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(57) ABSTRACT 

A video game system includes a game cartridge Which is 
pluggably attached to a main console having a main pro 
cessor, a coprocessor, and player controllers. A multifunc 
tional peripheral processing subsystem external to the game 
microprocessor and coprocessor is described Which executes 
commands for handling player controller input/output to 
thereby lessen the processing burden on the graphics pro 
cessing subsystem. The video game system and methodol 
ogy features a unique player controller. A player controlled 
character may be controlled in a multitude of different Ways 
utilizing the combination of the joystick and/or cross-switch 
and/or control keys. The controlled character’s pace may be 
varied betWeen Walking by slight controller joystick move 
ment or running through a greater angular displacement of 
the joystick, While at the same time controlling the direction 
of the character’s movement over 360 degrees in the three 
dimensional World. the number of polygons utilized to 
display a player-controlled character is modi?ed depending 
upon the speed of movement of the character, Whereby the 
number of polygons is reduced at higher speed. At loW level 
speeds, the character is draWn With a predetermined number 
of polygons and at higher level speeds the character is draWn 
With a reduced number of polygons, except that the polygons 
used for draWing the face remains the same as at the ?rst 
level speed. In this fashion, the character is simulated in a 
manner designed to appear to be most realistic to the user, 
Who is more likely to focus on the character face, rather than 
the body during animated character motion. 
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THREE-DIMENSIONAL IMAGE PROCESSING 
SYSTEM HAVING DYNAMICALLY CHANGING 

CHARACTER POLYGON NUMBER 

[0001] This application is a continuation-in-part of appli 
cation PCT/JP96/02726, ?led on Sep. 20, 1996 and entitled 
“Three-Dimensional Image Processing Apparatus” (FNP 
225) and is a continuation-in- part of US. application Ser. 
No. 08/719,019 (the ’019 application), ?led on Sep. 24, 1996 
and entitled Operation Controlling Device and Video Pro 
cessing System Used ThereWith”, each of Which is incor 
porated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to three-dimensional image 
processing systems. More particularly, this invention relates 
to three-dimensional image processing systems for video 
game machines or the like, Which operate to display an 
object in three-dimensional space such that the object is 
moved in accordance With the direction and amount of 
inclination of an operating member, such as an analog 
joystick, of an operation controller device. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0003] The conventional video game machine has a cross 
shaped key sWitch on a controller thereof so that the object 
displayed is moved by the operation of the cross key sWitch. 
Such a cross key sWitch permits only limited direction of 
movement control to be designated for the object. The speed 
of movement can not be designated With a conventional 
cross sWitch. 

[0004] There also is a method for varying the moving 
speed of the object as a function of the length of the time 
period over Which the cross key as stated above is being 
depressed. In such a method, acceleration or deceleration is 
controlled for the object at a constant acceleration rate or a 
constant deceleration rate by each constant depression time 
period. Although, in this method, the moving direction and 
the moving speed of the object can be controlled even by 
using a cross sWitch, there exists the disadvantage that the 
object moving speed is varied merely at a constant rate of 
acceleration or deceleration as determined by softWare based 
calculations, so that it is impossible to arbitrarily control the 
speed of movement. Furthermore, the speed is determined 
by the period of key depression time, Which requires that the 
cross key has to be depressed for a certain period or longer, 
resulting in poor responsiveness. 

[0005] Under such circumstances, the applicants’ assignee 
has proposed in Japanese Provisional Utility Model Publi 
cation No. H2-41342, laid open to the public on Mar. 22, 
1990, a cross sWitch having three contacts arranged in one 
direction on a cross key thereof so that the moving speed, 
besides the moving direction, is varied for the object by the 
utiliZation of changing the turning-on of contacts depending 
upon the d cross key expression amount. 

[0006] In this prior art, hoWever, the direction of move 
ment is limited to four directions of upper, loWer, left and 
right (and intermediate directions thereof), and the speed of 
movement is varied only betWeen three stages of speed. That 
is, in this prior art there still exists signi?cant limitations in 
controlling the moving direction and the moving speed. 
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[0007] Although there are already knoWn game machines 
employing an analog joystick for a control lever of an 
aircraft, such an analog joystick is typically used for con 
trolling the inclination of the aircraft, and Wherein control is 
impossible for the moving direction or the moving speed. 

[0008] It is therefore an object of the present invention to 
provide an image processing system Which is high in respon 
siveness and capable of controlling the moving direction and 
the moving speed of a player controlled character (object 
operable object). 
[0009] The present invention is directed to a three-dimen 
sional image processing system including an image process 
ing apparatus connected to a display to generate image data 
for displaying an object existing in a three-dimensional 
space on the display according to a stored program, and an 
operating device including an operating member having a 
base end rotatably supported and a free end operable by an 
operator, so that the image data is varied in accordance With 
movement of the operating member. The operating device 
includes inclination amount data output circuitry Which 
detects an inclination amount of the operating member to 
output inclination amount data. The exemplary image pro 
cessing apparatus includes direction determining hardWare 
and softWare Which determines a moving direction of the 
object in three-dimensional space based on the inclination 
amount data; moving amount determining hardWare and 
softWare Which determines a moving amount of the object 
Within one display frame; position determining hardWare 
and softWare Which determines object position in the three 
dimensional space in accordance With the moving direction 
and the moving amount; and an image data output circuitry 
Which outputs image data for displaying the object on the 
display at a position controlled by the position determining 
hardWare and softWare. 

[0010] The operating device is, for example, an analog 
joystick, Which includes a base end supported rotatably With 
a given angle range and a free end for being operated by an 
operator so that the operating member is inclined to arbitrary 
directions in accordance With operator operation. For 
example, an inclination amount data output circuitry such as 
an X counter and a Y counter detects the amount of 
inclination of the operating member to output inclination 
amount data. 

[0011] The image processing apparatus includes a pro 
gram storing memory, Wherein the program storing memory 
is preferably an external storage device detachably attached 
to the image processing apparatus main body. Direction 
determining circuitry and moving amount determining cir 
cuitry comprised for example of a CPU under control of the 
stored program respectively determine moving direction of 
the object in the three-dimensional space and moving 
amount of the object to be moved in one display frame, 
based on the inclination amount data from the operating 
device. 

[0012] Speci?cally, count values of an X counter and the 
Y counter are converted by normaliZing into a UV coordi 
nate frame. The CPU determines the inclination amount (L) 
and the inclination direction (tan-1) by the UV coordinate 
value (u, v). The direction determining circuitry is, for 
example, the CPU, Which determines under program control 
the moving direction of the object based on the inclination 
direction (tan_1) thereof and the point of vieW (camera 
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angle) at Which the object is considered to be “photo 
graphed” in the three-dimensional space. The moving 
amount determining circuitry is, for example, the CPU, 
Which determines under program control the moving amount 
of the object Within the one display frame, i.e., the moving 
speed, based on the inclination amount (L) and the maxi 
mum speed (max-speed). 

[0013] Therefore, the position determining circuitry deter 
mines the position of the object in three-dimensional space 
in dependence upon the moving direction and the moving 
amount. Consequently, the image data output circuitry out 
puts image data for display of the object at the position thus 
determined. 

[0014] In accordance With the present invention, the 
operation of one operating device such as an analog joystick 
provides control of the moving direction and the moving 
amount (moving speed) of the object. 

[0015] Another embodiment of the present invention 
relates to image processing apparatus Which generate images 
using polygons. When a displayed character Which is created 
by polygons moves at high speed, and When it is necessary 
to process an extremely large number of polygon operations 
Within a speci?ed time, serious problems may result. Under 
such circumstances, if the number of polygons to be pro 
cessed exceeds the operation capacity of the image process 
ing apparatus, the image processing apparatus may fail to 
timely process the image data. As a result, the displayed 
image may, for example, erroneously appear to be moving in 
sloW motion. 

[0016] The image processing apparatus of the present 
invention may be advantageously used When the increase in 
the number of polygons due to the elevation of the character 
moving speed or the like exceeds the operation capacity 
(hereinafter called limit detection). It is a feature of the 
image processing apparatus of the present invention that the 
number of polygons for generating a character is selectively 
decreased, e.g., When the limit is detected to avoid sloW 
motion due to failure in processing. More particularly, 
according to the present application, When it is necessary or 
desirable to decrease the number of polygons, the number of 
polygons is decreased on a priority basis in the area Where 
a rough image is more easily tolerated, such as the body of 
the character, and is not decreased to the extent possible in 
the area Where a rough image is more noticeable, such as the 
face. 

[0017] In accordance With this further embodiment, the 
number of polygons utiliZed to display a player-controlled 
character is modi?ed depending upon the speed of move 
ment of the character, Whereby the number of polygons is 
reduced at higher speed. At loW level speeds, the character 
is draWn With a predetermined number of polygons and at 
higher level speeds the character is draWn With a reduced 
number of polygons, except that the polygons used for 
draWing the face remains the same as at the ?rst level speed. 
In this fashion, the character is simulated in a manner 
designed to appear to be most realistic to the user, Who is 
more likely to focus on the character face, rather than the 
body during animated character motion. Thus, in the present 
application, since the number of polygons is decreased 
sequentially from the less noticeable area to the more 
noticeable area, depending on the moving speed of the 
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character, processing failure and sloW motion erroneous 
displays can be prevented Without recognition of a rough 
image by the user. 

[0018] The above and other objects, features, aspects, and 
advantage of the present invention Will become more appar 
ent from the ensuing detailed description of the present 
invention When taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWING 

[0019] FIG. 1 is a schematic illustrative vieW shoWing one 
embodiment of the present invention; 

[0020] FIG. 2 is a block diagram shoWing in an illustrative 
image processing apparatus in the FIG. 1 embodiment; 

[0021] FIG. 3 is a block diagram shoWing in more detail 
an illustrative bus control circuit in the, FIG. 2 embodiment; 

[0022] FIG. 4 is an illustrative vieW shoWing a memory 
map of a RAM in the FIG. 2 embodiment; 

[0023] FIG. 5 is a block diagram shoWing in detail a 
controller control circuit in the FIG. 2 embodiment; 

[0024] FIG. 6 is an illustrative vieW shoWing a memory 
map of a RAM in FIG. 5; 

[0025] FIGS. 7A and 7B are perspective vieWs of a 
controller in the FIG. 2 embodiment as vieWed from the top 
and bottom; 

[0026] FIG. 8 is an exemplary internal joystick structure 
of the FIG. 7A, B controller; 

[0027] FIG. 9 is a block diagram shoWing in detail the 
controller and an extension device; 

[0028] FIG. 10 is an illustrative vieW shoWing data of an 
analog joystick of the controller and respective buttons; 

[0029] FIG. 11 is a ?oWchart shoWing the operation of a 
CPU in the FIG. 2 embodiment; 

[0030] FIG. 12 is a ?oWchart shoWing the operation of the 
bus control circuit in the FIG. 2 embodiment, i.e., an RCP 
(Reality Co-Processor) in FIG. 3; 
[0031] FIG. 13 is a ?oWchart shoWing the operation of the 
controller control circuit in the FIG. 2 embodiment; 

[0032] FIG. 14 is a ?oWchart shoWing a subroutine for 
varying the position of the object in the FIG. 2 embodiment; 

[0033] FIG. 15 is an illustrative vieW shoWing the relation 
betWeen the inclinable range of the analog joystick and the 
circular correction therefore; 

[0034] FIG. 16 is an illustrative vieW shoWing the moving 
direction of the object; and 

[0035] FIG. 17 is a ?oWchart explaining hoW a character’s 
polygon number is dynamically changed. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0036] Referring to FIG. 1, there is illustrated an external 
vieW shoWing an exemplary three-dimensional image pro 
cessing system according to one embodiment of the present 
invention. The image processing system is, for example, a 
video game system, Which includes an image processing 
apparatus main console 10, a ROM cartridge 20 (as one 
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example of an external memory device), a television type 
monitor 30 (as one example of a display means) connected 
to the image processing apparatus main console 10, a 
schematically represented illustrative controller 40, and a 
RAM cartridge 50 (one example of an extension device 
detachably attached to the controller 40). The external 
memory device stores image data and program data for 
image processing for games, and audio data for music, 
sound effects, etc. A CD-ROM or a magnetic disc may 
alternatively be employed in place of the ROM cartridge. 
Where the image processing system of this exemplary 
embodiment is applied to a personal computer, an input 
device such as a keyboard or a mouse may be used as the 
operating mechanism. 

[0037] FIG. 2 is a block diagram of an exemplary image 
processing system. The image processing apparatus 10 
incorporates therein a central processor unit (hereinafter 
“CPU”) 11 and a bus control circuit 12. The bus control 
circuit 12 is connected to a cartridge connector 13 for 
detachably attaching a ROM cartridge 20, and a RAM 14. 
The bus control circuit 12 is connected to an audio signal 
generating circuit 15 for outputting an audio signal pro 
cessed by the CPU 11 and a video signal generating circuit 
16 for outputting a video signal, and further to a controller 
control circuit 17 for serially transferring operating data 
from one or a plurality of controller(s) 40 and/or data from 
RAM cartridge(s) 50. The controller control circuit 17 is 
connected to controller connectors (hereinafter abbreviated 
as “connectors”) 181-184 Which are provided at a front 
console face of the image processing apparatus 10. A con 
nection jack 41 is detachably connected to connector 181 
184 and to the controllers 40 through a cable 42. Thus, the 
connection of the controller 40 to the connector 181-184 
places the controller 40 into electric connection With the 
image processing apparatus 10, enabling transmission and 
reception of data therebetWeen. 

[0038] More speci?cally, the bus control circuit 12 
receives a command output as a parallel signal from CPU 11 
via a bus and converts it to a serial signal for outputting a 
serial signal command to the controller control circuit 17, 
and converts serial signal data input from the controller 
control circuit 17 into a parallel signal for output to a bus. 
The data output through the bus is processed by CPU 11, and 
may be stored in RAM 14. RAM 14 is a memory for 
temporarily storing the data to be processed by CPU 11, 
Wherein read-out and Writing of data is possible through the 
bus control circuit 12. 

[0039] The bus control circuit 12, included in the image 
processing apparatus 10 in FIG. 2, for example, includes a 
coprocessor RCP (Reality Co-Processor) Which may be a 
RISC processor. As shoWn in the FIG. 3 exemplary embodi 
ment the coprocessor RCP includes an I/O control 121, a 
signal processor 122 and a display or draWing processor 123. 
Further details of the FIG. 3 circuitry are shoWn in the 
applicant’s assignee’s copending US. patent application 
Ser. No. 08/562,288 (the ’288 application), ?led on Nov. 22, 
1995 and entitled “High Performance/LoW Cost Video 
Game System With Multifunctional Peripheral Processing 
Subsystem”, Which application is incorporated herein by 
reference. As described in the above-identi?ed incorporated 
’288 application, the bus control processing circuit (copro 
cessor 200 therein) may perform a Wide range of graphics 
processing functions in addition to the controller related and 
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other processing functions described herein. The bus control 
processing unit is a coprocessor Which cooperates With CPU 
11 to execute the video game/videographics program stored 
in the removable memory media. The controller 40 data 
Which has been output to the bus control processing unit is 
appropriately processed, e.g., by the CPU 11, or is stored in 
RAM 14. Videographics processing Within video processing 
device 10 may take place in accordance With above-identi 
?ed copending application Ser. No. 08/562,288. 

[0040] The U0 control 121 controls not only the transfer 
of data betWeen the CPU 11 and the RAM 13, but also the 
How of data betWeen the signal processor 122 or the draWing 
processor 123 and the RAM 14 or the CPU 11. That is, the 
data from the CPU 11 is delivered to the RAM 14 via the I/O 
control 121, and further the data from the RAM 14 is 
supplied to the signal processor 122 and the draWing pro 
cessor 123 for processing therein. The signal processor 122 
and the draWing processor 123 respectively process music 
signal data and image signal data and store such data in 
RAM 14. The U0 control 121 then reads the music signal 
data and the image signal data out of the RAM 14 according 
to instructions executed by the CPU 11 to supply respective 
signals to a music signal generating circuit (D/A converter) 
15 and an image signal generating circuit (D/A converter) 
16. The music signal is supplied via a connector 195 to a 
speaker 31 included in a TV monitor 30. The image signal 
is supplied via a connector 196 to a display 32 included in 
the TV monitor 30. 

[0041] A disc driver 21 may be connected to the image 
processing apparatus 10 as shoWn in FIG. 3, in place of or 
together With the external ROM 20 Wherein the disc driver 
can read out of or Write to an optical disc or a magnetic disc. 
In this case, the disc driver 21 is connected to the RCP 12, 
i.e., the I/O control 121, through a connector 197. 

[0042] FIG. 4 is an illustrative diagram shoWing memory 
areas assigned to CPU 11 memory address space. The RAM 
address space is accessible by the CPU via the bus control 
circuit, i.e., the RCP, 12 and includes an image data region 
201 for storing image data required to cause the image 
processing apparatus 10 to generate image signals for the 
game, and a program data region 202 for storing program 
data required for controlling predetermined CPU 11 opera 
tions. In the program data region 202, there are ?xedly 
stored an image display program for performing image 
display processing based on image data 201, a time-mea 
suring program for performing processing relating to the 
measurement of time, and a determination program for 
determining that the cartridge 20 and an extension device 50, 
hereinafter referred to, have a predetermined relationship. 
The RAM 14 includes further a region 141 for temporarily 
storing data representative of an operating state from a 
control panel or controller and a speed data region 142 for 
storing speed of object movement data (the amount of 
movement over Which the object moves in one display 

frame). 
[0043] The controller control circuit 17 is provided for 
transmission and reception of data in serial betWeen the bus 
control circuit 12, i.e., the RCP, and the connector 181-184, 
and includes as shoWn in FIG. 5 a data transfer control 
circuit 171, a signal transmitting circuit 172, a signal receiv 
ing circuit 173 and a RAM 174 for temporarily storing 
transmission and reception data. The data transfer control 














