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graphed three-dimensional Space are displayed on a display. 
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THREE-DIMENSIONAL IMAGE PROCESSING 
APPARATUS 

FIELD OF THE INVENTION 

0001. This invention relates to a three-dimensional image 
processing apparatus and an external memory device to be 
used therewith. More particularly, the invention relates to a 
three-dimensional image processing apparatus which dis 
plays on a display device an image of a player controlled 
object or other objects, existing in three-dimensional Space, 
from the perspective of a predetermined “camera' position 
(the point of view). 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

0002 The conventional so-called 3D (3-Dimensional) 
Video game uses player controlled or operable objects 
(objects operable by an operator) configured with three 
dimensional data when viewed by an apparent camera at 
predetermined angles and distances, thereby obtaining dis 
played imageS. In the conventional game, however, if a 
background image (e.g., a wall) or an object used as an 
opponent character (another object) comes between the 
player controlled object and the “camera', or if another 
object is moved to interrupt the line of sight between the 
operable object and the camera, the operable object can not 
be viewed in the three-dimensional world. To this end, there 
has been a limitation in the conventional 3D games in that 
the other object has to be arranged by a program not to exist 
between the operable object and the camera. 
0003. It is therefore an object of the present invention to 
provide an image processing apparatus which is capable of 
displaying an operable object at Substantially all times and 
hence free from limitation in arranging other objects. 
0004. The illustrative image processing apparatus dis 
plays on a display an operable object image and another 
object existing in a three-dimensional Space from a prede 
termined viewing or “photographic' position. The image 
processing apparatus includes an external memory which 
Stores operable object and the other object data and a 
predetermined program. The System uses an input controller 
which inputS data which alters the position of the operable 
object in the three-dimensional Space. Operable object posi 
tion data generating hardware and Software generates oper 
able object position data So as to alter the position of the 
operable object in the three-dimensional Space based on the 
data input by the input controller. The three-dimensional 
data is created based on the data Stored in the external 
memory and the operable object position data. Point of view 
position data is generated representing photographing posi 
tion data in the three-dimensional Space for displaying the 
operable object. The system detects whether or not the other 
object exists between the “camera' view position and the 
operable object position. If So, the System alters the photo 
graphing position data Such that the other object is not 
existent between the photographing position and the oper 
able object position when the detecting means detects exist 
ence of the other object. The System creates display data for 
displaying the image of the operable object photographed 
from a predetermined position in the three-dimensional 
Space based on the three-dimensional data and the photo 
graphing position data; and image Signal generating circuitry 
outputs an image Signal to the display based on the generated 
display data. 
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0005 The system determines whether or not there is a 
possibility of a collision between the operable object and a 
polygon plane of the other object. If there is a possibility of 
a collision of the operable object with the other object, the 
camera position is changed So that the other object does not 
exist between the operable object and the camera. Therefore, 
the operable object is “photographed” without interference 
by the other object. 

0006. In accordance with the present invention, even if 
another object is permitted to freely move, it is possible to 
display at Substantially all times an operable object on a 
Screen of a display. Consequently, if the present invention is 
applied to a game apparatus, the operable object can be 
displayed at all times on a display, even for a game that 
involves an operable object and a number of other objects 
moving around on the display Screen. 

0007. The above and other objects, features, aspects, and 
advantages of the present invention will become more 
apparent from the ensuing detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is an illustrative schematic external view 
showing one embodiment of an exemplary image processing 
System; 

0009 FIG. 2 is an exemplary block diagram of an image 
processing apparatus in the FIG. 1 embodiment; 

0010 FIG. 3 is an illustrative view showing a CPU 
memory map for use in the FIG. 2 embodiment, showing an 
external memory and a W-RAM address space; 

0011 FIG. 4 is a block diagram showing an exemplary 
controller control circuit in the FIG. 2 embodiment; 

0012 FIG. 5 is an illustrative view for explaining a 
modulating/demodulating method; 

0013 FIG. 6 is an illustrative view showing a memory 
map of a RAM in FIG. 4; 

0014 FIG. 7 is a perspective view of a controller of the 
FIG. 2 embodiment as viewed from the top; 

0.015 FIG. 8 is a perspective view of the controller of the 
FIG. 2 embodiment as viewed from the bottom; 

0016 FIG. 9 is a block diagram showing in detail the 
controller and an expansion device; 

0017 FIG. 10 shows illustrative data from a controller's 
analog joystick of the respective keyS/buttons, 

0018 FIG. 11 shows illustrative transmission and recep 
tion data when a command “0” is transmitted from the 
controller control circuit; 

0019 FIG. 12 shows illustrative transmission and recep 
tion data when a command “1” is transmitted from the 
controller control circuit; 

0020 FIG. 13 shows illustrative view of transmission 
and reception data when a command '2' is transmitted from 
the controller control circuit; 



US 2002/0057274 A1 

0021 FIG. 14 shows illustrative view of transmission 
and reception data when a command '3' is transmitted from 
the controller control circuit; 
0022 FIG. 15 is a flowchart showing operation of the 
CPU of the FIG. 2 embodiment; 
0023 FIG. 16 is a flowchart showing operation of the bus 
control circuit of the FIG. 2 embodiment; 
0024 FIG. 17 is a flowchart showing operation of the 
controller control circuit of the FIG. 2 embodiment; 
0025 FIG. 18 is a flowchart showing operation of the 
controller circuit of the FIG. 2 embodiment; 
0.026 FIG. 19 shows illustrative transmission and recep 
tion data when a command “255” is transmitted from the 
controller control circuit; 
0027 FIG. 20 is an illustrative view showing a state 
when a wall exists between the operable object (Mario) and 
the camera; 
0028 FIG. 21 is an illustrative view showing point of 
view movement regarding FIG. 20; 
0029 FIG. 22 is a flowchart showing operation for a 
camera turning-around process, 
0030 FIG. 23 is a flowchart showing a collision-deter 
mining routine; 
0.031 FIG. 24 is an illustrative view showing a wall 
polygon; 

0.032 FIG. 25 is an illustrative view showing each poly 
gOn, 

0033) 
Surface; 

0034 FIG. 27 is an illustrative view showing a state that 
a projection is onto a YX plane; 

FIG. 26 is an illustrative view showing a projected 

0035 FIG. 28 is an illustrative view showing a state that 
a projection is onto an XY plane; and 
0036 FIG. 29 is an illustrative view showing a normal 
vector of the plane and a point of View vector of the camera. 

EMBODIMENTS 

0037 FIG. 1 depicts an exemplary image processing 
System according to one embodiment of the present inven 
tion. The image processing System is for example a video 
game System, which comprises an image processing appa 
ratus 10, a ROM cartridge 20 (as one example of an external 
memory device), a display 30 (as one example of a display 
means) connected to the image processing apparatus main 
body 10, a controller 40 as one example of a player 
controller or operating device. The preferred controller is 
shown in FIGS. 7 and 8 and is described below. A RAM 
cartridge 50 is one example of an extension device detach 
ably attached to the controller 40. The external memory 
device Stores image data and program data for image pro 
cessing 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 example is applied to a personal 
computer, an input device Such as a keyboard or a mouse is 
used as the player operating device. 
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0038 FIG. 2 is a block diagram of the image processing 
System of this example. The image processing apparatus 10 
incorporates therein a central processor unit (hereinafter 
“CPU”) 11 and a bus control processing circuit 12. The bus 
control circuit 12 is connected to a cartridge connector 13 for 
detachably attaching the ROM cartridge 20, as well as a 
working RAM 14. The bus control processing circuit 12 is 
connect to an audio signal generating circuit 15 for output 
ting an audio signal process by the CPU 11 and a video 
Signal generating circuit 16 for outputting a Video Signal, and 
further with a controller control circuit 17 for serially 
transferring operating data of one or a plurality of control 
ler(s) 40 and/or data from RAM cartridge(s) 50. The con 
troller control circuit 17 is connected with controller con 
nectors (hereinafter abbreviated as “connectors”) 181-184 
which are provided at a front face of the image processing 
apparatus 10. To the connector 18 is detachably connected a 
connection jack 41 and the controller 40 through a cable 42. 
Thus, the connection of the controller to the connector 
181-184 places the controller 40 into electric connection to 
the image processing apparatus 10, enabling transmission 
and reception of data therebetween. 
0039 More specifically, the bus control processing cir 
cuit 12 inputs commands output as parallel signals from 
CPU 11 via a bus, performs parallel to serial conversion, 
outputs command as Serial Signals to the controller control 
circuit 17, and converts Serial Signal data input from the 
controller control circuit 17 into parallel signals and outputs 
Such signals to the bus. The data outputted through the buS 
is subject to processing by CPU 11, or is stored in W-RAM 
14. The W-RAM 14 is a memory temporarily storing data to 
be processed by CPU 11, wherein read-out and write-in of 
data is possible through the bus control circuit 12. 
0040 FIG. 3 is a diagrammatic illustration showing 
memory regions assigned to respective memory Spaces. The 
memory spaces accessible by the CPU via the bus control 
processing circuit 12 involves an external memory address 
space of the ROM cartridge 20 and a memory address space 
of the W-RAM 14. The ROM cartridge 20 is structured by 
mounting on a board a ROM stored with data for game 
processing and accommodating the same board in a housing. 
The ROM includes an image data storage 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 predetermined operation of the CPU 11. In the program 
data region 202, there are Stored an image display program 
for performing image display processing based on image 
data 201, a time-measuring program for carrying out mea 
Surement of time, and a determination program for deter 
mining that the cartridge 20 and an extension or expansion 
device 50, are in a predetermined relationship. The details of 
the time-measuring program and the determination pro 
grams are described below. The memory region of W-RAM 
14 includes a region 141 for temporarily Storing data rep 
resentative of an operating State from a control panel. 
0041 FIG. 4 is a more detailed circuit diagram of a 
controller control circuit 17. The controller control circuit 17 
transmits and receives data in Serial form to and from the bus 
control processing circuit 12 and the controller connectors 
181-184, and includes a data transfer control circuit 171, a 
Signal transmitting circuit 172, a Signal receiving circuit 173 
and a RAM 174 for temporarily storing transmission and 
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reception data. The data transfer control circuit 171 includes 
a parallel-Serial conversion circuit and a Serial-parallel con 
version circuit for conversion of data format during data 
transfer, and also performs control of write-in and read-out 
of the RAM 174. The above-mentioned serial-parallel con 
version circuit converts Serial data Supplied from the bus 
control processing circuit 12 into parallel data to provide 
such data to the RAM 174 or the signal transmitting circuit 
172. The parallel-serial conversion circuit converts parallel 
data supplied from the RAM 174 or the signal receiving 
circuit 173 into serial data to provide such data to the bus 
control processing circuit 12. The Signal transmission circuit 
172 converts parallel data for signal read-in control of the 
controller 40 supplied from the data transfer control circuit 
171 and write-in data (parallel data) to the RAM cartridge 50 
into Serial data, which Serial data is transmitted through a 
corresponding channel CH1-CH4 to each of the plurality of 
controllers 40. The signal receiving circuit 173 receives 
Serial read-out data, representative of an operating State of 
each of the controller 40, input through a corresponding 
channel CH1-CH4 to each of the controller 40 as well as 
read-out data from the RAM cartridge 50, to convert Such 
data into parallel data to provide it to the data transfer 
control circuit 171. 

0042. The signal transmitting circuit 172 and the signal 
receiving circuit 173 adopt a duty-cycle modulation and 
demodulation (hereinafter referred to as “modulation/de 
modulation’’) method as one example of the modulation/ 
demodulation method that may be employed here. The 
duty-cycle modulation/demodulation method, as shown in 
FIG. 5, is a modulation/demodulation method wherein “1” 
and “0” are represented by varying a Hi time period and a 
Lo time period for a Signal at a certain interval. Explaining 
the modulation/demodulation method in more detail, when 
data to be transmitted in Serial is a logical “1”, a signal 
having, within one cycle period T, a high-level period th 
rendered longer than a low-level period tL (thatL) is trans 
mitted, while when data to be transmitted is a logical “0”, a 
Signal having, within one cycle periodT, trendered shorter 
than tL (th-tL) is transmitted. 
0043. The demodulation method samples on a serial 
Signal received (bit transmission signal) So as to monitor at 
all times whether the received signal is at a high level or a 
low level, wherein one cycle is expressed as T=tL+th 
provided that time period of low till change to high is tL and 
time period of high till change to low is t. In this case, the 
relationship of tL and t being tL-th is recognized as 
logical “1”, while tL>tH is recognized as logical “0”, 
thereby achieving demodulation. If a duty-cycle modulation/ 
demodulation method like this is employed, there is no 
necessity of transmitting data in Synchronism with a clock 
Signal, offering an advantage that transmission and reception 
of data are available with only one Signal line. If two signal 
lines are available, another modulation/demodulation 
method may be utilized. 
0044) The RAM 174 includes memory regions or 
memory areas 174a–174H as shown in a memory map of 
FIG. 6. Specifically, the area 174a stores a command for 
channel 1, while the area 174b stores transmission data and 
reception data for channel 1. The 174c stores a command for 
channel 2, while the area 174d Stores transmission data and 
reception data for channel 2. The area 174e Stores a com 
mand for channel 3, while the area 174f stores transmission 
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data and reception data for channel 3. The area 174g stores 
a command for channel 4, while the area 174h stores 
transmission data and reception data for channel 4. 

0045 Accordingly, the data transfer control circuit 171 
operates to write-in control to the RAM 174 data transferred 
from the bus control processing circuit 12 or operating State 
data of the controller 40 received by the signal receiving 
circuit 173 or read-out data from the RAM cartridge 50, and 
read data out of the RAM 174 based on a command from the 
buS control processing circuit 12 to transfer it to the bus 
control circuit 12. 

0046 FIG. 7 and FIG.8 are external views of the top and 
rear surfaces of the presently preferred controller 40. The 
controller 40 is in a shape that can be grasped by both hands 
or one hand, and has a housing having an exterior formed 
projecting with a plurality of buttons, which when 
depressed, are operable to generate an electrical Signal and 
a vertically-Standing control portion. Specifically, the con 
troller 40 is constituted by an upper housing and a lower 
housing. As shown in FIG. 7, the controller 40 housing has 
an operating area formed on an upper Surface in a planar 
shape running from Switch 403 through buttons 404. In the 
operating area of the controller 40, there are provided a 
cross-shaped digital direction Switch (hereinafter referred to 
as “cross switch') 403 on a left side, a plurality of button 
switches (hereinafter merely abbreviated as “switches”) 
404A-404F on a right side, a start switch 405 generally at a 
laterally central portion, and a joystick 45 for allowing 
analog input at a centrally lower portion. The cross switch 
403 is a direction Switch for designating the direction of 
movement of a player controlled heroic character or a cursor, 
which has upper, lower, left and right depression points to be 
used for designating movement in four directions. The 
Switches 404A-404F, being different by game software, are 
used, for example, to launch a missile in a shooting game, 
or to designate various actions Such as jumping, kicking, or 
taking a matter in an action game. Although the joystick 45 
is used in place of the cross Switch 403 to designate the 
direction of movement of a player controlled heroic char 
acter or the like, it can designate direction at the entire 
angular range over 360 degrees, being utilized as an analog 
direction designating Switch. 

0047 The controller 40 housing has three grips 402L, 
402C and 402R formed in a manner projecting downward 
from three locations of the operating area. The grips 402L, 
402C and 402R are in such rod-shapes that, when seized by 
the hand, they are contoured by the palm, the middle finger, 
the finger between the middle and little fingers and the little 
finger. Each grip is formed a little thin at a base portion, thick 
at an intermediate portion and thinner toward an open end 
(downward in FIG. 7). The lower housing of the controller 
40 has an insertion aperture 409 formed at a centrally upper 
portion which projects from the underside for detachably 
attaching a RAM cartridge 50 as an expansion device. The 
housing has a button Switch 406L and a button 406R 
provided left and right on upper Side faces thereof at 
locations corresponding to the positions to which the left and 
right index fingers of a player extend. In a back Surface at the 
base portion of the central grip 402C, a Switch 407 is 
provided as a Switch having a function alternative to the 
Switch 406L when the joystick 45 is used in place of the 
cross Switch 403. 
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0.048. The lower half of the housing on a back surface 
side extends toward a botton Surface to have an aperture 408 
formed at a tip end thereof. At a deep end of the aperture 
408, a connector (not shown) to which an extension car 
tridge 50 is to be connected is provided. In the aperture 408 
is also formed a lever 409 for ejecting the cartridge 50 
inserted in the aperture 408. On a side opposite to the lever 
409 in the aperture 408 for insertion of an extension car 
tridge 50, a cut-out 410 is formed, which cut-out 410 
provides a Space for pulling out the extension cartridge 50 
upon taking out the extension cartridge 50 by using the lever 
409. 

0049 FIG. 9 is a detailed circuit diagram of a controller 
40 and a RAM cartridge 50 (as one example of an extension 
device). The controller 40 incorporates within its housing, 
electronic circuits Such as an operation Signal processing 
circuit 44, etc. in order to detect operating States of the 
Switches 403-407 or the joystick 45 or the like and transfer 
detected data to the controller control circuit 17. The opera 
tion signal processing circuit 44 includes a signal receiving 
circuit 441, a control circuit 442, a Switch Signal detecting 
circuit 443, a counter circuit 444, a signal transmitting 
circuit 445, a joyport control circuit 446, a reset circuit 447 
and a NOR gate 448. 
0050. The signal receiving circuit 441 converts a serial 
Signal, Such as a control Signal transmitted from the con 
troller control circuit 17, write-in data to the RAM cartridge 
50, etc., into a parallel signal to Supply it to the control 
circuit 442. The control circuit 442 generates a reset Signal 
to cause resetting (e.g., Setting to 0) on measured values of 
an X-axis counter 444X and a Y-axis counter 444Y included 
in the counter 444, when the control Signal transmitted from 
the controller control circuit 17 is a reset signal for an X, Y 
coordinate of the joystick 45. The joystick 45 includes 
photo-interrupters for the X-axis and Y-axis So as to generate 
the number of pulses proportional to the amount of inclina 
tion of a lever in directions of X-axis and Y-axis, providing 
respective pulse signals to the counters 444X and 444Y. The 
counter 444X, when the joystick 45 is inclined in the X-axis 
direction, measures the number of pulses generated in pro 
portion to the amount of inclination. The counter 444Y 
measures the number of pulses generated in proportion to 
the amount of inclination, when the joystick 45 is inclines in 
the Y-axis direction. Accordingly, the resultant vector, deter 
mined by the measured values in X-axis and Y-axis of the 
counter 444X and the 444Y, determines the direction of 
movement and the coordinate position for the heroic char 
acter or the cursor. The counter 444X and the counter 444Y 
are also reset of their measured values by a reset Signal 
Supplied from the reset Signal generating circuit 447 upon 
turning on the power Supply, or a reset Signal Supplied from 
the Switch Signal detecting circuit 443 when the player 
depresses simultaneously two Switches previously deter 
mined. 

0051. The Switch signal detecting circuit 443 responds to 
an output command Signal representing a Switch State Sup 
plied at a constant period (e.g., at a /30-second interval as a 
frame period of a television), and reads a signal that is varied 
by the state of depression of the cross Switch 403 and the 
switches 404A-404F, 405, 406L, 406R and 407 to supply it 
to the control circuit 442. 

0.052 The control circuit 442 responds to a read-out 
command Signal of operating State data from the controller 
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control circuit 17, and Supplies the operating State data of the 
Switches 403-407 and the measuring values of the counters 
444X, 444Y to the signal transmitting circuit 445 in a 
predetermined data-format order. The Signal transmitting 
circuit 445 converts these parallel signals output from the 
control circuit 442 into serial data to transfer them to the 
controller control circuit 17 via a conversion circuit 43 and 
a signal line 42. 

0053. The control circuit 442 is connected to an address 
bus, a data bus, and a port control circuit 446 through a port 
connector. The port control circuit 446 performs input 
output control (or signal transmission or reception control) 
on data according to commands by the CPU 11, when the 
RAM cartridge 50 (as one example of an extension device) 
is connected to a port connector 46. The RAM cartridge 50 
includes a RAM 51 and a timer chip 53 as one example of 
a time-related information generating means (or a calendar 
timer) connected to the address bus and the data bus, a 
battery 52 connected thereto for Supplying power Source to 
the RAM 51 and the timer counter 53, and a decoder 54 for 
activating the timer counter 53 when a predetermined 
address is given. The RAM 51 is a RAM that has a capacity 
lower than a half of a maximum memory capacity accessible 
by using an address bus, and is comprised for example of a 
256 k-bit RAM. This is because of avoiding duplication 
between the write-in/read-out address of the RAM and the 
read-out address of the timer chip 53 by reading out a value 
of an arbitrary counter within the timer chip 53 when the 
highest order bit becomes “1”. The RAM 51 stores backup 
data associated with a game, So that, if the RAM cartridge 
50 is removed out of the port connector 46, the stored data 
is kept by receiving power supplied from the battery 52. The 
details of the kind of data stored by the RAM 51, writing 
data therein, and utilization of the data Stored is described 
below. 

0054 FIG. 10 is a graphical illustration of a data format 
by which the image processing apparatus reads out data 
representative of an operating state of Switches 403-407 and 
joystick 45 from the controller 40. The data generated by the 
controller 40 is configured as 4-byte data. The first-byte 
represents B, A, G, START, upper, lower, left and right, i.e. 
represents the depression of the Switch 404B, 404A, 407, 
405 and the four cross Switch 403 directions. For example, 
when the button B, i.e., the Switch 404B, is depressed, the 
highest order bit of the first byte becomes “1”. Similarly, the 
second-byte represents JSRST, 0 (not employed in the 
embodiment), L, R, E, D, C, and F, i.e., the depression of the 
Switch 409, 406L, 406R, 404E, 404D, 404C and 404F. The 
third byte represents by binary digit the X coordinate value 
(the value measured by the X counter 444X) which value is 
dependent upon the inclination angle of the joystick 45 in the 
X direction. The fourth byte represents by binary digit the Y 
coordinate value (the value measured by the Y counter 
444Y) which value is dependent upon the inclination angle 
of the joystick 45 in the Y direction. Because the X and Y 
coordinate values are expressed by 8 bits of binary digits, the 
conversion into decimal digits makes it possible to represent 
the inclination of the joystick 45 by a numeral from 0-255. 
If the highest order bit is expressed by a signature denoting 
a negative value, the inclination angle of the joystick 45 can 
be expressed by a numeral between -128 and 127. 
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0055 Referring to FIG. 11 to FIG. 14, an explanation 
will be made on a format for the Signals transmitted and 
received between the image processing apparatus 10 and the 
controller 40. 

0056 FIG. 11 is an illustrative representation of a format 
for the Signals transmitted and received between the image 
processing apparatus 10 and the controller 40 for identifi 
cation of the type of a controller 40 by the image processing 
apparatus 10. The image processing apparatus 10 transmits 
a type data request Signal of a command “0” configured by 
1 byte (8bits) to the control circuit 442 within the controller 
40, and receives in response thereto, 3 bytes of a type data 
signal, concerning the controller 40, of TYPE L (1 byte), 
TYPE H (1 byte) and the status generated by the control 
circuit 442. Here, TYPE L and TYPE H are data represen 
tative of a function of a device or apparatus connected to 
connector 46. The respective data of TYPE L and TYPE H 
are data inherent to the type of a RAM cartridge 50. Based 
on the data, the image processing apparatus 10 identifies the 
type of a controller 40, i.e., the type of a RAM cartridge 50 
being connected to the controller 40. The type of RAM 
cartridge 50 involves for example a type merely mounted 
with a RAM 51, a type mounted with a RAM 51 together 
with a timer chip, and a type mounted with a RAM 51 
together with a liquid crystal display. In the present embodi 
ment, the type mounted with a RAM 51 and a time chip is 
explained in detail. Meanwhile, the Status data is data that 
represents whether or not the port is connected to an 
extension device such as a RAM cartridge 50 and whether 
or not an extension device has been connected thereto after 
resetting. 

0057 FIG. 12 is an illustrative representation of a format 
for the Signal transmitted and received between the image 
processing apparatus 10 and the controller 40 for determin 
ing the operating State of the controller 40 by the image 
processing apparatuS 10. The image processing apparatus 10 
transmits a controller data request Signal of a command “1” 
configured by 1 byte (8bits) to the control circuit 442 within 
the controller 40, and receives in response thereto an oper 
ating State data Signal, concerning the controller 40, gener 
ated by the control circuit 442. Based on the operating State 
data, the image processing apparatus 10 acknowledges how 
the operator operates the controller 40 for utilization for 
varying the image. The operating State data Signal has been 
described in detail in the explanation on FIG. 10. 

0.058 FIG. 13 is an illustrative representation of a format 
for a read data Signal when the image processing apparatus 
10 reads data from the RAM 51 within the RAM cartridge 
50 which is connected to controller 40. The image process 
ing apparatus 10 transmits to control circuit 442, a read 
command signal of a command "2 configured by 1 byte (8 
bits), an address H (8bits) Signal representative of the higher 
order bits of an address, an address L (8 bits) signal 
representative of the lower order bits of an address and an 
address CRC (5 bits) signal for checking for transmission 
errors of address data of the address H signal and address L 
Signal. The image processing apparatus receives in response 
thereto a Storage data Signal, for the RAM 51, generated by 
the control circuit 442 and a data CRC (8 bits) signal for 
checking for data transmission error. Incidentally, to read out 
time-related information of the timer chip 53 by the image 
processing apparatus 10, it is Satisfactory to read out 
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addresses of 8000h or longer by merely rendering the 
address H signal value greater than 80h. 

0059 FIG. 14 is an illustrative representation of a format 
for a write data Signal when the image processing apparatus 
10 writes data into the RAM 51 within the RAM cartridge 
50 connected to controller 40. The image processing appa 
ratus 10 transmits, to the control circuit 442, a write com 
mand signal of a command “3” configured by 1 byte (8bits), 
an address H (8bits) Signal representative of a higher order 
bit of an address, an address LSignal and an address Hsignal 
representative of a lower order bit (3 bits) of an address, an 
address CRC (5 bits) signal for checking for transmission 
error of address data of the address L Signal, and a 32-byte 
write-in data signal to be written into the RAM 51. The 
image processing apparatus 10 receives in response thereto 
a data CRC (8 bits) signal generated by the control circuit 
442 for checking for data reception error. The image pro 
cessing apparatus 10 receives the CRC Signal to perform 
CRC checking with the transmitted write-in data, and judges 
based thereon that the data has correctly been written into 
the RAM 51. Incidentally, to reset for example date and time 
by writing time-related information into the timer chip from 
the image processing apparatus 10, it is Satisfactory to 
perform writing into addresses of 8000h or higher by merely 
rendering the address H signal value greater than 80h. 

0060. The operation of data transmission and reception 
between the image processing apparatuS 10 and the control 
ler 40 will now be explained. 

0061 Referring first to a flowchart for the CPU of the 
image processing apparatus 10 in FIG. 15, explanations will 
be made on image processing. At a step S11, CPU 11 is 
initialized based on an initial value (not shown) Stored in the 
program data area 202 in FIG. 3. Then, at a step S12, the 
CPU 11 outputs a control pad data request command Stored 
in the program data area 202 to the bus control circuit 12. At 
a step S13, the CPU 11 carries the desired image processing 
based on the program Stored in the program data area 202 
and the image data area 201. While the CPU 11 is executing 
Step S13, the bus control processing circuit 12 is executing 
steps S21-S24 of FIG. 16. Then, at a step S14, the CPU 11 
outputs image data based on the control pad data Stored in 
the control pad data area 141 in FIG. 3. After completing 
step S14, the CPU branches to steps S12 and repeats the 
execution of steps S12-S14. 
0062) The operation of the bus control processing circuit 
12 is explained in conjunction with FIG. 16. At a step S21, 
the bus control circuit 12 determines whether or not the CPU 
11 has output a controller data request command (a request 
command for data relating to the Switches of the controller 
40 or data on the extension device 50). If a controller data 
request command has been output, the process proceeds to 
a step S22. At the step S22, the bus control circuit 12 outputs 
a command for reading in data of the controller 40 (com 
mand 1 or command 2 referred above) to the controller 
control circuit 17. Then, at a step S23, the bus control circuit 
12 determines whether or not the controller control circuit 
17 has received data from the controller 40 to store in the 
RAM 174. If the controller control circuit 17 has not 
received data from the controller 40 to store in the RAM 
174, the bus control circuit 17 waits at step S23. If the 
controller control circuit 17 has received data from the 
controller 40 to store in the RAM 174, the process proceeds 



US 2002/0057274 A1 

to a step S24. At step S24, the bus control circuit 12 transfers 
the data of the controller 40 stored in the RAM 174 to the 
W-RAM 14. The bus control circuit 12, when completing the 
data transfer to the W-RAM 14, returns the process back to 
the step S21 to repeat execution of the step S21-the step S24. 
0063) The FIG. 15 and FIG. 16 flowcharts show the 
example wherein, after the bus control circuit 12 has trans 
ferred data from the RAM 174 to the W-RAM 14, the CPU 
11 processes the data stored in the W-RAM 14. However, the 
CPU 11 may directly process the data in the RAM 174 
through the bus control circuit 12. 
0.064 FIG. 17 is a flowchart for explaining the operation 
of the controller control circuit 17. At a step S31, it is 
determined whether there is data to be written from the bus 
control circuit 12. If there is not, the data transfer control 
circuit 171 waits until there is data to write-in from the bus 
control circuit 12. If there is data to be written, at a neXt Step 
S32 the data transfer control circuit 171 causes the RAM 174 
to store commands for the first to the fourth channels and/or 
data (hereinafter abbreviated as “command/data”). At a step 
S33, the command/data for the first channel is transmitted to 
the controller 40 being connected to the connector 181. The 
control circuit 442 performs a predetermined operation 
based on the command/data to output data to be transmitted 
to the image processing apparatus 10. The content of the data 
will be described below in explaining the operation of the 
control circuit 442. At a step S34, the data transfer control 
circuit 171 receives data output from the control circuit 442, 
to cause the RAM to store the data. 

0065. At a step S35 the command/data for the second 
channel is transmitted to the controller 40, in a manner 
similar to the operation for the first channel at the steps S33 
and S34. The control circuit 442 performs a predetermined 
operation based on this command/data to output the data to 
be transmitted to the image processing apparatus 10. At a 
Step S36 data transfer and write-in processes are carried out 
for the second channel. Meanwhile, at a step S37, the 
command/data for the fourth channel is transmitted to the 
controller 40. The control circuit 442 performs a predeter 
mined operation based on this command/data to output the 
data to be transmitted to the image processing apparatuS 10. 
At a step S38 data transfer and write-in processes are carried 
out for the third channel. Furthermore, at a step S39, the 
command/data for the fourth channel is transmitted to the 
controller 40. The control circuit 442 of the controller 40 
performs a predetermined operation based on this command/ 
data to output the data to be transmitted to the image 
processing apparatuS 10. At a step S40 data transfer and 
write-in processes are carried out for the fourth channel. At 
a subsequent step S41, the data transfer circuit 171 transfer 
in batch the data which have received at the steps S34, S36, 
S38 and S40 to the bus control circuit 12. 

0.066. In the above identified manner, the data for the first 
channel to the fourth channel, that is, the commands for the 
controllers 40 connected to the connectors 181-184 and the 
operating State data to be read out of the controllers 40, are 
transferred by time-divisional processing between the data 
transfer control circuit 171 and the control circuit 442 
respectively within the controllers 40. 
0067 FIG. 18 is a flowchart explaining the operation of 
the controller circuit 44. First, at a step S51, it is determined 
whether or not a command has been input from the image 

May 16, 2002 

processing circuit 10 to the control circuit 442. If no 
command has been inputted, the controller circuit waits for 
a command. If a command is input, at a step S52 it is 
determined whether or not the command inputted to the 
control circuit 442 is a status request command (command 
“0”). If a command “0” is detected, the process proceeds to 
a step S53, wherein a Status transmitting process is carried 
Out. 

0068. At the step S53, where the CPU 11 outputs the 
command “0”, the data in the format as shown in FIG. 13 
is transmitted and received between the image processing 
apparatus 10 and the controller 40. On this occasion, the 
control circuit 442, when receiving the command “0” data 
configured by 1 byte (8 bits), transmits TYPE L (1 byte), 
TYPE H (1 byte) and the status. Here, TYPE L and TYPE 
H are data for identifying the function of a device or 
apparatus being connected to the joyport connector 46, 
which are inherently recorded in the RAM cartridge 50. This 
makes possible recognition by the image processing appa 
ratus 10 as to what extension device (e.g., a RAM cartridge 
50 or other extension devices such as a liquid crystal 
display) is connected to the controller 40. The status is data 
representative of whether or not an extension device Such as 
a RAM cartridge 50 is connected to the port and whether or 
not the connection of the extension device is after resetting. 
0069. On the other hand, at the step S52 if the determi 
nation reveals that there is not a command “0”, it is 
determined at a step S54 whether or not the inputted 
command is a pad-data request command (command “1”). If 
it is a command “1”, the process proceeds to a step S55 
where the process of transmitting pad data is performed. 
Specifically, where the CPU 11 outputs a command “1”, the 
data in format as shown in FIG. 14 is transmitted and 
received between the image processing apparatus 10 and the 
controller 40. On this occasion, the control circuit 442, if 
receiving command “1” data configured by 1 byte (8 bits), 
transmits the data of 14 Switches (16 bits) of B, A, G, 
START, upper, lower, left, right, L, R, E, D, C and F; the data 
of JSRST (1 bit); and the data of the counter 444X and the 
counter 444Y (16 bits). By transmitting these data to the 
image processing apparatus 10, the image processing appa 
ratus 10 recognizes how the operator operated the controller 
40. Thus, these data are utilized for modifying the image by 
the image processing apparatuS 10 in accordance with the 
operating State of the controller 40 as manipulated by the 
player. 

0070. At the aforesaid step S54, if the determination 
reveals that there is not a command “1”, it is determined at 
step S56 whether or not the input command is a read-out 
request command (command “2) for data associated with 
the RAM cartridge 50 to be connected to the extension 
connector. If it is a command “2, the proceSS proceeds to a 
step S57 where the process reading out of the extension 
connector is performed. Specifically, where the CPU 11 
outputs a command “2', the data in format as shown in FIG. 
13 is transmitted and received between the image processing 
apparatus 10 and the controller 40. On this occasion, when 
the control circuit 442 receives command “2’ data config 
ured by 1 byte (8 bits), address H representative of the 
higher-order bits (8bits) of address, address L representative 
of the lower-order bits (3 bits) of address, and address CRC 
(5 bits) for checking for error in address data transmitted and 
received, the control circuit 442 transmits data Stored in the 
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RAM cartridge (32 bytes) and CRC (8bits) for checking for 
data errors. In this manner, the connection of the RAM 
cartridge 50 (or other extension devices) and the image 
processing apparatuS 10 enables the image processing appa 
ratus 10 to process data from the RAM cartridge 50, etc. 

0071 At the aforesaid step S56, if the determination is 
not a command “2”, it is determined at a subsequent step S58 
whether or not the inputted command is a write-in request 
command (command "3") for information associated with 
the RAM cartridge 50 being connected to the extension 
connector 46. Where it is the command “3”, the process of 
data read-out is carried out at a step 59 for the RAM 
cartridge 50 being connected to the extension connector 46. 
Specifically, if the CPU 11 outputs a command “3”, the data 
shown in FIG. 14 is transmitted and received, in response to 
the command '3', between the image processing apparatus 
10 and the controller 40. 

0.072 That is, when the control circuit 442 receives 
command "3" data configured by 1 byte (8bits), address H 
representative of the higher-order bits of address (8 bits), 
address L representative of the lower-order bits of address (3 
bits), address CRC for checking for error in address data 
transmitted and received (5 bits), and data to be transmitted 
to the RAM cartridge 50 (32 bytes), it transmits CRC for 
checking for error for data received (8bits). In this manner, 
the connection of the extension device 50 and the image 
processing apparatuS 10 enables the image processing appa 
ratus 10 to control the extension device 50. The connection 
of the extension device 50 and the image processing appa 
ratus 10 also drastically improves the function of the con 
troller 40. 

0073) If at the aforesaid step S58 the determination is not 
a command “3”, it is determined at a step 60 whether or not 
it is a reset command (command 255). Where it is the reset 
command (255), the process of resetting the counter 444 for 
the joystick 45 is performed at a step S61. 

0074) Where the CPU 11 outputs a reset command (com 
mand 255), the data shown in FIG. 19 is transmitted and 
received between the image processing apparatus 10 and the 
controller 40. That is, the control circuit 442 of the controller 
40, if receiving command 255 data configured by 1 byte (8 
bits), outputs a reset Signal to reset the X counter 444X and 
the counter 444Y, and transmits aforesaid TYPE L (1 byte), 
TYPE H (1 byte) and the status. 
0075 An explanation is now made concerning changing 
the camera perspective (point of eye) in a three-dimensional 
Space. That is, where in the conventional 3D game there 
exists between a camera and an operable object (e.g., Mario) 
another object (e.g., a wall or an opponent character) as 
shown in FIG. 20, the operable object or Mario cannot be 
Viewed or “photographed' by the camera. In contrast, it is 
possible in the present invention to continuously display 
Mario at all times by turning the camera around Mario up to 
a lateral side thereof as shown in FIG. 20. 

0.076 Stated briefly, where the objects are situated as 
shown in FIG. 21, a determination is made of a collision 
with a topographical polygon extending from Mario's Side, 
at Several points on a Straight line between Mario and 
camera. On this occasion, a check is made for a polygon that 
is perpendicular to an XZ plane inside a radius R from each 
point. The process of turning-around of the camera is 
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performed on a polygon P determined as collisional. The 
wall Surface P is expressed by the flat-plane equation as 
given by Equation (1). 

0077. The correction in camera position is done by mov 
ing the “camera' in parallel with this plane P. Incidentally, 
the angle of Y-axis in parallel with the plane is calculated by 
the flat-plane equation. 
0078 Explaining in further detail in conjunction with the 
FIG. 22 flowchart, the No. n of a polygon to be collision 
determined is initialized (n=1) at a first step S101. At a next 
step S102, it is determined whether or not the number N of 
polygons to be checked for and the polygon No. are equal, 
that is, whether or not a collision-determination has been 
made at a next step S103. 
007.9 FIG. 23 shows in detail step S103, i.e., an illus 
trative collision-determination routine. Before explaining 
this collision-determination routine, reference is made to 
FIG. 24 and FIG. 25 which show wall data to be collision 
determined. That is, the wall data is depicted as in FIG. 24 
wherein triangular polygons as in FIG. 25 are gathered 
together. These respective polygons are Stored as listing of 
wall polygons in a memory. 
0080) At a first step S201 in FIG. 23, a point Q (Xg, Yg, 
Zg) and a radius R are input. The point Q is a point to be 
checked and the radius R is a distance considered to be 
collisional against the wall. At a neXt Step S202, a wall 
impingement flag is reset. At a step S203, it is determined 
whether or not the wall-polygon list explained hereinbefore 
is Stored in the memory. If there exists a wall polygon list, 
it is determined at a next step 204 whether or not the same 
polygon is a polygon to be processed by turning around of 
the camera. At this Step S204, If So, the process proceeds to 
a step S205. 
0081. At the step S205, the distance (dR) between the 
point Q and the plane of wall polygon is calculated accord 
ing to Equation (2). 

0082) Then at a step S206 it is determined whether or not 
the distance dR calculated at the step S205 is smaller than 
the radius R. When the distance dR is greater than the radius 
R, there occurs no collision between the Mario and the wall, 
and accordingly the process returns back to the aforesaid 
step S203. 
0083) If “Yes” is determined at the step S206, that is, 
when dR<R, a calculation is made at a step S207 according 
to Equation (3) for determining positional coordinate (Xg", 
Yg, Zg") of a point of intersection Q" between a straight line 
extending from the point Q vertically to the wall polygon P 
and the plane of the wall polygon. 

Zg'-Zg+CxdR (3) 

0084. Then at a next step S208, it is determined whether 
to not the point Q' is on the inner Side of the polygon (within 
the range). 
0085. At step S208, it is determined onto which plane 
projection is to be made in dependence upon the direction of 
the wall (a value A). That is, when A<-0.707 or Ax0.707, 
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projection is onto a YZ plane shown in FIG. 26. Otherwise, 
projection is onto an XY plane. Where the projection is onto 
the YZ plane, it is determined whether or not in FIG. 27 the 
point Q' is on an inner Side of the polygon P1. 
0.086 Meanwhile, where projection is onto the XY plane, 

it is determined on the point Q' and apexes of the polygon 
P1 in FIG. 28 whether the value of counterclockwise cross 
product is positive or negative. That is, when C in the 
polygon-plane equation is Ce0, if each of the resulting croSS 
products is 0 or negative, then determination is that the point 
Q' is on the inner side of the polygon P. 

0087 Meanwhile, when C-0, if each of the resulting 
croSS products is 0 or positive, then determination is that the 
point Q' is on the inner side of the polygon P. 

0088. In this manner the point Q' is checked at the step 
S208 whether it is on the inner side of the polygon or not, 
and at a step 209 it is determined whether or not the point 
Q' is on the inner side of the polygon. If “Yes” at this step 
S209, the wall-impingement flag that had been reset at the 
aforesaid step S202 is set (step S210). Thereafter the process 
returns to FIG. 22. 

0089. Note that the abovestated collision-determination 
is merely one example, and it should be recognized that the 
collision-determination is possible by other methods. 
0090 Referring back to FIG. 22, after the collision 
determination at the step S103, it is determined at a step 
S104 whether or not a wall-impingement flag is set. If “No” 
at this Step S104, the process of turning around is unneces 
Sary, So that the No. n of a point to be checked is incremented 
at step S105 and the process returns back to the step S102. 
0091) If “Yes” at the step S104, it is determined at step 
S106 and step S107 whether it is on a back side of the wall. 
That is, the directionality of the polygon is determined. 
Whether the polygon is directed to the camera (the point of 
View) or not can be determined by examining the sign of the 
dot product of a normal vector N and an eye (point of view) 
vector V in FIG. 29. The conditional expression therefore is 
given by Equation (6). 

0092. With Equation (6), determinations are respectively 
possible such that if A20 the wall is directed to the camera 
(frontward) while if A<0 the wall is directed to a backside 
of the wall. If a plane existing between the camera and Mario 
is directed frontward relative to the camera, the turning 
around of camera in FIG.30 is not done. In this case, the No. 
n of the point is incremented at a step S105, and the process 
returns back to the step S102. 
0093. If the plane between the camera and Mario is 
directed backward, the answer to the step S107 becomes 
“Yes”, and the tuning-around process is carried out at 
subsequent steps S108 and S109. At the step S108, the angle 
of movement through which the position of camera (pho 
tographing position) is altered based on the flat-plane equa 
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tion for the wall. That is, the flat-plane equation in terms of 
three points P1 (X1, Y1, Z1), P2(X2, Y2, Z2), P3 (X3, Y3, 
Z3) on the flat-plane equation is expressed by a multi-term 
equation of Equation (7). 

0095 The angle Ry of the normal vector with respect to 
the Y-axis is given by Equation (8). 

Ry=tan (A/C) (8) 
0096. Therefore, the turning-around angle of camera is 
either Ry+90° or Ry-90°. That is, at the step S109 the 
camera is rotationally moved about Mario, or the operable 
object, in either direction Ry+90° or Ry-90. Specifically, 
the movement is to a location closer to the presently-Situated 
camera position (C in FIG. 21). 
0097 Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. An image processing apparatus adapted to display on a 

display an image photographed of an operable object and 
another object existing in a three-dimensional Space from a 
predetermined photographing position, comprising: 

an external memory means which Stores data of the 
operable object and the other object and, a predeter 
mined program; 

an input means which inputs data which alters the position 
of the operable object in the three-dimensional Space; 

an operable object position data generating means which 
generates operable object position data So as to alter the 
position of the operable object in the three-dimensional 
Space based on the data inputted by Said input means, 

a three-dimensional data creating means which creates 
three-dimensional databased on the data Stored in Said 
external memory means and the operable object posi 
tion data; 

a photographing position data generating means which 
generates photographing position data representative of 
a photographing position in the three-dimensional 
Space for photographing the operable object; 

a detecting means which detects whether or not the other 
object is existent between the photographing position 
and the operable object position; 

a photographing position data altering means which alters 
the photographing position data Such that the other 
object is not existent between the photographing posi 
tion and the operable object position when Said detect 
ing means detects existence of the other object; 
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a display data creating means which creates display data 
for displaying the image of the operable object photo 
graphed from a predetermined position in the three 
dimensional Space based on the three-dimensional data 
and the photographing position data; and 

an image signal generating means which outputs an image 
Signal to Said display based on the display data created 
by Said display data creating means. 

2. A three-dimension image processing apparatus accord 
ing to claim 1, wherein Said detecting means includes a 
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collision determining means which determines whether or 
not the operable object collides with the other object. 

3. A three-dimension image processing apparatus accord 
ing to claim 1 or 2, wherein Said photographing position data 
altering means includes a moving-angle Setting means which 
Sets a moving angle at which the other object becomes 
nonexistent between the photographing position and the 
operable object position. 


