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DESCRIPTION
SYSTEM FOR AND METHOD OF IMPLEMENTING REFRACTION MAPPING --

BACKGROUND OF THE INVENTION

Fleld of the Invention

The present invention relates to a refraction mapping technique for producing

an image as if looking an object through a refraction phenomena, for example, in an

information equipment which includes an entertainment system such as a video game
device and the like.
Description of the Related Art

' For example, in the video game device, when looking at the bottom of the sea
through the water surfaee; it looks like the bottom of 'the sea to be distorted due to the
refraction phenomena. | A refraction mapping is known as a method of producing a
reahstlc picture by simulating the phenomena as described above .

It is required in a conventional refraction mapping for a land portion
p'rotmdmg from the water surface and a portion sinking under the water ‘sinking to.
implement separately a parallel projection rendering, in a vertical direction onto the
water. surface, thereby making the burdens for a central processmg unit (CPU) a

graphlc processing unit (GPU) and the likes to be large

SUMMARY OF THE INVENTION
Accordingly, in the light of the ebo‘ie-mentioned problems, it is aﬁ object of
the present invention to provide a system for ar_ld a method of i_mplemenﬁng a
refraction mapping with an easy method, as well as a recording medium for the '
method. |

A system for implementing a refraction mapping' accofding to the present
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invention, includes means for perspective-projecting an object, and for producing a
two-dimensional texture of the ‘object for a texture plane; and ﬁeans for determining a
ref‘racted texture addrcs§- that displaces according to a refraction phenomena, for at
least a portidn of the texture, wherein the refracted texture address is determined,
dependiﬁg on a normal vector at a boundary surface of different media and a visual
line vector. |
o Itis preferable' that, in the above-described system for implementing the
refraction mapping according to the present invention, the refracted texture address is
determine_d by an angle formed with the normal vector and the visual line vectdr or a
component of the normal vector that is parallel to thé texture plane. |
| Preferably, in the above-described system for implementing the refraction
mapping according to the present invention, as a normal vector at an intersection point
of thé boundarj' surface of at least two different media and the visﬁal line vector is
défined to be n, and as the visual line unit vector is defined to be v, determining a
variable k sb that the sum (n + kv) of the normal vector n and the value kv of which
the visual_line unit vector v is multiplied by a variable k becomes parallel to the texture

plane, and the texture address is displaced by an amount of a constant multiplication of

~ (n+kv), thatis L (n + kv).

Further, the texture address may be displaced with only an amount of L (ng,

ny) of which two components (n,, ny) parallel to'_ the texture plane of the normal

vector n are multiplied by a constant L.

At this moment, at least two differént media may represent the ones with
different refractive indices such as an air, water or a glass. .

It is preferable that, the above-described system lfor implementing the -
refraction mapping according to the present .invention, further includes means for
displacing at léast a bortion of a texture, based on the refracted texture address; and

means for perspective-transforming on a screen, using this displacéd texture.
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In such system, the object has a portion projecting frbm the water surface, and
a portion sinking under the water, and for at least a pdrtion of the texture associated
with the portion sinkin_é under thg water, a refracted texture address that is to be
displaced according to a refraction phenomena can be determined.

Further, such system is preferably provided in a video game device.

In the above-described S_ysftem for implementing the réfractioﬁ mapping, the
texture plane is defined on .a plané perpendicular to the Z-axis that is in a visual line -
direc'tioﬁ of a view point coordinate system, and for example, it makes possible to
rendering the part (the water bottom part) under the water surface with the same
proéedﬁre as the perspective ﬁrojectioﬁ of the land part protruding from the water -
surface of the topography, and as a result, a ércation of a texture for use in a refraction
can be made by imﬁlementing colléctively the land part and the water bottom part with
just one rendering. | |

According to this system for implementing the rendering, an amount of a-
displacement generated by a refraction phenomena will not satisfy the Snell's law

exactly, regarding the picture of the water bottom part under the water. . However, as

‘obtaining an amount of a displacement that is an approximate to the Snell's law using

. an easy method, it makes possible to. qualitatively rendering the water bottom part

under the water.

Furthér, a method of impléménting a refraction mapping according to the

- present invention includes the steps of: perspective-projecting an object, and

producing a two-dimenéiona.ll texture of the object for a texture plane; and deténnining
a refracted textﬁre address that displaces according to a refraction phenomena, for at
least a portion of the texture, wheréin the refracted texture address is determined,
depending on a normal. vector at a boﬁndary surface of different media and a visual
line vector. |

Preferably, in the method of implementing the refraction mapping according to
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the present invention, the refracted texture address is determmed by an angle formed
with the normal vector and the visual line vector or a component of the normal vector
tuat is parallel to the texture plane.

In the method of implementing the refraction mappiug according to the present
invention, as a normal vector at an intersection point of the boundary surface-of at least
two different media and the visual line vector is defined to be n, and as the visual line
unit vector is defined to be v, determining a variable k so that the sum (n + kv) of the
normal vector n and the value kv of which the visual line unit vector v is multiplied by
a variable k becdmes parallel to the texture plane, the refracted texture uddress .is
drsplaced by an amount of a constant multrphcatlon of (n + kv), that is L (n + kv).

Moreover the refracted texture address may be displaced with only an amount '
of L (nx-, ny) of which two components (fly, ity) parallel to the texture plane of the
normal vector n are multiplied bya coustant L.

Further objects and advantages of the invention can be more fully understood
from the .foll_owing detailed description taken in cunjunction with the accompanying

drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plane view showing an appearance of an entertainment system -

including a master machine (a video game machine) and a slave machine (a portable

~ electronics equipment);

Fig. 2 is a backside \riew ‘'of the master machine (the video game machine);

Fig._. 3 is an appearance perspective'vieuv of the master machine (the. video
game machine); . | - | |

Fig. 4 is a block diagram _ehowiug a configuration of the main - part of the
master machine (the video game machine);

Fig. S is a diagram illustrating a situation in which one's eye from a view point
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generates a refraction phenomena at a boundary between an air and water,

Fig. 6 is a diagram illustrating a refraction mapping that is implemented at the
present time; - | ,-

Fig. 7 is a diagram showing an image of a texture along with a procedure of
the refraction mapping that is implemented at the present time;

Fig. 8:is a diagram illustrating a situation in which a line of sight from a view
point generates a refraction phenomena at a bpundary between an air and water, when
an angle a formed between a line of sight and a normal is relatively small comparing
to the one in Fig. 5;

Fig. 9 is, together Qith Fig. 10, a diagram illustrating a technique for refraction
mapping an object with an uneven that is partially sunk under the water;

Fig. 10 is fogether with Fig. 9, a diagram illustrating a techrlique for refraction
mapping an object with an une;rren that is partially sunk under the water;

Fig. 11 is a diagram illustrating the refraction mapping when waves are
occurred on the water surfarve; | |

Fig. 12 is a diégram illustrating a relation -between a nprrnal of the water
surface and an-amount of a displacement that is generated by a refraction; and |

Fig. 13 is diagram showing arr image of a texture along with a procedure of the

 refraction mapping according to the present embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[System For Implementmg The Present Invention]j
At first, an entertalnment system, which -is capable of unplementmg a’
refractron mapping accordmg to the present mventron, wrll be described briefly with
reference to the accompanymg drawings. '
~ Fig. 1 shows an appearance of a video game devxce, as one example of the

entertainment system. This video game device 1 is for reading a game program
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recorded in an optical disk and the likes, for example, and for implementing it in
response {0 an instruction from a user (a gamé player). Further, an implementation of

the game means mainly to control an advance of the game, and a display or a voice

-(audio) thereof.

The main body 2 of the video game. device 1 is configured, for example, to

include a disk .mounting unit 3 in which an -OptiC'al disk such as a CD-ROM and the

likes is attached to a central portion thereof, said optical disk being a recording

medium for supplying an application program such as a video game and the likes, a
reset switch 4 for optionally resétting the game, a power supply switch 5, a disk

operation switch 6 for operating a mounting of the optical disk, and two slot units TA,

. 7B. .

: .To the slot units 7A, 7B, it enables to cbnnect two operation devices 20, so
that two users can play a match game and the likes. Further, to these slot units 7A, -
7B, it enables to insert a memory card device which is capable of saving (storing) or
reading a game data, and/or a portable electronics equipment which is capable of
implementing a géme by detaqhing from the main body.

An operation device 20 indudgs a first and 5 second oﬁeration units 21, 22, a
L.button 23L, a R button 23R, # start button 24, a selection button 25, and further
includés operation units 31, 32 with which it enables analogue operations, a mode

selection switch 33 for selecting operation modes of these operation units 31, 32, and a

| display unit 34 for displaying the operation modes selected |

Fig. 2 shows the states of the slot units 7A, 7B provided at the front of the

main body 2 in ihe.video game device 1. The slot units 7A, 7B are formed in two

stageé, respectively, and memory card insertion units 8A, 8B into which memory cards

10 and/or-portable electronics equipments 100 are inserted are provided in the upper

- stages thereof, as well as controllér connection units (jacks) 9A, 9B to which

connection terminal units. (connectors) 26 of controllers 20 are provided in the lower
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The insertion holes (slots) of the memory card insertion units 8A, 8B are

" formed slightly non-symmetrical, so it is configured as the memory cards are not

miss-inserted. On the other hand, the controller connection units 9A, 9B are also

- formed slightly non-symmetrical, so it is configured as the connection terminals 26 of

the controllers 20 are not miss-connected, and further the insertion holes thereof are
configured as to have the different shapes from the memory card insertion units 8A,
8B so that the memory cards are not miss-inserted.

Fig. 3 shows a state in which the portable electronics equipment 100 is

" inserted into the memory card insertion unit 8A of the slot unit 7A at the front of the

video game machine 1.
Then, Fig. 4 is a block diagram showing one eiample of a schematic circuit
configuration of the main part of the videé game device 1. |
This video game device 1 is configured as to include a control system 50
composing of a central processing unit (CPU) 51 and the peripheral devices and ﬂie :

likes thereof, a graphic System 60 cdmposing of a graphic processing unit (GPU) 62 -

-and the likes for performing drawings onto a frame buffer 63, a soﬁnd system 70

' composing of a sound processing unit (SPU) and the likes for generating a musical

sound, a sound effect and the likes, an optical disk control unit 80 for performing a
control of - the optical disk into which . application programs are recorded, a

communication control unit 90 for controlling the memory card. 10 which stores a

~ signal from the controller 20 in which an instruction from a user and the settings and

the likes of the data, and the input/output of data from the portable electronics

equipment 100 to be described bélow, and a bus BUS and the likes to .which each of
the above-mentioned units is connected. | |
The control system 50 includes the CPU 51, a peripheral device control unit

52 for performing a control of an interruption and a control of a dynamic memory
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memory (RAM), and a read only memory (ROM) 54 which stores a program such as a
so-called operating sysfem and the likes that performs 4 management of the main
memory 53, the graphic system 60, the sound sy_stém 70 and the likes. Further, the
main memory herein is to be the one that enables to execufe a program on its memory.

The CPi_J 51 is the one that controls an entife of this video game device 1, by
exec'uting the operating system stored in the ROM 54, and is composed of a 32-Bit-
RISC-CPU. .

Thexi, this video game device' 1 is configured that whén being energized, as the
CPU 51 in the control system 50 executes the operating system stored in.the ROM -54,_ .
the CPU 51 implements a control of the graphic system 60, the sound system 70 and
the likes. | |

. Further; when the oper_aﬁng system. is executed, the CPU 51 controls the.

optical disk control unit 80 so as to execute the application program such as the game
recorded in the optical disk, after having initialized an entire of the video gathe device
1 such as an opefation confirmation and the likes. Executing the program of such as
this game and the likes, the CPU 51 éontrols the graphic system 60, the sound system

70 and the likes in response to an input from a user, so as to control a display of an

image and generations of a sound effect, a musical sound.

Moreover, the graphic system 60 includes a geometry transfer engine (GTE)
61 for implemenﬁng a process of an c'oérdinﬁte transfer and the likes, a GPU for
implementing a drawing in accordance with é dravﬁing instruction from the. CPU 51,a
frame buffer 63 for storing an image drawn by this GPU 62, aﬁd an image decoder 64
for decoding an image data that is compressed and encoded by an orthogonal
transform such as a discrete cosine transformation (DCT) and the likes. .

The GTE 61 includes a pafallel aﬁ'thmetic mechanism for executing a multiple

of arithmetic in parallel, for example, and is configured as enabling to implement an
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arithmétic such as a coordinate transformation, a light source calculation, a matrix and
a vector in response to an arithmetic demand from the CPU 51 in. a high speed.
Concretely, this GTE 6_1 is configured as enabling to implemenf a coordinate
arithmetic for a maximum of 1500,000 polygons/second, in case of an arithmetic of

implementing a flat shading that draws the one triangle-shaped polygon with an

. identical color, for eicample, and as a result, with this video game device, it is

| configured as enabling to reduce a loa& of the CPU 51 as well as to implenicnt-a high

speed coordinate arithmetic.
Further, the GPU 62 implements a drawing of a polygon and the 1ike§ for the
frame buffer 63, in accordance with the drawing command from the CPU 51. This

GPU 62 is configured as enabling to implement a drawing for a maximum of 3'60,000

" polygons/second.

' Moreover, the frame buffer 63 is co_rnposed ofa so;called dual port RAM, and_'
is configure as enabling to implement a drawing from the GPU 62, a transfer from the
main memory, as well as a reading for a display simultaneously. This frame buffer 63,

for example, has a capacity of 1 M bytes, each of which is treated as a 16 bits matrix

with a row of 1024 pixels and a column of 512 pixels. Furthermore, in this frame

buffer 63, besides a displéy area to be outputted as a video ohtput, a CLUT area into

-which a color look up table that is to be referred at a time -when the GPU 62

implements a drawing of a polygbn and the likes is stored, and a texture éreé into
which a material (@exture) that is inserted (inappedj into a polygon ai)d the likes that
are drawn by the GPU 62 as being qoordinate—ttansformed at a time of drawing_, are
provided. = These CLU’I_‘ area and teiture area are 'conﬁgur-ed aS being dynamically
changed in accordance with a change of the display area and the likes. |

Further, the GPU 62 is oﬁnfigured as enabling to implement a glow shading
that determines a color within a polygon by compleﬁenﬁng from a color at a vertex of

the polygon besides the above-described flat shading, as well as a texture mapping for
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pasting a texture stored in the texture area onto a polygon. When implementing these
glow shading or texture mapping, the GTE 61 is enabled to implement a coordinate
arithmetic of a maximutﬂ 500,000 pdlygéns/second. -

Moreover, the image decoder 64 decédes an image data of a still picture or
animation stored in the main memory 53 and stores it into the main memory 53.
according to a contro} from thé CPU 51.

Further, it is arranged that this rep.roduced imagé data can be used as a
backgrohnd scene of an image that is. drawn' by the above-described GPU 62, by'
storing it into the frame buffer 63 through the GPU 62.

The sound system 70 includes a SPU 71 for generating a musical sound, a.
sound effect and the likes, based 6n an instruction from the CPU 51,a soﬁnd buffer 72

into which a wave form data and the likeé are recorded according to the SPU 71, and a

speaker 73 for outputting the musical sound, the sound effect and the likes that are
 generated by the SPU71. - |

The SPU 71 is composed of an ADPCM (Adaptive Differential PCM)
decoding function for reproducing a voice data of which, for example, a 16-bits voice
data is adaptive predictive coded as a 4-bits differential signal, a reproducing function
for generating the sound effect and the likes by reproducing thé wave form data stored
in the sound buffer 72, and a modulating function for modglating' and reproducing the
wave form data stored in tﬁe sound buffer 72, and the likes.

' As being provided with these functions, this sound system 70 is configured as
enabling to be used as a so-called sampling sound source that generates a musical
sound, a sound effect and the likes based on the wave form data recorded in the sound
buffer 72 in acco'r&ance with an instruction from the CPU 51. -

The optical disk control unit.80 inéiudes an optical disk device 81 for
reprdducing_ a program and a data and the likes recorded in the optical disk, a decoder

82 for decoding the program, the data and the likes recorded as an error correction.
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~ code being added thereto, for example, and a buffer 83 for speeding up a reading of the

data from the optical disk by temporarily storing the data from the optical disk device
81. AsubCPUS84is oonnected to the decoder 82.

Further, as a voice data stored in the optical disk, that is to be read with.the
optical disk device 81, besides the above-described ADPCM data, there is a so-called
PCM data of which the voice signal is analogue/digital converted.

' As the ADPCM data, for example, a voice data that is recorded by indicating a
differential of 16-bits digital data by 4-bits is supplied to the above-described SPU 71

| 'aft_er'having decoded in the ‘decoder 82, and then is used for driving the speaker 73,

after the processes of the digital/analogue conversion and the likes have been

' 1mplemented in the SPU 71.

. Moreover, as the PCM data, for example, a voice data that is recorded as
16-‘b1ts digital data is used for driving the speaker 73, after having been decoded in the
deooder 82, |

Furthermore, the commumcatlon control unit 90 mcludes a communication
conttoller 91 for implementing a control of a communication with the CPU 51 through

the bus BUS, and a controller connection unit 9 to which a controller 20 for inputting

" an instruction from a user is connected, a memory card 10 as a supplemental storage

device for storing the setting data and the likes of the géme, and memory card insertion
units 8A, 8B to which a 'poftable electronics equipment 100 to be described below is to
be connected, are provided in the communication controller 91 |

‘The controller. 20 connected to the controller connection unit 9 has 16

 instruction keys, for example, for inputting an instruction from a user, and transmits a

state of this instruction key to the communication controller 91 about 60 times/second,

-with a synchronous communication, in accordance with the instruction from the

communication controller 91. Then, the communication controller 91 transmits a

state of the instruction key of the controlier 20 to the CPU 51.
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As a result, an instruction from a user is inputted into the CPU 51, and the
CPU 51 performs a process in accordance with an instruction from a user, based on the
game program and the likes that are being executed.

Herein, among the main memory 53, the GPU 62, the image decoder 64 and

the decoder 82 and the likes, it is necessary to transfer a large quantity of the image

data in a high speed at a time when implementing a reading of a prograro, a display of
an image or a drawing and the likes. Thus, in this video game device, it is configured
as enabling to implement a so-called DMA .transfer that implement directly a transfor
of the data among the main memoliy 33, the GPU 62, the image decoder 64 and the
decoder 82 and the likes according to a control from the peripheral device control unit

52 without going through the CPU 51 as described above. Asa result, it enables to

~ reduce a load of the CPU 51, and to implement a high speed data transfer.

Further, if it is necessary to store the setting data and the likcs of the game that
is being exccuted the CPU 51 transmlts the data that is to-be stored to the
communication controller 91, and the communication controller 91 writes the data

from the CPU 51 into' the memory card 10 or the portable electronics equipment 100

_ that is inserted into a slot of the memory card insertion unit 8A or of the memory card

insertion vnit 8B.

Herein, in the communication controller 91, a protection circuit for preventing -

an electrical destruction is installed. The memory card 10 andfor the portable

electronics equiomént 10C are separated from the bus BUS, and they can be

attached/detached in a state that the main body of the device is being energized.

Accordingly, when the storage capacities' of the memory oord 10 -and/or the portéble'

~ electronics equipment 100 run short and the likes, it enables to insert a new memory

card, without shuttmg down the power supply of the main body of the device. Asa
result, without losing the game data necessary to be backed up, by inserting a new

mémory'card, the necessary data can be written into the new memory card.
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A parallel IO interface (PIO) 96, and a serial VO interface (SIO) 97 are
interfaces _for' connecting the memory card 10 and/or the portable electronics
equipment 100 with the video game device 1. |

In the entertainment system as described above, the refraction mapping

according to the present embodiment is implemented.

[Refraction Mépping]

Then, in the entertainment system according to the present embodiment, the
embodiments of the system for and méthod of iﬁlplemehting the refraction mapping
will be described in detail with reference to the accompanying drawings. | .

Various kinds of techhiques are known regarding to the mapping. When a
man Is looking at the Watér Bottom WB.through the water surface, as standing by a
wateiside of a pond or a_swi_mming pool, an object at fhe water bottom WB looks as .
being Idistorted by refraction. A method of producing a realistic picture of the object
being at the water bottom WB, by siﬁmlating the phenomena such as described #bove,-
is t;,alled as a refraction mapping.

A similar refraction phenomenon is also occurred when observing an object

through a transparent glass and the likes, other than the water surface. That is, when

looking at an ob]ect, through two or more kmds of transparency or seml-transparency
media, the object looks as being dlsplaced by an'effect of a refracnon phenomena ofa

light that is generated at a boundary surface of these media. Accordingly, when

_producing such a picture of the object, the refraction mapping technique is utilized.

The refraction mapping is a CG (Computer Graphic‘s) technique for mapping,
by calculatmg how an object.looks, when a refractlon phenomena intervenes on a line

of 31ght between a view point VP and the object.

(The refraction mapping that is presently implemented)

In order to make the refraction mapping according to the present embodiment
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more easily understandable, af first, the procedure of the refraction mapping that is
presently implemented will be simply described.

In the CG image1 projecting an object shape onto a two—dimensional screen (a
rendéring); and mapping a texture for the object shape obtained (a texture mapping).

In F1g 5 tﬁére are shown the water surface WL and the water bottom WB.
Water of a depth DPT is filled in just a gap between the water surface and the water
bottom WB. There is an air above the water. Herein, it is assumed that a refractive
index of an air is n1, and a refractive index of water is n2.

Itis fﬁrther aésumed that the view point VP is at the upper left, and there is a
screen SC in front thereof. The view point VP meaﬁs that there is a human éye at this -
location, alild‘looking at the water bottom (object) therefrom. Fig. 5 shows a state in
which there is a line of sight VL toward a point A on the water of the surfacé from the
view point VP, and ldoking at this point A. Ir; the figure, there are shown a case in
which the liné of sight VL trav'els_straight when there is .no water, and a case in which
the line of sight VL is refracted, as there is water. Furiher, in the description herein, it
is assumed that the Water bottom WB is a flat. |

In Fig. §, when there is no water, fhe line of sight VL toward the pbint A from
the view point VP travels- straight as it is, and then reaches to a point D at the wa-ter'
bottom WB. - That is, looking at the point D. Accdrdingly, when drawing the w_afer
bottom WB on the screen SC, perspective-_trzinsfonning the point D that constitutes a
3-dimensional objéct,so as to- display it as a 2-demensional figure on the screen SC,
renderihg, ahd then texture mapping. That is, when. textufe mappjing; drawing a
texture of the'poi_nt D At where the line of sight is across the watef bottom WB, at the P
on the screen SC. IR |

In fhc following, when thé water is stqred only wiﬁ the water _depth DPT from

the water bottom WB, the line of sight VL toward the pbint A from the view point VP

' reaches to a point C at the water bottom, as a refraction is occurred at a point A of the
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boundary surface of an air and the water surface. When Iodking at the point A on the
water surface from the view point VP, the point C at the water bottom is to be seen.
Accordingly, the texture ;)f the point C has to be mapped on the point P on the screen
. _ :

In other words, a light emitted from the pomt C that exists at the water bottom

(the pomt C that constitutes the object that exists at the water bottom) is entered into

the view point VP as following the visual line VL, as being refracted at the point A on
the water SQrface WL. Because the man's eye can not sensuously understand this
refraction, it is under an illusion as tﬁe visual line VL toward the point A from the view
point VP travels straight as it is, and it looks as if the point C at the water bottom WB
exists at the point D. | '

Now, it .is to qﬁantitatively calculate a location of the point C that can be seeh '
when looking at the point A on the water surface from the view: point VP. The
location of the point C is calculated from the Snell's Law as follows. Heréin, at the
point A, a normal n is defined as being perpendicularly from the water surface WL.
Assuming an angle formed by the visual line VL and the normal n to be a. | Ass@ming
an angle formed by the refracted visual line VL-1 and the normal n to be B. Further,
assuming a dcpih of the water to be DPT. At this ﬁldment, the following equations
hold according to the Snell's law.

nl- sino=n2- smB....Q(l)

Herein, as consmerxng a tnangle ADB and a triangle ACB, the following
sma BD/AD...... (¥4
tanﬁ =BC/AB = BC/DPT......(3) |

From these relations, transforming the equatxon (1), and substxtutmg the
equatlon @» then it forms the followmg equation.

sing = (n1/n2) sinc = (n1/n2)- (BD/AD) ...... @)
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Furthe_r, between sin and cos, there is the following relation.
(sinB)? + (cosB)2 = 1......(5)
- Transforming the equation (3), and substituting the equations (4) and (5), then
it becomes as follows. '
BC= DPT- tanf = DPT- (sinf/cosf)
=DPT- sinf- {1 - (sing)2}1/2
=DPT- (n1/n2) (BD/AD)- {1-(n1/n2)2 (BD/AD)2}12 . .. (6)
L_ooking at the equation (6), DPT is a depth of the water, 11l and n2 are the
refractive indices of the air and the water, respectively, BD and AD are the values that
are determined by the visual line VL, and thus enabling to calculate the value of BC. -
Acoordingiir, with the equation (6), the location of the poi;lt C that constitutes the
object at the water bottom at a time wlhien the water exists can be determined. |
As’ a result, at the point P.on the ls'crecn SC on which the point D is drawn-
when there is no water, the point C is drawn in place of the point D when there is water.
Accordingly, it makeé possible of rendering the water bottom WB. ' |
It is assumed in the abc;ve description that the water bottom WB is to be flat.
However, in geheral, an actual topography is not a simple plane, but there is usually an
unevenness on the surface thereof. It is nécéssary to draw sucﬁ the water bottom WB
ina three-dimenéionél graphics. When rendering the topography constituted of such .
unevenness, the tol:':ography. texture is not a sheet of texture, but it becomes a
pélyhedrén configured in three-dimensionally. | |
For such cdse, in Fig. 6, a topographic texture located parallel to the water
surface WL is defined beneath the water bottorh WB.
Next, for the topography in a case of assuming tha.tt'n_o water exists, in advance,
a two-dimensional texture is prolduc_:ed- oﬁ this téxtpre -pla'ne. Concretely, performing
a three-dimension calculati'on.for the topography héying an unevenness,. impiementing

a shading, pasting it on a texture plane by parallel-projecting from a direction which is
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perpendicular to the water surface WL, so as to prodice a two-dimensional (flat)
texture of this topography.

Then, the refradion mapping is implemented by using this two-dimensional
topographic texture. -

In this moment, this tdpography may be.continued with the land that is higher
than the water surface WL. For the land protruding from the water surface WL, no
refraction is occurred, so that a rendering has to be made by executing a calculation of
a perspéctive' transformation that uses a rotation .and a coordir_iatc transformation, from -
a direction of the view point VP. _

On the other hand, for the topography under the water (the water bottom WB),
because a displacement by a refraction phenomenon is occurred, the refracted texture

address is obtained by calculating an amount of its displacement using the equation (6)

~ in regard with each of the points that constitute the water bottom WB.

As described above, the method that is preseritly implemented is owing to such
corhplex procedures. . 'Fig.l 7 is a drawing showing one example of an actual refraction .
mapping. |

At first, in the first step, implem_entiné a parélicl-projection or a parallel péste
to the entire topography, for a texture ;ﬂane which is parallel to the water surface WL.
Fig. 7A shows a state in which a rendering is made for the water bottom WB having
no water with the parallel-projection. This rendering is executed in the GPU 62, and
it is drawn on a texture area other than a display area of the ffﬁme buffer 63, with the
data obtained. - | '

In the second step, because it seems to be refracted when looking at the

topographic part under the water in the air, a rendering is made as obtaining the

refracted texture address, using the Snell's law described above. Fig. 7 B shows a
state in which an image of the water surface (an image of the water bottom WB that is

seen through the water) is .produced' in a display area of the frame buffer 63, by
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- implementing the refraction mapping, taking the memory image of Fig. 7 A as the

texture.

In the third stop, because no mfracﬁon phenomenon is occﬁrred in the
topographic part protruding from the water surface WL, a rondering is made to this
topographic part by 'obtainrng a texture address using a perspective transformation
technique. Fig. 7 C shows a state in which the one on which the water is rendering
ttre land part with the perspective projection is drawn on an irnage of the water surface
that is produced in the display aroa flllustrat'ed inFig. 7B zrnd thus it is superimposed.

Accordingly, after the parailel projection, it is réquired to -implement the -

renderings in two directions with the perspective projection. Because this drawing

method at the present time implements the renderings in two directions, and

superimposes them, the work becomes more complex, and the loads of the CPU and
the GPU become much heavier, and the drawing time becomes also longer. |
(The Refraction Mapping According to The Present Embodiment) |

_In the following, rt is described about a method of implcmentin_g refraction
mapping according to the present embodiment. This method of imolementing the

refraction mapping may be programmed, and thus may be provided in a state of being

" recorded solely into a recording medium such as an optical disk, or _méy be provided

along with a game software as a part of the garﬁe software. This program for

‘implementing the refraction mapping is activated on the entertainment system, and is

-executed with the CPU 51 thereof.

The meamng of that the program for 1mplementmg the refraction mapping is
provrded as being solely recorded in the recording medrum is to be prepared for the
software engineers in '_advance as a library, for use in an application program |
devclopmerxt such as a game software anri the likes.  As is well known, it is required E
an enormous. time to produce all functions of the software anew, at a time of

developmg software
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However, in general, when decomposing the fﬁnctions that constitute a
software into the classes of the functions, it is appreciated that there includes the
functions commonly uséd for_ the vario_us kinds of software such as a pérallel ‘
movement of an object, for exaniple. , |

Thus, it becomes significant to provide the function of implementing the

. refraction mapping according to the present embodiinent, as a library program, for a

software engineer, in advance. As receiving a supply as a program from an outside in
advance, for these common functions, the softwaré engineer enables to concentrate on
produc_:ing only an eséential part peculiar to that program other than the c_om'mon
functions. | o
Fig. 8 shows a case in which an angle al formed by the visual line VL and the
ﬁdrmal n is relatively smaller, comparing_io Fig. 5. lh such case, refraction at the

surface the water WL becomes smaller comparing to the one in Fig. 5. In the present

. embodiment, as paying attention to a character such that if the angle o formed by the

visual line VL and the normal n is large, an amount of a refraction occurred at the

'bouncl'aty'of the aif and the water is also large, and on the contrary, if the angle d

formed by the visual line VL and the normal n is small, the amount of the refraétibn-is
also small, it is intended to'.implement the refraction mapping with a simple calculaﬁon
method by qualitatively imitating the aboxlre character. |

This rg:ndering. method is, strictly spcaking, not matched with the Snell's law,
regarding the picﬁre of thé water bottom part under the water. That'is, at a time of

the rendering, an amount of a displacement generated by refraction phenomena will

not satisfy the Snell's law exactly. However, as obtaining an amount of a

displacement that is an approximate to the Snell's law using an easy method to be -
described below, qualitafively rendering the wé_.ter bottom part under the water
becomes possible. |

In Fig. 9, a view point coordinate system is set to be a Y-Z'_plan'e as shown on
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. The present embodiment is, as shown in Fig. 9, a method that defines a texture -
plane on a plane. perpendiculor to the Z-axis, and makes it possible to rendering the

part (the water bottom part) under the water surface WL with the same procedure as

 the perspective projection of the land part protruding from the water surface WL of the

topography, and as a result, implementing collectively the land. part and the water
battom part with just one rendering.

As shown in Fig. 9, in advance, the one on ‘which an entire topography is

drawn by perspecthe-transfonmng in the visual line dnrectxon is set to be a

topographic texture. The topographic texture is placed perpendicular to the Z-axis of
the .viewpoint coordinate system. 'Forthe.r, the topographic texture plane and the
soreen surface SC are in a parallel positional.relation. o |

At first, in a state that there is no water, the topography is
perspective-projected on the texture plane. A three-dimensional topography is

perspective-projected for the t.exture.plane-from the view point VP. Concretely, the

- texture address of the point a that constitutes the topography is set to be the point Aon .

the topographic texture plane, the texture address of the point b that constitutes the
topography is set to he the point B on the fopogljaphic texture plane, and the texture
address of the point ¢ thot constitutes the topography is set to be the point C on the
topographic texture plane |

-In the next step, for this topography, it is cons;dered a state in which there is

,water and a portion of the topography shown in F1g 9 is under the water.  As shown -
“in Fxg 10,itisa case in wh:ch there is water up to the water surface WL, and a pomon

' of the topography remains as a land. In such case, the topography under the water ;

(thc part of the water bottom) looks as if being displaced, according to the refraction
phenomena occurred at the bouhdary of the air and the water. In the present

embodiment, an amount of this displacement is calculated using an easy calculation
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method.

~In the model as show in Fig. 10, at an intersection point of the visual line

- vector and the water surface WL, a normal vector for the water surface WL is settobe -

n, and the one in which the visual line vector is normalized is set to be a visual line

unit vector v. A varié_lble k is determined so that the sum (n + kv) of -the normal

" vector n and the value kv of which the visual line unit vector v is multiplied by a

variable k becomes perpendicular to the Z-axis.
| As illustrating by using Fig. 10, the variable k is determined se that the vector
(n + kv) is parallel to the texture piane. | .

Since the texture plane is placed perpendiculai'-to the Z-axis, if the vector (n +
kv) is parallel to the texture plane (i.e., it is on the teitu;e plane), the Z coordinate of
the vector (n + kv) becomes zero.  Accordingly, the following equation (7) holds.

ng +kv, =0...... ] '

Herein, n, represents Z value (scalar quantlty) of the normal vector n, and kvZ

represents Z value (scalar guantity) of the vector kv. Transforming the equation (7),

the following equation (8) is obtained.

Looking at the equation (8), n, is Z value of the normal vector, and vz'is Z
value of the visual line uhit vector, and both are known values. Accordingly, the k '
can be determmed from the equanon (8).

The visual line VL from the air into the water is, as descnbed in relation to Fi 1g

_ 5 refracted in a clockwise dlrectlon at the boundary surface thereof Accordingly,

obtammg (n + kv) using such k, and by adding a negatlve (—) symbol thereto, (n + kv) :
is set to be a displacement address of a texture.
Herein, in general L (n + kv) is used, in which a constant L i Is multiplied '

accordmg to the sizes of two kinds of the refractlve indices. Further, as a more easy- '

method, among three components (nx, ny, n,) of the normal vector n, L (nx, ny) in
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which two components (n,, ny) parallel to the texture plane are multiplied by ;'11
constant L, may be used as the displacement address. | |

- Mapping the wa.ter bottom WB dsing tﬁe diSplacemenf address obtained as
described above, the rendering is made to the refracted part of the water bottom.
Since the land part was finished of the rendering at a time when the perspectwe
projection to the texture plane was performed, by superimposing with this i 1mage the
rendering can be made to both parts of the water bottom and the land.

As described _above, this rendering method is such that an amount of a

~ displacement occurred by a refraction phenomena will not satisfy the Snell's law

precisely, regarding to the picture of the water bottom under the water. However, b_y_
obtaining an amount of a disﬁléceme’nt that is an approximate to the Snell's-law using
an easy mefhod, the renderiﬁg can be made qualitatively to the part. of the water
bottom under the water. | .

In the above-dcscnbcd refractlon mappmg that is implemented at the present

tune it is necessary to perform two directional renderings for a parallel pro_;ectlon and

a perspectlve pro_)ectxon However, the refraction mapping descnbed in the present

' embodunent can be implemented by only one directional rendering, by performmg the -

réfraction mapping using the water bottom texture produced by the perspective

| projéction and the texture displacement quantity that can be ca.lculated' from the'_

normal of the water surface WL and the visual line vector.
Further, as shown in Fig. 10, it is not necessarily true that the water surface
WL always forms a flat plane. The water surface such as an ocean surface is, usually

in a state of which waves are formed. Fig. 11 shows the water surface WL of which

such waves are formed.

In this case, when the waves are foﬁned on the water surface WL, the angle a
formed by the normal n and the visual line VL becomes smaller as. the normal n

approaching to be parallel to the visual line VL, and as a consequence, an amount of a
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displacement of the displacement address - (n + kv) becomes smaller, and on the

contrary, the angle o formed by the normal n and the visual line VL becomes larger as

_ the normal n approaching to be a right-angle with respect to the visual line VL, and as

a consequence, an amount of a displacement of the displacement address - (n + kv)

' becomes larger. As a result of this, the one that is an approximate to the displacement

according to the refraction phenomena occurred at the boundary of the air and the
water can be obtained.

Fig. 11is a diagram lllustratmg this relatlon The normal vector is such that a

~ direction thereof varies according to a state: of a wave. Herein, there are exemplified

the normal vector nl that is approximately perpendicular to the visual line _VL,l and the
normal vector n2 that is approximately in parallel thérewitﬁ For the normal vector
nl, k1 is determined so that the vector (n1 + klv) is parallel to the texture plane

Similarly, for the normal vector n2, k2 is determined so that the vector (n2 +
k2v) is parallel to the texture plane. As described above, by setting the.amount of
displacement to be - (nl + k1v), - (n2 + k2v), depending on the states of waves, it
enables to make the amount of displacement to be relatively lérge in thé normal vector
nl that is approximately perpendicular to the visual line VL, and to be rclatiw)ely small
in the normal vector n2 that is approximately parallel i:o ﬁe visual line VL.

The state of the normal vector nl that is approximately perpehdicular to the

visual line VL is a case in which the amount of dlsplacement is relanvely large because

the angle o is relatlvely large as shown in Fxg 5, and on the other hand the state of the

normal vector n2 that is approx1mately paralle] to the visual line VL is a case in which

the amount of dxsplacement is relatwcly small because the angle a is relanvely small

-as shown in Fig. 8. As a result, at the water surface WL on which the waves are

formed, it also makes possibie to implement the refraction mapping that fofldws the
Snell's law qualitatively. | |

Fig.12isa diagrani showing one example of the refraction mapping accofding



WO 00/49573 ' ' PCT/IPO0/00724

10

15

20

- 24 -

to the present embodiment. Fig. 12 A shovr(s thet, in a state of being no water, the one
on which a rendering is made to a topography with a perspective projection is drawn to
a display area at where it is outputted as a video otltput of the frame buffer 63. Fig.
12B shows a state in which, with an image of the display area produeed in Frg 12A
as a texture for the water bottom WB under the water snrface WL, an image of the
water surface (an image of the water bottom WB under the water surface WL) that is
produced by 1mplementmg the refraction mappmg, as an amount of dlsplacement
being obtained by a refraction with the above-described easy method, is superlmpolsed'
with an image of the display area that is drawn in Fig. 12 A. '

Consequently, at a time when rmplementrng the refraction mapping, without
prepanng an orthogonal projection of an image that is drsplayed as being refracted by
modifying the image that is perspective-projected on the screen SC, it can be
represented with a simple method.

- According to the present invention, it makes possible to provide a eystem for
and a method of implementing refraction rnapping with an easy method, as vtrel_l asa
recording media in which this method is recorded. - - _

The invention rnay be embodied in other specifie fornrs wtthout departing
from the spirit or essential'. characteristics thereof. The present embodiments 'ar'e
therefore to be considered in all respects as illustrative and not restrictive, the scope of
the invention being indicated by the appended clairns rather than by foregoing

description and all changes which come within the meaning and range of e(juivalency

of the 'cleims are therefore intended to be embraced therein.
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WHAT IS CLAIMED IS: | -
1. A system for implementing a refraction mapping comprising: |
5 means for perspective-projecting an object, -and for producing a

two-dimensional texture of said object for a texture plane; and N

means for determining a refracted texture address that disﬁlaces according to
refraction phenomena, for at least a portion of said texture, | |

wherein said ?efracted texture address is determined, depending on a ﬂormal

vector at a boundary surface of different media and a visual line vector. -

2. The system for implementing a refraction mapping according to claim 1,
wherein said refracted texture address is determined by an angle formed with said

normal vector and said visual line vector or a component of said normal vector that is

 parallel to said texture plane.

3. The system for implementing a refraction mapping according to claim 1, |
wherein as a normal vector at an intersection pbint of the boundary surface of at .least
two different media and the visual line vector is defined to be n, and as the visual line
unit vector is defined to be Q, determining a variable k so that the sum (n + kv) of the
normal vector n and the value kv of which the visual line unit.v_ector v is multiplied by

a variable k becomes ‘parallel to said texture plane, said refracted texture address is

~determined by displacing _éaid texture address by an amount of a constant

 multiplication of (n + kv), that is L (n + kv).

4,  The system for implementing a refraction mapping according to claim 1,

- wherein as a normal vector at an intersection point of the boundary surface of at least
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two different media and the visual line vector is defined to be n, said refracted texture

address is determined by displacing a texture address with only an amount of L (n,,

ny) of which two comfxonents (ng, Dy) parallel to the texture plane of said normal

~ vector n are multiplied by a constant L.

3. The 'sy'stem for implementing a refraction mapping according to claim 1,
further cbmprising:

-me,z-ms for displacing at least a portion of a texture, based on said refracted
texture address; and '

means for perspective-transforming on a screen, using this displaced texture.

6. . The system for implementing a refraction xhapp'ing according to claim 1,

" wherein said object has a portion projecting from the water surface, and a portion

sinking under the wéter,_
and for at least a portion of said texture associated with said portion sinking
under the water, a refracted texture address that is to be displaced according to

refraction phenomena is determined.

7. The system for implementing refraction mapping according to claim 1,
wherein, said system for implerhenting said refraction mapping is provided in a video

game device.

8. - A method of implementing a refraction mapping, comprising the steps of:
| perspective-projecting an object, and producing a two-dimensional texture of
said objeét for a texture plane; and |

-determining a refracted texture address that displaces according to a refraction

phenomena, for at least a portion of said texture,

T
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- wherein said refracted texture address is determined, depending on a normal

vector at a boundary surface of different media and a visual line vector.

9. The method of implementing a refraction mapping according to claim 8,

wherein said refracted texture address is determined by an angle formed with said

‘normal -vector and said visual line vector or a component of said normal vector that is

parallel to said texture plane.

10. The method of implementing a refraction mapping according to claim 8§,
wherem as a normal vector at an intersection point of the boundary surface of at least
two dlfferent media and the visual line vector is defined to be n, and as the visual llne
unit vector is defined to be v, determining a variable k so that the sum (n + kv) of the
normaf vectér n and the value kv of which the visual line unit vector v is multiplied by
a variable k becomes parallel to said texture plane, said refracted texture address is
determined -by displacing  said texture address by an amount of a constant

multiplication of (n + kv), that is L (n + kv).

.1 1. The 'methdd of implementing a refraction mapping according to claim 8,
wherein as a normal vector at aﬁ'igtersection poinf of the boundarjr surface of at least
two different media and t_he visual line vector is deﬁned to be n, said refracted texture
address is determined by displacing a texture address with only an amount of L (g,

ny) of which two components (ny, ny) parallel to the texture'plane of said normal

vector n are multiplied by a constant L.

12, The method of implementing a 'refraction mapping according to claim 8,

further comprising the steps of:

displacing at least a portion of a texture, based on said refracted texture
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perspective-transforming on a screen, using this displaced texture.

13. The method of implementing a refraction rhapping according to'clainj 8,

wherein said object has a portion projecting from the water surface, and a portion

sinking under the water,
- and for at least a portion of said texture associated with said portion sinking
under the water, a refracted texture address that is to be iiisplaced according to

refraction phenomena is determined.

14. A- recording medium in which a program of implementing a refraction -
mapping is recorded so that it can be read and executed by a computer, said program
corﬁprising the steps of: | _ | |
pefSpecti\}e—projecting an object, and producing a two-dimensional texture of
said object for a texture plane; and

determining a refracted texture address that displaces according to a refraction

| phenomena, for at least a portion of said téxturé,

wherein said refracted texture address is determined, depending on a normal

vector at a boundary surface of different media and a visual line vector.

15. . The recording medium according to claim 14, wherein said program is a

processing program including the step of, said refracted texture address is determined

by an angle formed with said normal vector and said visual line vector or a component

of said normal vector that is parallel to said texture plane.

16.  The recording medium accordihg' to claim 14, wherein said program is a

processing program including the step of, as a normal vector at an intersection point of
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the boundary surface of at least two different media and the visual line vector is

~ defined to be n, and as the visual line unit vector is defined to be v, determining a

‘variable k so that the sum (n' + kv) of the normal vector n and the value kv of which

the visual line unit vector v is multiplied by a variable k becomes parallel to said
texture plane, said refracted texture address is determined by displacing said texture-

address by an amount of a constant multiplication of (n + kv), that is L. (n + kv).

17. The recording medium according to claim 14, wherein said program is a

processing program including the step of, as a normal vector at an intersection point of

- the boundary surface of at least two different media and the visual line vector is

defined to be n, said refracted texture address is determined by displacing a texture

address with only an-ahount of L (ny, ny) of which two components (ny, ny) parallel

" to the texture plane of said normal vector n are multiplied by a constant L.

18. The recording medium according to claim 14, wherein said program is a

processing program further comprising the stepé of:
dlsplacmg at least a portion of a texture, based on saxd refracted textnre :
address and

pempective—transfonning on a screen, ixsihg this displaced texture.

19. The recbrding’ medium according to claim 14, wherein said program is a

processing prograzﬁ including the step of, said object has a portion projecting from_ the

. 'water surface, and a portion sinking under the water,

and for af least a portion of said texture associated with said portion sinking
under the water, a refracted texture address that is to be displaced according to

refraction phenomena is determined.
. I
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