pixel format is 16-bit Y CrChb, no Z-buffer.

mdUl NT32 size = nmdSet Buf YCC16B_NOZ( dcx, sdram nbuf,
di spw, disph, rendx, rendy, rendw, rendh)

Function Arguments & Return Code

Type | Name Description

md DRAWCONTEXT  * dex Pointer to drawing context

ndBYTE * sdram Address of buffer in SDRAM

mdUl NT32 nbuf Number of buffers

ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

nmdUl NT32 r endx Render buffer x offset

ndUl NT32 r endy Render buffer y offset

mdUl NT32 rendw Render buffer width

mdUl NT32 rendh Render buffer height

nmdUl NT32 si ze Amount of SDRAM used for
buffers

3.5.2 mdSetBufYCC32B_NOZ
Set up screen buffers. Pixel format is 32-bit Y CrChb, no Z-buffer.

mdUl NT32 size = mdSet Buf YCC32B_NOZ( dcx, sdram nbuf,
di spw, disph, rendx, rendy, rendw, rendh)
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Function Arguments & Return Code

Type | Name Description

d DRAWCONTEXT * dex Pointer to drawing context

MdBYTE * sdram Address of buffer in SDRAM

mdUl NT32 nbuf Number of buffers

ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

mdU NT32 r endx Render buffer x offset

mdUl NT32 r endy Render buffer y offset

mdUl NT32 rendw Render buffer width

mdUl NT32 rendh Render buffer height

mdU NT32 si ze Amount of SDRAM used for
buffers

3.5.3 mdSetBufYCC16B_WITHZ
Set up screen buffers. Pixel format is 16-bit Y CrChb, with 16-bit Z-buffer.

mdUl NT32 size = nmdSet Buf YCC16B_W THZ( dcx, sdram
nbuf, dispw, disph, rendx, rendy, rendw, rendh)

Function Arguments & Return Code

Type | Name Description

md DRAWCONTEXT * dex Pointer to drawing context

MdBYTE * sdram Address of buffer in SDRAM

mdUl NT32 nbuf Number of buffers

ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

nmdUl NT32 r endx Render buffer x offset

mdUl NT32 r endy Render buffer y offset

mdUl NT32 rendw Render buffer width

mdUl NT32 rendh Render buffer height

nmdUl NT32 si ze Amount of SDRAM used for
buffers

3.5.4 mdSetBufYCC32B_WITHZ
Set up screen buffers. Pixel format is 32-bit Y CrCh, with 32-bit Z-buffer.

mdUl NT32 size = nmdSet Buf YCC32B_W THZ( dcx, sdram
nbuf, dispw, disph, rendx, rendy, rendw, rendh)
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Function Arguments & Return Code

Type | Name Description

d DRAWCONTEXT * dex Pointer to drawing context

MdBYTE * sdram Address of buffer in SDRAM

mdUl NT32 nbuf Number of buffers

ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

nmdUl NT32 r endx Render buffer x offset

ndUl NT32 r endy Render buffer y offset

mdUl NT32 rendw Render buffer width

mdUl NT32 rendh Render buffer height

nmdUl NT32 si ze Amount of SDRAM used for
buffers

3.5.5 mdSetBufYCC16B_WITHZSHARED

Set up screen buffers. Pixel format is 16-bit Y crCb for both the render buffer and
display buffer, with a shared 16-bit Z-buffer.

ndUl NT32 size = ndSet Buf YCC16B_W THZSHARED( dcx,
sdram nbuf, dispw, disph, rendx, rendy, rendw,
rendh)

Function Arguments & Return Code

Type | Name Description

md DRAWCONTEXT  * dex Pointer to drawing context

MdBYTE * sdram Address of buffer in SDRAM

mdUl NT32 nbuf Number of buffers

ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

nmdUl NT32 r endx Render buffer x offset

ndUl NT32 r endy Render buffer y offset

mdUl NT32 rendw Render buffer width

mdUl NT32 rendh Render buffer height

nmdUl NT32 si ze Amount of SDRAM used for
buffers
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3.6 RGB Screen Setup Functions

3.6.1 mdSetBufGRB16B_NOZ_YCC16B

Set up screen buffers. Pixel format for render buffer is 16-bit GRB (Green, Red,
Blue). Display buffer is 16-bit YCrCbh. No Z-buffer. Alwayssetsup atotal of 3
buffers (1 GRB render buffer + 2'Y CrCb display buffers.)

ndUI NT32 size = ndSet Buf GRB16B_NOZ_YCC16B( dcx,
sdram di spw, disph, rendx, rendy, rendw, rendh)

Function Arguments & Return Code

Type | Name Description

md DRAWCONTEXT  * dex Pointer to drawing context

MdBYTE * sdram Address of buffer in SDRAM

ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

nmdUl NT32 r endx Render buffer x offset

ndUl NT32 r endy Render buffer y offset

mdUl NT32 rendw Render buffer width

mdUl NT32 rendh Render buffer height

nmdUl NT32 si ze Amount of SDRAM used for
buffers

3.6.2 mdSetBufGRB16B_NOZ_YCC32B

Set up screen buffers. Pixel format for render buffer is 16-bit GRB (Green, Red,
Blue). Display buffer is 32-bit YCrCh. No Z-buffer. Always sets up atotal of 3
buffers (1 GRB render buffer + 2 Y CrCb display buffers.)

ndUl NT32 size = ndSet Buf GRB16B_NOZ_YCC32B( dcx,
sdram di spw, disph, rendx, rendy, rendw, rendh)

Function Arguments & Return Code

Type | Name Description

d DRAWCONTEXT * dex Pointer to drawing context
MdBYTE * sdram Address of buffer in SDRAM
ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

nmdUl NT32 r endx Render buffer x offset

mdUl NT32 r endy Render buffer y offset

mdUl NT32 rendw Render buffer width
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Function Arguments & Return Code

Type | Name Description

mdUl NT32 rendh Render buffer height

mdUl NT32 si ze Amount of SDRAM used for
buffers

3.6.3 mdSetBufGRB32B_NOZ_YCC32B

Set up screen buffers. Pixel format for render buffer is 32-bit GRB (Green, Red,
Blue). Display buffer is 32-bit Y CrCh. No Z-buffer. Always sets up atotal of 3
buffers (1 GRB render buffer + 2 'Y CrCb display buffers.)

ndUlI NT32 size = ndSet Buf GRB32B_NOZ_YCC32B( dcx,
sdram di spw, disph, rendx, rendy, rendw, rendh)

Function Arguments & Return Code

Type | Name Description

d DRAWCONTEXT * dex Pointer to drawing context

ndBYTE * sdram Address of buffer in SDRAM

ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

nmdUl NT32 r endx Render buffer x offset

ndUl NT32 r endy Render buffer y offset

mdUl NT32 rendw Render buffer width

mdUl NT32 rendh Render buffer height

nmdUl NT32 si ze Amount of SDRAM used for
buffers

3.6.4 mdSetBufGRB16B_WITHZ_YCC16B

Set up screen buffers. Pixel format of render buffer is 16-bit bit GRB (Green, Red,
Blue) with 16-Bit Z-buffer. Display buffer is 16-bit Y CrCb, no Z-buffer. Always
setsup atotal of 3 buffers (1 GRB render buffer + 2 Y CrCb display buffers.)

ndUl NT32 size = ndSet Buf GRB16B_W THZ_YCC16B( dcx,
sdram di spw, disph, rendx, rendy, rendw, rendh)

Function Arguments & Return Code

Type | Name Description

md DRAWCONTEXT  * dex Pointer to drawing context
mdBYTE * sdram Address of bufferin SDRAM
ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

mdUl NT32 r endx Render buffer x offset
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Function Arguments & Return Code

Type | Name Description

mdUl NT32 r endy Render buffer y offset

mdUl NT32 rendw Render buffer width

mdUl NT32 rendh Render buffer height

nmdUl NT32 si ze Amount of SDRAM used for
buffers

3.6.5 mdSetBufGRB16B_WITHZ_YCC32B

Set up screen buffers. Pixel format of render buffer is 16-bit bit GRB (Green, Red,
Blue) with 16-bit Z buffer. Display buffer is 32-bit Y CrCb with no Z-buffer.
Always setsup atota of 3 buffers (1 GRB render buffer + 2 Y CrCb display
buffers.)

ndUl NT32 size = ndSet Buf GRB16B_W THZ_YCC32B( dcx,
sdram di spw, disph, rendx, rendy, rendw, rendh)

Function Arguments & Return Code

Type | Name Description

md DRAWCONTEXT  * dex Pointer to drawing context

MdBYTE * sdram Address of buffer in SDRAM

ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

nmdUl NT32 r endx Render buffer x offset

ndUl NT32 r endy Render buffer y offset

mdUl NT32 rendw Render buffer width

mdUl NT32 rendh Render buffer height

nmdUl NT32 si ze Amount of SDRAM used for
buffers

3.6.6 mdSetBufGRB32B_WITHZ_YCC32B

Set up screen buffers. Pixel format of render buffer is 32-bit bit GRB (Green, Red,
Blue) with 32-bit Z buffer. Display buffer is 32-bit Y CrCb with no Z-buffer.
Always setsup atota of 3 buffers (1 GRB render buffer + 2 Y CrCb display
buffers.)

ndUl NT32 size = ndSet Buf GRB32B_W THZ_YCC32B( dcx,
sdram di spw, disph, rendx, rendy, rendw, rendh)

Function Arguments & Return Code

Description
d DRAWCONTEXT * dex Pointer to drawing context
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Function Arguments & Return Code

Type | Name Description

midBYTE * sdram Address of buffer in SDRAM

ndUl NT32 di spw Display Width

mdU NT32 di sph Display Height

mdU NT32 r endx Render buffer x offset

mdUl NT32 r endy Render buffer y offset

ndUl NT32 rendw Render buffer width

mdUl NT32 rendh Render buffer height

mdU NT32 si ze Amount of SDRAM used for
buffers

3.7 Buffer Swap Functions

3.7.1 SwapDrawBufGRB

Swap between buffersin GRB (Green, Red, Blue) mode. Converts a GRB render
buffer into Y CrCb format for display. It then updates the drawing context
information and callsthe BIOS function_ VidChangeBase() to set the new buffer
address.

mdUI NT32 fields = SwapDrawBuf GRB(dcx)

Function Arguments & Return Code

Type | Name Description

d DRAWCONTEXT * dex Pointer to drawing context

mdUl NT32 fields Number of video fields elapsed
since previous buffer swap.

3.7.2 SwapDrawBufYCC

Swap between buffersin Y CrCb mode. It updates the drawing context information
and callsthe BIOS function _ VidChangeBase() to set the new buffer address.

mdUI NT32 fields = SwapDrawBuf YCC(dcx)

Function Arguments & Return Code

Type | Name Description

md DRAWCONTEXT  * dex Pointer to drawing context

mdUl NT32 fields Number of video fields elapsed
since previous buffer swap.
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3.8 Buffer Clear Functions

3.8.1 mdClearDraw

Clear the current draw buffer with the specified color.

voi d ndCl ear Draw( dcx, col or)

Function Arguments

Type | Name Description
d DRAWCONTEXT * dex Pointer to drawing context
mdOCOLCR * col or Pointer to mdCOLOR structure

containing RGB color to use. (See
section 3.2.3.)

3.8.2 mdClearDisp
Clear the display buffer with the specified color.
voi d ndCl ear Di sp(dcx, col or)

Function Arguments

Type | Name Description
md DRAWCONTEXT  * dex Pointer to drawing context
mCOLCR  * col or Pointer to mdCOLOR structure

containing RGB color to use. (See
section 3.2.3.)
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4. Utility Functions

4.1 Introduction

This chapter describes functions of the library which are primarily designed to make
things more convenient for the programmer, or which do not conveniently fall into
any other category.

Please note that many of these functions are implemented as macros within the
M3DL.H header file.

4.2 Utility Function Reference

4.2.1 mdSetRGB

Set ther, g, and b fields of the md COLOR structure.
voi d ndSet RGB(color, r, g, b)

Function Arguments

Type | Name Description

mdOOLOR * col or Pointer to mdCOLOR structure
containing RGB color value.

mdUl NT32 r Red component of color

mdUl NT32 g Green component of color

mdUl NT32 b Blue component of color

4.2.2 mdSetRGBA

Setther, g, b and a fields of the md COLOR structure.
voi d ndSet RGBA(color, r, g, b, a)

Function Arguments

Type | Name Description

mdOOLOR * col or Pointer to mdCOLOR structure
containing RGB color value.

mdUl NT32 r Red component of color

mdUl NT32 g Green component of color

mdUl NT32 b Blue component of color
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Function Arguments

ndUl NT32 a

Description
Alpha component

4.2.3 mdSetAlpha

Set the a field of the mdCOLOR structure.

voi d ndSet Al pha(col or,

a)

Function Arguments

Type | Name Description

mdOOLOR * col or Pointer to mdCOLOR structure
containing RGB color value.

mdU NT32 a Alpha component

4.2.4 mdSetScrVector

Set the fields of a screen coordinate vector.

voi d ndSet Scr Vect or (v,

tx,

ty,

tz)

Function Arguments

Type | Name Description

ndScrVv3 * \Y Pointer to vector structure
nd28DOT4 t x Vector X value
nd28D0T4 ty Vector Y value

nd28DOT4 tz Vector Z value

4.2.5 mdSetScrRECT

Set the fields of a screen coordinate rectangle consisting of a vector, width, and

height.

voi d ndSet Scr Vect or (sr,

X,

Y,

z,

w, h)

Function Arguments

Type | Name Description

ndScr RECT * sr Pointer to mdScrRECT structure
nd28DOT4 t x Vector X value

nd28D0T4 ty Vector Y value

nd28DOT4 tz Vector Z value

ndU12D0T4 w Width value

ndU12D0T4 h Height value
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5. 3D Graphics Transform Functions

5.1 Introduction

This section discusses the various functions availabl e for performing 3D graphics
operations such as coordinate transformation, rotation, perspective projection, etc.

5.2 M3DL Coordinate System

5.2.1 Coordinate Types

3D coordinate values are generally expressed as 16.16 fixed point values. Screen
coordinates are expressed as 28.4 or 12.4 fixed point values. Those formats used at
the application level are described in the table below. Other formats may be used
internally by thelibrary.

Fixed Point Data Type  Description

mdU12DOT4 Used for screen width and height values.

md12DOT20 Used for X, Y, & Z Scale factors

md16DOT16 Used for 3D world coordinates in most cases

md28DOT4 Used for screen coordinates. Truncated by M3DL to
mdU12DOT4 before rendering.

5.2.2 Coordinate System
The coordinate system used by M3DL is oriented as shown below:

+Z
(0,0,1000)

(0,0,0) +X
(1000,0,0)

+Y
(0,1000,0)
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5.2.3 Triangle Vertex Ordering
Verticesfor atriangles are expressed in clockwise order:

A B

5.2.4 Quadrangle Vertex Ordering

Quadrangles are expressed with ABC and BCD defining 2 triangles. Thetriangle
012 is clockwise, triangle 123 is counter-clockwise

A B

5.2.5 Rotation Angles

Rotation angles are specified as 16.16 fixed point values containing the number of
rotations. For example, 45 degrees would be calculated as:

angl e = (45<<16) / 360

5.2.6 Clipping

The M3DL library contains a variety of functions for determining if avertex or
group of verticesiswithin the current view frustum and/or screen display area.
They return a bitmapped code indicating the test results.

5.2.6.1 Clipping 3D World Coordinates

The function mdRotTransClip() performs clipping on asingle 3D vertex. The
functions mdRotTransClip3(), mdRotTransClip4(), and mdRotTransClipN() are
similar except that they perform clipping on 3, 4, or more vertices.

These functions work on coordinatesin 3D world space. They are rotated and
trand ated into the view frustum, but perspective projection is not performed.
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5.2.6.2 Clipping Screen Display Coordinates

The function mdClip() performs clipping on asingle screen vertex. The functions
mdClip3(), mdClip4(), and mdClipN() are similar except that they perform clipping
on 3, 4, or more screen display vertices.

These functions work on screen display coordinates. Any 3D transformations or
perspective projection must already be done.

5.2.6.3 Results From Clipping A Single Vertex

The areato be tested is known as the clipping region. Thismay bethe 3D view
frustum or the actual screen display, depending on which clipping function is being
used.

If the specified coordinate isinside the clipping region, the return code is zero.

If the coordinate is outside the clipping region, the return code is a bitmapped group
of flags as described in the table below.

Bit# Description Values

0 NearZ plane clipping | 0: coordinate has Z value >= Current NearZ

1: coordinate has Z value < Current NearZ

1 FarZ plane clipping coordinate has Z value <= Current FarZ

0
1: coordinate has Z value > Current FarZ
0

coordinate has a Y value which is on
positive side of Y-Bottom

2 Bottom Y plane

1: coordinate has a 'Y value which is on
negative side of Y-Bottom

3 Top Y plane 0: coordinate has a Y value which is on
positive side of Y-Top

1: coordinate has a Y value which is on
negative side of Y-Top

4 Right X plane 0: coordinate has an X value which is on
positive side of X-Right

1: coordinate has an X value which is on
negative side of X-Right
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Description Values
5 Left X plane 0: coordinate has an X value which is positive
side of X-Left

1: coordinate has an X value which is negative
side of X-Left

5.2.6.4 Results From Clipping Multiple Vertices

The areato be tested is known as the clipping region. Thismay bethe 3D view
frustum or the actual screen display, depending on which clipping function is being
used.

If the tested vertices are al located inside the clipping region, the return code is
zero.

If any of the tested vertices are outside the clipping region, then the return code will
be non-zero. For those functions that test three or four vertices for a polygon, you
can determine which portion is visible and which portion is not by examining the
return code. It isabitmapped group of flags as described in the table below.

Bits 0-5 contain alogical AND of al of the results for each vertex. If any of these
bits are set, then the polygon described is completely outside the view frustum. |If
these bitsare al clear, then the polygon is at least partialy visible.

Bits 6-11 contain alogical OR of al of the resultsfor each vertex. If these bitsare
all zero, the polygon is completely visible. Otherwise, the polygonis partially
visible.

Bit# Description Values

0 NearZ plane clipping | 0: None of the 3D coordinates has
Z value >= current NearZ

Logical AND of all 1:

. All of the 3D coordinates has
vertices.

Z value < current NearZ

1 FarZ plane clipping 0: None of the 3D coordinates has
Z value <= current NearZ

Log?cal AND of all 1: All of the 3D coordinates has
vertices. Z value > current NearZ
2 Bottom Y plane 0: None of the 3D coordinates has a Y value
which is on positive side of Y-Bottom
Log?cal AND of all 1. All of the 3D coordinates has a Y value
vertices.

which is on negative side of Y-Bottom
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Bit# Description Values

3 Top Y plane 0: None of the 3D coordinates has a Y value
which is on positive side of Y-Top
Log?cal AND of all 1: All of the 3D coordinates has a Y value
vertices. which is on negative side of Y-Top
4 Right X plane 0: None of the 3D coordinates has a Y value
which is on positive side of X-Right
Log?cal AND of all 1: All of the 3D coordinates has a Y value
vertices. which is on negative side of X-Right
5 Left X plane 0: None of the 3D coordinates has a Y value
which is on positive side of X-Left
Log?cal AND of all 1: All of the 3D coordinates has a Y value
vertices. which is on negative side of X-Left
6 NearZ plane clipping | 0: None of the 3D coordinates has
Z value >= current NearZ
Log!cal OR of all 1: Atleast one of the 3D coordinates
vertices. has Z value < current NearZ
7 FarZ plane clipping 0: None of the 3D coordinates has
Z value <= current NearZ
Log!cal OR of all 1: Atleast one of the 3D coordinates has
vertices. Z value > current NearZ
8 Bottom Y plane 0: None of the 3D coordinates has a Y value
which is on positive side of Y-Bottom
Log!cal OR of all 1: Atleast one of the 3D coordinates has a Y
vertices. value which is on negative side of Y-Bottom
9 Top Y plane 0: None of the 3D coordinates has a Y value
which is on positive side of Y-Top
Log!cal OR of all 1: Atleast one of the 3D coordinates has a Y
vertices. value which is on negative side of Y-Top
10 Right X plane 0: None of the 3D coordinates has a Y value
which is on positive side of X-Right
Log!cal OR of all 1: Atleast one of the 3D coordinates has a Y
vertices. value which is on negative side of X-Right
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Description Values
11 Left X plane 0: None of the 3D coordinates has a Y value
which is on positive side of X-Left

Logical OR of all

. 1: Atleast one of the 3D coordinates has a 'Y
vertices.

value which is on negative side of X-Left

5.2.7 Backface Culling

The functions for backface culling operate on 2D screen coordinates after
perspective projection has been performed. There are separate callsfor culling
triangles and quadrangles.

5.2.71 Triangle Culling

The functions mdCull3(), mdPersCuli3(), and mdRotTransPersCull3() perform
backface culling on triangles. The return value indicates the result of the test:

Bit 0= 0: Areaof triangle, in screen coordinates, is<=0
Bit 0 = 1: Areaof triangle, in screen coordinates, is >0

The remaining bits are cleared.

5.2.7.2 Quadrangle Culling

The functions mdCull4(), mdPersCull4(), and mdRotTransPersCull4() perform
backface culling on quadrangles. The return value indicates the result of the test for
each of the two triangles that make up the quadrangle (see section 5.2.4):

Bit 0=0: Areaof triangle ABC in screen coordinatesis<= 0
Bit 0 = 1: Areaof triangle ABC in screen coordinatesis >0

Bit 1 = 0: Areaof triangle BCD in screen coordinatesis <=0
Bit 1 = 1: Areaof triangle BCD in screen coordinatesis >0

The remaining bits are cleared.

So asfar asculling is concerned, quads need not be coplanar. It is possibleto verify
the 2 triangles separately.

Also note that the MPRs only render triangles. They do not perform backface
culling on their own. But they will skip atriangle with ZERO area)

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE 5-6



5.2.8 Perspective Transformation
The Perspective transformation is done with the following formul ae:

* (ScalexX / 7)) + OfsetX
* (ScaleY / 7)) + OfsetY

SX, SY : (28.4)
X,Y : (16.16)
Scal eX, Scal eY © (12.20)
OfsetX, OfsetY : (28.4)

Instead of Setting up ScaleX, ScaleY, OffsetX and OffsetY by hand, it ismuch easier
to use mdSetFrustum() instead.

5.2.9 Depth Cueing

Depth cueing, also known as fog blending, may be performed using the M3DL
library functions provided. In order to perform depth-cueing, an application must
do the following:

Set the active blend color, or fog color, using the mdActiveBlendColor()
function.

Set the near and far Z-depth valuesfor cueing using the mdSetFogNearFar()
function.

Call one of the mdDepthCue() functions for one or more vertices. Thiswill
specify if any vertex requires blending, and if so it will return a color value or
values that isthe vertex color blended against the active blend color. The alpha
channel information will return the sum of al the vertex colors calculated.

Set the mpeDPQ property of the polygon that will be rendered. See section
6.3.1.1 for more information.

5.3 Coordinate System Functions

5.3.1 mdSetXScale
Set perspective projection X Scale value.
voi d ndSet XScal e( xs)
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Function Arguments

Description
nd12D0r20 XS X Scale value

5.3.2 mdGetXScale

Retrieve perspective projection X Scale value.
md12DOT20 xs = ndGet XScal e(voi d)

Function Return Value

Description
nd12DO0r20 XS X Scale value

5.3.3 mdSetYScale

Set perspective projection Y Scale value.
voi d ndSet YScal e(ys)

Function Arguments

Description
nd12D0T20 ys Y Scale value

5.3.4 mdGetYScale

Retrieve perspective projection Y Scale value.
md12DOT20 ys = ndGet YScal e(voi d)

Function Return Value

Description
nd12D0T20 ys Y Scale value

5.3.5 mdSetXYScale

Set perspective projection Xscale & Y Scale values.
voi d ndSet XYScal e(xs, ys)

Function Arguments

Type | Name Description
nd12D0T20 XS X Scale value
nd12D0T20 ys Y Scale value
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5.3.6 mdSetXOffset

Set perspective projection X offset value.
voi d ndSet XOf f set ( x0)

Function Arguments

Description
nd28DOT4 X0 New X offset value

5.3.7 mdGetXOffset

Set perspective projection X offset value.
nd28DOT4 xo = ndGet XOf f set (voi d)

Function Return Value

Description
nd28D0T4 X0 X offset value

5.3.8 mdSetYOffset

Set perspective projection Y offset value.
void ndSet YO f set (yo)

Function Arguments

Description
nd28D0OT4 yo New Y offset value

5.3.9 mdGetYOffset

Set perspective projection Y offset value.
nd28DOT4 yo = ndGet YOf f set (voi d)

Function Return Value

Description
nd28D0T4 yo Y offset value

5.3.10 mdSetXYOffset

Set perspective projection X & Y offset values.
voi d ndSet XYOF f set ( xo0, yo)
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Function Arguments

Type | Name Description
nd28D0OT4 X0 X Scale value
nd28D0T4 yo Y Scale value

5.4 Transformation Matrix Functions

5.4.1 mdSetTransformMatrix
Set the current transform matrix.

voi d ndSet Transformvatri x(tmat)

Function Arguments

Description
nmdMVATRI X * t mat Pointer to matrix to be used for
future transforms.

5.4.2 mdGetTransformMatrix

Retrieve the current transform matrix.

voi d ndSet Transformvatri x(tmat)

Function Arguments

Description
ndMVATRI X * t mat Pointer to a buffer that will receive
the matrix.

5.4.3 mdPlaceTransformMatrix

Set the coordinate tranglation fields of the current Transform matrix using separate
X,Y,and Z values

voi d ndPl aceTransformvatri x(tx,ty,tz)

Function Arguments

Type | Name Description

nd16DOT16 t X Transform X value
nd16DOT16 ty Transform Y value
nd16DOT16 tz Transform Z value
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5.4.4 mdVecPlaceTransformMatrix
Set the coordinate trandlation fields of the current Transform matrix using a vector.

voi d ndVecPl aceTr ansformvatri x(v)

Function Arguments

Description
ndV3 * \Y Pointer to input vector

5.4.5 mdTransTransformMatrix
Trand ate the current transform matrix by the specified X, Y, & Z coordinates
void nmdTransTransformvatri x(tx,ty,tz)

Function Arguments

Type | Name Description

nd16DOT16 t X Translate X value
nd16DOT16 ty Translate Y value
nd16DOT16 tz Translate Z value

5.4.6 mdVecTransTransformMatrix
Trandate the current transform matrix by the coordinates in the specified vector.

voi d nmdVecTransTransformvatri x(v)

Function Arguments

Description
ndV3 * \Y Pointer to input vector

5.4.7 mdMulTransformMatrix

Multiply matrix m0 by the current transform matrix and store the result back into
meatrix ma0.

voi d mdMul Transf or mvat ri x( nm0)

Function Arguments

Description
nmdMVATRI X * no Pointer to matrix, used as source
and destination
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5.4.8 mdGetTransformMatrixTrans
Return the trand ation vector from the current transform matrix.

voi d nmdGet Transformvatri xTrans(vout)

Function Arguments

Description
mdV3 * vout Pointer to a vector that will receive
the result.

5.5 General Matrix Functions

5.5.1 mdPlaceMatrix

Set the vector field of amatrix from the specified X, Y, & Z coordinate values.
void ndPl aceMatrix(m tx, ty, tz)

Function Arguments

Type | Name Description
nmdMATRI X * m Pointer to matrix
nd16DOT16 t X Vector X value
nd16DOT16 ty Vector Y value
nd16DOT16 tz Vector Z value

5.5.2 mdVecPlaceMatrix
Set the vector field of amatrix.
voi d ndVecPl aceMatrix(m v)

Function Arguments

Type | Name Description
mdMVATRI X * m Pointer to matrix
ndV3 * \Y Pointer to input vector

5.5.3 mdTransMatrix

Trandate the coordinates in the matrix using the specified vector.
void mdTransMatrix(m tx, ty, tz)
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Function Arguments

Type | Name Description

mMdVATRI X * m Pointer to matrix to be translated
nd16DOT16 t X Vector X value

nd16DOT16 ty Vector Y value

nd16DOT16 tz Vector Z value

5.5.4 mdVecTransMatrix

Trandate the coordinatesin the matrix using the specified vector.
voi d nmdVecTransMatrix(m v)

Function Arguments

Type | Name Description
mdMVATRI X * m Pointer to matrix to be translated
ndV3 * \Y Pointer to input vector

5.5.5 mdGetMatrixTrans

Return the trandation vector from the specified matrix.

void nmdGet Matri xTrans(mat, vout)

Function Arguments

Type | Name Description

nMdVATRI X * nmat Pointer to matrix

mv3 * vout Pointer to a vector that will receive
the result.

5.5.6 mdldentityMatrix
Set the current identity matrix. Resetsthe matrix coordinatesto (0,0,0).
void ndldentityMatrix(im

Function Arguments

| Name Description
mdMVATRI X * im Pointer to new identity matrix
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5.5.7 mdTransposeMatrix
Transpose matrix mO into matrix m1.

voi d mdTransposeMat ri x( 0, ml)

Function Arguments

Type | Name Description
ndMATRI X * no Pointer to matrix O
ndMATRI X * ni Pointer to matrix 1

5.5.8 mdSetMatrixStack

Set the start address of the matrix stack.
voi d ndSet Matri xSt ack(nsp)

Function Arguments
Description

ndBYTE * nsp Matrix stack pointer

5.5.9 mdPushMatrix

Push the current matrix onto the matrix stack. May only be used AFTER a Matrix
Stack Ptr has been set by mdSetMatrixStack().

voi d ndPushMatri x(voi d)

5.5.10 mdPopMatrix

Pop amatrix off the matrix stack and make it the current matrix.

voi d ndPopMatri x(voi d)

5.5.11 mdMulMatrix

Multiply matrix m0 by matrix m1, return the result in matrix m2. All arguments
may point to the same matrix.

voi d mdMul Matri x( D, ml, n)
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Function Arguments

Type | Name Description

ndMVATRI X * n0 Pointer to source matrix #1
ndMVATRI X * ml Pointer to source matrix #2
ndMVATRI X * ng Pointer to destination matrix

5.5.12 mdRotMatrixX

Rotate specified matrix around X-axis.

voi d ndRot Mat ri xX( angl e, nD)

Function Arguments

Type | Name Description
nd16DOT16 angl e Desired rotation angle
nmdMVATRI X * no Pointer to matrix, used as source

and destination

Rotation part of matrix Translation part of matrix
1, 0, O TX

m = 0, ¢, -s * m cTy - sTz
0, s, c sTy + cTz

¢ = cos(angle)
s = sin (angle)

5.5.13 mdRotMatrixY

Rotate specified matrix around Y -axis.

voi d ndRot Matri xY(angl e, nD)

Function Arguments

Type | Name Description
nd16DOT16 angl e Desired rotation angle
nmdMVATRI X * no Pointer to matrix, used as source

and destination
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Rotation part of matrix Translation part of matrix

c, 0, s cTx + sTz
nD=|0 1, 0 |* nD Ty
-s, 0, ¢ cTz - sTx
¢ = cos(angle)
s = sin (angle)
5.5.14 mdRotMatrixZ
Rotate specified matrix around Z-axis.
voi d ndRot Matri xZ(angl e, nD)
Function Arguments
Type | Name Description
nd16DOT16 angl e Desired rotation angle
mdVATRI X * no Pointer to matrix, used as source
and destination

Rotation part of matrix Translation part of matrix
c,-s, O cTx - sTy

s, ¢, O * nD sTx + cTy

0, 0, 1 cTz

¢ = cos(angle)
s = sin (angle)

5.5.15 mdRotMatrix

See description of mdRotMatrixXYZ in section 5.5.16 below.

5.5.16 mdRotMatrixXYZ

Rotate the specified matrix around X, Y, & Z using the specified rotation angles.
voi d ndRot Mat ri xXYZ(angl e, n0)

Function Arguments

Description

ndv3 * angl es Array containing desired rotation
angles
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Function Arguments

Description

Pointer to matrix, used as source
and destination

nMdVATRI X *

What it does:

1, 0, O cl, 0, si c2,-s2, 0
0, c0,-s0 * 0, 1, O * s2, ¢c2, 0
0, s0O, cO -s1, 0, c1 0 0, 1
c0 = cos(angle.x) s0 = sin (angle.x)
cl = cos(angle.y) sl = sin (angle.y)
c2 = cos(angle.z) s2 = sin (angle.z)
5.5.17 mdRotMatrixYXZ

Rotate the specified matrix around Y, X, & Z using the specified rotation angles.
voi d ndRot Mat ri xYXZ(angl e, n0)

Function Arguments

Type | Name Description

ndv3 * angl es Array containing desired rotation
angles

mdMATRI X * no Pointer to matrix, used as source
and destination

cO0, 0, sO 1, 0, O c2,-s2, 0
0, 1, O * 0, ci,-s1 * s2, ¢c2, 0
-s0, 0, cO 0, s1, c1 0o, 0 1
c0 = cos(angle.x) s0 = sin (angle.x)
cl = cos(angle.y) sl = sin (angle.y)
c2 = cos(angle.z) s2 = sin (angle.z)
5.5.18 mdRotMatrixZYX

Rotate the specified matrix around Z, Y, & X using the specified rotation angles.

voi d ndRot Mat ri xZYX(angl e, n0)
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Function Arguments

Type | Name Description

nmdv3 * angl es Array containing desired rotation
angles

mdVATRI X * no Pointer to matrix, used as source
and destination

c0,-s0, O cl, 0, sl 1, O, 0
s0, c0, O * 0, 1, O * 0, c2, -s2
0o, 0 1 -sl1l, 0, cl 0, s2, «c2

What it does:

c0 = cos(angle.x)
cl = cos(angle.y)
c2 = cos(angle.z)

s0 = sin (angle.x)
sl = sin (angle.y)
s2 = sin (angle.z)

5.6 Frustrum Setting Functions

5.6.1 mdSetNearZ
Set the Near Z value.
voi d ndSet Near Z( nz)

Function Arguments

Description
Near Z value to set

ndUL6DOT16 nz

5.6.2 mdGetNearZ

Return the current near Z value.

md16DOT16 near _z = nmdCGet Near Z(voi d)

Function Return Value

Description
Near Z value

nd16DOT16 near_z

5.6.3 mdSetFarZ
Set the Far Z value.
voi d ndSet Far Z(f z)
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Function Arguments

Description
ndU16DOT16 fz Far Z value to set

5.6.4 mdGetFarz

Return the current far Z value.

md16DOT16 far_z = nmdGet Far Z(voi d)

Function Return Value

Description
nd16DOT16 far_z Far Z value

5.6.5 mdSetNearFarZ

Set the Near and Far Z values at the sametime.

voi d ndSet Near Far Z( nz, f z)

Function Arguments

Type | Name Description
ndU16DOT16 nz Near Z value to set
ndU16DOT16 fz Far Z value to set

5.6.6 mdSetFrustum

Set the 3D view frustum information.

voi d ndSet Frustum(fov, w dth, height, aspect, nz, fz
)

Function Arguments

Type | Name Description
nd16DOT16 fov Field of view

mdUl NT32 wi dth Width of viewport

ndU NT32 hei ght Height of viewport
nd16DOT16 aspect Aspect ratio of viewport
ndU16DOT16 nz Near Z value to set
ndU16DOT16 fz Far Z value to set
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5.7 Vertex Transformation Functions

5.7.1 mdRot

Rotate a single vertex from source to destination.

void ndRot (vin, vout)

Function Arguments & Return Code

Type | Name Description
ndV3 * vin Pointer to source vertex
ndV3 * vout Vector containing rotation

5.7.2 mdRot3

Rotate 3 sets of vertices from source to destination.

voi d ndRot 3(vin, vout)

Function Arguments & Return Code

Type | Name Description

ndV3 * vin Pointer to array of 3 source
vertices

ndV3 * vout Destination for translated vertices

5.7.3 mdRot4

Rotate 4 sets of vertices from source to destination.

voi d ndRot 4(vin, vout)

Function Arguments & Return Code

Type | Name Description

mdV3 * vin Pointer to array of 4 source
vertices

mdV3 * vout Destination for translated vertices

5.7.4 mdRotN

Rotate ‘N’ sets of vertices from source to destination.

voi d nmdRot N(vi n, vout, num
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Function Arguments & Return Code

Type | Name Description

mdV3 * vin Pointer to array of num source
vertices

mv3 * vout Destination for translated vertices

mdUl NT32 num Number of sets of vertices to
translate

5.7.5 mdRotTrans
Rotate and trand ate a single vertex from source to destination.

voi d ndRot Trans(vin, vout)

Function Arguments & Return Code

Type | Name Description
nmdV3 * vin Pointer to source vertex
V3 * vout Destination for translated vertex

5.7.6 mdRotTrans3

Rotate and trand ate 3 sets of vertices from source to destination.

voi d ndRot Trans3(vi n, vout)

Function Arguments & Return Code

Type | Name Description

ndV3 * vin Pointer to array of 3 source
vertices

ndV3 * vout Destination for translated vertices

5.7.7 mdRotTrans4

Rotate and trand ate 4 sets of vertices from source to destination.

voi d ndRot Trans4(vi n, vout)

Function Arguments & Return Code

Type | Name Description

mdV3 * vin Pointer to array of 4 source
vertices

mdV3 * vout Destination for translated vertices
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5.7.8 mdRotTransN

Rotate and trandate ‘N’ sets of vertices from source to destination.

voi d ndRot TransN(vi n, vout, num

Function Arguments & Return Code

Type | Name Description

mdV3 * vin Pointer to array of num source
vertices

mv3 * vout Destination for translated vertices

mdUl NT32 num Number of sets of vertices to
translate

5.7.9 mdPers
Perform perspective projection on 1 set of vertices from source to destination.

void nmdPers(vin, vsout)

Function Arguments & Return Code

Type | Name Description
nmdV3 * vin Pointer to source vertex
mdScr V3 * vsout Pointer to destination vertex

5.7.10 mdPers3

Perform perspective projection on 3 sets of vertices from source to destination.

voi d ndPers3(vin, vsout)

Function Arguments & Return Code

Type | Name Description

ndV3 * vin Pointer to array of 3 source
vertices

mdScr V3 * vsout Pointer to destination for projected
vertices

5.7.11 mdPers4

Perform perspective projection on 4 sets of vertices from source to destination.

voi d ndPers4(vin, vsout)
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Function Arguments & Return Code

Type | Name Description

ndv3 * vin Pointer to array of 4 source
vertices

mdScr V3 * vsout Pointer to destination for projected
vertices

5.7.12 mdPersN

Perform perspective projection on ‘N’ sets of vertices from source to destination.

void nmdPersN(vin, vsout, num

Function Arguments & Return Code

Type | Name Description

ndv3 * vin Pointer to array of num source
vertices

mdScr V3 * vsout Pointer to destination for projected
vertices

mdUl NT32 num Number of sets of vertices to
translate

5.7.13 mdCull3

Perform backface culling on a triangle polygon.

mdUl NT32 backface = ndCul | 3(scrn_xyz)

Function Arguments & Return Code

Type | Name Description
ndScr V3 * SCrn_xyz Pointer to array of 3 vertices
ndUl NT32 backf ace Backface culling result. A non-zero

result indicates that the polygon is
not backfaced. See section
5.2.7.1 for more information.

5.7.14 mdCull4

Perform backface culling on a quad polygon.

mdUl NT32 backface = ndCul | 4(scrn_xyz)
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Function Arguments & Return Code

Type | Name Description
ndScr V3 * SCrn_xyz Pointer to array of 4 vertices
ndUl NT32 backf ace

Backface culling result. A non-zero
result indicates that the polygon is
not backfaced. See section
5.2.7.2 for more information.

5.7.15 mdPersCull3

Perform backface culling and perspective transformation on triangle polygons.

mdUl NT32 backface = ndPersCul | 3(vxyz, scrn_xyz)

Function Arguments & Return Code

Type | Name Description

ndv3 * VXyz Pointer to array of 3 source
vertices

ndScrv3 * scrn_xyz Pointer to destination for projected
vertices

ndUl NT32 backf ace

Backface culling result. A non-zero
result indicates that the polygon is
not backfaced. See section
5.2.7.1 for more information.

5.7.16 mdPersCull4

Perform backface culling and perspective transformation on quad polygons.

mdUl NT32 backface = ndPersCul | 4(vxyz, scrn_xyz)

Function Arguments & Return Code

Type | Name Description

ndv3 * VXyz Pointer to array of 4 source
vertices

ndScrv3 * scrn_xyz Pointer to destination for projected
vertices

ndUl NT32 backf ace

Backface culling result. A non-zero
result indicates that the polygon is
not backfaced. See section
5.2.7.2 for more information.
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5.717 mdRotTransClip

Perform rotation, transformation, and view frustum clipping for asingle vertex.

mdUI NT32 cli pcodes = ndRot TransCli p(vin, vout)

Function Arguments & Return Code

Type | Name Description

mdVv3 * vin Pointer to source vertex

ndv3 * vout Pointer to destination for translated
vertex

ndUl NT32 cl i pcodes Clipping result. A value of 0

indicates the vertex is within the
view frustum. Non-zero values
indicate that the vertex is outside
the view frustum. See section
5.2.6.3 for more information.

5.7.18 mdRotTransClip3

Perform rotation, transformation, and view frustum clipping for a group of 3
vertices.

mdUI NT32 cli pcodes = ndRot TransCli p3(vin, vout)

Function Arguments & Return Code

Type | Name Description

ndv3 * vin Pointer to array of 3 source
vertices

ndv3 * vout Destination for translated vertices

ndUl NT32 cl i pcodes Clipping result. A value of 0

indicates the vertices are
completely within the view frustum.
Non-zero values indicate that one
or more vertices are outside the
view frustum. See section 5.2.6.4
for more information.

5.7.19 mdRotTransClip4

Perform rotation, transformation, and view frustum clipping for a group of 4
vertices.

mdUI NT32 cli pcodes = ndRot TransCli p4(vin, vout)
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Function Arguments & Return Code

Type | Name Description

mdVv3 * vin Pointer to array of 4 source
vertices

ndv3 * vout Destination for translated vertices

nmdUl NT32 cl i pcodes Clipping result. A value of 0

indicates the vertices are
completely within the view frustum.
Non-zero values indicate that one
or more vertices are outside the
view frustum. See section 5.2.6.4
for more information.

5.7.20 mdRotTransClipN

Perform rotation, transformation, and view frustum clipping for agroup of ‘N’
vertices.

mdUI NT32 cli pcodes = nmdRot TransCli pN(vi n, vout, num

Function Arguments & Return Code

Type | Name Description

mdVv3 * vin Pointer to array of num source
vertices

ndv3 * vout Destination for translated vertices

nmdU NT32 num Number of vertices

ndUl NT32 cl i pcodes Clipping result. A value of 0

indicates the vertices are
completely within the view frustum.
Non-zero values indicate that one
or more vertices are outside the
view frustum. See section 5.2.6.4
for more information.

5.7.21 mdRotTransPers

Perform rotation and perspective projection for asingle vertex.

voi d ndRot TransPers(vi n, vsout)

Function Arguments & Return Code

Type | Name Description
ndv3 * vin Pointer to source vertex
ndScr V3 * vsout Destination for translated vertex
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5.7.22 mdRotTransPers3

Perform rotation and perspective projection for agroup of 3 vertices.

voi d ndRot TransPers3(vin, vsout)

Function Arguments & Return Code

Type | Name Description

ndv3 * vin Pointer to array of 3 source
vertices

mdScr V3 * vsout Destination for translated vertices

5.7.23 mdRotTransPers4

Perform rotation and perspective projection for agroup of 4 vertices.

voi d ndRot TransPers4(vin, vsout)

Function Arguments & Return Code

Type | Name Description

ndv3 * vin Pointer to array of 4 source
vertices

mdScr V3 * vsout Destination for translated vertices

5.7.24 mdRotTransPersN

Perform rotation and perspective projection for agroup of ‘N’ vertices.

voi d ndRot TransPersN(vi n, vsout, num

Function Arguments & Return Code

Type | Name Description

mdVv3 * vin Pointer to array of num source
vertices

ndScr V3 * vsout Destination for translated vertices

ndUl NT32 num Number of vertices

5.7.25 mdRotTransPersCull3

Perform rotation, perspective projection, and backface culling for agroup of 3
vertices.

mdUl NT32 backface = ndRot TransPersCul | 3(vxyz,
Scrn_xyz)

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE 5-27



Function Arguments & Return Code

Type | Name Description

ndv3 * VXyz Pointer to array of 3 source
vertices

ndScr V3 * SCrn_xyz Destination for translated vertices

ndUl NT32 backf ace Backface culling result. A non-zero

result indicates that the polygon is
not backfaced. See section
5.2.7.1 for more information.

5.7.26 mdRotTransPersCull4

Perform rotation, perspective projection, and backface culling for a group of 4

vertices.
mdUl NT32 backface = ndRot TransPersCul | 4(vxyz,
Scrn_xyz)
Function Arguments & Return Code
Type | Name Description
V3 * VXyZz Pointer to array of 4 source
vertices
ndScrv3 * Scrn_xyz Destination for translated vertices
ndUl NT32 backf ace Backface culling result. A non-zero
result indicates that the polygon is
not backfaced. See section
5.2.7.2 for more information.
5.7.27 mdClip

Perform a screen clipping test on the specified vertex.

mdUI NT32 clipflag = ndClip(scrn_xyz)
Function Arguments & Return Code
Type | Name Description
ndScrv3 * scrn_xyz Pointer to a single vertex to be
tested.
ndUl NT32 clipflag Clipping test result. A non-zero
result indicates that the vertex is
outside the clipping region. See
section 5.2.6.3 for more
information.
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57.28 mdClip3

Perform a screen clipping test on a group of three vertices.

mdUI NT32 clipflag = ndClip3(scrn_xyz)

Function Arguments & Return Code

Type | Name Description

ndScr V3 * SCrn_xyz Pointer to an array of three vertices
to be tested.

ndUl NT32 clipflag Clipping test result. A non-zero

result indicates that one or more
vertices are outside the clipping
region. See section 5.2.6.3 for

more information.

5.7.29 mdClip4

Perform a screen clipping test on a group of four vertices.

mdUI NT32 clipflag = ndCl i p4(scrn_xyz)

Function Arguments & Return Code

Type | Name Description
ndScr V3 * SCrn_xyz Destination for translated vertices
ndUl NT32 clipflag Clipping test result. A non-zero

result indicates that one or more
vertices are outside the clipping
region. See section 5.2.6.3 for

more information.

5.7.30 mdClipN

Perform a screen clipping test on agroup of three vertices.

mdUI NT32 clipflag = ndClipN(scrn_xyz, count)

Function Arguments & Return Code

Type | Name Description
ndScr V3 * SCrn_xyz Destination for translated vertices
ndUl NT32 count Number of vertices in list
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Function Arguments & Return Code

Description

ndUl NT32 clipflag Clipping test result. A non-zero
result indicates that one or more
vertices are outside the clipping
region. See section 5.2.6.3 for
more information.

5.8 Vector Functions

5.8.1 mdSetVector
Set the fields of avector.
void ndSet Vector (v, tx, ty, tz)

Function Arguments

Type | Name Description

mv3 * \Y Pointer to vector structure
nd16DOT16 t X Vector X value
nd16DOT16 ty Vector Y value
nd16DOT16 tz Vector Z value

5.8.2 mdAddVector

Add the fields of two vectors to create a new vector.

voi d ndAddVector(v1l, v2, vout)

Function Arguments

Type | Name Description

nmdv3 * vl Pointer to input vector 1
nmdv3 * v2 Pointer to input vector 2
nmdv3 * vl Pointer to result vector

5.8.3 mdSubVector

Subtract vector 1 from vector 2, resulting in a new vector.

voi d ndSubVector(v1l, v2, vout)
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Function Arguments

Type | Name Description

nmdv3 * vl Pointer to input vector 1
mdV3 * v2 Pointer to input vector 2
nmdv3 * vl Pointer to result vector

5.8.4 mdDotProduct

Return the dot product of the specified vectors.

mdUl NT32 overfl ow = ndDot Product (v1, v2, dotprod)

Function Arguments & Return Code

Type | Name Description
nmdv3 * vl Pointer to input vector 1
mdV3 * v2 Pointer to input vector 2
nmdUL6DOT16 dot pr od Dot product result of two vectors:
dotprod =  (v1->x *v2->x) >> 16
+ (V1->y *v2->y) >> 16
+ (v1->z *v2->7) >> 16;
mdUl NT32 overfl ow Returns 0 if no overflow occurred,
or 1 if overflow occurred. When
overflow occurs, dotprod is
undefined.

5.8.5 mdDotProductSFT

Return the dot product of the specified vectors, after performing the specified shift
operation.

mdUl NT32 overfl ow = ndDot Product SFT(v1, v2, shift,
dot pr od)

Function Arguments & Return Code

Type | Name Description

nmdv3 * vl Pointer to input vector 1

mdV3 * v2 Pointer to input vector 2

mdl NT32 shift Shift value to apply.
nmdUL6DOT16 dot prod Dot product result of two vectors:

dotprod = (v1->x * v1->x) >> shift
+ (v1->y * v2->y) >> shift
+ (v1->z * v2->z) >> shift;

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE 5-31



Function Arguments & Return Code

Description

mdUl NT32 overfl ow Returns 0 if no overflow occurred,
or 1 if overflow occurred. When
overflow occurs, dotprod is
undefined.

5.8.6 mdCrossProduct

Return the cross product of the specified vectors.

voi d nmdCr ossProduct (vinl, vin2, cross)

Function Arguments & Return Code

Type | Name Description

mdVv3 * vinl Pointer to input vector 1

mdV3 * vi n2 Pointer to input vector 2

mdV3 * cross Output vector that will receive the

cross product.

Cross->x =
((vin1->y * vin2->Z) -
(vin2->y * vinl->z)) >> 16

Cross->y =
((vin1->z * vin2->x) -
(vin2->z * vinl->x)) >> 16

Cross->z =
((vin1->x * vin2->y) -
(vin2->x * vinl->y)) >> 16

5.8.7 mdCrossProductSFT

Return the cross product of the specified vectors, after performing the specified shift
operation.

voi d nmdCrossProduct SFT(vinl, vin2, shift, cross)

Function Arguments & Return Code

Type | Name Description
mdVv3 * vinl Pointer to input vector 1
mdV3 * vi n2 Pointer to input vector 2
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Function Arguments & Return Code
Type | Name Description
ndl NT32 shi ft Shift value to apply. Normally when
the coordinate values in vin1 and
vin2 are 16.16 fixed point, the
proper shift value would be 16.
mdV3 * cross Output vector that will receive the
cross product.

Cross->x =
((vin1->y * vin2->Z) -
(vin2->y * vinl->z)) >> shift

Cross->y =
((vin1->z * vin2->x) -
(vin2->z * vin1->x)) >> shift

Cross->z =
((vin1->x * vin2->y) -
(vin2->x * vinl->y)) >> shift

5.8.8 mdVectorNormal
Return the normal of the specified vectors.

voi d ndVect or Nor mal (vi n, vout)

Function Arguments & Return Code

Type | Name Description

mdV3 * vin Pointer to an array of 3 vectors
describing a polygon

mdV3 * vout Pointer to destination vector that
will receive the normal.

5.8.9 mdVectorNormalSFT

Return the normal of the specified vectors, after performing the specified shift
operation.

voi d ndVect or Nor mal SFT(vi n, vout, shift)

Function Arguments & Return Code

Description
mdVv3 * vin Pointer to an array of 3 vectors
describing a polygon
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Function Arguments & Return Code

Type | Name Description

ndv3 * vout Pointer to destination vector that
will receive the normal.

mdl NT32 shi ft Shift value to apply. Normally when

the coordinate values in vin1 are
16.16 fixed point, the proper shift
value would be 16.

5.8.10 mdVectorMagnitude

Return the magnitude of the specified vector.

nmdU16DOT16 mag

= mdVect or Magni t ude( vi n)

Function Arguments & Return Code

Type | Name Description
nmdV3 * vin Pointer to a vector
ndUL6DOT16 nag Magnitude of the vector. This is

defined as SQRT(X*x+y*y+z*z).

There is some round-off error, but
it should not matter as long as the
result fits in an mdU16DOT16.

5.8.11 mdApplyMatrix
Apply the specified matrix to the specified vector.

void ndAppl yMatrix(m vin, vout)

Function Arguments & Return Code

Type | Name Description

nMdVATRI X * m Pointer to matrix

mdv3 * vin Pointer to source vector
ndV3 * vout Pointer to result vector
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5.9 Depth Cue Functions

5.9.1 mdActiveBlendColor

Specifies the color to be used for blending by primitives that use the mpcDPQ
attribute. (See section 6.3.1.1).

voi d ndActi veBl endCol or (col or)

Function Arguments

Description
ndCOLCR * col or Pointer to mdCOLOR structure

containing RGB color value.

5.9.2 mdSetFogColor

Specifies the color to be used for fog blending.
voi d ndSet FogCol or (col or)

Function Arguments

Description
ndCOLCOR * col or Pointer to mdCOLOR structure

containing RGB color value.

5.9.3 mdSetFogNearFar
Set the near and far Z-depth values used for fog blending or depth-cueing.
voi d ndSet FogNear Far (f ognear, f ogf ar)

Function Arguments & Return Code

Type | Name Description

nmdU16DOT16 f ognear Near Z-depth value used for fog
blending

mdU16DOT16 f ogf ar Far Z-depth value used for fog
blending

5.9.4 mdDepthCue

Test avertex against the current depth cue distances and return amodified color
value asindicated..

voi d ndDept hCue(vi n, cout)
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Function Arguments & Return Code

Type | Name Description
ndScr V3 * vin Pointer to vertex information
ndCOLCR * cout Pointer to mdCOLOR structure that

will receive modified color value.

5.9.5 mdDepthCue3

Test agroup of three vertices against the current depth cue distances and return
modified color values asindicated..

voi d ndDept hCue3(vi n, cout)

Function Arguments & Return Code

Type | Name Description

mdScr V3 * vin Pointer to array of three vertices

mdCOLCR * cout Pointer to array of mdCOLOR
structures that will receive modified
color values.

5.9.6 mdDepthCue4

Test agroup of four vertices against the current depth cue distances and return
modified color values asindicated..

voi d ndDept hCue4(vi n, cout)

Function Arguments & Return Code

Type | Name Description

mdScr V3 * vin Pointer to array of four vertices

mdCOLCR * cout Pointer to array of mdCOLOR
structures that will receive modified
color values.

5.9.7 mdDepthCueN

Test agroup of ‘N’ vertices against the current depth cue distances and return
modified color values asindicated..

voi d ndDept hCueN(vi n, cout)

Function Arguments & Return Code

Description
mdScr V3 * vin Pointer to array of vertices
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Function Arguments & Return Code

Description

mdCOLCR * cout Pointer to array of mdCOLOR
structures that will receive modified
color values.

5.10 Clipping Functions

5.10.1 mdNearClip3

This function should be called when mdRotTransClip() indicates atriangle that
intersects the near clipping plane. It creates a new polygon, either atriangle or quad
as needed, that is clipped to the near clipping plane.

mdUl NT32 numverts = ndNearCli p3( ptype, vsrc, csrc,
uvsrc, vdst, cdst, uvdst )

Function Arguments & Return Code

Type | Name Description

mdUl NT32 pt ype Primitive type code

ndv3 * vsrc Pointer to triangle vertices

mdCOLOR * csrc Pointer to array of vertex color
information

mdUl NT32 * uvsrc Pointer to triangle UV coordinates

ndV3 * vdst Pointer to buffer that will contain
new coordinates

nMdCOLCR * cdst Pointer to buffer that will contain
new vertex color information

nmdUl NT32 * uvdst Pointer to buffer that will contain
new UV coordinates

nmdU NT32 nunverts Number of vertices in new polygon
after clipping. If 3, it's a triangle. If
4, then it's a quad. Other values
indicate a degenerate case that
should not be drawn.
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6. Rendering Functions

6.1 Introduction

This function discusses the functions that actually render polygons and other
primitives, as well as the various primitive types and rendering attributes each type
supports.

Note that the functionsin this chapter require an active MPR chain to operate. See
chapter 2 for more information.

6.2 Screen Coordinates

Screen X & Y coordinates are expressed in 28.4 format, but are truncated to 12.4 bit
before sending them to the MPRs. This means that large, textured polygons may
seem to behave weird if viewed really close. Try to avoid large polygons. Always
subdivide where appropriate!

6.2.1 2D Clipping

The 2D rendering routines always perform 2D view window clipping with no
additional overhead. The MPR aways renders only that portion of a polygon that is
visible. However, one should not rely on the MPR to perform al of your clipping
tasks. If you are processing large numbers of polygonsthat are completely off
screen, you are not operating efficiently. Y ou will achieve greater rendering
throughput if you reject those polygonsin your own code and never pass them to the
renderer. Please see the information on clipping in chapter 5.

6.2.2 UV Coordinates

Texture UV coordinates are expressed in 6.10 format, with ONE (actually 1<<10)
meaning 1 times the texture width/height. (UV coordinates do NOT need to be pre-
multiplied with the texture width/height).

6.2.3 Z-Depth Values

Z-depth isexpressed in 16.16 format, the Z value is normalized to 16-bit and de-
normalized at the MPR level to avoid “jumping” textures.
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The MPR will actually use 1/Z for Z-Buffer and perspective correct texturing.
Perspective correct modes operate with atrue divide per pixel.

For best results, try to set NearZ as far away as possible and FarZ as close as

possible.

6.3 Drawing Primitives

6.3.1 Basic Primitive Types

The tables bel ow describe the attributes of the various drawing primitive types.

Basic Primitive
Type
mptTILE

Description

A tile is a very simple primitive that does not support texture
mapping and related attributes, shading, blending, etc.

This is essentially a 2D object that is normally used to set the
entire screen or some rectangular portion to a specific color
and/or Z-depth value.

MptSPRT

A sprite primitive is a 2D primitive specified using a position
and size. This is essentially a 2D rectangular object that is
always drawn parallel to the view plane. It supports Z-depth
values so that it may be used together with 3D objects.

mptIMG

Essentially the same thing as the mptSPRT type, except that it
is can be used for large images that do not fit in the usual
texture buffer.

mptTRI

A three-sided, three-vertex polygon. Itis a 3D object normally
used to render 3D graphics display.

mptQUAD

A four-sided, four-vertex polygon. It is a 3D object normally
used to render 3D graphics display.

6.3.1.1 Primitive Attributes

Each primitive type supports certain attributes that may be specified by adding the
attribute flag to the base type. The attribute flags are defined in the M3DL .H header
file. Please notethat not all attributes are supported with all primitive types, and
some attributes are required.
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Primitive
Attributes
mpcPC

Description

Perspective Corrected Texture Mapping.
Perspective correct modes operate with a true divide per pixel.

This attribute should not be used with mptTILE primitives.

mpcBIL

Bilinear Filtering.

This attribute should not be used with mptTILE primitives.

mMpCTEX

Texture Mapping.

For mptTRI and mptQUAD primitives, this flag indicates that
the object uses a texture.

For mptSPRT and mptIMG primitives, this flag is required.

For mptTILE primitives, this attribute should not set.

mpcZBUF

Uses Z-buffer.

When the Z buffer is part of your frame buffer, this attribute
must be set for all variations of the mptSPRT, mptIMG,
mptTRI, and mptQUAD types.

mpcRGB

Shading flag. Shade the primitive using the built-in color
information.

The mptTILE, mptSPRT and mptIMG primitives specify a
single color for the entire primitive. Therefore, this flag
indicates that the object is flat shaded, not a bitmap.

For mpTRI and mpQUAD primitives, there is a color value for
each vertex, and gouraud shading is use to blend between
them.

mpcALP

Uses alpha-channel to specify transparency.

This attribute should be set only if the mpcDPQ attribute is not
set.

mpcDPQ

Uses alpha-channel information to blend against the active
blending color set via the mdActiveBlendColor() function.

This attribute should be set only if the mpcALP attribute is not
set.

mpcCLU

Reserved for future use

mpcCLV

Reserved for future use
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6.3.1.2 mptTILE Primitives

The attributes supported by the mptTILE primitive type are shown in the table
bel ow, along with the corresponding extended primitive type definition.

Note that none of the mptTILE primitive types may have the mpcTEX attribute set.

Primitive Type  Flat Shaded? Description
mpTILE_F Yes Sets the pixel color.

mpTILE_FZ Yes Sets the pixel color and Z-Buffer value.
mpTILE_Z No Sets only the Z-buffer value

6.3.1.3 mptSPRT Primitive Types

The attributes supported by the mptSPRT primitive type are shown in the table
below, along with the corresponding extended primitive type definition.

Note that all mptSPRT primitive types must have the mpcTEX and mpeZBUF
attributes set.

Primitive Type mpcRGB mpcALP mpcBIL mpcDPQ
mpSPRT No No No No
MmpSPRT_F Yes No No No
MpSPRT_A No Yes No No
mpSPRT_FA Yes Yes No No
mpSPRT_D No No No Yes
mpSPRT_FD Yes No No Yes
mpSPRT_B No No Yes No
mpSPRT_BF Yes No Yes No
mpSPRT_BA No Yes Yes No
mpSPRT_BFA Yes Yes Yes No
mpSPRT_BD No No Yes Yes
mpSPRT_BFD Yes No Yes Yes

6.3.1.4 mptIMG Primitive Types

The attributes supported by the mptIMG primitive type are shown in the table
bel ow, along with the corresponding extended primitive type definition.

Note that all mptIMG primitive types must have the mpcTEX and mpcZBUF
attributes set.

Primitive Type mpcRGB mpcALP mpcBIL mpcDPQ
mpIMG No No No No
mpIMG_F Yes No No No
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Primitive Type mpcRGB mpcALP mpcBIL mpcDPQ

mpIMG_A No Yes No No
mpIMG_FA Yes Yes No No
mpIMG_D No No No Yes
mpIMG_FD Yes No No Yes
mpIMG_B No No Yes No
mpIMG_BF Yes No Yes No
mpIMG_BA No Yes Yes No
mpIMG_BFA Yes Yes Yes No
mpIMG_BD No No Yes Yes
mpIMG_BFD Yes No Yes Yes

6.3.1.5 mpTRI Primitive Types

The table below shows the extended primitive type definition that correspondsto
each valid combination of attributes. Note that all mptTRI types must have the
mpcZBUF flag, so that attribute is not included in the table.

Primitive Type

mpTRI_G Yes No No No No No
mpTRI_GA Yes Yes No No No No
mpTRI_GD Yes No No Yes No No
mpTRI_T No No No No Yes No
mpTRI_TG Yes No No No Yes No
mpTRI_TA No Yes No No Yes No
mpTRI_TGA Yes Yes No No Yes No
mpTRI_TD No No No Yes Yes No
mpTRI_TGD Yes No No Yes Yes No
mpTRI_BT No No Yes No Yes No
mpTRI_BTG Yes No Yes No Yes No
mpTRI_BTA No Yes Yes No Yes No
mpTRI_BTGA Yes Yes Yes No Yes No
mpTRI_BTD No No Yes Yes Yes No
mpTRI_BTGD Yes No Yes Yes Yes No
mpTRI_PCT No No No No Yes Yes
mpTRI_PCTG Yes No No No Yes Yes
mpTRI_PCTA No Yes No No Yes Yes
mpTRI_PCTGA Yes Yes No No Yes Yes
mpTRI_PCTD No No No Yes Yes Yes
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Primitive Type

mpTRI_PCTGD Yes No No Yes Yes Yes
mpTRI_PCBT No No Yes No Yes Yes
mpTRI_PCBTG Yes No Yes No Yes Yes
mpTRI_PCBTA No Yes Yes No Yes Yes
mpTRI_PCBTGA Yes Yes Yes No Yes Yes
mpTRI_PCBTD No No Yes Yes Yes Yes
mpTRI_PCBTGD Yes No Yes Yes Yes Yes

6.3.1.6 mptQUAD Primitive Types

The table below shows the extended primitive type definition that correspondsto
each valid combination of attributes. Note that all mptQUAD types must have the
mpcZBUF flag, so that attribute is not included in the table.

Primitive Type

mpQUAD_G Yes No No No No No
mpQUAD_GA Yes Yes No No No No
mpQUAD_GD Yes No No Yes No No
mpQUAD_T No No No No Yes No
mpQUAD_TG Yes No No No Yes No
mpQUAD_TA No Yes No No Yes No
mpQUAD_TGA Yes Yes No No Yes No
mpQUAD_TD No No No Yes Yes No
mpQUAD_TGD Yes No No Yes Yes No
mpQUAD_BT No No Yes No Yes No
mpQUAD_BTG Yes No Yes No Yes No
mpQUAD_BTA No Yes Yes No Yes No
mpQUAD_BTGA Yes Yes Yes No Yes No
mpQUAD_BTD No No Yes Yes Yes No
mpQUAD_BTGD Yes No Yes Yes Yes No
mpQUAD_PCT No No No No Yes Yes
mpQUAD_PCTG Yes No No No Yes Yes
mpQUAD_PCTA No Yes No No Yes Yes
mpQUAD_PCTGA Yes Yes No No Yes Yes
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Primitive Type

mpQUAD_PCTD No No No Yes Yes Yes
mpQUAD_PCTGD Yes No No Yes Yes Yes
mpQUAD_PCBT No No Yes No Yes Yes
mpQUAD_PCBTG Yes No Yes No Yes Yes
mpQUAD_PCBTA No Yes Yes No Yes Yes
mpQUAD_PCBTGA Yes Yes Yes No Yes Yes
mpQUAD_PCBTD No No Yes Yes Yes Yes
mpQUAD_PCBTGD Yes No Yes Yes Yes Yes

6.4 Rendering Efficiency

Many programs are designed to create a buffer containing multiple primitivesin a
list structure and then render them in abatch. Thisis usually because these
programs were originally designed for other platforms where this method provides
the best use of the hardware. A pointer to the list is passed to the hardware and the
program can perform other processing whilethelist is being rendered.

However, with NUON and the M3DL library, thisis not the most efficient method.
While you are creating this buffer, the MPR code running on the other processorsis
sitting idle.

The method of creating alarge buffer of primitives also has substantial memory
requirements, since there must typically be enough space to describe your entire

display.

When using M3DL, the greatest possible rendering throughput will be achieved by
calling the appropriate drawing function as soon as each primitive is created. This
will keep the MPR code running on the other processors busy and negate the need
for large primitive buffers.

The most likely circumstance where a batch rendering method might be desired
would be when you want to use the other processorsin the system for other tasksin
addition to rendering. In this case, you would build asmall batch of primitives, shut
down the other tasks, load the MPR code into those processors, perform your
rendering, and then return to the other tasks. The main overhead involved is paging
your code overlays through the other processors.

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE 6-7




6.5 Primitive Drawing Functions

6.5.1 mdDrawPoly
Send an mdTRI or mdQUAD polygon primitive to the rendering chain.

voi d ndDr awPol y( pt ype,

vertices, color, texture, uv)

Function Arguments

Type | Name Description

ndUl NT32 ptype Polygon primitive type code based
on either mptTRI or mptQUAD.

mdScr V3 * vertices Pointer to array of either 3 or 4
vertices for corners of polygon

mdCOLCR * col or Pointer to an array of either 3 or 4
mdCOLOR structures containing
the RGB color information for each
vertex.

MdTEXTURE * texture Pointer to structure containing
texture information

ndU NT32 * uv Pointer to UV coordinates

6.5.2 mdDrawSprite

Send an mdSPRT primitive to the rendering chain.

voi d ndDrawSprite(ptype,

color, texture, uv)

Function Arguments

Type | Name Description

ndUl NT32 ptype Sprite primitive type code based on
mptSPRT

ndScr RECT * sr Pointer to mdScrRECT structure
containing screen coordinates and
size information.

mdCOLOR * col or Pointer to RGB color

NdTEXTURE * texture Pointer to texture information

nmdUl NT32 * uv Pointer to UV coordinates
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6.5.3 mdDrawimage
Send an mdIMAGE primitive to the rendering chain.
voi d ndDr awl mage( ptype, sr, color, ing, uv)

Function Arguments

Type | Name Description

ndUl NT32 ptype Sprite primitive type code based on
mptSPRT

ndScr RECT * sr Pointer to mdScrRECT structure

containing screen coordinates and
size information.

mdCOLOR * col or Pointer to RGB color
ndl MAGEDATA * iy Pointer to image information
ndUl NT32 * uv Pointer to UV coordinates

6.5.4 mdDrawTile

Send an mdTILE primitive to the rendering chain.

voi d ndDr awTi | e( ptype, sr, color)

Function Arguments

Type | Name Description
mdUl NT32 ptype Tile primitive type code
mdScr RECT * sr Pointer to mdScrRECT structure

containing screen coordinates and
size information.

ndCOLOR * col or Pointer to RGB color

6.5.5 mdDrawPrim

Send a primitive to the rendering chain.

void ndDrawPri m( prim

Function Arguments

Description

ndPRI M * prim Pointer to mdPRIM structure
describing either an mdQUAD or
mdTRI primitive
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6.6 Screen Clear Functions

Please see section 3.8, Buffer Clear Functions.

6.7 3D Model Functions

6.7.1 mdRenderObject

Render object data exported from 3D Studio MAX using M3DL export plug-in (or
created by other 3D software using a compatible export module).

voi d ndRender Qbj ect (obj, tex)

Function Arguments & Return Code
Type | Name Description
nuBYTE * obj Pointer to object data (such as that
created by the 3D Studio MAX
M3DL export plug-in)

MdTEXTURE * tex Pointer to exported texture data as
returned by the function
mdGetTextureFromMBM ().

6.7.2 mdRenderObjectAmbient

Render object data exported from 3D Studio MAX using M3DL export plug-in (or
created by other 3D software using a compatible export module).

Thisdiffersfrom mdRenderObject() in that it'sambient. (Documentation under
construction!)

voi d ndRender Obj ect Anbi ent (obj, tex)

Function Arguments & Return Code
Type | Name Description
nuBYTE * obj Pointer to object data (such as that
created by the 3D Studio MAX
M3DL export plug-in)

MdTEXTURE * tex Pointer to exported texture data as
returned by the function
mdGetTextureFromMBM ().
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7. Billboards

Billboards are special variations on some of the basic primitives. They are pseudo
3D entities that always face the camera after transformation. The plane of the abject
isparalld to the view plane, and the Z value is constant over the entire polygon.

Using a billboard issimple. You fill out the fields of the structure corresponding to
the desired variety of billboard, and then call the appropriate billboard function.
That function will rotate, transform, and perspective project the billboard from the
3D world space into display screen coordinates. Y ou may optionally perform depth
cueing calculations and/or clipping operations.

The function will return the necessary information to construct an mdSPRITE,
mdTRI, or mdQUAD primitive which may then be passed along to the appropriate
rendering function.

7.1 Billboard Types

There are several different types of billboard: SBOARD, TBOARD, and
QBOARD. Each typeisdescribed below.

7.1.1 SBOARD

The SBOARD billboard is defined by the mdSBOARD structure, which specifies
parameters such as the position in 3D space and the object size. Figure 7-1
demonstrates the parameters of an SBOARD billboard type.

|e—— width ——»|

Height

. v
7

X,Y,Z Origin of Billboard

Figure 7-1, SBOARD Billboard Type
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There are four functions for converting an SBOARD into an mdSPRITE primitive,
with different options for depth cue and clipping calculations.

7.1.2 TBOARD

Thistype of billboard devolvesinto multiple mdTRIANGLE primitives. Itis
similar to the SBOARD hillboard, except that the transformation will rotate the
polygon around the camera s Z-axis.

The TBOARD billboard uses the mdTBOARD structure to define parameters such
asthe position in 3D space, rotation matrix, and the size of the object.

7.1.3 QBOARD

Thistype of billboard devolvesinto the mdQUAD primitive. Itissimilar to the
SBOARD bhillboard, except that the transformation will rotate the polygon around
the camera's Z-axis.

The QBOARD hillboard uses the mdQBOARD structure to define parameters such
asthe position in 3D space, rotation matrix, and the size of the object.

7.2 Using Billboards

7.2.1 Perspective Correction & Billboards

Billboards always resolve to 2D polygons with aconstant Z value. Therefore, it is
not necessary to enable perspective correction, asthisis only needed when the Z
value changes across the polygon. In fact, perspective correction should always be
disabled for billboardsto avoid any possible slow down in rendering time.

7.2.2 Billboard Parameters

For all billboard types, the X,Y origin used for all transformations and projectionsis
taken from the middle pixel of the bottom row, as shown in Figure 7-2.
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Figure 7-2, Billboard Parameters (SBOARD and QBOARD)

7.3 Billboard Functions

7.3.1 mdRTPSBoard

Calculate an SBOARD hillboard. Rotates, trandlates, and perspective projects the
SBOARD and fills out an mdScrRECT structure with the finalized screen
coordinates of the mdSPRITE primitive that should be drawn.

mdUl NT32 status = mdRTPSBoar d( ndSBOARD *board,
mdScr RECT *r )

Function Arguments & Return Code

Type | Name Description

ndSBOARD * board Pointer to structure containing
billboard definition

nmdScr RECT r Pointer to mdScrRECT structure

that will receive information about
2D sprite to draw. This can point to
the sr field of an mdSPRITE
structure.
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Function Arguments & Return Code
Type | Name Description
ndUl NT32 status Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawSprite() function
should not be called.

Returns 0x00000000 when the Z
value is positive, the sprite is
visible, and the mdDrawSprite()
function may be called to render it.

7.3.2 mdRTPDpqSBoard

Calculate an SBOARD hillboard. Basicaly the same asthe mdRTPSBoard()
function, except that this function also calculates an alpha value to be used for depth
cueing.

mdUl NT32 status = mdRTPDpqgSBoar d( ndSBOARD *boar d,
mdScr RECT *r, ndCOLOR *rgba )

Function Arguments & Return Code

Type | Name Description

nMdSBOARD * board Pointer to structure containing
billboard definition

nmdScr RECT r Pointer to mdScrRECT structure

that will receive information about
2D sprite to draw. This can point to
the sr field of an mdSPRITE
structure.

mdCOLCR * rgba Pointer to an mdCOLOR structure
that will receive the calculated alpha
value in the alpha field. Other
fields in the structure are not
changed.
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Function Arguments & Return Code
Type | Name Description
mdUl NT32 status Returns OxFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible

and the mdDrawSprite() function

should not be called.

Returns 0x00000000 when the Z
value is positive, the sprite is
visible, and the mdDrawSprite()
function may be called to render it.
The alpha value is non-zero.

Returns 0x00000040 when the Z
value is positive and the alpha
value is zero (blending against
depth cue color not required).

7.3.3 mdRTPClipSBoard

Calculate an SBOARD billboard. Basically the same as the mdRTPSBoard()
function, except that this function also calculates clipping results.

mdUl NT32 status = mdRTPCl i pSBoar d( nmdSBOARD *board,
mdScr RECT *r )

Function Arguments & Return Code

Type | Name Description

nMdSBOARD * board Pointer to structure containing
billboard definition

nmdScr RECT r Pointer to mdScrRECT structure

that will receive information about
2D sprite to draw. This can point to
the srfield of an mdSPRITE
structure.

ndUl NT32 status Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawSprite() function
should not be called.

Otherwise, bits 0-5 return vertex
clipping values. See section
5.2.6.3 for details.

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE 7-5



7.3.4 mdRTPDpqClipSBoard

Calculate an SBOARD billboard. Basically the same as the mdRTPSBoard()
function, except that this function also calculates clipping results and alpha value
for depth cueing.

mdUl NT32 status = mdRTPCl i pSBoar d( nmdSBOARD *board,
mdScr RECT *r, ndCOLOR *rgba )

Function Arguments & Return Code

Type | Name Description

nMdSBOARD * board Pointer to structure containing
billboard definition

nmdScr RECT r Pointer to mdScrRECT structure

that will receive information about
2D sprite to draw. This can point to
the sr field of an mdSPRITE
structure.

ndCOLOR * rgba Pointer to an mdCOLOR structure
that will receive the calculated alpha
value in the alpha field. Other
fields in the structure are not
changed.

ndUl NT32 status Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawSprite() function
should not be called.

Otherwise, bits 0-5 return vertex
clipping flag values. See section
5.2.6.3 for details.

7.3.5 mdRTPTBoard

Calculate a TBOARD billboard. Rotates, translates, and perspective projects the
TBOARD and fills out an mdSerV3 structure with the finalized screen coordinates
of the mdTRI primitive that should be drawn.

mdUl NT32 status = mdRTPTBoard( ndSBOARD *board,
mdScr V3 *vsxyz )
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Function Arguments & Return Code

Type | Name Description

nMdSBOARD * board Pointer to structure containing
billboard definition.

ndScr V3 VSXyz Pointer to mdScrV3 structure that

will receive the vector for the
TBOARD position.

ndUl NT32 status Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawPoly() function
should not be called.

Returns 0x00000000 when the Z
value is positive, the sprite is
visible, and the mdDrawPoly()
function may be called to render it.

7.3.6 mdRTPDpqTBoard

Calculate a TBOARD hillboard. Basically the same asthe mdRTPTBoard()
function, except that this function also calculates an apha value to be used for depth
cueing.

mdUl NT32 status = mdRTPDpqgTBoar d( ndSBOARD *board,
mdScr V3 *vsxyz, mdCOLOR *rgba

)
Function Arguments & Return Code
Type | Name Description
nMdSBOARD * board Pointer to structure containing
billboard definition
mdScr V3 * VSXyz Pointer to mdScrV3 structure that

will receive information about 2D
sprite to draw.

mdCOLCR * rgba Pointer to an mdCOLOR structure
that will receive the calculated alpha
value in the alpha field. Other
fields in the structure are not
changed.
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Function Arguments & Return Code
Type | Name Description
ndUl NT32 status Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawPoly() function
should not be called.

Returns 0x00000000 when the Z
value is positive, the sprite is
visible, and the mdDrawPoly()
function may be called to render it.
The alpha value is non-zero.

Returns 0x00000040 when the Z
value is positive and the alpha
value is zero (blending against
depth cue color not required).

7.3.7 mdRTPClipTBoard

Calculate a TBOARD hillboard. Basically the same asthe mdRTPTBoard()
function, except that this function also cal culates clipping results.

mdUl NT32 status = mdRTPCl i pTBoar d( nmdSBOARD *board,
mdScr V3 *vsxyz)

Function Arguments & Return Code

Type | Name Description

nMdSBOARD * board Pointer to structure containing
billboard definition

ndScr V3 * VSXyz Pointer to mdScrV3 structure that

will receive information about
polygon to draw.

ndUl NT32 status Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawSprite() function
should not be called.

Otherwise, bits 0-5 return vertex
clipping values. See section
5.2.6.3 for details.
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7.3.8 mdRTPDpqClipTBoard

Calculate a TBOARD hillboard. Basically the same asthe mdRTPTBoard()
function, except that this function also calculates clipping results and alphavalue
for depth cueing.

mdUl NT32 status = mdRTPDpqCl i pTBoar d( nmdSBOARD
*pboard,
mdScr V3 *vsxyz, nmdCOLOR *rgba)

Function Arguments & Return Code

Type | Name Description

nMdSBOARD * board Pointer to structure containing
billboard definition

ndScr V3 * VSXyz Pointer to mdScrV3 structure that

will receive information about
polygon to draw.

ndCOLOR * rgba Pointer to an mdCOLOR structure
that will receive the calculated alpha
value in the alpha field. Other
fields in the structure are not
changed.

ndUl NT32 status Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawPoly() function
should not be called.

Otherwise, bits 0-5 return vertex
clipping flag values. See section
5.2.6.3 for details.

7.3.9 mdRTPQBoard

Calculate a QBOARD hillboard. Rotates, trandlates, and perspective projects the
QBOARD and fillsout a pair of mdSerV3 structures with the finalized screen
coordinates of the mdQUAD primitive that should be drawn.

mdUl NT32 status = mdRTPQBoar d( ndSBOARD *board,
mdScr V3 *vsxyz )

Function Arguments & Return Code

Description
ndSBOARD * boar d Pointer to structure containing
billboard definition.
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Function Arguments & Return Code
Type | Name Description
ndScr V3 VsXyz Pointer to two mdScrV3 structures
that will receive the vectors for the
QBOARD position.
ndUl NT32 status Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawPoly() function
should not be called.

Returns 0x00000000 when the Z
value is positive, the sprite is
visible, and the mdDrawPoly()
function may be called to render it.

7.3.10 mdRTPDpgQBoard

Calculate a QBOARD bhillboard. Basicaly the same asthe mdRTPQBoard ()
function, except that this function also calculates an alpha value to be used for depth
cueing.

mdUI NT32 status = mdRTPDpgQBoar d( ndQ@BOARD *board,
mdScr V3 *vsxyz, mdCOLOR *rgba )

Function Arguments & Return Code

Type | Name Description

nMdSBOARD * board Pointer to structure containing
billboard definition

ndScr V3 VSXyz Pointer to a pair of mdScrV3

structures that will receive
information about 2D sprite to draw.
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Function Arguments & Return Code
Type | Name Description
ndUl NT32 status Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawPoly() function
should not be called.

Returns 0x00000000 when the Z
value is positive, the sprite is
visible, and the mdDrawPoly()
function may be called to render it.
The alpha value is non-zero.

Returns 0x00000040 when the Z
value is positive and the alpha
value is zero (blending against
depth cue color not required).
nmdCOLOR * rgba Pointer to an mdCOLOR structure
that will receive the calculated alpha
value in the alpha field. Other
fields in the structure are not
changed.

7.3.11 mdRTPClipQBoard

Calculate an QBOARD billboard. Basically the same as the mdRTPQBoard()
function, except that this function also cal culates clipping results.

mdUl NT32 status = mdRTPCl i pSBoar d( nmdSBOARD *board,
mdScr V3 *vsxyz )

Function Arguments & Return Code

Type | Name Description

ndSBOARD * board Pointer to structure containing
billboard definition

ndScr V3 * VSXyz Pointer to mdScrRECT structure

that will receive information about
2D sprite to draw. This can point to
the sr field of an mdSPRITE
structure.
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Type
ndUl NT32

Function Arguments & Return Code

| Name
st at us

Description

Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawPoly() function
should not be called.

Otherwise, bits 0-5 return vertex
clipping flag values. See section
5.2.6.3 for details.

7.3.12 mdRTPDpqClipQBoard

Calculate an QBOARD billboard. Basically the same as the mdRTPQBoard()
function, except that this function also calculates clipping results and alphavalue

for depth cueing.
mdUl NT32 status = mdRTPDpqCl i pQBoar d( nmdSBOARD
*poard,
mdScr V3 *vsxyz, mdCOLOR *rgba
)
Function Arguments & Return Code
Type | Name Description
ndSBOARD * boar d Pointer to structure containing
billboard definition
ndScr V3 VsXyz Pointer to mdScrRECT structure
that will receive information about
2D sprite to draw. This can point to
the srfield of an mdSPRITE
structure.
nmdCOLOR * rgba Pointer to an mdCOLOR structure
that will receive the calculated alpha
value in the alpha field. Other
fields in the structure are not
changed.
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Function Arguments & Return Code
Type | Name Description
ndUl NT32 status Returns OXFFFFFFFF if the
resulting Z value is negative,
meaning the sprite is not visible
and the mdDrawPoly() function
should not be called.

Otherwise, bits 0-5 return vertex
clipping flag values. See section
5.2.6.3 for details.

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE 7-13






8. Material Functions

8.1 Introduction

This section discusses the functions that are used to retrieve and manipulate
bitmapped images that may be used as textures or with other drawing operations.

Note that your image data must always match the current rendering mode. If you are
using RGB mode, then your textures must all bein RGB format. If you are using
Y CrCb maode, then your textures must al bein'Y CrCb format.

8.2 M3DL Image File Formats

There are two image file formats associated with the M3DL library.

MBM files are used primarily to contain bitmaps that are constrained to the texture
format restrictions described later in this chapter. These bitmaps will normally be
used with the mdQUAD, mdTRI, and mdSPRT primitive types.

MBI files are used for images that do not necessarily correspond to those
restrictions. These bitmapswill normally be used with the mdIMAGE primitive

type

Utilities exist to creaste MBM and MBI files from other bitmapped graphicsfiles.
These programs are discussed in alater chapter.

8.3 Material Format Capabilties & Restrictions

Therestrictions listed below apply to versions of M3DL dated from April 12, 2000
and earlier. Later versions of M3DL may have different restrictions.

8.3.1 mdTEXTURE Formats

Materials that are accessed through the mdTEX TURE structure are subject to the
following capabilities and restrictions:

4-bit CLUT-based with 16-entry palette

8-bit CLUT-based with 256-entry palette
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16-bit direct RGB or YCrCb
Textures with 32-bit data are not allowed.

Textures can be no more than 2048 bytestotal. Thisworks out to the
following sizesfor different bit-depths:

Depth  Total Pixels

4-bit 4096 pixels
8-bit 2048 pixels
16-bit 1024 pixels

Texture widths must be a power of two.

The maximum height of any textureis 256 pixels. The table below shows
the maximum texture height for each allowed texture width, for each
possible bit-depth.

Texture Width Maximum Height
in Pixels 4-bit 8-bit 16-bit
2

8.3.2 mdIMAGEDATA Formats

Materials that are accessed through the mdIMAGEDATA structure are subject to
the following capabilities and restrictions:

4-bit CLUT-based with 16-entry palette

8-bit CLUT-based with 256-entry palette
16-bit direct RGB or YCrCb

Textures with 32-bit data are not allowed.
Images can be any size up to 1024x1024 pixels.

Image widths must be a multiple of 4.
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8.4 Material Functions

8.4.1 mdGetMBMinfo
Get information about specified MBM.
mdUI NT32 ret = mdGet MBM nf o(nbm nunt exs, num nbns)

Function Arguments & Return Code

Type | Name Description

ndBYTE * nbm Pointer to MBM Data

ndUl NT32 * nunt exs Pointer to a value that will receive
the number of the textures in the
MBM

ndUl NT32 * num_nbrs Pointer to a value that will receive
the number of the bitmaps in the
MBM

ndUl NT32 ret Returns 0 if an error occurred, or 1
if successful.

8.4.2 mdGetMBlInfo

Get information about specified MBI.
mdUI NT32 ret = mdGet MBI I nf o(nbi, numtexs, num nbi)

Function Arguments & Return Code

Type | Name Description

ndBYTE * nbi Pointer to MBI Data

ndUl NT32 * nunt exs Pointer to a value that will receive
the number of the textures in the
MBI

nmdUl NT32 * num_nbi Pointer to a value that will receive
the number of the bitmaps in the
MBI

ndUl NT32 ret Returns 0 if an error occurred, or 1
if successful.
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8.4.3 mdTextureFromMBM

Creates atexture from an MBM. Can either use the bitmap datain place or copy it
to SDRAM.

Use mdGetMBMInfo() to get information about memory allocation requirements.

mdUI NT32 ret = mdTextureFromVBM nbm dst,
texture, bitmap)

Function Arguments & Return Code

Type | Name Description
ndBYTE * nbm Pointer to MBM Data
ndBYTE * dst Pointer to destination address. If

this is NULL, then the bitmap data
will not be copied. Otherwise, this
should be a valid address in

SDRAM.
NdTEXTURE * texture Pointer to texture information
ndBl TVMAP * bi t map Pointer to bitmap
nmdU NT32 ret Returns the amount of memory

required to copy the texture and
CLUTs from the MBM.

If the MBM file specifies load
addresses for the texture bitmaps
and CLUTs, they will be loaded to
those addresses instead of to the
address specified by the dst
argument. Function returns 0in
that case, or if an error occurs.

8.4.4 mdimageDataFromMBI
Copy images from an MBI to memory.
Use mdGetMBlInfo() to get information about memory allocation requirements.

mdUI NT32 ret = nmdl mageDat aFrom\VBI ( nmbi, dst,
i mge, bitmap)

Function Arguments & Return Code

| Name Description
mdBYTE * nbi Pointer to MBI Data

5-JUN-00 VM LABS CONFIDENTIAL PROPRIETARY PAGE 8-4



Type
ndBYTE *

Function Arguments & Return Code

| Name
dst

Description

Pointer to destination address. If
this is NULL, then the bitmap data
will not be copied. Otherwise, this
should be a valid address in
SDRAM.

ndl MAGEDATA *

i mage

Pointer to image information

ndBl TMAP *

bi t map

Pointer to bitmap

nmdU NT32

ret

Returns the amount of memory
required to copy the texture and
CLUTSs from the MBI.

If the MBI file specifies load
addresses for the texture bitmaps
and CLUTs, they will be loaded to
those addresses instead of to the
address specified by the dst
argument. Function returns 0in
that case, or if an error occurs.
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9. M3DL Data Types

9.1 Introduction

This section describes some of M3DL’s common used basic data types and
structures, as defined within the M3DL.H and MDTY PES.H header files.

This section only describes the more common types that may be used as function
arguments, return values, or which may be part of another structure which meets
that criteria. Many additiona types are less commonly used. They may be used
internally by thelibrary, but aren’t generally necessary at the application level.
These additional types are defined within the M3DL.H and MDTY PES.H header
files.

Note that changes to the library may require changes to the type definitions. Always
refer to the header files for the precise definition of a datatype.

9.2 Basic Data Types

9.2.1 Integer Types

| Integer Type | Description | Minimum Value | Maximum Value
mdUINT8 Unsigned 8-bit 0 256
mdINT8 Signed 8-bit -128 127
mdUINT16 Unsigned 16-bit 0 65536
mdINT16 Signed 16-bit -32768 32767
mdUINT32 Unsigned 32-bit 0 4294967296
mdINT32 Signed 32-bit - 2147483648 2147483647

9.2.2 Fixed Point Types

M3DL uses avariety of fixed point types. The ones more commonly used are
defined in the table below.

Fixed Point Data Type  Description

mdU12DOT4 Used for screen width and height values.
md12DOT20 Used for X, Y, & Z Scale factors

md16DOT16 Used for 3D world coordinates in most cases
md28DOT4 Used for screen coordinates. Truncated by M3DL to
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Fixed Point Data Type  Description
mdU12DOT4 before rendering.

9.3 Structures

This section is broken into smaller subsections that loosely follow the chapter by
chapter breakdown of the library function descriptions.

For each structure there is a brief description, followed by the C language definition
of the structure.

9.3.1 Frame Buffer & Drawing Context

9.3.1.1 mdDRAWBUF

The mdDRAWBUF structure is used by the mdDRAWCONTEXT structure
described below. It contains the frame buffer address and DMA flags associated
with arendering or display buffer. An application can use thisinformation to
combine M3DL rendering with rendering from another library.

The sdramaddr field contains the address of the buffer in SDRAM. The dmaflags
field contains the bit flags required to perform DMA operations using the buffer.

typedef struct _ndDRAVBUF
{

mdU NT32 sdr amaddr ; /1 Address of buffer in SDRAM
mdU NT32 dmaf | ags; /1 Flags used for DVA operations
}  ndDRAVBUF;

9.3.1.2 mdDRAWCONTEXT

The mdDRAWCONTEXT structure contains all the information M3DL must track
regarding the frame buffer and the current library status.

typedef struct _ndDRAWCONTEXT

nmdUl NT16 act buf ;
nmdUl NT16 nunbuf ;
mdU NT16 di spw;
mdU NT16 di sph;
nmdUl NT16 rendx;
mdU NT16 r endy;
nmdUl NT16 rendw,
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nmdUl NT16 rendh;

mdU NT16 fl ags;

ndUl NT16 sel ect;

mdU NT32 zcnpfl ags[ 2] ;

ndUl NT32 lastfield,

md DRAVBUF buf [ 3]; /1 info for up to 3 buffers

} M DRAWCONTEXT;

9.3.2 3D Graphics

9.3.2.1 mdV3

The mdV3 structure defines a 3D vertex, aso known asavector. Thefields define
aparticular point in the M3DL 3D world.

typedef struct _ndV3
{

nd16D0T16 X;
md16DOT16 y;
nd16D0T16 Z;

} mdv3;

9.3.2.2 mdScrV3

ThemdSecrV3 structure describes a 3D vertex that has been through the process of
perspective projection and which now represents a point of the display, rather than a
particular point in the M3DL 3D world.

typedef struct _ndScrV3

nd28D0T4 X; /128.4 Screen X coordinate
md28D0T4 y; /128.4 Screen Y coordinate
nd16D0T16 Z; /1 Z Val ue

} mdScrV3;

9.3.2.3 mdScrRect

ThemdScrRect structure is essentially the same asthe mdScrV3 structure, with
the addition of awidth and height. This structure is used to define the position and
size of atwo dimensiona object that is being drawn into a 3D display, such asthe
mdSPRITE or mdTILE drawing primitives.
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typedef struct _ndScr RECT

{
nd28D0T4 X; /128.4 Screen X coordinate
md28D0T4 y; /128.4 Screen Y coordinate
nd16DOT16 z, /1Z Val ue
mdU12D0T4 w, // Unsigned 12.4 Screen Wyval ue
mdU12D0T4 h; // Unsigned 12.4 Screen H val ue
} mdScr RECT;

9.3.24 mdMATRIX

ThemdMATRIX structure is used by avariety of the 3D calculations described in
chapter 1.

typedef struct _ndMATRI X
{
nd4DOT28 n{ 3][4]; /Il tx
Il ty
Il tz

[0][3]
[1][3]
[2]13]

} mIMATRI X;

Note that although the matrix is defined as array of md4DOT28, the coordinate
fields #x, ty, and 7z are actually md16DOT16:

XX Xy XZ tx

yX yy yz ty
ZX zy 77 tz

9.3.3 Drawing Primitives

9.3.3.1 mdTILE

The mdTILE structure defines the position, size, and color of the mpTILE family
of drawing primitives.

typedef struct _ndTILE

{ mdScr RECT Sr; /1 Screen Rectangl e
mdCOLOR col or;
} ndTI LE
sr Screen coordinates of the corners of the screen
rectangle where the primitive should be drawn.
color Color to use for drawing the tile
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9.3.3.2 mdSPRITE

The mdSPRITE structure defines the position, size, and color of the mpSPRT
family of drawing primitives.

typedef struct _ndSPRITE

{
nmdScr RECT

nmdCOLOR
ndTEXTURE

ndl NT16
ndl NT16

ndl NT16
ndl NT16
} MISPRI TE;

Sr; /1 Screen Rectangl e
col or;
*tex;

uo;
vO;

uof s;
vof s;

Structure Member  Description

sr Screen coordinates of the corners of the screen
rectangle where the primitive should be drawn.

color Color to use for drawing the sprite

tex Pointer to mdTEXTURE structure defining the
texture information for the sprite

uo, vO UV coordinates defining the bottom right corner of
the rectangular portion of the texture that should be
used.

uofs, vofs UV coordinate offsets defining the top left corner
of the rectangular portion of the texture that should
be useddd.

9.3.3.3 mdTRI

The mdTRI structure defines the position, size, and color of the mpTRI family of

drawing primitives.
typedef struct _ndTRI

nmdScr V3
nmdCOLOR

ndTEXTURE

ndl NT16
ndl NT16

ndl NT16
ndl NT16

ndl NT16

v[3];
c[3];

*tex;

uo;
vO;

ul;
vl

uz;
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ndl NT16 v2;
} mTRI;

9.3.34 mdQUAD

The mdQUAD structure defines the position, size, and color of the mpQUAD
family of drawing primitives.

typedef struct _ndQUAD
{

mdScr V3 v[4];
mdCOLOR c[4];
md TEXTURE *t ex;
ndl NT16 uo;
ndl NT16 vO;
ndl NT16 ul;
ndl NT16 vi;
ndl NT16 uz;
ndl NT16 v2;
ndl NT16 u3;
ndl NT16 v3;
} mdQUAD,

9.3.3.5 mdCLIPTRI

The mdCLIPTRI structure defines the vertex coordinates, colors, and texture UV
mapping information common to the mdQUAD and mpTRI structures. This
represents the data created by the mdNearClip3() function when apolygon
intersects the Near-Z plane.

typedef struct _ndCLIPTRI

ndVv3 v[4];

nmdCOLOR c[4];

nmdUl NT32 uv[4];
} mdCLI PTR! ;

9.3.3.6 mdPRIM

The mdPRIM structure is a superset of the basic drawing structures that is used
when building alist of pre-constructed primitives.
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typedef struct _ndPRIM

{
mdU NT32 pri ncode;
uni on
{
mdSPRI TE sprt;
nmdQUAD pol y;
} oprim
} ndPR M

9.3.3.7 mdIMAGE

The mdIMAGE structure defines the position, size, and color of the mpIMG family
of drawing primitives.

typedef struct _ndl MAGE

{
ndScr Rect sr;
nmdCOLOR col or;
| MAGEDATA *i ny;
nmdl NT16 uo;
ndl NT16 vO;
ndl NT16 uof s;
ndl NT16 vof s;

} mdl MAGE;

9.3.4 Billboards

9.3.4.1 mdSBOARD

ThemdSBOARD structureis used to describe a billboard object type, an
abstraction of arectangular 2D image projected into 3D space.

typedef struct _ndSBOARD

V3 base;
nmd16DOT16 w,
nd16DOT16 h;

} ndSBOARD,
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9.3.4.2 mdTBOARD

ThemdTBOARD structure is used for abillboard object type, an abstraction of a
triangular 2D image projected into 3D space. It can be rotated around the Z axis.

typedef struct _ndTBOARD
{

V3 base;
mdV2 of s[ 3] ;
} ndTBOARD;

9.3.4.3 QBOARD

ThemdQBOARD structureis used for a billboard object type, an abstraction of a
rectangular 2D image projected into 3D space. It can be rotated around the Z axis.

typedef struct _ndQBQARD

V3 base;
nmdV2 of s[4];
} mdQBOARD,

9.3.5 Texture & Bitmap Data

9.3.5.1 mdBITMAP

ThemdBITMAP structure is used to define theindividual bitmaps used for texture
information.

The bitmap field should contain the address of the bitmap data somewherein
SDRAM. The clut field should contain the address of the color look-up table
(palette) information associated with the bitmap, provided the bitmap is CLUT-
based.

The mdBITMAP structure must be aligned to an 8-byte boundary.

typedef struct _ndBI TVAP

mdU NT32 bi t map; // Addr. of bitnmap data
mdU NT32 clut; /1 Addr. of color |ook-up table,
/1 if any
} ndBl TVAP,
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9.3.5.2 mdTEXTURE

The mdTEXTURE structure defines the texture information used by the
mdSPRITE, mdTRI, and mdQUAD drawing primitives.

The pixtype fidd indicates the pixel type and may be any valid NUON pixel DMA
type.

The texture may have multiple bitmaps associated with it for the purposes of mip-
mapping. Themiplevels field indicates the number of bitmaps.

Thewidth and height fields indicate the size of the first and largest bitmap. Note
that these fields contain the actual size divided by 4. If width is 180, that indicates
an image width of 720 pixels. Each successively smaller bitmap is expected to be
half the width and half the height of the previous one.

The bmnfo field isapointer to an array of mdBITMAP structures defining the
individual bitmaps.

ThemdTEXTURE structure must be aligned to an 8-byte boundary.

typedef struct _ndTEXTURE

mdU NT8 pi xtype; /1 Pixel type
mdU NT8 m pl evel s; /1 Nunber of mip-nmap levels
/1 Al so nunber of bitnmaps
mdU NT8 wi dt h; /1 Wdth of first bitmap
mdU NT8 hei ght ; /1 Height of first bitmap
mdBl TMAP *bmf o; /! Pointer to array containing

/1 ‘mplevels’ entries
} ndTEXTURE;

9.3.5.3 mdIMAGEDATA

The mdIMAGEDATA structure is used to define bitmapped image data that can be
used with the mdIMG drawing primitive.

The pixtype fidd indicates the pixel type and may be any valid NUON pixel DMA
type.

The texture may have multiple bitmaps associated with it for the purposes of mip-
mapping. Themiplevels field indicates the number of bitmaps.

Thewidth and height fields indicate the size of the first and largest bitmap. Note
that these fields contain the actual size divided by 4. If width is 180, that indicates
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an image width of 720 pixels. Each successively smaller bitmap is expected to be
half the width and half the height of the previous one.

The bmnfo field isapointer to an array of mdBITMAP structures defining the
individual bitmaps.

ThemdTEXTURE structure must be aligned to an 8-byte boundary.

typedef struct _ndl MAGEDATA
{

mdU NT8 pi xtype; /1 Pixel type
mdU NT8 m pl evel s; /1 Nunber of mip-nmap levels
/1 Al so nunber of bitnmaps
mdU NT8 wi dt h; /1 Wdth of first bitmap
mdU NT8 hei ght ; /1 Height of first bitmap
md Bl TMAP *bmf o; /! Pointer to array containing

/1 ‘mplevels’ entries
} ndl MAGEDATA;

In the current version of M3DL, the mdIMAGEDATA and mdTEXTURE
structures areidentical. However, one should not rely on this because it will change
in future versions of M3DL.

9.3.5.4 mdCOLOR

ThemdCOLOR structure defines a color in RGB (red, green, blue), plus an 8-bit
alpha channel value. Notethat color definitions always use 8 bits per component,
even when rendering into 16-bit mode.

typedef struct _ndCOLOR
{

mdU NT8 g;

nmdUl NT8 r;

nmdUl NT8 b;

nmdUl NT8 a;
} mdCOLOR,
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10. Command Line Tools

10.1 Introduction

This section describes the tool s that alow you to create datafiles for use with the
M3DL library.

10.2 Command Line Tools

10.2.1 BMP2MBM

The BMP2MBM program converts bitmapped graphics files from the MS Windows
BMP format into the MBM format used by the M3DL library. The command line
formatis:

bmp2mbm [ opti ons] [source files]

The table bel ow shows the command line options:

Option Description

-YCRCB Convert bitmap to YCrCb color space

-GRB Convert bitmap to GRB. This is the default.

-4 Force output to 4-bit color depth (16-colors)

-8 Force output to 8-bit color depth (256-colors)

-16 Force output to 16-bit color depth (32768-colors)
-ADAPT Adaptive mode. This counts colors used in source

image and selects the most appropriate color depth
for the output file.

-NQ No quantization. Leave color depth of output file the
same as the source file.
-T[r,g,b] Set the specified RGB color value to be treated as

transparent. NOTE: in 16-bit mode, only 0,0,0 can
be made transparent.

-M[x] Create mip maps until reach x pixels total in image.

Maximum number of pixels in 16-bit mode = 1024
Maximum number of pixels in 8-bit mode = 2048
Maximum number of pixels in 4-bit mode = 4096

-F Flip texture around Y-axis
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Wild cards may be used to specify the sourcefiles. A single output file will be
created for each input file.

10.2.1.1 Automatic Color Quantization

Please be aware that the current version of BMP2MBM will automatically quantize
animageto alower pixel depth if it detects that the resulting texture exceeds the
texture size limitations of M3DL.

Be careful that you don’t accidentally convert your graphicsto alower bit depth
than you intended.

If theimage istoo big for the selected pixel bit depth, BMP2MBM will convert a
16-bit image down to 8-bit, and if that is still too big, then it will go down to 4-bit.
If the source image is still too big, then an error message is printed and no output
image is created.

This conversion is done regardless of the format selected on the command line.

The output message printed to the screen will awaysindicate the bit depth of the
texturethat is created.

10.2.2 MBMINFO

The MBMINFO program displays information about a particular MBM file. There
are no command line options. The command line format is:

nmbm nfo [source files]

10.2.3 MBMPOS

The MBMPOS program alows you to set the SDRAM load address that will be
used for the MBM file's CLUT and bitmap image(s). The command lineformat is:

nmbnpos [options] [source files]

The table bel ow shows the command line options:

Option Description

-B[X] Specify that x should be used as the bitmap load
address

-C[x] Specify that x should be used as the CLUT load
address
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10.2.4 TFN2MBM

The TFEN2MBM program allows you create an MBM file from the order specified in
the TEN file created by the M3DL plug-in for Kinetix 3D Studio MAX. The
command lineformat is:

tfn2nmbm [ source fil es]

The MBM filesfrom the TEN file are taken from the current directory. There are no
command line options.

10.2.5 MERGEMBM

The MERGEMBM program allows you to merge al of the MBM filesin the current
directory into asingle large MBM file. There are no command line options. The
command lineformat is:

nmbnpos out putfile
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11. 3D Studio MAX Plug-in

The M3DL library includes a plug-in module for Kinetix 3D Studio MAX R2.5.
The data contained within the M 3D files created using this module may be used with
the mdRenderObject() function to quickly and easily add sophisticated 3D models
to your NUON application.

11.1 Installation

The M3DL plug-in islocated in the following directory of the VM Labs NUON
SDK:

\WMLABS?3D Studio MAX PluginM3DL

Simply copy the“MERMAX.DLE” filefrom this directory to the “Plugins’
directory of your 3D Studio MAX installation.

If 3D Studio MAX isrunning, it will be necessary to quit and restart it before the
export module is available.

11.2 Using the Plug-In

While running 3D Studio MAX, select “Export” from the “File” menu. Thiswill
display the*Export To” file selector.

One of the choicesin the “File Types’ pop-up menu should be “Merlin 3D”. Select
thischoice. Next, select the desired directory, enter the desired filename, and select
the“OK” button.

11.2.1 Export Options

After the file selector is exited, the export options dialog will appear. 1t should look
similar to the one shown in Figure 11-1.
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Figure 11-1

11.2.1.1  Single Object —vs— Multi Object

The“Single Object” and “Multi Object” choices define how the datain 3D Studio
MAX is exported.

If “Single Object” is selected, then al of the datain 3D Studio MAX iswrittento a
singlefilethat should be treated as a single large 3D object.

If “Multi Object” is selected, then each individual object within 3D Studio MAX is
written to a separate M3D file. Thisallows your application to more easily
individually position, scale, and rotate each object within NUON’ s 3D world.

11.2.1.2 Save Textures As MBM

Selecting this option will cause the export module to create MBM files for each of
the bitmap texture files used in materials within the 3D Studio MAX scene.

Note that thiswill export al texture bitmaps that are used within the scene.
Additional textures defined within the material editor that are not assigned to any
object within the 3D Studio MAX scene will not be exported.

If this option is selected, then the dialog described in section 11.2.2 bel ow will
appear after you select the “OK” button.
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11.2.1.3 Weld Threshold

The weld threshold defines the distance used to determine if multiple vertices
should be merged together. 1f multiple vertices are within this distance of each
other, they will be merged into asingle vertex and the associated polygons adjusted.

Thisreducesthe overall vertex count so that less datais required to describe an
object or scene. It also tightens up the boundary between objects that have been
placed next to each other visually.

11.2.1.4 Quadrangulate

Selecting this option allows the export module to create quad primitives where
possible. Otherwise, the export module will create only triangle primitives.

Quad primitives are more efficient than triangles, since you can describe two
adjacent triangles with four verticesinstead of six. Thisresultsin asmall but
noticeable advantage in rendering time.

11.2.1.5 Material Start ID

This setstheinitial starting value used for material 1D codes used within the TFN
file. When using multiple TFN files, this allows you to ensure that they do not have
overlapping values.

Thisis not related to the material 1D codes used within 3D Studio MAX in any
meaningful way.

11.2.1.6 Primitive Attribute Options

The“Bilinear” and “Perspective Correct” choices control the primitive attributes
which are assigned to each exported primitive. See section 6.3.1.1 for more
information.

11.2.1.7 Coordinate Transformation Options

The options along the bottom of the dialog for “Flip”, “Rotate”, and “ Scale” allow
you to manipulate the coordinates of the 3D model data.
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11.2.2 Export MBM Settings Dialog

If you selected the “ Save Textures AsMBM” option in the Export Options dialog,
then selecting the “OK” button will lead you to the Export MBM — Settings dialog
shown in Figure 11-2.

Export MEM - Settings |

Save zed Testures in MBR farmyat

{~ YLCh 4 Bit Color Depth
i+ RGB (™ B Bit Calor Depth
[ Tranzparent ™ 16 Bit Colar Depth
R % Adaptive Mode
G:

[ Stop Mipmap [size in pirels) ;
B:

Cancel ‘
Figure 11-2

11.2.2.1 Color Mode

Y ou may export your texture datain either RGB mode or Y CrCb mode. Y ou must
select the mode that matches the format of the rendering buffer used by your
application.

11.2.2.2 Bit Depth

Y ou may select to have your textures exported as 4-bit, 8-bit, 16-bit, or you may
select “ Adaptive Mode” and have the export modul e select the mode which best
matches the bitmap specified within 3D Studio MAX.
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11.2.2.3 Transparent

If you want to specify aparticular RGB color value as being “transparent”, you may
select the “ Transparent” option and then specify the desired RGB color components.

11.2.2.4 Stop MipMap

Selecting this option alows you to specify the size, in pixels, of the smallest
mipmap that M3DL should create for the exported textures.

11.2.3 Export Limitations

When you save textures to MBM format, the export module will give awarning
each time it encounters atexture that exceeds the M3DL texture size limitations
described in section 8.3.

11.2.4 Using The Exported Data

One of the M3DL sample programs demonstrates how to use data exported from 3D
Studio MAX using the plug-in. Pleaselook at the sample in the directory:

\WVMLABSSAMPLESM3DL\3DOBJECT
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12. MBM File Format

12.1 Introduction

This section discusses the details behind the MBM file format. Y ou may use this
information to create your own file conversion utilities, export modules, or other

tools.

12.2 MBM Structures

The structures defined in pseudo-code below are used within the MBM file format.

struct nmbnHEADER

ndUl NT8 ‘M
ndUl NT8 ‘B
ndUl NT8 ‘M

nmdUl NT8 version ;
}

struct nbnBl TMAPNFO

nmdUl NT32 reserved ;

nmdUl NT32 | oadaddr ess ;

}

struct nmbnCLUTNFO

{
nmdUl NT32 nuncol ors;

nmdUl NT32 | oadaddr ess ;

}
struct nmbnTEXTUREOFFSET

mdU NT32 bi t mapof f set ;

nmdUl NT32 cl ut of f set;

}

struct nmbnTEXTURE

{
mdU NT8 pi xtype;
mdU NT8 m pl evel s;
ndUl NT8 wi dt h;
mdU NT8 hei ght ;

}

struct nbnFl LEDESC

{

//Currently 0x10

// Do not use, internally overwitten
/1 Zero neans autonatic

/! Zero neans automatic

/! Relative to start of file
// ditto, but ZERO for 16-bit texture

/] See next section

/lat least 1

// Texture width divided by 4
// Texture hei ght divided by 4
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mdU NT16 nunt ext ures ;

mdU NT16 nunbi t maps;

mdU NT16 nuncl uts ;

mdU NT16 reserved ; /1 paddi ng

1221 mbmTEXTURE.pixtype

The table below defines the bitfields used by the pixtype member of the
mbmTEXTURE structure.

Description
BEE&XH Reserved Should be set to zero
5 Black Transparency | 0: No

1: Yes
In 16-bit mode, black (0,0,0) is transparent.

In 4-bit & 8-bit modes, pixel value 0 is
transparent, regardless of color value in CLUT
RN Color Mode 0: GRB mode

Bits 0-4 = Blue component

Bits 5-9 = Red component

Bits 10-15 = Green component

1: YCrCb mode
Bits 0-4 = Cb component (Chroma)
Bits 5-9 = Cr component (Chroma)
Bits 10-15 = Y component (Luminance)
rEX I/l Pixel Mode Pixel format, corresponding to DMA pixel types.
1 : 4-bit pixels
2 : 16-bit pixels
3 : 8-bit pixels

12.3 MBM File Format

The pseudo-code below defines the structure of an MBM file:

mbmHEADER header
nbnFl LEDESC fil edesc

Repeat filedesc.numtextures tinmes:

nbnTEXTURE texture
mbnTEXTUREOFFSET  t ext ur e_of f set s[t ext ure. m pl evel s]
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Repeat filedesc.numbitmaps ti nes:

nbnBl TMAPNFO
char

bm.info

Repeat filedesc.numcluts ti nes:

nbCLUTNFO
ndUl NT16

clut_info

bi t mapdat a[ si ze of bitmap dat a]

pal ette_dat a[ cl ut _i nf o. nuntol ors]

All values defined as offsets are rel ative to the beginning of the overall file.

The table below describes the contents of aparticular MBM file that defines two

textures.

Sample MBM File Contents

File offset Contents Details
in bytes
0-3 mbmHEADER
4-11 mbmFILEDESC numtextures = 2
numbitmaps = 1
numcluts = 1
12-15 mbmTEXTURE #1 miplevels = 2
(1 of 2) pixtype = 3 (8-bit)
width = 16
height = 16
16 -23 MbmMTEXTUREOFFSET #1 bitmapoffset = 44
clutoffset = 2?2?27
24 -31 MbmMTEXTUREOFFSET #2 bitmapoffset = 304
clutoffset = 2?2?77
32-35 MbmMTEXTURE #2 miplevels = 1
pixtype = 2 (16-bit)
width = 16
height = 16
36 -39 MbmMTEXTUREOFFSET #1 bitmapoffset = 372
clutoffset = 0
40 — 43 mbmBITMAPNFO #1
(1 of 3)
44 — 299 Bitmap data for bitmap #1 of 3, | 16x16 pixels at 8-bits per
used for mipmap #1 of texture pixel = 256 bytes
#1.
300 - 303 mbmBITMAPNFO #2
(2 of 3)
304 - 367 | Bitmap data for bitmap #2 of 3, | 8x8 pixels at 8-bits per
used for mipmap #2 of texture pixel = 64 bytes
#1.
368 -371 mbmBITMAPNFO #3
(30f3)
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Sample MBM File Contents

File offset Contents Details
in bytes

372 - 883 | Bitmap data for bitmap #3 of 3, | 16x16 pixels at 16-bits per
used for mipmap #1 of texture pixel = 512 bytes
#2.

884 —891 | mbmCLUTNFO #1 numcolors = 157
(L of1)

892 - 1211 | CLUT data for CLUT #1 of 1. 160 entries (157 entries

plus padding) = 320 bytes

12.3.1 Restrictions

The bitmap size in bytes needs to be amultiple of 8 bytes. Always pad the end
of the data as needed to reach an 8-byte boundary.

CLUT entries are dways 16-bits.

The number of entriesin a CLUT must be amultiple of 4. (4 x 16-bits=8
bytes) For example, with an 8 bit texture with 123 colors, 128 (123+5dummy)
CLUT vaues must be stored.
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