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GAME DEVICE, IMAGE PROCESSING DEVICE 
AND IMAGE PROCESSING METHOD 

BACKGROUND 

0001. The present invention relates to an image process 
ing device, particularly to a game device. 
0002. In recent years, numerous image processing 
devices of the type called three-dimensional game devices 
have been proposed. An image processing device defines 
various kinds of characters in a virtual Space formed by the 
computer and loads the manipulation information of players 
into the computer through peripheral equipment Such as 
joysticks, thereby realizing image processing for moving 
characters, etc. As a result of the image processing, images 
which are viewed from a three-dimensional virtual Space 
Viewpoint, called a virtual camera, are displayed on a TV 
monitor for the players to See. 
0003. One example of the image processing device is a 
game device in which players compete against each other 
over shooting characters displayed on the Screen (for 
example, “House of the Dead” available from Sega Enter 
prises, Ltd.). This game device is composed Such that the 
Virtual camera moves along a predetermined course in the 
three-dimensional Space, and a player moves while shooting 
enemies (Zombies). Each enemy has Some weak points and 
when the player accurately hits a weak point, the enemy 
incurs a damage point, and when the total damage point 
exceed a predetermined value, the enemy is defeated. Fur 
ther, a time limit is predetermined for the player to defeat the 
enemies. Therefore, if the player fails to defeat the enemies 
within the predetermined tim limit, the player is attack d by 
the en mies and the player incurs damage points. 

0004. This game device is also composed such that, when 
the player Switches on a trigger of a gun pointing at the 
Screen, the time elapsed for the gun to detect a Scanning line 
on the Screen is computed, and the coordinates of the 
location pointed at by the gun is further computed, and 
thereby a decision is made as to whether or not a bullet will 
hit the enemy character. 
0005. This type of image processing device, however, has 
the following problems. 

0006 First of all, the conventional game device has 
configurations unfavorable to the player, for example, a time 
to fight with the enemies is predetermined and if the player 
can not defeat the enemies within the predetermined time 
limit, the player is attacked by the enemies and his/her 
damage points increase. However, in the case where the 
player does defeat the enemies within the time limit, there is 
no arrangement favorable to the player. For instance, when 
the player defeats the enemies just in time, or even when the 
player defeats them with time to Spare, there are no positive 
effects on the future development of the game or the player's 
game Score. Accordingly, there is a problem that the players, 
who are skilled in the Shooting technique and can defeat the 
enemies within the time limit, lose their fighting Spirits. 
0007 Secondly, the conventional game device is hardly 
intended to be realistic based upon deciding whether a bullet 
hits an enemy. Therefore, the player cannot develop a 
Strategy by familiarizing himself/herself with the types and 
characteristics of weapons. Accordingly, the conventional 
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gam d Vice does not pres nt nough entertaining character 
istics for a gun shooting game. 

SUMMARY 

0008. In order to achieve the above objects, the present 
invention provides an image processing method for moving 
a virtual camera located in a three-dimensional virtual Space 
at a predetermined speed and changing the distance between 
the Virtual camera and a character defined in the three 
dimensional virtual Space, wherein the moving Speed of the 
Virtual camera changes based on the distance between the 
Virtual camera and the character. 

0009. According to the image processing method, a first 
character defined in the three-dimensional virtual Space and 
a Second character manipulated by the player, are displayed, 
and the moving Speed of the Virtual camera changes based 
on the distance between the first and Second characters. 

0010. The present invention also provides an image pro 
cessing method for directing a virtual camera to a character 
located in a three-dimensional virtual Space, wherein a 
fixation point of the virtual camera is set on the character in 
a manner So that the Speed of directing the virtual camera to 
the character changes based on the distance between the 
Virtual camera and the character. 

0011. The present invention further provides a game d 
Vice that is composed Such that a virtual camera located in 
a three-dimensional virtual Space moves at a predetermined 
Speed and the distance between the virtual camera and a 
character defined in the virtual space changes, comprising: 
Virtual camera controlling means for changing a moving 
Speed of the virtual camera based on the distance b twen the 
Virtual camera and the character. 

0012. It is desirable that the game device display a first 
character defined in the three-dimensional virtual Space and 
a Second character manipulated by the player, and the Virtual 
camera controlling means change the moving Speed of the 
Virtual camera based on the distance between the first and 
Second characters. 

0013. It is also desirable that the virtual camera control 
ling means control the Virtual camera moving Speed in a 
manner that the shorter the distance between the virtual 
camera and the character becomes, the more the Virtual 
camera moving Speed decreases. 
0014) Regarding the game device, it is desirable that a 
plurality of areas be provided in the three-dimensional 
Virtual space with the virtual camera at the center, and the 
Virtual camera controlling means determine in which area a 
character closest to the virtual camera exists, and control the 
Virtual camera moving Speed in accordance with the deter 
mined area. 

0015 The present invention provides a game device for 
directing a virtual camera to a character located in a three 
dimensional virtual space comprising: fixation point Setting 
means for Setting a fixation point of the virtual camera on the 
character Such that the Speed of directing the virtual camera 
to the character chang S in accordance with the distance 
between the virtual camera and the character. 

0016. The present invention also provides a game device 
for Simulating a player's Shooting of a character defined in 
a three-dimensional virtual Space while moving a virtual 
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camera located in the three-dimensional virtual Space, com 
prising: computing means for computing a damage point of 
the character caused by the player's shooting of it, based on 
a distance between the virtual camera and the character and 
the distance between the character and the center of an 
effective shooting radius that changes in accordance with the 
distance between the virtual camera and the character. 

0.017. It is desirable that the damage point computing 
means compute a damage point of the character caused by 
the player's shooting of it, by multiplying a damage value, 
which is determined based on the distance between the 
Virtual camera and the character, by a damage rate that is 
determined based on the distance between the character and 
the center of the effective shooting radius that changes in 
accordance with the distance between the Virtual camera and 
the character. 

0.018. It is desirable that: the damage value be determined 
Such that the further the distance between the virtual camera 
and the character is, the Smaller the damage value is, the 
effective shooting radius be determined such that the further 
the distance between the virtual camera and the character is, 
the larger the effective shooting radius is, and the damage 
rate be determined Such that the further the distance between 
the character and the center of the effective shooting radius 
is, the Smaller the proportion is. 
0019. The present invention provides a game device for 
Simulating a player's shooting of a charact r defined in a 
three-dimensional virtual Space while moving a virtual cam 
era located in the three-dimensional virtual space, compris 
ing: computing means for computing a damage point of the 
character caused by the shooting in accordance with a 
proportion of an overlapping area to the shooting radius, and 
in the overlapping area an effective shooting radius and a 
collision Sphere of the enemy overlap. 
0020. The present invention provides a game device for 
Simulating a player's shooting of a character defined in a 
three-dimensional virtual Space while moving a virtual cam 
era located in the three-dimensional virtual space, compris 
ing: computing means for computing a damage point of the 
character caused by the shooting in accordance with a 
proportion of an overlapping area to the collision sphere of 
the enemy, and in the Overlapping area an effective shooting 
radius and a collision sphere of the enemy overlap. 
0021. The present invention provides an image process 
ing device that is composed to change a distance between a 
character and a virtual camera both located in a three 
dimensional virtual Space, comprising: means for computing 
the distance between the Virtual camera and the character; 
and virtual camera controlling means for changing a moving 
Speed of the virtual camera in accordance with the computed 
distance. 

0022. The present invention provides a controlling 
method of a game device for Simulating a player's shooting 
of a character defined in a three-dimensional virtual space 
while moving a virtual camera located in the three-dimen 
Sional virtual space, wherein a damage point of the character 
caused by the player's shooting of it is computed on the 
basis of a distance between the virtual camera and the 
character and the distance between the character and the 
center of an effective shooting radius that changes in accor 
dance with the distance between the virtual camera and the 
character. 
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0023 The present invention provides a controlling 
method of a game device for Simulating a player's shooting 
of a character defined in a three-dimensional virtual space 
while moving a virtual camera located in the three-dimen 
Sional virtual space, wherein a damage point of the character 
caused by the shooting is computed in accordance with a 
proportion of an overlapping area to the shooting radius, and 
in the overlapping area an effective shooting radius and a 
collision Sphere of the enemy overlap. 
0024. The present invention provides a controlling 
method of a game device for Simulating a player's shooting 
of a character defined in a three-dimensional virtual space 
while moving a virtual camera located in the three-dimen 
Sional virtual space, wherein a damage point of the character 
caused by the shooting is computed in accordance with a 
proportion of an overlapping area to the collision sphere, and 
in the overlapping area an effective shooting radius and a 
collision Sphere of the enemy overlap. 
0025 The present invention provides a game controlling 
method whereby a game device is controlled Such that it 
determines whether a hit decision area generated in a virtual 
Space in accordance with a player's manipulation overlaps 
with an object located in the Virtual space, and the character 
is damaged when it is determined that the hit decision area 
overlaps with the object, the method comprising: a step of 
obtaining first positional information indicating a position of 
a character being manipulated by the player in the Virtual 
Space; a step of obtaining Second positional information 
indicating a position of the object in the virtual Space; a step 
of computing a distance between the character and the object 
based on the obtained first and Second positional informa 
tion; a step of changing the size of the hit decision area based 
on the obtained distance, and a step of computing, when it 
is determined that the hit decision area and the object 
overlap with each other, a damage amount for the object 
based on the obtained distance, and realizing damage to the 
object based on the obtained damage amount. 

0026. It is desirable that the hit decision area be set to 
Small and the damage amount be set to large when the 
obtained distance is shorter than a predetermined distance. 

0027. It is desirable that the hit decision area be set to 
large and the damage amount be set to Small when the 
computed distance is further than a predetermined distance. 
0028. The present invention provides a game controlling 
method whereby a game device is controlled Such that it 
determines whether an effective a area, generated in a virtual 
Space with a predetermined target point at the center in 
accordance with a player's manipulation, Overlaps with an 
object located in the Virtual space and the object is damaged 
when it is determined that the hit decision area overlaps with 
the object, the method comprising: a step of obtaining 
positional information indicating a position of the object in 
the virtual Space; a step of computing an area wher in the hit 
decision area and the object overlap with each other, based 
on the hit decision area and the obtained positional infor 
mation; and a Step of generating data of a damage amount to 
be attributed to the object, based on the obtained area, and 
providing damage to the object based on the generated 
damage amount data. 
0029. The present invention provides a shooting game 
controlling method, wherein the shooting game is controlled 
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Such that it simulates a player's shooting of a character 
defined in a three-dimensional virtual Space, while a virtual 
camera located in the three-dimensional virtual space is 
moving at a predetermined speed, comprising: a Step of 
changing the distance between the character and the Virtual 
camera; a step of changing the moving Speed of the Virtual 
camera or the Speed of directing the virtual camera to the 
character, based on the distance between the character and 
the virtual camera; a step of changing the player's effective 
shooting radius based on the distance between the Virtual 
camera and the character; a step of determining whether a 
bullet has hit the character, based on the character's position 
and the location of the effective shooting radius, and a step 
of computing, when it is determined that the bullet has hit 
the character in the determination Step, a damage amount 
caused to the character by the shooting, based on both the 
distance between the Virtual camera and the character as 
well as the distance between the character and the center of 
the effective shooting radius. 

DESCRIPTION OF DRAWINGS 

0030 FIG. 1 is a block diagram indicating the general 
Structure of a game device according to one embodiment of 
the present invention. 
0.031 FIG. 2 is a flow chart of th ntire general process 
performed by the CPU according to th embodiment. 

0.032 FIG. 3 is a flow chart of the process executed in the 
game mode. 

0033 FIG. 4 illustrates the relationship between virtual 
camera movements and the enemies. 

0034 FIG. 5 is a flow chart of one example for the 
controlling process of the virtual camera. 

0035 FIG. 6(A) illustrates the relationship between the 
enemy Sensing distance and the position d of the enemy 
closest to the virtual camera. 

0036 FIG. 6(B) shows examples of formulas for com 
puting acceleration. 

0037 FIG. 7 is a diagram explaining a fixation point for 
the Virtual camera. 

0.038 FIG. 8 is a diagram showing one example of the 
relationship between the distance to the enemy and the bullet 
Strength. 

0.039 FIG. 9 is a diagram showing one example of the 
relationship between an effective Shooting Scope and the 
bullet strength. 

0040 FIG. 10 is a diagram showing one example of an 
effective Shotgun radius. 

0041 FIG. 11 is a flow chart explaining the entire hit 
decision process. 

0042 FIG. 12(A) is a flow chart of the hit decision 
proceSS. 

0043 FIG. 12(B) is an example in which a collision cone 
of the shotguns bullet is divided into 16 sections. 

0044) 
proceSS. 

FIG. 13(A) is a flow chart explaining the damage 
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0.045 FIG. 13(B) is an example of a computation for 
damage rate. 
0046 FIG. 14 shows an example of the configuration of 
the damage chart. 
0047 FIG. 15 shows image examples of objects 
(enemies) being shot. 
0048) 
0049 FIG. 17 shows an example of the configuration for 
an injury progression value (damage progression value) 
chart. 

FIG. 16 is a flow chart of the injury process. 

0050 FIG. 18 is a diagram explaining a second damage 
proceSS. 

0051 FIG. 19 is a diagram explaining a second damage 
proceSS. 

DETAILED DESCRIPTION 

0052 An embodiment of the present invention will be 
explained with reference to the drawings. In this embodi 
ment, explanations are given for the case wherein the game 
device of the present invention is applied to a gun shooting 
game of a So-called arcade type game. Nevertheless, this 
invention is not limited to this type and can also b applied 
to game Software for home game devices. 
0053 Block Diagram of Game Device 
0054 FIG. 1 is a block diagram indicating one example 
of the game device of an arcade type game for playing a gun 
shooting game, according to the present invention. The basic 
components of this game device include a game device main 
body 10, an input device 11, a TV monitor 13, and a speaker 
14. 

0055. The input device 11 is a weapon such as a gun, 
shotgun, or a machine gun, for shooting enemies in the 
game. In this embodiment, the weapon is a shotgun used by 
the game player. A shotgun includes a photoreceptor for 
reading a Scanning spot (a light spot of an electron beam) for 
an impact point on the TV monitor, and a trigger Switch that 
is equivalent to the trigger of a regular shotgun which is 
pulled. Scanning spot detection signals and trigger Signals 
are transmitted to the interface 106, which will be described 
hereinafter, via a connecting cord. The TV monitor 13 
displays images showing the Status of the game develop 
ment. The TV monitor can be replaced by a projector. 
0056. The game device main body 10 comprises a central 
processing unit (CPU) 101, a ROM 102, a RAM 103, a 
sound device 104, an input/output interface 106, a scroll data 
processor 107, a coprocessor (auxiliary processor) 108, a 
landform contour data ROM 109, a geometrizer 110, a form 
data ROM 111, a drawing device 112, a texture data ROM 
113, a texture map RAM 114, a frame buffer 115, an image 
composition device 116, and a D/A converter 117. Examples 
of a storage medium used in this invention as the ROM 102, 
may include a hard disc, a cartridge-type ROM, a CD-ROM, 
other well-known media, and communication media (the 
intern t and other personal computer communication net 
works). 
0057 The CPU 101 is connected through a bus-line to: 
the ROM 102 having a predetermined program stored 
therein; RAM 103 for storing data; Sound device 104; 
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input/out interface 106; scroll data processor 107; coproces 
sor 108; and geometrizer 110. The RAM 103 is operated as 
a RAM buffer. Various commands (to display objects, etc) to 
the geometrizer 110 and matrices obtained by computing the 
transformation matrix are written on the RAM 103. 

0.058 The input device 11 (shotgun) is connected to the 
input/output interface 106. CPU 101 checks whether the 
shotgun was fired based on a Scanning Spot detection Signal 
Sent from the Shotgun 11 and a trigger Signal indicating that 
the shotgun Switch was pulled, and identifies an impact point 
and the number of shots fired in accordance with the current 
coordinates (X, Y) of the location of the Scanning electron 
beam on the TV monitor and a location of a target. Then, 
CPU 101 sets various corresponding flags at predetermined 
positions in the RAM 103. 
0059. The sound device 104 is connected to the speaker 
14 through a power amplifier 105, and audio signals gen 
erated by the sound device 104 are amplified in electric 
power, and then transmitted to the Speaker 14. 
0060. In this embodiment, the CPU 101 reads, on the 
basis of a program stored in the ROM 102, the game story 
development, the landform data in ROM 109 or the form 
data (three-dimensional data of “objects Such as enemy 
characters' and “the game Scenery including landscape, 
buildings, interiors, and underground passages) in the ROM 
111, then the CPU 101 determines the situation in the 
three-dimensional virtual Space and executes the shooting 
proceSS in correspondence with the trigger Signals Snt from 
the input device 11. 
0061 Regarding the various objects in the virtual game 
Space, their coordinate values in the three-dimensional Space 
are determined, then the transformation matrix for trans 
forming the coordinate values to a viewpoint coordinate 
System, and the form data (buildings, landforms, interiors, 
laboratories, furniture, etc.) are specified to the geometrizer 
110. The coprocessor 108 is connected to the landform data 
ROM 109, and accordingly, the landform data for the 
predetermined movement course of the camera is delivered 
to the coprocessor 108 (and the CPU 101). The coprocessor 
108 decides whether a bullet hits a target, computes devia 
tions of objects from the camera's line of Sight, executes the 
proceSS for the movement of the line of Sight, and takes on 
computing floating-points upon Such decision and compu 
tation. Consequently, the results of the coprocessor's deci 
Sion as to whether a bullet hit an object and the process for 
the movement of the line of sight which is movement 
relative to the position of the objects, are transmitted to the 
CPU 101. 

0062) The geometrizer 110 is connected to the form data 
ROM 111 and the drawing device 112. Prestored on the form 
data ROM 111 is the polygon form data (three-dimensional 
data of buildings, walls, corridors, interiors, landforms, 
Scenery, the main character, characters on the main charac 
ter's side, various kinds of enemies (Zombies), etc., all being 
composed of respective vertices). This form data is delivered 
to the geometrizer 110. The geometrizer 110 executes the 
perspective transformation of the form data Specified by the 
transformation matrix sent from the CPU 101, and obtains 
the form data in which the coordinate system of the three 
dimensional virtual space has been transformed to the coor 
dinate System of a visual field. 
0.063. The drawing device 112 pastes together the trans 
formed form data of the visual field coordinate system and 
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the textures and then outputs it to the frame buffer 115. For 
pasting together the textures, the drawing device 112 is 
connected to the texture data ROM 113, the texture map 
RAM 114, and the frame buffer 115. Polygon data refers to 
a data group of relative or absolute coordinates of respective 
vertices each composing a polygon (mainly a trigon or 
tetragon), which consists of a set of plural vertices. The 
polygon data stored in the landform data ROM 109, is set 
relatively roughly but enough to move the camera in the 
Virtual space along the game Storyline. On the other hand, 
the polygon data stored in the form data ROM 111, is set in 
more detail concerning the forms, Such as enemies and 
backgrounds, that compose the Screen. 
0064 Scroll data processor 107 processes data such as 
letters on a scroll screen. The scroll data processor 107 and 
the frame buffer 115 are connected to the TV monitor 13 via 
the image composition device 116 and the D/A converter 
117. Accordingly, the polygon Screen (a simulation result) 
for objects (enemies) and landforms (backgrounds) Stored 
temporarily in the frame buffer 115, and the scroll screen for 
text information (for example, the player's LifeCount value, 
damage points, etc.) are composed to generate final frame 
image data. This frame-image data is converted into analog 
signals by the D/A converter 117 and transmitted to the TV 
monitor 13, thereby, real-time images of the shooting game 
are displayed. 

0065) Entire Game Flow 
0066 Now, the entire flow of the game will be explained 
with reference to FIG. 2. FIG. 2 is a flow chart explaining 
the outline of the game, and the proceSS flow is broadly 
classified into a movement mode and a game mode. In the 
movement mode (S10), the virtual camera moves in the 
Virtual game Space created in the computer System in 
accordance with the pre-programmed game Story, and also 
projects various game Status updates onto the Screen. 
0067. When the virtual camera moves to a point where a 
preprogrammed enemy appears, an enemy is displayed on 
the Screen (S20) and the game Switches to the game mode 
for developing the shooting game (S30). During the game 
mode, the player can move forward while shooting the 
enemies. When the player defeats the enemies, the virtual 
camera again moves according to the preprogrammed game 
story and enters another game status (S40; YES), thereby 
further developing the game (S10 to S30). 
0068 If the player can not defeat the enemies and loses 
or if the player clears the final game (S40; NO), the game is 
determined to be over. The player can go back to the game 
mode of a different Status or the exact game mode in which 
the player lost, if, for example, the main character's damage 
is not heavy (S50; NO). Alternatively, the game is over (S50; 
YES) when the set time of each section of the game runs out 
or when game parameters, Such as damage point, Satisfy the 
game termination requirements. 

0069 Game Model 
0070. Now, the process flow in the game mode will be 
explained with reference to FIG. 3. FIG. 3 is a flow chart 
explaining the process in the game mode (S30). The virtual 
camera moves in the Virtual Space and when an enemy 
appears, an enemy appearance means execut S the process to 
make enemies appear of the type and number prepro 
grammed for the scene (S302). Regarding the process to 
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mak enemies appear, well-known techniqueS Such as the 
Japanese Patent Laid-Open Publication No. Hei 10-185547 
may be used. 
0071 Along with the appearance of an enemy, a virtual 
camera controlling means changes the moving Speed of the 
Virtual camera in accordance with the distance between the 
virtual camera (viewpoint) and the enemy (S304). The 
process to control the moving Speed of the virtual camera 
will be explained hereinafter with reference to FIGS. 4 to 6. 
The Virtual camera controlling means also changes a fixation 
point of the Virtual camera in accordance with the distance 
between the virtual camera (viewpoint) and the enemy 
(S304). This process will be explained hereinafter with 
reference to FIG. 4. 

0.072 The player can shoot the enemies that appear on the 
Screen. When an enemy is shot, a shooting result determi 
nation means determines a shooting result (S306). At first, 
the shooting result determination means determines whether 
the bullet has hit the enemy (hit decision), and if the bullet 
has hit the enemy, a hit flag is Set for the shot enemy, and a 
damage point and an injury progression value incurred by 
the shot are computed. The hit decision and the computation 
of a damage point are executed in accordance with the 
shotgun properties, and the details of this proceSS will be 
hereinafter explained with reference to FIGS. 11 to 13. 
0.073 When the enemy is shot and vanishes, an enemy 
moving means executes the enemy moving process (S308) 
for moving another enemy towards a clear space or the place 
where the previous enemy was shot. AS for the moving 
process of the enemies, well-known techniques Such as the 
above-cited Japanese Patent Publication Hei 10-165547 may 
be used. 

0.074. Subsequently, a determination is made as to 
whether the fighting will continue. If the fighting is not yet 
finished (S310; YES), such as in the case that some enemies 
Still remain on the Screen, it is determined whether to make 
further enemies appear based on the program of the game 
story (S312). If another enemy should appear (S312; YES), 
the enemy is made to appear (S302). If enemies should no 
longer appear (S312; NO), the determination of the shooting 
results for the remaining enemies (S306) is moved on to, and 
Steps 308 to 310 are repeated. When the fighting is deter 
mined to be over (S310; NO), the process returns to the 
above-mentioned Step 40. Then, it is determined whether to 
return to the movement mode that leads to another fight 
scene (S40), or to finish the game (S50). 
0075 Virtual Camera Movement 
0.076 Now, improvements regarding the virtual camera 
movements by a virtual camera controlling means will be 
explained. The Virtual camera is a viewpoint located in the 
three-dimensional virtual space, and imageS Seen from this 
Viewpoint are presented to the player through the monitor. In 
the conventional game, when the Virtual camera arrives at 
the preprogrammed enemy appearance point, the Virtual 
camera Stops its movement. Accordingly, when an enemy 
appears (i.e. when the virtual camera arrives at a predeter 
mined position), the player stops to shoot the enemy. Fur 
ther, the moving Speed for the Virtual camera of a conven 
tional game is constant. 
0.077 On the contrary, in this embodiment, since the 
moving Speed of th camera changes in accordance with the 
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distance between the camera and the enemy, the player's 
Speed of defeating the enemies affects the progression of th 
game. For example, the moving Speed of the camera is 
changed Such that the shorter the distance becomes, the 
slower the moving Speed of the camera becomes. Accord 
ingly, the faster the player defeats the approaching enemies 
(the more the player defeats the enemies far off in the 
distance), the faster the game progresses, and consequently, 
the player can obtain a higher Score. On the other hand, the 
more slowly the player defeats the enemies, the more slowly 
the game progresses, therefore, the player cannot obtain a 
high Score. In short, in the event that the player defeats the 
enemies within the time-limit, the Speed of defeating the 
enemies influences the game development and the game 
results. Further, Since the player finds and shoots the 
enemies while moving toward a destination, the player feels 
a Sense of urgency and thus, an increased enjoyment of the 
game. 

0078. Now, the relationship between the virtual camera 
movement and an enemy will be explained with reference to 
FIG. 4. As shown in FIG. 4, the virtual camera moves along 
a predetermined track with a predetermined Speed and angle. 
There is a certain distance (enemy Sensing distance) from 
the Virtual camera, wherein the player can Sense an enemy 
and the virtual camera moving Speed changes depending on 
the distance between the virtual camera and the enemy. 
When an enemy comes within this enemy's Sensing dis 
tance, the virtual camera moving Speed decelerates. The 
closer the enemy approaches the virtual camera, the more 
the virtual camera moving speed decelerates, and when the 
enemy reaches a certain proximity, the Virtual camera stops 
its movement. 

0079 AS FIG. 4 shows, the enemy sensing distance is 
divided into three areas having th virtual camera at the 
center: a normal moving Speed area in which the Virtual 
camera mov S at a normal Speed; a low moving Speed area 
in which the virtual camera moves at a low speed; and a 
non-moving area in which the Virtual camera Stops its 
movement. These areas are defined by the enemy's distance 
from the virtual camera. 

0080 When an enemy is in the normal moving speed area 
of the camera, the player feels that the enemy is quite far 
away, and the moving Speed of the Virtual camera does not 
change and maintains its normal Speed. When the enemy 
enters the low moving Speed area of the camera, the player 
feels that he/she must defeat the enemy and the virtual 
camera moving Speed becomes slower than the normal 
Speed. When the enemy further enters the non-moving area 
of the camera, the player feels danger that he/she might be 
defeated, and the Virtual camera stops its movement. Areas 
for determining the virtual camera moving Speed are not 
limited to these three areas. Any area can be appropriately 
Set according to the difficulty level of a game. 
0081. Next, explanations will be given for the process 
flow to change the virtual camera moving Speed in accor 
dance with the distance between the camera and the enemy, 
with reference to FIGS. 5, 6(A) and 6(B). FIG. 5 is a flow 
chart explaining the process for controlling the Virtual 
camera (S304 in FIG.3). FIG. 6(A) shows the areas of the 
different moving speeds of camera. FIG. 6(B) explains 
formulas for computing an acceleration for the camera. 
0082. At first, a position d of an enemy that is closest to 
the virtual camera is determined (S304a). As shown in FIG. 
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6(A), the non-moving area of the camera is within the 
2.5-meter distance from the virtual camera; the low moving 
Speed area of th camera is within the 10-meter distance from 
the Virtual camera (excluding the non-moving area of the 
camera); and the normal moving speed area of the camera is 
an area further than the 10-meter distance from the virtual 
camera, respectively. 

0.083. Then, the enemy's position d is determined 
whether it is within the non-moving area of the camera 
(S304b). If it is determined that it is within the non-moving 
area (S304b; YES), an acceleration in the non-moving area 
is computed (S304c). The acceleration is obtained by the 
formula shown in FIG. 6(B). 
0084. If it is determined that the enemy's position d is not 
within the non-moving area of the camera (S304b; NO), it 
is then determined whether the position d is within the low 
moving speed area of the camera (S304d). If it is determined 
that the position d is within the low moving Speed area of the 
camera (S304d; YES), an acceleration in the low moving 
speed area of the camera is computed (S304e). But, if it is 
determined that the enemy's position d is not within the low 
moving speed area of the camera (S304d, NO), an accel 
eration in the non-moving area of the camera is computed 
(S304f). 
0085. The virtual camera moving speed s is computed 
based on the above-obtained acceleration (S304g), and it is 
further determined whether the obtained moving speeds is 
less than Zero (S304h).) If the obtained moving speeds is 
less than Zero (S304h; YES), the moving speed S is set to 
Zero (S304i). Conversely, when the obtained moving speed 
s is not less than Zero (S304k, NO), it is determined whether 
it is more than one, and if it is more than one (S304k, YES), 
the moving Speed S is Set as one. 
0.086 To rephrase the above processing, first, the position 
d of the enemy (the distance between the virtual camera and 
the enemy character) is computed. Then, an area that 
includes the enemy's position d is determined, the accelera 
tion of the virtual camera is computed based on the Specified 
area, and the virtual camera moving Speed is computed on 
the basis of the obtained acceleration. 

0087. In the case that plural enemy characters are defined 
(appear) in the virtual space and when all the enemies have 
been defeated, the Virtual camera moving Speed may be Set 
back to the normal Speed. Specifically, it is determined 
whether the enemy characters in the virtual Space have all 
been defeated. If So determined, the Virtual camera moving 
Speed is set back to the normal Speed. 
0088. Further, the virtual camera moving direction and 
the game story development may be changed (or may follow 
other preprogrammed branches) in accordance with the time 
elapsed for enemy characters to appear in the Virtual space 
and to be annihilated. Specifically, the time elapsed is 
measured, then a virtual camera moving direction is Selected 
and the game Story is Specified for how it will develop in 
accordance with the time. 

0089. As described above, the virtual camera moving 
Speed changes in accordance with the distance between the 
Virtual camera and the enemies, and the shorter the distance 
becomes, the slower the Virtual camera moving Speed 
becomes. Accordingly, if the player shoots the enemies from 
far away, the virtual camera moving Speed does not 
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decrease. In other words, the faster the play r defeats the 
enemies, the fast r the game advances, thereby the player 
obtains a higher Score. 

0090. Furthermor, since the virtual camera moving speed 
changes in accordance with the distance from the enemies, 
the game device can provide a tense mood. For example, 
while a target enemy approaches from the back of the Screen, 
the player (the virtual camera) moves toward a certain 
destination. The moving Speed of the player does not change 
as long as the enemy is far away, therefore, the player feels 
as if he/she is advancing towards the destination on his/her 
own. However, as time passes and the enemy approaches the 
player, the player's moving Speed decelerates and the player 
recognizes that he/she will have a battle with the enemies 
and so he/she becomes nervous. When the enemy finally 
reaches a certain range, the player's character Stops its 
movement and remains in that position until the battle with 
the enemy is over. The player fights with the enemies with 
a Sense of urgency, fearing that he/she might be defeated. 
Accordingly, the combination of the player's movements 
and the enemies movements can provide a real-life tense 
atmosphere. 

0091 Fixation Point of the Virtual Camera 

0092. The virtual camera moves in the three-dimensional 
Virtual Space according to the program. AS shown in FIG. 7, 
the line of Sight of the camera is directed to a certain point 
(a fixation point) in the virtual space and images are gen 
erated with the fixation point at the center of the display 
Screen. The fixation point is controlled according to the 
enemy's Situation which is located in the direction of the 
Virtual camera's line of Sight. Control of the fixation point is 
executed Such that the Speed with which the fixation point 
follows the enemy changes based on the distance between 
the Virtual camera and the enemy. More specifically, as the 
enemy reaches within the enemy Sensing distance, the 
fixation point Starts to follow the enemy, and the Shorter the 
distance becomes, the Speed of the fixation point for fol 
lowing th enemy increases. 

0093 Explanations will be given for a case in which the 
fixation point is controlled in accordance with the distance 
between the Virtual camera and the enemy, with reference to 
FIG. 4. The fixation point of the virtual camera is prede 
termined according to the program. When an enemy reaches 
within the enemy sensing distance (enemy 1 in FIG. 4), the 
fixation point of the virtual camera starts to follow the 
enemy, but since the enemy is still far away from the Virtual 
camera, the Speed of the fixation point for following the 
enemy is Set to slow. However, when the enemy approaches 
the virtual camera (enemy 2 in FIG. 4), the enemy following 
Speed of the fixation point is Set to fast. Finally, when the 
enemy arrives at a certain distance (enemy 3 in FIG. 4), the 
speed of the fixation point for following the enemy will be 
at the maximum Setting. 

0094) To rephrase the above process, a fixation point 
Setting means Sets a fixation point of the virtual camera. 
Next, it Selects an enemy on which the fixation point should 
be fixed. This enemy is the one within the enemy Sensing 
distance and closest to the virtual camera. Then, the fixation 
point Setting means determines the Speed to move the 
fixation point in accordance with the enemy's position and 
moves the fixation point at the determined speed. 
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0.095 Shotgun Shooting Results Determination Process 
0.096 Now, explanations are given for improvements in 
the shooting result determination proceSS which is per 
formed when the player shoots the enemies. In this embodi 
ment, the players weapon is a shotgun. Accordingly, it is 
desirable that the shooting results be determined in a manner 
that effectively demonstrates the shotgun property in which 
“bullets Scatter in a wide radius'. It is understood that this 
characteristic of the shotgun means that, if fired at an object 
closeby, bullets impact a Small area with high density, 
thereby demonstrating their greatest Strength. On the other 
hand, if fired at a distant object, bullets Scatter and impact a 
wide area with low density, thereby a deadly force cannot be 
fully realized. 
0097 Accordingly, in this embodiment, damage to be 
suffered by an enemy is determined based on the following 
points: the amount of damage changes according to the 
distance to the enemy; an effective shooting Scope (bullet 
Strength) will change in accordance with the above distance: 
and the damage also changes in accordance with the bullet's 
impact point within the effective radius. 
0.098 FIG. 8 is a diagram showing one example of the 
relationship between the distance to the enemy and the bullet 
strength. As shown in FIG. 8, the bullet strength and the 
effective shooting Scope are determined to change according 
to the distance to the enemy. For example, if the distance is 
3 meters, the bullet strength is 100 points, but the bullet 
Strength decreases to 60 points when the distance is 5 
meters, and to 30 points when the distance is 7 meters. 
Whereas, if the distance to the enemy is 3 meters, the 
effective shooting Scope is 20 centimeters, and it expands to 
60 centimeters when the distance is 5 meters, and to 70 
centimeters when the distance is 7 meters. 

0099 FIG. 9 shows an example of the relationship 
between the effective shooting Scope and the bullet Strength. 
As shown in FIG. 9, the bullet strength is set in a manner so 
that the further the impact point is located from the target 
point of the player (the center of the concentric circle), the 
more the bullet Strength and the damage Suffered by the 
enemy decrease. FIG. 10 shows on example of the r 
lationship between the distance to the enemy and the effec 
tive shooting Scope. 
0100. The shooting results of the player based on the 
above settings, will be explained with reference to FIGS. 8 
and 9. If the player shoots an enemy (for example, the head 
of the enemy) when it is within three meters of the player, 
the player can cause damage to the enemy worth 100 points. 
Whereas, if the player shoots the enemy when it is within 
five meters of the player, the player can cause damage worth 
only 60 points, even if aiming at the same head. However, 
the effective shooting Scope, which is 20 centimeters when 
the distance is 3 meters, expands to 50 centimeters when the 
distance is 5 meters, and accordingly, there is a high possi 
bility that the bullet will hit the head and other parts of the 
body (chest and shoulders) at the same time, consequently, 
this may cause more damage to the enemy. When aiming at 
the center of the enemy's head, a bullet that hits the chest is 
out of the radius of 100% bullet strength, but in the radius 
of 80% bullet strength. On the other hand, if aiming at the 
neck, the player can damage both the head and the chest with 
100% bullet strength. 
0101 Since an effective point to aim at varies in accor 
dance with the distance to the enemy, by learning the 
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shotgun properties, Strategies to defeat the enemies become 
possible. Therefore, the entertaining characteristics of the 
game are enhanced. 
0102) Now, the process flow executed when the player 
shoots an enemy will be explained. FIG. 11 is a flow chart 
explaining the process of the shooting results determination 
process (S306 in FIG.3). At first, when the player shoots the 
enemy, the hit decision means executes the hit decision 
process for determining whether the bullet hits the enemy 
(S306a). This hit decision process will be described here 
inafter with reference to FIGS. 12(A) and 12(B). When the 
hit decision means determines that the bullet has hit the 
target in the hit decision process, a hit flag is Set. 
0103) Then, for the enemies having hit flags set, a dam 
age computing means executes the damage proceSS for 
computing a damage point caused by the shooting (S306b). 
The damage process will be described hereinafter with 
reference to FIGS. 13(A) and 13(B). Further, injury severity 
computing means executes the injury process for determin 
ing the injury Severity of the enemies in accordance with the 
shooting results and expressing the injury visually (S306c). 
The injury process will be hereinafter described with refer 
ence to FIG. 16. 

0104 Hit Decision Process 
0105 Now, the process flow of the hit decision executed 
when the player Shoots an enemy, will be explained with 
reference to FIGS. 12(A) and 12(B). FIG. 12(A) is a flow 
chart explaining the hit determination process flow. When 
the player shoots an enemy (S306a1; YES), the enemy's 
coordinates are converted on the coordinate System in which 
the players position is an original point and the vector of the 
shooting direction is a Z-axis (S306a2). 
0106 A radius DR, i.e., an effective shooting scope 
(extent of the Scatter shot) at the Z position of the enemy is 
computed (S306.a3) and a distance L between the enemy and 
the Z-axis is computed (S306.a4). Subsequently, a radius R 
of the enemy's collision sphere is computed (S306.a6) and it 
is determined whether the bullet has hit the enemy based on 
the radius DR, the distance L, and the radius R (S306.a6). 
Specifically, when the sum of the radius R and the radius DR 
is greater than or equal to the distance L, it is considered that 
the bullet has hit the enemy (S306.a6; YES). Whereas, when 
the sum is less than the distance L (S306a6; NO), it is 
considered that the bullet has missed the enemy (S306a7). 
0107 When the bullet has hit the enemy, the cross section 
of the collision cone of the Shotgun pellets at the enemy's Z. 
position is divided into Sections of a predetermined number 
(for example, 16 Sections), and it is determined which 
sections cover the enemy (S306a8). FIG. 12(B) shows the 
conical cone which is divided into sections 1 to 16. 

0108. After executing the process from S306a1 to 
S306a8 for all the enemies that have appeared on the screen 
(S306a9), the enemies are realigned according to their Z 
positions (S306a10), and the sections of the collision cone 
that were hit cover enemies in order of the shortest distance 
along the Z-axis from the shotgun (S306a11). 
0109) It is determined whether the enemy is covered by 
any of sections 1 to 16 (whether any section is filled with the 
enemies) (S306a12), and if it is determined that the enemy 
is not covered in any Section, a hit flag is not Set for the 
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enemy (S306a13). On the other hand, if it is determined that 
the enemy is covered by a Section, a hit flag for the enemy 
is set (S306a14). In short, it is determined that the bullet 
missed the enemy, if all the Sections that have been hit 
already completely have covered the other enemies, and a hit 
flag is not set for the enemy. 
0110. The process from S306a1 to S306a 14 is repeated 

until the hit decision proceSS is completed for all the 
enemies. 

0111. With this process, it is possible to execute th 
shotgun hit decision many times without executing the hit 
decision of the vector and the enemy's collision Sphere. 
0112 First Damage Process 
0113 Now, explanations will be given with reference to 
FIG. 13 for the flow of the damage process for computing 
a damage point incurred by the enemies based on the 
player's shooting. FIG. 13 is a flow chart explaining the 
damage process. The body of an enemy is composed of 
predetermined body Sections (for example, head, arms, legs, 
chest, etc.), and each body Section is composed of prede 
termined body parts (for example, an "arm' has a “shoulder, 
“upper arm,”“lower arm,” and “hand”). The presence or 
absence of a hit flag, which is Set in the hit decision proceSS 
explained by FIG. 12(A), tells whether the bullet has hit any 
body section or body sections of the enemy's body as well 
as which body section or body sections were hit. 

0114. It is determined whether a hit flag is set for a 
predetermined body section (S306b1). If the hit flag is set, 
the part closest to the impact point is selected (S306b2). 
Then, the effective shotgun radius at the impact point is 
specified (S306b3) and a distance from the selected body 
part to the impact point is computed (S306b4). Subse 
quently, a damage rate based on the distance from the 
trajectory is calculated (S306b5). 
0115 The damage rate can be obtained by the formula 
shown in FIG. 13(B). In this formula, the minimum damage 
rate (MIN DAMAGE RATE) is a bullet strength percent 
age at the furthest position from the impact point within the 
shotgun radius, for example the minimum damage rate is Set 
as 0.1, for example. The maximum damage rate 
(MAX DAMAGE RADIUS RATE) in the maximum 
impact radius is a bullet Strength percentage, which deter 
mines a radius around the impact point for which the same 
Strength should be applied. In short, the bullet Strength at the 
impact point is maintained within a certain radius from the 
impact point. The damage radius (SHOT GUN RADIUS) 
is a radius wherein the bullet Strength at the impact point is 
effective, and it also represents a range in which bullets 
Scatter (i.e., hit decision area). A distance from the center of 
the trajectory (HIT LEN) is a distance between the center of 
the trajectory and the enemy, and is obtained by Subtracting 
the radius of the enemy's collision sphere from the distance 
between the center of the trajectory and the enemy. 
0116. When the damage rate is obtained at S306b5, a 
damage value is specified with reference to the damage chart 
shown in FIG. 14 (S306b6). The damage value is deter 
mined based on the distance to the enemy and the body 
section to which the body part belongs (S306b6). 
0117 FIG. 14 is one example of the configuration of the 
damage chart. The damage chart Stores the damage values 
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that determine a damage point of the enemies that have been 
shot. In FIG. 14, it is assumed that the average physical 
power value of the enemies is Set at 200 points. AS shown 
in FIG. 14, the damage values are set according to the 
distance between the player and an enemy and a body 
Section that has been shot. The physical power value of an 
enemy which has been hit is calculated by: at first, obtaining 
the damage point of the enemy by multiplying the damage 
value by the damage rate based on the distance to the impact 
point (center of the trajectory); and then Subtracting the 
computed damage point from the physical power value 
which the nemy owned before it was shot. 
0118) If the distance to th nemy is 3 m trs or less and the 
body part that has b n shot is the arm, the damage value 
suffered by the enemy is “30 points. A damage point of the 
body part is computed by multiplying the damage rate by the 
damage value (S306b7). 
0119) If damage points of all the body sections are not 
computed, damage points of the rest of the body Sections are 
computed (S306b8; NO). When the damage points of all the 
body Sections have been obtained, the damage points are 
Summed up for the respective body Sections and the total 
damage point to the enemy is obtained (S306b9). In other 
words, the Sum of the damage points of the respective body 
Sections is the total damage point Suffered by the enemy, and 
this total damage point is Subtracted from the physical power 
value of the enemy. If after the subtraction, the physical 
power value is less than a predetermined value, the enemy 
Vanishes from the Screen. 

0120 FIG. 15 shows image examples of objects 
(enemies) being shot. FIG. 15 shows two examples wherein 
the objects were shot at the same impact point but from 
different distances, the effective shooting Scopes being 
shown with circles of dashed lines, and damage being shown 
with f. figures. If the enemy is shot at short range as shown 
in FIG. 15(A), the bullets scatter around the abdomen, and 
each body part will be heavily damaged even though there 
are only a few points of damage. Whereas, if the enemy is 
shot at long range as shown in FIG. 15(B), the bullets scatter 
in a wide range throughout the whole body, but the damage 
to each body part is Small. 

0121 To summarize the above explanations, the distance 
betwe n the Virtual camera and an enemy character affects 
not only the Virtual camera's moving Speed, but the amount 
of damag Suffered by the enemy character that was shot. Due 
to this fact, the player will be conflicted Since on the one 
hand, Shooting at Short range demonstrates great bullet 
Strength and enables the player to defeat one enemy in a 
Short time, but the player's moving Speed will become slow. 
On the other hand, if there are many enemies, it may be 
better to shoot them at long range even with Small bullet 
Strengths because the player can damage an enemy in a wide 
range, thereby defeating the enemies more quickly and the 
player can move forward in the game. Thus, the entertaining 
characteristics of the game are enhanced. 
0122) Injury Process 
0123 Now, explanations will be given for the flow of the 
injury proceSS for displaying an injury Status of an enemy in 
accordance with the shooting by the player. By this injury 
process, how much the enemy is damaged is visually dis 
played. Every time the enemy is shot, an injury progression 
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value due to the shot is attributed to the enemy, and the 
damage (injury Status) is displayed in correspondence with 
the accumulated injury progression values. The injury pro 
gression value to be attributed to the enemy, is Set in 
accordance with the distance to the enemy. Specifically, the 
Shorter the distance is, the larger the injury progression value 
is Set, and the longer the distance is, the Smaller the injury 
progression value is Set 
0.124. Each body part on the enemy is provided with 
damaged body parts that express damage (injury status) 
corresponding to the predetermined levels. For example, the 
body part, the “chest,” of an enemy A is provided with 
damaged body parts that correspond to five levels (0->1-> 
2->3->4) of damage. The damaged body parts are composed 
Such that the Severity increases at each level. For Xample, 
level 0 shows an image of the chest with no damage; at level 
1 a part of the chest is bleeding, at level 2, a part of the chest 
is damaged; at level 3, the entire ch St is damaged; and at 
level 4, the chest is shattered. Damage levels and their 
modes of expression may be set differently depending on the 
enemy types. 

0.125 FIG. 16 is a flow chart explaining the injury 
process. The presence or absence of a hit flag, which is Set 
in the hit decision process explained with reference to FIG. 
12, indicates whether a bullet hit a body section of the 
enemy's body. 

0126. At first, it is determined whether a hit flag is set for 
a predetermined body section (S306c1), and if the hit flag is 
set for the body section (S306c1; YES), a body part closest 
to the impact point within the present body Section is 
selected (S306c2). Then, the injury progression value chart 
(damage progression value chart) in FIG. 17 is referred to, 
and an injury progression value is specified based on the 
player's distance to the enemy (S306c3). 
0127 FIG. 17 shows one example of the configuration of 
the injury progression value chart, wherein the injury pro 
gression values are Set in accordance with the distance to the 
enemy. As shown in FIG. 17, the injury progression values 
of a body part A of a certain body Section are Set Such that 
the shorter the distance to the enemy the player is, the more 
the value increases, and the further the distance is, the more 
the value decreases. In FIG. 17, the injury progression 
values only of the body part A (upper part of an arm) are 
indicated. Other body parts (for example, lower arms) and 
other body Sections (for example, the head) are omitted in 
FIG. 17, but the injury progression values of those parts are 
Similarly Set. 
0128. After specifying the injury progression value, the 
injury progression value that is already Stored in a prede 
termined storage area is added (S306.c4). In short, if the 
present body part has previously been hit, the injury pro 
gression value of the present impact is added to the injury 
progression value of the previous impact, thereby increasing 
the total injury progression value. Parameters of the dam 
aged body parts are referred to based on the accumulated 
injury progression value, and a damaged body part which 
will be displayed is Specified as it shows the shooting result 
(S306c5). 
0129. Specifically, the damaged body part is specified by 
the formula "display damaged body part=injury progression 
value of the present body part+10 (fractions omitted)”. For 
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example, when the enemy is shot from a distance of 8 
meters, the injury progression value of the body part is “7”, 
and the formula is “7/10=0 (fractions omitted)", therefore, the 
damaged body part of level “0” is displayed. When the 
enemy is shot again from the same distance, the accumulated 
injury progression value is "7+7=14, and the formula is 
“1%0=1 (fractions omitted)", thereby the damaged body part 
of level “1” is displayed. 
0.130. Whereas, if the enemy is shot from a distance of 3 
meters, the injury progression value of the present body part 
is “15” and the formula is “15/10=1 (fractions omitted)", and 
accordingly, the damaged body part of level “1” is displayed. 
When the enemy is shot again from the same distance, the 
accumulated injury progression value is “15+15-30”, and 
the formula is “3%0=3 (fractions omitted)", thereby, the 
damaged body part of level “3” is displayed. In this way, 
when the distance to the enemy at the time of impact is short, 
the Severity of the enemy's injury increases even if impacted 
only a few times. 
0131 Second Damage Process 
0.132. Now, explanations will be given for the second 
damage process of damage Suffered by the enemy due to the 
shooting. A proportion ("first overlapping proportion”) of 
the overlapping area (hit determined portion) to the entire 
effective shooting radius (damage radius) is computed, and 
in the overlapping area, the damage radius and the enemy's 
collision Sphere overlap. A damage point is then computed 
based on the obtained proportion. Specifically, the damage 
point is computed by multiplying a damage value of the 
damage radius by the first overlapping proportion. Details 
will be explained with reference to FIG. 18. 
0.133 FIG. 18 explains the second damage process. In 
FIG. 18(A), the proportion of the hit determined portion to 
the damage radius is 100%. An enemy's damage point is 
obtained by the formula "enemy's damage point=damage 
valuexfirst overlapping proportion (%)". Accordingly, if the 
damage value is set to 100, the damage point of the enemy 
is 100 by calculating “damage value (100)xfirst overlapping 
proportion (100%)=100”. 
0134) In FIG. 18(B), the proportion of the hit determined 
portion to the damage radius is 50%. If the damage value is 
set to 100, the enemy's damage point is 50 by the formula 
“damage value (100)xfirst overlapping proportion (50%)= 
50”. The fact that the proportion of the hit determined 
portion to the damage radius is 50%, means that 50% of the 
damage radius overlaps with the enemy's collision Sphere. 
0.135 Now, another example of the second damage pro 
cess will be explained. In this example, a proportion (“Sec 
ond overlapping proportion”) of the overlapping area (hit 
determined portion) to the entire collision sphere of the 
enemy is computed, and in the Overlapping area, the damage 
radius and the enemy's collision sphere overlap. A damage 
point is then computed based on the obtain d Second 
overlapping proportion. Specifically, the damage point is 
obtained by multiplying the damage value of the damage 
radius by the Second overlapping proportion. Details will be 
explained with reference to FIGS. 18(C) and 18(D). 
0136. In FIG. 18(C), the proportion of the hit determined 
portion to the enemy's collision Sphere is 100%. A damage 
point of the enemy is obtained by calculating “enemy's 
damage point=damage valuexSecond overlapping propor 



US 2004/006.3501 A1 

tion (%). Accordingly, when the damage value provided by 
the entire damage radius is Set to 100, the enemy's damage 
point is 100 by the formula “damage value (100)xSecond 
overlapping proportion (100%)=100”. 
0137). On the other hand, in FIG. 18(D), the proportion of 
the hit determined portion to the enemy's collision Sphere is 
50%. Accordingly, when the damage value provided by the 
entire damage radius is set to 100, the enemy's damage point 
is 50 by calculating “damage value (100)xsecond overlap 
ping proportion (50%)”. The fact that the proportion of the 
hit determined portion to the enemy's collision sphere is 
50%, means that 50% of the enemy's collision sphere 
overlaps with the damage radius. 
0.138. Now, explanations will be given, with reference to 
FIG. 18(E), as to how to compute an area ("hit determined 
portion”) wherein the damage radius and the enemy's col 
lision sphere overlap with each other. As shown in FIG. 
18(E), the damage radius is divided into lattices of a 
predetermined size. Then, it counts the number of lattices 
overlapping the collision sphere. Finally, in the case of the 
first Overlapping proportion, the proportion of the over 
lapped lattices to all of the damage radius lattices is com 
puted. Whereas, in the cas of the Second Overlapping pro 
portion, the proportion of the overlapped lattices to all of the 
collision Sphere lattices is computed. 
0.139. In yet another example, the damage radius and the 
collision sphere are projected onto a virtual image (not 
displayed) for the hit decision, and the number of pixels in 
the overlapped portion of the virtual image is counted. 
0140. The overlapped area and the value for multiplying 
the damage do not necessarily correspond exactly. The value 
may be separated into levels, for example, when “the 
overlapped portion is 1% or more, but less than 10%”, “the 
value is 10%”, and when “the overlapped portion is 10% or 
more, but less than 30%”, “the value is 30%'. 

0.141. The damage radius is not limited to being circular, 
but may be oval or polygonal as appropriate. Further, the 
combination of the damage process of the present invention 
with other damage processes makes it possible to execute a 
more fractionalized damage process. 
0142. Now, explanations will be given for the case in 
which an enemy, a shooting object, has a human shape and 
a damage point of the enemy is computed according to the 
Second damage process. FIG. 19 explains the Second dam 
age process when an enemy is human-shaped. 

0143 As shown in FIG. 19(A), when the damage radius 
is above the waist, it is determined that approximately 80% 
of the entire damage radius Overlaps with the enemy's 
collision sphere (the proportion of the hit determined portion 
to the damage radius is 80%). If th damage value of the 
entire damage radius is set to 100, the enemy's damage point 
will be 80 by calculating “damage value (100)xfirst over 
lapping proportion (80%)=80”. 
0144. If the damage point computation is executed for 
each body part, a proportion of an area for each body part to 
the damage radius is computed and a damage point is also 
computed based on the total obtained proportion. For 
example, when the damage radius is taken up by 10% for 
each of the arms, 10% by the head, 20% by the waist, and 
30% by the chest, the Summation of 20 for the arms, 10 for 
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the head, 20 for the waist, and 30 for the chest, i.e. 
“20+10+20+30', will equal the total damage points of the 
enemy, i.e., 80. 

0145 As shown in FIG. 19(B), if the damage radius 
overlaps with an arm, it is determined that approximately 
10% of the entire damage radius overlaps with the enemy's 
collision sphere. When the damage value is set to 100, the 
enemy's damage point will be 10 by calculating “damage 
value (100)xfirst overlapping proportion (10%)=10”. If the 
damage point computation is executed for each body part, 
the damage point of the arm is 10. 

0146) As shown in FIG. 19(C), if the damage radius 
overlaps with both legs, it is determined that approximately 
40% of the entire damage radius overlaps with the enemy's 
collision sphere. When the damage value is set to 100, the 
enemy's damage point will be 40 by calculating “damage 
value (100)xfirst overlapping proportion (40%)=40”. If the 
damage point computation is executed for each body part, th 
damage points of both legs will be 40, which is 20 for each 
leg. 

0147 As shown in FIG. 19(D), if the damage radius 
overlaps with two nemies, their damage points are computed 
Separately. First, regarding the enemy A, the damage radius 
overlaps with its arm, therefore, it is determined that 
approximately 10% of the damage radius Overlaps with the 
collision sphere of the enemy A. AS for the enemy B, Since 
the damage radius overlaps with its upper body, it is deter 
mined that approximately 50% of the damage radius over 
laps with the collision sphere of the enemy B. When the 
damage value is Set to 100, a damage point of the enemy A 
is 10 by calculating "damage value (100)xfirst overlapping 
proportion (10%)=10”. A damage point of the enemy B will 
be 50 by calculating “damage value (100)xfirst overlapping 
proportion (50%)=50”. This enables the display of an image 
in which “even though the enemy B is positioned slightly 
behind the character A, the enemy B is Severely damaged 
since it received more scattered bullets'. 

0.148 AS described, because the overlapping areas of the 
damage radius and the enemies' collision Spheres, corre 
spond precisely to the damage values, damage can be 
determined more realistically and fairly. Further, the player 
can develop his/her skills for the shooting game, for 
example, "aiming at a target in a manner So that more 
enemies are included in the effective shooting Scope' and 
"shooting Stronger enemies in a manner So that bullets 
Scatter in a wide range'. 
0149. It is possible to combine the second damage pro 
ceSS with the first damage process. 

0150. Other Embodiments 
0151. In the explanations of the above embodiment, th 
present invention is applied to a gun shooting game, how 
ever, the present invention is not limited to this application, 
but can be applied to other types of games. For example, 
explanations will be given to a game wherein multiple 
characters are defined in a three-dimensional virtual Space, 
a first character (for example, an enemy character) being 
manipulated under a predetermined program while a Second 
character (for example, a player's character) being manipu 
lated in accordance with the manipulation information from 
the player. 



US 2004/006.3501 A1 

0152. In the virtual camera controlling process of this 
game, a position of the player's character is employed 
instead of the position of the virtual camera and the moving 
Speed of the virtual camera is controlled by the distance 
between the enemy character and the player's character. 
Further, in the moving Speed changing process of the fixa 
tion point of the Virtual camera, the Speed of the fixation 
point to follow enemy characters may be controlled on the 
basis of the distance between the player's character and the 
enemy character. 
0153. Also, in the damage point computing process, an 
effective attack range of the player is employed instead of 
the effective shooting radius. In this case, damage points of 
the enemy characters may be computed on the basis of the 
distance between the player's character and the enemy 
character; the effective attack range that changes in accor 
dance with the above distance; and the distance between the 
enemy character and the center of the effective attack range. 
The same computing manner is used when the player's 
character (a character on the player's Side) is being attacked. 
0154 Furthermore, in the second damage point comput 
ing process, a damage point may be computed based on the 
proportion of the overlapping area to the entire effective 
attack range, and in the Overlapping area, the effective attack 
range and the enemy's collision spheres overlap. 
O155 This damage point computing process may be 
applied to games in which a player damages objects located 
in a virtual space. Specifically, the positional information of 
a character manipulated by the player and the positional 
information of objects are obtained. Then the distance 
between the player's character and an object is computed, 
and the Size of a hit decision is determined based on the 
distance. When it is determined that the hit decision area 
overlaps with an object, the damage amount of the object is 
computed, and then the damage to the object based on the 
damage amount is caused. 
0156 According to the present invention, the faster the 
player defeats the enemies, the more favorably the game 
develops for the player, therefore, the player will have 
results that correspond to his/her skills. In addition, in this 
invention, Since the shooting results are determined in 
correspondence with the characteristics of the gun, the 
player can enjoy the game by developing fight Strategies 
using his/her knowledge of the gun properties. Furthermore, 
with the game device of the present invention, the shooting 
results and the enemies damage point correspond to each 
other precisely, and damage can be determined more real 
istically and fairly. 

O157. In this specification, a product invention can be 
interpreted as a method invention and Vice versa. This 
invention can also be implemented as a program or a 
recording medium that has a program Stored therein for 
making a computer implement predetermined functions. 
Examples of the recording medium include, for example, a 
hard disk (HD), a DVD-RAM, a floppy disk (FD), a CD 
ROM, and types of memory such as a RAM and a ROM. 
Examples of the computer includa So-called microcomputer 
wherein a central processing unit such as a CPU or an MPU 
interprets programs to execute predetermined processes. 

0158. In this specification, a means does not simply 
imply a physical means, but it can also imply a function of 
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the means implemented by a Software or hardware circuit. A 
function of one means may be realized by two or more 
physical means and functions of two or more means may be 
realized by one physical means. 
0159 Moreover, means in this specification can be imple 
mented by hardware or software, or the combination of both. 
Implementation by the combination of the hardware and the 
Software is, for example, the implementation by a computer 
System having a predetermined program therein. A function 
of one means may be realized by two or more types of 
hardware or software, or by the combination of both, while 
two or more functions of one means may also be realized by 
one type of hardware or Software, or by the combination of 
both. 

0160 The entire disclosure of Japanese Patent Applica 
tion No. 2002-146900 filed on May 21, 2002 including the 
Specification, claims, drawings, and Summary are incorpo 
rated herein by reference in its entirety. 

I claim: 
1. A game device for Simulating a player's shooting of a 

character defined in a three-dimensional virtual Space while 
moving a virtual camera located in the three-dimensional 
Virtual Space, comprising: 

computing means for computing a damage point of the 
character caused by the player's Shooting of it, based on 
a distance between the Virtual camera and the character 
and the distance between the character and the center of 
an effective shooting radius that changes in accordance 
with the distance between the virtual camera and the 
character. 

2. The game device according to claim 1, 
wherein the damage point computing means computes a 

damage point of the character caused by the players 
shooting of it, by multiplying a damage value, which is 
determined based on the distance between the virtual 
camera and the character, by a damage rate that is 
determined based on the distance between the character 
and the center of the effective shooting radius that 
changes in accordance with the distance between the 
Virtual camera and the character. 

3. The game device according to claim 1 or 2, wherein 
the damage value is determined Such that the further the 

distance between the virtual camera and the character 
is, the Smaller the damage value is, 

the effective shooting radius is determined Such that the 
further the distance between the virtual camera and th 
character is, the larger the effective shooting radius is, 
and 

the damage rate is determined Such that the further the 
distance between the character and the center of the 
effective shooting radius is, the Smaller the proportion 
S. 

4. A game device for Simulating a player's shooting of a 
character defined in a three-dimensional virtual Space while 
moving a virtual camera located in the three-dimensional 
Virtual Space, comprising: 

computing means for computing a damage point of the 
character caused by the shooting in accordance with a 
proportion of an overlapping area to the Shooting 
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radius, and in the Overlapping area an effective shooting 
radius and a collision sphere of the enemy overlap. 

5. A game device for Simulating a player's shooting of a 
character defined in a three-dimensional virtual Space while 
moving a virtual camera located in the three-dimensional 
Virtual Space, comprising: 

computing means for computing a damage point of the 
character caused by the shooting in accordance with a 
proportion of an overlapping area to the collision 
Sphere of the enemy, and in the overlapping area an 
effective shooting radius and a collision sphere of the 
enemy overlap. 

6. A controlling method of a game device for Simulating 
a player's Shooting of a character defined in a three-dimen 
Sional virtual space while moving a virtual camera located in 
the three-dimensional virtual Space, wherein 

a damage point of the character caused by the player's 
shooting of it is computed based on a distance between 
the virtual camera and the character and the distance 
between the character and the center of an ffective 
shooting radius that changes in accordance with the 
distance between the Virtual camera and the character. 

7. A controlling method of a game device for simulating 
a player's Shooting of a character defined in a three-dimen 
Sional virtual space while moving a virtual camera located in 
the three-dimensional virtual Space, wherein 

a damage point of the character caused by the Shooting is 
computed in accordance with a proportion of an over 
lapping area to the shooting radius, and in the overlap 
ping area an effective shooting radius and a collision 
Sphere of the enemy overlap. 

8. A controlling method of a game device for simulating 
a player's Shooting of a character defined in a three-dimen 
Sional virtual space while moving a virtual camera located in 
the three-dimensional virtual Space, wherein 

a damage point of the character caused by the Shooting is 
computed in accordance with a proportion of an over 
lapping area to the collision Sphere, and in the over 
lapping area an effective shooting radius and a collision 
Sphere of the enemy overlap. 

9. A game controlling method whereby a game device is 
controlled Such that it determines whether a hit decision area 
generated in a virtual Space in accordance with a players 
manipulation overlaps with an object located in the Virtual 
Space, and the character is damaged when it is determined 
that the hit decision area overlaps with the object, the 
method comprising: 

a step of obtaining first positional information indicating 
a position of a character being manipulated by the 
player in the Virtual Space; 

a step of obtaining Second positional information indicat 
ing a position of the object in the virtual space; 

a step of computing a distance between the character and 
the object based on the obtained first and second 
positional information; 

a step of changing the Size of the hit decision area based 
on the obtained distance; and 

a step of computing, when it is determined that the hit 
decision area and the object Overlap with each other, a 
damage amount for the object based on the obtained 
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distance, and realizing damage to the object based on 
the obtained damage amount. 

10. The game controlling method according to claim 9, 
wherein when the obtained distance is shorter than a pre 
determined distance, the hit decision area is Set to Small and 
the damage amount is set to large. 

11. The game controlling method according to claim 9 or 
10, wherein when the computed distance is further than a 
predetermined distance, the hit decision area is set to large 
and the damage amount is set to Small. 

12. A game controlling method whereby a game device is 
controlled Such that it determines whether a hit decision 
area, generated in a virtual Space with a predetermined target 
point at the center in accordance with a player's manipula 
tion, overlaps with an object located in the virtual Space and 
the object is damaged when it is determined that the hit 
decision area overlaps with the object, the method compris 
Ing: 

a Step of obtaining positional information indicating a 
position of the object in th virtual Space; 

a step of computing an area wherein the hit decision area 
and the object overlap with each other, based on the hit 
decision area and the obtained positional information; 
and 

a Step of generating data of a damage amount to be 
attributed to the object, based on the obtained area, and 
providing damage to the object based on the generated 
damage amount data. 

13. A shooting game controlling method, wherein the 
shooting game is controlled Such that it Simulates a player's 
shooting of a character defined in a three-dimensional virtual 
Space, while a virtual camera located in the three-dimen 
Sional virtual space is moving at a predetermined Speed, 
comprising: 

a step of changing the distance between the character and 
the Virtual camera; 

a step of changing the moving Speed of the virtual camera 
or the Speed of directing the virtual camera to the 
character, based on the distance between the character 
and the Virtual camera, 

a step of changing the player's effective shooting radius 
based on the distance between the Virtual camera and 
the character; 

a step of determining whether a bullet has hit the char 
acter, based on the character's position and the location 
of the effective shooting radius, and 

a step of computing, when it is determined that the bullet 
has hit the character in the determination Step, a dam 
age amount caused to the character by the shooting, 
based on both the distance between the virtual camera 
and the character as well as the distance between the 
character and the center of the effective shooting radius. 

14. An image processing method for moving a virtual 
camera located in a three-dimensional virtual Space at a 
predetermined speed and changing the distance between the 
Virtual camera and a charact r defined in the three-dimen 
Sional virtual Space, wherein 

the moving Speed of the virtual camera changes based on 
the distance between the Virtual camera and the char 
acter. 
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15. The image processing method according to claim 14, 
wherein 

a first character defined in the three-dimensional virtual 
Space and a Second character manipulated by a player, 
are displayed, and 

the moving Speed of the virtual camera changes based on 
the distance between the first and Second characters. 

16. An image processing method for directing a virtual 
camera to a character located in a three-dimensional virtual 
Space, wherein 

a fixation point of the Virtual camera is Set on the character 
in a manner So that the Speed of directing the virtual 
camera to the character changes based on the distance 
between the virtual camera and the character. 

17. A game device composed Such that a virtual camera 
located in a three-dimensional virtual Space moves at a 
predetermined speed and the distance between the virtual 
camera and a character defined in the Virtual space changes, 
comprising: 

Virtual camera controlling means for changing a moving 
Speed of the virtual camera based on the distance 
between the virtual camera and the character. 

18. The game device according to claim 17, wherein 
a first character defined in the three-dim nsional virtual 

Space and a Second character manipulated by a player 
are displayed, and 

the Virtual camera controlling means changes the moving 
Speed of the Virtual camera based on the distance 
between the first and Second characters. 

19. The game device according to claim 17, wherein the 
Virtual camera controlling means controls the Virtual camera 
moving Speed in a manner that the Shorter the distance 
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between the virtual camera and the character becomes, the 
more the Virtual camera moving Speed decreases. 

20. The game device according to claim 17, wherein 
a plurality of areas are provided in the three-dimensional 

Virtual space with the virtual camera at the center, and 
the Virtual camera controlling means determines in which 

area a character closest to the Virtual camera exists, and 
controls the virtual camera moving Speed in accordance 
with the determined area. 

21. A game device for directing a virtual camera to a 
character located in a three-dimensional virtual space, com 
prising: 

fixation point Setting means for Setting a fixation point of 
the Virtual camera on the character Such that the Speed 
of directing the virtual camera to the character changes 
in accordance with the distance between the virtual 
camera and the character. 

22. An image processing device composed to change a 
distanc between a character and a virtual camera both 
located in a three-dimensional virtual space, comprising: 
means for computing the distance between the virtual 

camera and th character; and 
Virtual camera controlling means for changing a moving 

Speed of the virtual camera in accordance with the 
computed distance. 

23. An information processing program for making a 
computer execute the game device controlling method 
according to any one of claims 6 to 16. 

24. A computer-readable recording medium having an 
information processing program Stored therein that makes a 
computer execute the game device controlling method 
according to any one of claims 6 to 16. 
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