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(57) ABSTRACT 

The present invention is an image processing method for 
drawing an integrated shaping model Which has a plurality 
of models linked by a hierarchical structure, Where at least 
a ?rst models has a plurality of vertices constituting poly 
gons and at least the position of a ?rst vertex is in?uenced 
by positions of a plurality of models and Weight values from 
these models. The data (110) of the integrated shaping model 
comprises: format data of a common vertex buffer Which 
stores data on the plurality of vertices in the plurality of 
models for each model; a vertex list Which is created for 
each model Which in?uences the vertices and has vertex data 
speci?ed by a vertex ID in the common vertex buffer; and a 
polygon list Which is created for each model having the 
polygon and includes polygon data Where the vertex ID is 
attribute data. The image processing method comprises steps 
of: generating the common vertex buffer corresponding to 
the plurality of models in the sequence of tracing of the 
hierarchical structure according to the format data; gener 
ating model matrix data Where the positions of the models 
are set based on the game progress data; generating common 
vertex data by executing the matrix calculation for gener 
ating vertex data after movement according to the model 
matrix data Weight calculation for integrating the Weight 
values from the models to the vertex data after movement, 
for the vertex data of the vertex list of the models, and by 
storing or adding this operated vertex data to areas according 
to the vertex IDs in the common vertex buffer; and rendering 
the polygon according to the common vertex data. 

28 Claims, 24 Drawing Sheets 

Movement of Integrated Shaping Model (Envelope) 
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Integrated Shaping Model (Envelopes) 

Basic Form 

(PRIOR ART) 

@ 
15 Moved Form 

(PRIOR ART) 
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FIG. 2 
Prior Art 
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vertices of all models 

Draw models of all models 
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FIG. 3 
Prior Art 

601 

@ 
Calculate matrix of all models and save / 602 
them in data structure of each model. 

'41 
Referring to weight list, read vertex 

coodinates and normal line data indicated /603 
by vertex indexes of model which is 

in?uenced by target model. 

l 
Convert the read vertex data to the vertex 
data when the vertex data belongs to the 604 
local coordinate system of model 4 based / 

on relationship in the basic form, and 
multiply the converted vertex data by the 

model matrix of model 4. 

l 
Multiply the vertex coordinates adn the 
normal line data multiplied by the model 605 
matrix, by the weight value in the weight / 
list 633, and integrate the values in the 

weight vertex list 634 in the model 7 data 
structure. 

606 

607 

Execute all models 

Normalize normal line vectors of weight / 608 
vertex list 634. 

l 
Execute drawing of polygons in the polygon /6O9 
list, referring to the vertex positions in the 

weight vertex list 634. 

610 
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FIG. 4 

Integrated Shaping Model (Envelopes) 
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FIG. 5 
Data Con?guration of Integrated Shaping Model 

M1 

I 
Ma><(M1-M2>j I Max(M1—M4) 

Max(M2—M3): M 3 

Max(M3-M5): M 5 
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FIG. 6 

?uencing 
Model We‘ M1 M2 M3 M4 M5 

Vertex 

V101 100% 
V102 30% 30% 40% 
V103 30% 30% 40% 
V104 40% 60% 
V105 40% 60% 
V106 100% 

M1 V107 100% 
V108 60% 40% 
V109 60% 40% 
V110 40% 60% 
V111 40% 60% 
V112 100% V 

V113 100% 
V501 100% 
V502 100% 

M5 V503 100% 
V504 100% 
V505 100% 
V506 100% 
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FIG. 7 
Movement of Integrated Shaping Model (Envelope) 

V502 V50’ W03 
' V/06 V/08 
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FIG. 9 
Model Movement Calculation (Matrix Calculation) and 

Weight Calculation 

l Start l 

Actual vertices Vxxx are distributed S1 
to respective models (M2, M3, M4) 

which influence the verteces. 

Convert the position coordinates of $2 
the vertices distributed to the 
in?uence models into the local 

coordinate system of each model. 

Set the model matrix which moves S3 
each model according to the game 

program. 

v 
Determine the positions of the S4 
distributed vertices which move 
along with the movement of the 
model M2 by executing the matrix 

calculation using model matrix of M2. 

85 
Execute weight operation to the 
distributed vertices so as to 

calculate the new position of the 
actual vertices by blending. 

End 
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Original Data of Integrated Shaping Model according to 
3D Modeler 

1 OO 

Converter 

l 
Conversion Data for Drawing Library 

110 

Record in CDROM (Recording Medium for Game) 
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10. CDROM 

\ 12 1 10 
Game Program Model Conversion Data 

1 4 
Drawing Library (Program) 

2Q\ /\ 
36 Hardware 

Boot 
ROM 

22 38 26 34 

. Rendering Display 
CPU Bus Arbiter Processor Device 

24 28 

System Memory Frame 
(RAM) Memory 

40 3O 

Modem Audio 
Processor 

32 

Audio Memory 

42 

Control V 
Pad 
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FIG. 12 
Converter and Conversion Data 

Create 
Conversion Data 

Design data of integrated S10 
shaping modele(envelope) by 

3D modeler. 

Create the conversion Data 81 2 
corresponding to data format 
for the drawing library from 
the original data of integrated 

shaping model by the 
converter. The converted 

data includes 

S14 Create Game Program 

Create a recording 
medium(CDROM) for S16 

recording the game program, 
the conversion data, and the 

drawing library 
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FIG. 13 
Game Machine and Drawing Library 

| Game Starts l 

Set the recording 
medium(CDROM) to game S20 

machine 

Game machine executes the 822 
game according to game 

program and generates model 
matrix for moving the models. 

Game machine executes the S24 
drawing ligrary to generate a 

common vertex list by 
executing a matrix operation 
and a weight operation to the 

vertices of each model. 
Drawing library renderes the 
polygons according to the 
common vertex list and the 

polygon list. 

\l/ 826 
Display the image on the 

display device according to 
the image data drawn in the 

?ame buffer. 
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FIG. 14 
Procedure of Converter (1) 

‘Converter Starts l 

US 6,437,779 B1 

Divide the vertex list of the original model 330 
and distribute them to the models which 

in?uence to the vertex. 

S32 Create format of common vertex (actual 
vertex) buffer from the vertex data of 

native group and the start weight group, 
and assign consistent serial numbers in the 
common vertex buffer as new vertex IDs. 

Rearrange the 4 groups of vertex list 834 
distributed to each model for each one of 
the models which in?uences the vertices. 

All Models - S36 
Determine the counter value for 
each model having polygons. 

838 To next model e-__@ 

840 To next vertex list )G—-@ 

Execute the weight calculation to the s42 
vertex data in the vertex list, and write 

or add it in the vertex area in the 
common vertex buffer 
(Dummy calculation) 

844 

Add +1 to the counter of the model to 
which the written vertex belongs. 
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FIG. 15 
Procedure of Converter (2) 

848 

Complete Weight Calculation 
for the model '? YEsaqteferring counter val?-YES 

S46 

Complete All 
vertioes of the 

model '? 

NO l1? S52 
Generate Drawing 
Command DP in the 

polygon list of the model, 
and release the common 

' vertex buffer area. 

S50 Generate non-drawing 
command CP, register it in 
non—drawing table, and 
secure common vertex 

buffer area for next model. 

554 Output the vertex list, 
polygon list, and drawing 
commnad as model data 

858 

Complete the weight 
calculation of non~drawing 

model ? >YES 
(Referring counter value) 

Complete all 
models 

S60 

YES NO Generate drawing command DP 
in the polygon list of currently 

pocessing model for the 
non-drawing model for which 

weigt calculation ended 

A2 
A3 

End 
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FIG. 16 
Distribution of Actual Vertices to Models and 

Generation of Vertex List 

I Start l 

US 6,437,779 B1 

Determine the global coodinates of the position 
coordinates and normal line data of the actual 
vertices of the integrated shaping model in 

basic form. 

Divide the actual vertices of the original model 
data into 4 groups based on the weight 

according to the tracing sequence of the model 
hierarchy. 

Sort the vertices of four groups for each model 
which influences the vertices. 

Generate the format of the common vertex 
buffer ‘For vertices which belong to the native 

group and start weight group, assign a 
consistent serial number to the native and start 
weight vertices as a new vertex ID, and provide 

them to the polygon list of each model. 

S62 

S64 

S66 

S68 

Distribute 4 types of vertices to the models 870 
which in?uence them. Convert the coordinate 
data and normal line data of the vertex to the 

local coordinate system of the model according 
to the model matrix. 

Register the 4 types of vertices in the vertex S72 
list of the distributed model. Referring to the 

actual vertices in the vertex list is done by [Ds 
or the entry value and offset value in the 

common vertex buffer format. 

874 




















































