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using UnityEngine:

@ Unity R4 7T+ (1
v public class TextureMonoBehaviourScript :

{

1 Texture/TextureMonoBehaviourScript

HEOT7 Y FEE)

MonoBehav iour
[SerializeField] Material material = default!:
Texture2D texture = null;

[SerializeField] int TEX_WIDTH = 1980;
[SerializeField] int TEX_HEIGHT = 1080;

// Start is called once before the first execution of Update after the MonoBehavia

Yoid Start ()

texture = new Texture2D (TEX_WIDTH, TEX _HEIGHT, TextureFormat.RGBA32, false):
aterial. SetTexture (" Texture2D”, texture);

1 EnSiE
%oid UpdateTexture ()

var pixelData = texture. GetPixelData<Color32>(0);
Eor (int y =0, y < TEX_HEIGHT; y++)

// MEARIETHFEDTST— 320 [0,256)
byte g = (byte) ((256.0 / (TEX_HEIGHT )) * K

for (int x = 0; x < TEX WIDTH; x++)

[/ ARIEFDTST—3 > [0,256)
byte r = (byte) ((256.0 / (TEX_WIDTH )) * X);

pixelDataly * TEX_WIDTH + x] = new Color32(r, g 0, 255).;// BEIZ0EE

texture. Apply () ;
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= Hierarchy

T ' 5+ © O @ Q
- TUI/Raw Image A TI T ODER
- D&M :Rawlmage
« QFPA—
- OfIE: RS
- DI, &T:1920x1080(EEICENED)

« YTUPIVDAERK
- ©&FMI: Texture Material -
- ®RawlmageA JI TV MIEE

- [Raw Image] Material G v Rawimage

« ITI—YFITSTDIER
« Canvas Shader Graph
- (DEFMI: Textured Shader Graph
- ®Texture MateriallZzXE

° M O n O B e h aVi O u r S C ri pt 0) E’ﬁ Project console . v Texture Mono Behaviour Script (Script) @ i

° |J:
%@éﬁﬁeMonoBehaviourScript \ )
- (OORawlmageA TI T IRCINAUR R ¥ @ ud

Shader Shader Graphs/Texturecr Edit.. =

r B
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s Texture2DTO/NT1 e

z B0
- Reference (~ Torwerora © e
[ Texture2D]Z@UT m—
CPUMNSEEHT D f R —

)L Sample Texture 2D Fragment

Sampler State

+ VI—YTZIIE s
T 7 Z 9: ‘\7 % %ZI_\ Filter  Point - Type Default =

° 'lj'yjoa_ Wrap Clamp  ~ Space Tangent
« [FOEVTBRLDIITRAUL
)20
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using UnityEngine:

@Unity RZ 1) Tk
v public class TextureMonoBehaviourScript :

{

1 Texture/TextureMonoBehaviourScript

(1#®7tvF§ﬁH3E®%$_
MonoBehav iour

[SerializeField] Material material = default!;
Texture2D texture = null;

[SerializeField] int TEX_WIDTH = 1980;
[SerializeField] int TEX_HEIGHT = 1080;

// Start is called once before the first execution of Update after the MonoBehavig
@Unity Avt€—210 EDOSEE

Yoid Start ()
texture = new Texture2D (TEX_WIDTH, TEX _HEIGHT, TextureFormat.RGBA32, false):

DT I XAFVERE
s TORXFvBEREER
- Texture2DA IOk

« Texture Mono
Behavior ScriptzZ:kE

« YT 7 )biTexture
Material

TAX(BEFT)

—» material.SetTexture (" _Texture2D”, texture);

s
16 UpdateTexture() ;
17 }
18
1 ED&E
19 v %oid UpdateTexture ()
20
== 21 var pixelData = texture. GetPixelData<Color32>(0);
22
23 v {or (int y =0, y < TEX_HEIGHT; y++)
24
25 /] MEARIEHEROTSTF— 3> [0, 256)
26 byte g = (byte) ((256.0 / ( ) (TEX_HEIGHT )) % F
27
28 v Eor (int x = 0; x < TEX_WIDTH; x++)
29
i // BARIEFOT 57— 3> [0, 256)
7 it byte r = (byte) ((256.0 / ( ) (TEX_WIDTH )) % ( )X)

B v Texture Mono Behaviour Script (Script)

NELCIE] & Texture Material
TEX_WIDTI

TEX_HEIGHT

K® GE

] ';‘I O [::'

1080
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pixelDataly * TEX_WIDTH + x] = new Color32(r, g 0, 255).// HIX0EFE
}

texture. Apply () ;

OS5 L7—03v IV






AHOAA

- CPUMMNSDIY —RERK
« TORFvDIEHE
- UET NIV
* TORTFYETIAH DI
- RUTDHEE

==
==

>~—2: 2 Lichtenberg Scene

K GEITOKYO POLYTECHNIC OS5 L0—03v TV

UNIVERSITY



=131, 2km

* 30-50MIFEDRT YT
CHIDVRDSED

K@’(-_. G E TOKYO POLYTECHNIC https://www.publicdomainpictures.net/jp/view-image.php?image=215233 jOD 7\5.[3\'7 _793 ‘y jOIV

UNIVERSITY



B DRI

s HEREY(CTBRTU LIS

e L JETIUNRIVIX

X|#Z

» BRI ORMEETZ(ENERIC
ET TN D DUIRNE DR

E I TOKYO POLYTECHNIC
\ 4 UNIVERSITY

OS5 L7—03v IV



JETRIVIERZDAEY 7

s RNV OHERICEIEL TS

« ECHEX OTTORImMN R ETZE D
RN S DERMDRAIEZEKT D

« RimM S DEERED KT S ZHDI T ETD

s EDOGZEIEVINOIHEICE VR THEDSIDNRLNE
- WIEICE V2 S EERRDIE T R E L TRERZENULLL

Tl

K . GEITOKYO POLYTECHNIC JOJSLT7—03vTIV

UNIVERSITY



POTHELD

« T IURIVOBIRE D S ZADYERK
 JETIURIVIBRFZ O S R 22U T Mono Behaviour®D{ERK
° ii%d\ @UI@:%H%&A%

K GEITOKYO POLYTECHNIC OS5 L0—03v TV

UNIVERSITY



POTCHLD

« JETFIURIVIEFET S ZADIERK
 JETIURIVIOEFO S A E=HU I Mono BehaviourD{ERL,
° ii%d\‘ @UI@:%H%&A%

K . GEITOKYO POLYTECHNIC JOJSLT7—03vTIV

UNIVERSITY



CHROUT
OD:ENN

«  JETIRIVD T
[FUnity & #ESR

MonoBehaviour
TlERXWITREDL
T1ED

« —EHYIC. IRBNRL

EKIFEZR<TDH

FELLY
ZhElE
%@FEE$5T
Lichtenberg.cs BHahieEC<i)

Create > Folder

> using System. Collections. Generic;

I> public class Lichtenberg] . ]
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Visual Scripting

Show in Explorer Matenal
Open MonoBehaviour Script
Delete 50 y
Rename Animation >
Copy Path Alt+Ctrl+C Audio y
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Shader >
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>
>

Open C# Project

View in Import Activity Window Vulkan Settings
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Lichtenberg.cs
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11
12
13
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15
16
17

18

19
20

21

public enum MODE

[
ALL,

/] ETDEHEFZIEDH S

FINISH_AT_FIRST_ARRIVE, // &#IimlI“EZEL =T

}

R B[R
public enum State

[

Running,
FinishedAll,
FinishedAtFirstArrive,

}
9 BnZiE

// tEFE
/] ETEE-T=
/] BRAICIRIZEZELTRT

public int Width { get: private set; } = 96;

3 EnSHE

public int Height { get:; private set; } = 54;

2 EnSHE

public MODE Mode { get. private set; } = MODE. ALL;
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parent: D1 T VIR

e (IBEZHEEL: index = y * Width + x

Py
.- edge: JRICW\ [T BIEFTE R 1ITYTR
- Parent(GR)—>Child(F)z 77 EHE
i = -1; b DT Lichtenberg.cs
L|St A ERE| 24 ;8t1|§’8§%;£dex 1.// AT IR 9
?\j) [A’EJ\%% 25 Bu?ﬁliac):égggort[] Value { get: private set: } = null:// &I DIE
% 26 gublzliac):xughort ValueMax { get { return StartIndex < 0 ? (ushort)0 : Value[StartIndex]: } }
BEDSE
27 public int Arrivelndex { get; private set; } = -1.// &AIHIZENELI=A VT VIR
28
- Value 29 () BHEBRORA 2Ty Y 2
;E b\bmﬂﬁﬁﬁo%ﬁé_jfj 30 public ﬁqt[] Parent { get; private set; } = null;
'Y‘JJ 31 o
SCUshorteve< [ it
33 struct Edge
. StartIndex 34 { o .
- IRz ECER 2 ] blic int chrra:
37
- Arrivelndex 38 List<Edge> edge = new List<Edge>():

Ul CE VR D R %EECER
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Lichtenberg.cs

A X~ !
=595 3
45
cHAXEEE -

- XEUEHEEFR ©

ynl\\\€1§b\b6 g?
WEE-Z\;:é 52
KDL t‘/ I~ Eﬁ

xR >
s AUTYIRIE

1237 EE 0
AV = o
63
64
65

public Lichtenberg(int height,

{
Height = height;
Width = width;
Mode = mode;

int N = width * height;
Parent = new int[N];
Value = new ushort[N]:

int width, MODE mode = MODE. ALL)

ResetInternalState(): // MHAZ )V 7E£a R S22 TIETH-oTHKL

]

2 EnSE
void ResetInternalState ()

{
// Parent, Value #4217

for (int i =0; i < Width * Height; i++)

{
Parent[i] = -1;
| Valueli] = 0;

edge. Clear () ;
Arrivelndex = -1,
StartIndex = —-1;
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Lichtenberg.cs

#JER1L
87 v public void Initialize(int y, int x)

* ’3‘0)7_ &)\ 3{%[%'}‘&‘} I\ gg [ ResetInternalState () ;
ﬂn,m(i¥ﬁ73 /\ E’T g? int 1dx =y * Width + x;

92 I StartIndex = idx;
Hd_ KT#UE?% 03 | Kidedae(io, 60 // MABRBREOERTRELT S
04
° &;&(L- 67 v int AddEdge (int pos, int parentindex)
1%§L/"C 68 { parent
» 69 A Parent[pos] = parentlndex;
LSDY-- |
71 int num = 0;
== 72 int y = pos / Width;
° %'J_l'a<t)|/7é_f 13 int x = pos % Width:
edge(g_‘_gl_;ﬁ,% 75 int iu = pos - Width;
N 16 int id = pos + Width;
S 77 int il =pos - 1;
%l\\ﬁaj 18 int ir = pos + 1;
%ﬁb\—] 'Z:‘ 79 if (0« y && Parent[iu] == -1) { num++; edge. Add (new Edge { Parent = pos, Child = iu }): }
F = 80 if (y+1 <Height && Parent[id] == -1) { num++; edge. Add (new Edge { Parent = pos, Child = id }); }
d\\,\) d\b 81 if ( 0 < x & Parent[il] == -1) % num++; edge. Add (new Edge { Parent = pos, Child = il %); %
XX 7‘-\ \ 82 if (x+ 1< Width & Parent[ir] == -1) { num++; edge. Add (new Edge { Parent = pos, Child = ir });
Efib FUV
84 return num;
85 }
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Lichtenberg.cs

WITFTBEFr
1 EIR if

119
. iSTt CEERDVS TN 120
AERIUER S e

. nﬂz%lu_jlgflﬂ 124

~
-

v public State Update()

{
/] THREES ‘
int 9;// edgedA T v I A
int pos;// TkATVIOR
int pa;// ATV IR

AR R W%

AV do
[/ AT DGR NTEWNE 6T
int ¢ = edge. Count;

v if (c == 0)

[

_ 125 . _
L\a)-(%l—gb \7«3&2127 ] return State.FinishedAll;
« EATZHH 128
]E B % 129 /] %% U H LIRS
. ~/\u7' iﬁfgb\gj 130 g = UnityEngine. Random. Range (0, c¢) .
\"% IEH’L'CL\ 1 pos = edge[q]. Child;
?{E&GL 7_\ ﬁ L_;Lla" 132 pa = edge[q]. Parent;
VLU B 1%
. BB 5'(“ 34 [/ BIENZT Y SEEIR
\57?’% 13 edgela] = edgelc - 1] CH#HCOURNMIFKEDHIIRNE®
. ?‘C%@iﬂtm 136 > edge. RemoveAt (c - 1) GRROT—9%BLIE KEEHIR)
= = 137
g2 Lbf l';_?\_;( ~ s 138 i jwhile (Parent[pos] !=-1); // BRICIEFE>TWSLHEYEL
le [ - \ﬁg\]‘\ int num = AddEdge (pos, pa);// =% ITw o &BM
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2lEFE

« LFBRBFHORITFTNIEEKEE
« RKIENS DM ZETE
BRI (Running).
TII—T%&8KT

UpdateDfit=

TOKYO POLYTECHNIC
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Lichtenberg.cs

06 4 [ BEEhDE-THEAERZIEDS
1 Bz
97 v ?rivate void searchRoot (int idx)
98
99 ushort v = 1;
100 A~ Thile (Parent[idx] != idx)
101
102 /] BEICKREGZENZRESNTILINIZES
103 if (v <= Value[idx]) return;
104
105 Valuel[idx] = v++;
106 I idx = Parent[idx];
107 J
8
10 // JL— DR

110
111

| Value[idx] = v < Valuel[idx] ? Valuel[idx] : v;

1
1

1
1

b4
b v
§ {
157
158 I
159
G0
61 I

//BRICREIBIFIEE - Tt

it (num == 0)

searchRoot (pos):// {BOEI

return State . Bunning:

OS5 L7—03v IV




ax#CimlCELELTZOE T

T UIRIZES (pos/Width)
%?Ej%%§—|:(0)‘; tt)%\'\r Lichtenberg.cs

« BCEADLIICHEZHFF \ 141 o = Addidge = pz ARy SR
e IRT EREIREICEHEADBRBOEXNED 1 Dlode 2 007 FINISH AT FIRSTARRIVE)
S EHHL 5 \ T =

145
146 {
¢ EI:*%‘ ORRY) JEOU?L/T&.*U/J\J: 1471 | Arrivelndex = pos;
\A searchRoot (pos) ;// {EDEH
*ﬁ%?j‘;ﬁ\z\cﬁ') [C9 5D 149 - edge. Clear (); // Z2(= LCASIET
&L)1E7£R _((3:7_ L\{_gl_jé 150 };—» return State. FinishedAtFirstArrive;
. unning CIFRVMEICTSD S

152 }
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 JETIURIVIEFZ O S R 22U 9T Mono Behaviour®D{ERK
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SErFMMonoBehaviourzijn

°
\zI'I1|

« Z¥M5: LichtenbergMonoBehaviour

s > 2 Lichtenberg

& # W #

erg Lichtenberg...

B Assets/2 Lichtenberg/LichtenbergMonoBehaviourScript.c
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1 using System. Collections; . . .
2 using UnityEngine: LichtenbergMonoBehaviourScript.cs
3 _
eUnity X UTk 0 HEO7Ey FSEE) 10 BOSE
4 public class LichtenbergMonoBehaviourScript : MonoBehaviour
(Vi > 5
/ 6 [SerializeField] Material material = default!:
/ ] Texture2D texture = null;
8 [SerializeField] int TEX_WIDTH = 128;
9 [SerializeField] int TEX_HEIGHT = 64;
10
11 I Lichtenberg lichtenberg = null; I
— -~ W
. —F w/]» 12
—d )l/ J / ijj 13 // Start is called once before the first execution of Update after the MonoBehav
=5 @ Unity Avt&—210 EOSE
- ﬁ 14 \.['oid Start ()
15
° 1 » |16 texture = new Texture2D (TEX_WIDTH, TEX_HEIGHT, TextureFormat.RGBA32, false)
yl e I'd retu rn n u “'_( 17 material. SetTexture (“_Texture2D”, texture);
—_— 18
§j l/ fEEiAt)I/;E1 j 19 lichtenberg = new Lichtenberg (TEX_HEIGHT, TEX_WIDTH) ;
20
jjk 21 // BREREDEE
r 22 int x = TEXWIDTH / 2;
y [&I‘ I: Btjg& 73 int y = TEX HEIGHT - 1:// yASkZEUL\AA L
H/ 24 lichtenberg. Initialize(y, x);
25
26 StartCoroutine(Simulate()) ;
27 }
28
L EQHE
29 private [Enumerator Simulate ()
30
31 while (lichtenberg. Update () == Lichtenberg. State. Running)
32
33 UpdateTexture() ;
34 yield return null;
35 }
36 }
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T XA FVEEH

. 1) l:TJ/\‘)l/O 0> ADEERED T —F ZSidA A TIERE

39 Y “['O'd UpdateTexture () LichtenbergMonoBehaviourScript.cs
40 var pixelData = texture. GetPixelData<Color32>(0) ;

41

42 ushort[] value = lichtenberg. Value;

43 double vMax = ( ) lichtenberg. ValueMax;

44

45 int idx = 0;

46 v Eor (int y =0; v < TEX HEIGHT; y++)

47

48 v Eor (int x = 0; x < TEX WIDTH; x++)

49

50 A byte ¢ = (byte) (256.0 * ( yvaluelidx] / (vMax+1)).// 256IFB AT LNKS(2T B
51 ixelData[idx] = new Color32(c, ¢, c, 255);

52 | dx++;

53 J

b4 }

b5

56 texture. Apply () ;

57 J
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Rect Transform
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axX AE
Canvas Renderer
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ual v Raw Image

- Z#MFl:Raw Image
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- [Raw Image DI Material.llc
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« BEXEMAFICILD D

c INTZREDERODIMEUNS
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« JUIR—2RMDENN
e X7 T4 — [ Mesh Filter

« LA ENBXAYY1ZFRETFIT D ! Mesh Renderer
« XWwalLb o S—

« XYII1DHEFREZRTFI S

- MaterialsIC¥TU7IVZERET D

. 77")7”/

« VIV ERETD

Materials: Element O
—r—

|
Material J
|

Polygon Materlal

Shader Graph
Shgdle r@%rzaagﬁg'ﬁ Polygon Shader Graph
« X201 )T+MDEM Script
I_I_\U :| J;E/-_EZ PolygonMonoBehaviorScript
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© Inspector

@ v GameObject

b

—_— Tag Untagged v
@ j i %N $ j . Transform
Position X 0
R tion X 0
. Scale & X 1
1 - Shader G raph %JEZ-”] 52 [none] (Mesh Filter)

° * E#E : U N I.lt S h ad er G Fa p h Mesh None (Mesh)
° %*’jﬁﬁu : PO I-ygon S h ad e r G rafh ES v Mesh Renderer

WEICHELS

2. ¥TU7IV%EE
- &FM5:Polygon Material ¥
- [Polygon Shader GraphlZ:&E N

3. Mono Behaviour Script% i
- Z¥M5: PolygonMonoBehaviourScript Ray Tracing

Additional Settings

4' rEmpoty ObJeCtJ%JEjJ[I v Polygon Mono Behaviour Script (Script)
« JUR—RhZENN
- Mesh Filter
- Mesh Renderer
- Materials®ElementOICIPolygon MateriallZ:E10
- PolygonMonoBehaviourScript
* I\“%\yﬁ‘?)l\“l\“lj\yj Add Component

Element O ® Polygon Material

e

. Polygon Material (Material)
Shader Shader Graphs/Polygon Shadv Edit... = +»
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using UnityEngine;
@ Unity X2 YTk (1

v public class PolygonMonoBehaviourScript :

{

// Start is called once before the first execution of Update

o7ty h2E) 10 BADSE

MonoBehav i our

@ Unity Avt—210 BEOSEE

void Start()

Vector3[] vertices =

[

Célor[] colors
int[] triangles

:::::::::;Mesh.Clea(():

Mesh.vertlces =

J

. 4

new Vector3 (1. Of,
new Vector3 (0. Of,
new Vector3 (0. Of,

Mesh.colors = colors;
Mesh. triangles = triangles;

\\\\\\\\\’Mesh.RecalculateBounds():

— > Mesh. RecalculateNormals () ;

0.0F, 0.07).
1-6f. 8.00),
0..0F, 1.00),

{ Color.red, Color.green, Color.blue };

{0,
Mesh Mesh = GetComponent<MeshFilter> ().mesh;

1. 2k
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° H#n'f L) Cj:

verticesl[1

vertices[

verUCé;; ////7%4///4
triangles | O 1 2 3 5 4
BFET[E]Y AV IEM
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ices[2]

3ET—Evk

vertices[5]

vertices[4]
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Object Space

Object Space

Object Space

Vertex Color

Vertex

=0 Pposition(3)

*~=0 Normal(3)

*—~=0 Tangent(3)

Fragment

Qut(4) @ = ® Base Color(3)
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O Inspector

Ea v Main Camera

AXSLATIH

- Transform

Position

« F—AATITHOMNIESICERE e

» NAZZFOH L (1.5, 1.5, 1.5) b\b%"l‘%@“
- Rot: (30, -135, 0)
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e JeEFTIURIVIEF
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>—2: 4 Thunder Scene
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. %t)b@tﬂ:bxh\%flﬁé:mé?ﬁ%
DEtHR
- THR CHIN B AR—
. u-n?l‘] ZETHE
dir =
Pi+1 — Pi) + (Pi — Pi—1)
= Pi+1 — Pi-1
. %‘%%O)ﬁﬁﬁlﬁjwﬂzi’ﬂ
« pli+1]—pli—1]
o IR E IR THFTRLIE
- HMBEAA—IED
- EITAMEZIOEREES
. g _It_JAé% DPIERZ DR
CRISTLRES

i S R
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= Hierarchy

4+ o
a4 Thund er Scene

~ ) Main nera
@ ’ i %&j () Directic |1II ght
& Thunder
© Inspector T Occlusion a
v Thunder atic
I

- Mono Behabiour Script®iEn
« ZFM5l: ThunderMonoBehaviourScript

- GameObject®iEN
« Empty Object &L
« ZFMEl: Thunder
« AUIR—REDEN
- Mesh Filter
- Mesh Renderer

« ThunderMonoBehaviourScript $ ﬂ

ets/4 Thunder/ThunderMonoBehaviourScript.cs
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X IN—ZT$]

o XWItERME
« Xwa
« XwoaJa4)L—&0LT
« meshFilter
« Y7 J7IU: material
- UETIUNIVI
. lichtenberg
« RTT
« TEXWIDTH
« TEXHEIGHT

- FURF Y
el

- EBHTHFE: time
e 1~3W MR CEH

K . E TOKYO POLYTECHNIC
UNIVERSITY

OO0~ CO PO —

v using UnityEngine;
using System. Collections. Generic;

@Unity XY Tk (1 O 7ty FSHE)
v public class ThunderMonoBehaviourScript : MonoBehaviour

{

ThunderMonoBehaviourScript.cs

[SerializeField] MeshFilter meshFilter = default!;
[SerializeField] Material material = default!;
Texture2D texture = null;

[SerializeField] int TEX_WIDTH = 128;
[SerializeField] int TEX_HEIGHT = 64;

Lichtenberg lichtenberg = null;

float time = 0.0f;

{/ Start is called once before the first execution of Update after the MonoBehavi
%oid Start ()

texture = new Texture2D(TEX_WIDTH, TEX_HEIGHT, TextureFormat.RGBA32, false);
material. SetTexture (" _Texture2D”, texture);

/] TORAFv EEET HEHEDPMERE
lichtenberg = new Lichtenberg (TEX_HEIGHT, TEX _WIDTH
Lichtenberg. MODE. FINISH_AT_FIRST_ARRIVE) ;
] UpdateTexture() ;

=1

TOid Update ()

time —= Time.deltaTime;
}f (time <= 0.0f)

Generate () ;
] time = Random. Range (1.0f, 3.0f).// 1#A L3 DEIETEER

}

OS5 L7—03v IV



ThunderMonoBehaviourScript.cs

38 Iv void Generate()

{
// BREREDIIRIE
int x = TEX WIDTH / 2,
int vy = TEX HEIGHT - 1;// yh A K=EULVAHM L
| ichtenberg. Initialize(y, x):

° |J /T“J/\‘ L .
/| BT IO ARAFYDER
)1/7 ¥ HZI;" while (lichtenberg. Update() == Lichtenberg. State. Running) ;
W ’]i e)l/_ UpdateTexture() ;
7_C—'§=\,/_/ /] BERBORE
/:'E List<int> path = new List<{int>();
o FERNIZAERHY int p = lichtenberg. Arrivelndex:
< N while (lichtenberg. Parent[p] != p)
SRz D [
7:: U A I:—é: L/ gazh-l ?gﬁég%l;)erg Parent [p]:
T%%E%-: ] | ’
« Xwa% _ path.Add (p) ;// ®i&IZHRITZEIEBM

PRI S J) A9 D
UpdateMesh (path) ;

62 }

OS5 L7—03v IV
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° E_[*Eﬂ_’“ - . U lf_j_-)/\‘)l/ﬁ X ﬁZODEEﬁﬁ"ﬁD\BODEE%E ThunderMonoBehaviourScript.cs

64 v TOid UpdateTexture ()

65

66 var pixelData = texture. GetPixelData<Color32>(0) ;
67

68 ushort[] value = lichtenberg. Value;

69 double vMax = ( ) l'ichtenberg. ValueMax;

70

71 int idx = 0;

72 v Eor (int y = 0, yv < TEX HEIGHT; y++)

13

74 v Eor (int x =0; x < TEX WIDTH; x++)

15

76 byte ¢ = (byte) (256.0 * ( Jvaluelidx] / (vMax + 1)).:// 256I1ZIF7E 62N K (2T S
77 pixelDatalidx] = new Color32(c, ¢, ¢, 255);
78 | dX++;

79 J

}

80
K . GE TOKYO POLYTECHNIC JOJSL0—03 v TV
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ThunderMonoBehaviourScript.cs gg M ‘fo'd Undatelfesh (List<int> path)
86 int n = path. Count;
87
. 88 // TAERDERK
\ ~ 89 int vertexCount = 2 * (n + 2);// e &R RIT2TERT DIEM
\J ~ / _1’ 90 Vector3[] vertices = new Vector3[vertexCount];
— 91 float SIZE = 1000.0f / ( ) TEX_HEIGHT;
92 float halfWidth = SIZE * 0. 5f;
93
94 int vix = 0;
95 // R
o)
SRR TVENERE |
® z ZFE’\:HQ—lj:/_I_\ e J 104 > %l (int i =0; i <ni i+ ]
_:"j— 149 l%l’i‘%l‘—'"
— 150 >
159
160 Color[] colors = new Color [vertexCount];
161 > for(int i = 0: i < vertexCount: i++)[ ]
165
166 /] AT ADER
167 int polygonCount = 2 x (n + 1);// HAREDEK
168 int[] triangles = new int[3 * polygonCount];
169 int idx = 0;
170 vitx = 0;
17 > while(idx < 3 * polygonCount)| . ]
184
185 /] AU aADEF
186 Mesh Mesh = meshFilter.mesh;
187
188 Mesh. Clear () ;
189 Mesh. vertices = vertices;
190 Mesh. colors = colors;
191 Mesh. triangles = triangles;
192
193 Mesh. Recal culateBounds () ;
194 Mesh. RecalculateNormals () ;
195 }
196 }

I —
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« HDH

ThunderMonoBehaviourScript.cs

160 Color[] colors = new Color[vertexCount];
161 v for(int 1 = 0; i < vertexCount; i++)

162 {

163 colors[i] = Color.white;

164 }
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ThunderMonoBehaviourScript.cs

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

/] AT ADER

int polygonCount =2 % (n + 1);// WAEFOH
int[] triangles = new int[3 * polygonCount];
int idx = 0;

vix = 0;

Thile(idx < 3 * polygonCount)

triangles[idx + 0] = vtx + O;
<:> triangles[idx + 1] = vtx + 2;
triangles[idx + 2] = vtx + 1;
triangles[idx + 3] = vtx + 1;
triangles[idx + 4] = vtx + 2;
triangles[idx + 5] = vtx + 3;
idx += 6;
vix += 2;

TOKYO POLYTECHNIC

UNIVERSITY
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VALY

WUBEE

C REEETE
BN
. Vecjtjgn?v.

Thu

nderMonoBehaviourScript.cs

155
156
157
158

v TOid UpdateMesh (List<int> path)
int n = path. Count;

// TBERMDAERL
int vertexGount =2 *x (n + 2);// AR R AIZ2IEEAT DIEM
Vector3[] vertices = new Vector3[vertexCount];

float SIZE = 1000. 0f / ) TEX_HEIGHT;
float halfWidth = SIZE * 0. 5f;
int vix = 0;
// tBm
v {

int index = path[0];

int x = index % TEX_WIDTH - TEX_WIDTH / 2;

Vector3 center = new Vector3(halfWidth * 2.0f * (
vertices[vtx + 0] = center + Vector3. left * halfWidth;
Verticeg[vtx + 1] = center - Vector3. left * halfWidth;
vix += 2.

}
> for (int i =0; i <n; i+H)[ ]
/] BR
v {
int index = path[n - 1];
int x = index % TEX_WIDTH — TEX_WIDTH / 2;
int y = TEX_HEIGHT;
Vector3 center = new Vector3(halfWidth * 2. 0f % (
vertices[vtx + 0] = center + Vector3. left * halfWidth;
vertices[vtx + 1] = center - Vector3. left * halfWidth;
vix += 2;

}

)%, 0.0f, 0.0f):

)X, SIZE * ( ) TEX_HEIGHT, 0.0f):

TOKYO POLYTECHNIC
UNIVERSITY
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ThunderMonoBehaviourScript.cs

(|
BOIERD
NOEIEZ
=

Xy ANEX.
FADFHSZ
ZZ % C C[ojE#g
HEIDREIE
ASEDFRIC
SR
DLOFELE
FEREVTE
ZDot T2
LieAT %
%950)73\‘ L

104
105
106
107
108
109
110
111
112
123
124
125
126
127
128
129
130
131
132
133
134
145
146
147
148

W

for (int i =0;

{

}

i < n; i++)

int index = path[i];

int x = index % TEX_ WIDTH — TEX_WIDTH / 2;

int y = index / TEX WIDTH;

Vector3 center = new Vector3(halfWidth * 2. 0f % (
// WBAERDARY RILZEETE

Vec%orB right:

if (i ==

else if(i <[%:l 1)

// IR LANIRIERDER TAHRFRE
int nextIndex = pathl[i + 1];

)%, SIZE * (0.5f + ( Jy), 0.0f);

int nextX = nextIndex % TEX_WIDTH; T 7

int nextY = nextIndex / TEX_WIDTH; cos= sinz| I T
int previndex = path[i - 1]; r = 7% 72T dir = [O _1] dir = l C{lry]
int prevX = previndex % TEX_WIDTH; sin—  COS— 1 0 diry

int prevY = previndex / TEX_WIDTH; 2 2

| right = new Vector3 (- (float) (nextY - prevY), ) (nextX — prevX), 0.0f);
else
vertices[vtx + 0]
vertices[vtx + 1]
vix += 2;

center + right * 2.0f % halfWidth / Vector3.Dot(right, right):
center — right * 2.0f x halfWidth / Vector3.Dot(right, right);

TOKYO POLYTECHNIC
UNIVERSITY
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110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

// BARDAY FILEER ThunderMonoBehaviourScript.cs
Vector3 right;

it (i =0

[/ BRIEROREBRD—DOTOEDENTHRZRE
int nextIndex = path[1];

int nextX = nextlIndex % TEX_WIDTH;

/ TEX WIDTH:

int prevlndex = path[0];

int prevX = previndex % TEX_WIDTH;

int prevY = prev]ndex / TEX_ WIDTH - 1;

rg - prevY), ( ) (nextX — prevX), 0.0f);
else if(i <n-1)

[/ Imm U IFIRDEN TAHARZRE

int nextIndex = path[i + 1];

int nextX = nextIndex % TEX_WIDTH;

int nextY = nextIndex / TEX WIDTH;

int previndex = path[i - 1];

int prevX = previndex % TEX_WIDTH;

int prevY = previndex / TEX_WIDTH;

right = new Vector3(-(float) (nextY - prevY), | ) (nextX — prevX), 0.0f);

) CHRZRE

int nextlndex = path[n - 11
int nextX = nextIndex % TEX_WIDTH;

int nextY = nextlndex / TEX_WIDTH + 1;
= 2],

int prevX = prev]ndex % TEX WIDTH;

int prevY = previndex / TEX_WIDTH;
right = new Vector3(-(float) (nextY - prevY), | ) (nextX — prevX), 0.0f);
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@ src - 4 Thunder Scene - Windo ac, Linux - Unity 6.2 (6000.2.6f2)* <DX12 > — O X

+ File  Edit Assets GameObject onent Services Jobs Window Hel

. Unlit Shader Graph = A & e

- ZFM5): Thunder Shader s | o
rap

2. ¥TU7IVEEM

« Z¥l: Thunder Material

3. Thynder Shader Graph
ZESIE

4. Thunde[zr_j‘;z‘lﬁl\@
MateriallZ5%

|CEXRE
 ThunderMonoBehaviour

e
ScriptDEE

5. Mesh Filter|cThunder# 4
7_/59»3%@@%%%—& 1

6 . IlI]ExD % ¢ liﬁ% ICEQE ) ) TEX Hfl-:}'HT : 64 .

I7 L M ate rl a lli?é_(\\ e 5h... . hnilq .r Shallclelr Gr;:l:.'s:jll'll;‘ulnder Shader Graph ~ | Edit.. G'EIV: )

— an allocation that is older than its permitted\tietime of 4 frames (age = 8) *¥e®EO
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Thunder Shader Graph

1 L Ohject Space *—==0 paeitinn2)
* ]-/E\I;ﬁ\\ é€ I——l jj Object Spe ~ Position(3)
Object Space *-—0C nNormal(3)
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@ src - 4 Thunder Scene - Windows, Mac, Linux - Unity 6.2

File Edit A GameQObject Component

& Unity 6 @ Tl @ AssetStore v &
# Scene

[©] center v (@ Local

= Hierarchy =) s Game
+ 7 @ L/—'
' 4 Thunder Sc :
) Main Camera
&) Directional Ligl

&0 Plane

)

« Plane# 7 1o
2B

o« [RHUL

« KETIEXT10001H

Mm Project B Console

+ -
4 All Materials
4 All Models

Q, All Prefabs

(= Assets
b 1 Texture
Im 2 Lichtenberg
Im 3 Polygone
e 4 Thunder

4 Thunder S...

TOKYO POLYTECHNIC
UNIVERSITY

Services

v 1

(6000.2.6f2)* <DX12>

Jobs

ﬁ Textured Shader Graph

{:;I'}v-r:Hv

4 Thunder

hunde

Window

Help

Sh...

L NI | R

B Thunder She »

hunderMo...

@ Inspector B Occlusion

@Q.Ofavplane

Tag Untagged Default

Transform
Position X 0
X 0

% X 1000 1000

Plane (Mesh Filter) e

Mesh H Plane

BS v Mesh Renderer
Materials

Element O

Lighting
Cast Sha
Static Shac

Contribute Global lllum

Probes

Ray Tracing

Additional Settings

HH v Mesh Collider

Lonvex

Provides Cc
Cooking Options Everything
B Plane

Layer Overrides
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» FEDRAETEEZIVTYHERR
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@ src - 4 Thunder Scene - Windows, Mac, Linux - Unity 6.2 (6000.2.6f2)* <DX12> — O X

File Edit Assets GameObject Component Services Jobs Window Help

A TFICEKT

1. ¥TU77IJLDENM
« ZFRI:
Lichtenberg
Material
« [T Texture/
Textured
Shader Graph]
ZEXTE

2. Raw Image7
)Y I7|\0)L7J|]
3. Lichtenberg

MaterialZs%E

K . GE TOKYO POLYTECHNIC OS5 L0—03v TV
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JETIRIVIRRZDRIFRAL (2/2)

@ Inspector B Occlusion

v Thunder

» ThunderMonoBehaviourSc @, 7 e
rl pt 0) I:IQEE ..:';. Transform

[none] (Mesh Filter)

- MateriallCl Lichtenberg . e
MateriallZE7N

Lighting

Contribute Global lllumination

Probes
Ray Tracing
Additional Settings

ﬂ v Thunder Mono Behaviour Script (Script)

Mesh Filter HH Thunder (Mesh Filter)
Material % Lichtenberg Material
TEX_WIDTH 128
TEX_HEIGHT 64
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@ src - 4 Thunder Scene - Windows, Mac, Linux - Unity 6.2 (6000.2.6f2) <DX12>

File Edit Assets GameObject Component Services Jobs Window Help

& Unity 6 @T >~ @

Ctrl+X ~SIFHETY

Bloom: [FAXY S

HAAAFBADIRANI I T IR e

Delete Del

=IeE T D=HICTGlobal )

o xpnl W
* E[1
Invert Selection

Volume ]z

Set as Default Parent

- VolumeZ7OJ 71 IL%ZEN

Create Empty Ctrl+Shift+N
Create Empty Parent Ctrl+Shift+G
2D Object

3D Object

Effects

Light

Audio

Video

ul

Al

v Global Volume

) Untagged r Default

Transform

v Volume

Volume Global Volume

Camera

Box Volume
Visual Scripting Scene Variables
Move To View Cirl+Alt+F

Align With View Ctrl+Shift+F

Sphere Volume
Convex Mesh Volume

Align View to Selected
= Packages Toggle Active State Alt+Shift+A

Add Component

Properties...
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@ src - 4 Thunder Scene - Windows, Mac, Linux - Unity 6.2 (6000.2.6f2)* <DX12>

| File Edit Assets GameObject Component Services Jobs Window Help
& Unity 6 @ Tl + @ Asset Store =] Unity Version Control » ] »l Y L) Q. [E1 Layout =
== Hierarchy = H Scene s Game :: Textured Shader Graph i i O Inspector B Occlusion =

- Transform [ 7 Il

\ +v a 2 [@) center ¥ @ Local v 1 B i e ¢ Ea v Global Volume Statle -
i 4 Thunder Scene* : i
&) Main Camera Tag Untagged - ayer Default -
1 & Directional Light Vw

7) Global Volume a5

0 Thunder | fj

G0 Plane

1. TAdd = _.
Ov\e rrl d eJ = i]b_/ Volume o 3
N5 Bloom : \ : =
% JEjJD | ( ‘ ) B Global Volume Profile (Volume Profile) ®

2. ‘Clj'h reshol o
Intensity T
ZEICL R e

Position X 129.7879 Y -321.0995 Z -16.63562

Mode Global -

8
S

e — Lens Dirt
% E Q All Materials 4 Assets > 4 Thunder
C I— l:lx Q All Models
Q, All Prefabs
« B THTLY k)
W[ — = Assets Add Override
L\,ﬁ ) ( I 1 Texture ) )

10N - B 2 Lichtenberg 4 Thunder S... 4 Thunder S. .. Thunder Sh.. hunderMo.. Y —

Im 3 Polygone
Im 4 Thunder

Be £ Dandam WAlallr
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@ src - 4 Thunder Scene - Windows, Mac, Linux - Unity 6.2 (6000.2.6f2)* <DX12> — (m]
| File Edit Assets GameObject

& Unity6 @ TI v

f 4 Thunder Scene*
Main Camera

Processing | =83
L_Lﬂ;kL\é:Bloomb\

ALY~ A
1%10)1’@ IASDHREE
S 38<(0.1,-1000)%
853

3./ ‘L/J:%':Eé( 20E)
4. BZBHO)vE T RS
€E<L?5
2000

=

TOKYO POLYTECHNIC
UNIVERSITY

K® GE

Component Services Jobs Window Help

v Main Camera

ayer Default

-
Tag MainCamera

Perspective

Vertical

Nafaylt Renderer (PC_Renderer)
v

1w mnti-aliasing

4 Thunder S v
1
Use settings from Render Pipeline Asset
. E ° # Use settings from Render Pipeline Asset
Everything
4 Thunder S... 4 Thunder S.. - hunder Sh... hunderMo... 7
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~—2: 5 Random Walk
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« FRIETHSIRDD
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ROV )T g

- Mono Behaviour Script
- Z#5:RandomWalkMonoBehaviourScript
« ThunderMonoBehaviourScript O EZ=I1E—U TEENFELY
« FABADINTA—F=EEA RandomWalkMonoBehaviourScript.cs

1 v using UnityEngine;
2 : using System. Collections. Generic;
3 _
@Unity X21)7Fr (1 EO7ty &)
4 v r,[:ublic class RandomWalkMonoBehaviourScript : MonoBehaviour
5
6 [SerializeField] MeshFilter meshFilter = default!;
]
8 [SerializeField] [Range (0.0f, 90.0f)] private float bendMax = 70. Of:
9 [SerializeField] [Range (0.0f, 1.0f)] private float gravityRate = 0. 3f;
10 [SerializeField] [Range (0.0f, 100.0f)] private float distanceMin = 3. 0f;
11 [SerializeField] [Range (0.0f, 100.0f)] private float distanceMax = 20.0f;

K . GE TOKYO POLYTECHNIC JOJSL0—03 v TV
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SEAM

« 1-3¥NC—EFEHT S
RandomWalkMonoBehaviourScript.cs
13 i float time = 0.0f;
14
@ Unity Avt—210 EDSHEE
15 Iv void Update ()
16 {
17 time —= Time. deltalime;
18 v if (time <= 0.0f)
19 [
20 Generate () ;
21 | time = Random.Range (1.0f, 3.0f).// 1#H 53D TEER
22
23 }
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void Generate()

{

[/ B FEREEEDE K
float HEIGHT = 1000. Of;

20—+ ”Vector3 pos = new Vector3(0.0f, HEIGHT, 0.0f);

Vector3 dir = Vector3. down;

List<Vector3> path = new Ljst<Vector3>();
. (pos) ;
for(int i =0, i € 1000; i++)// ELHEKXEIZHIE

float angle = Random. Range (-bendMax, +bendMax) ;// BAA A AHE

Quaternion g = Quaternion. AngleAxis(angle, Vector3. forward) ;

dir = q * dir;

dir = Vector3. Lerp(dir, Vector3.down, gravityRate).// B&IZCTFARIZET

float distance = Random. Range (distanceMin, distanceMax) ;

pos += dir.normalized * distance;
path. Add (pos) ;

] if(pos.y < 0.0f) break;// #h@EIZF|:E

/] AU aDFEE
UpdateMesh (path) ;
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v TOid UpdateMesh (L1st<Vectord,» path)

RandomWalkMonoBehaviourScript.cs
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int n = path. Count;

int vertexCount = 2 * n;

VeCtoTol] Verrices o new vecorarvertexeount
float halfWidth = 3.0f573< I S
258 o (1%9h)

int vtx = 0;
// tmE

G Gint 1= 15 1 <n- 15 i)
[/ R ]
(]

Color[] colors = new Color [vertexCount];
for (int i =0; i < vertexCount; i++)

colors[i] = Color.white; V[Z(l“]) ‘

int polygonCount = 2 * (n - 1):// 850K
n rlangies = new in PO 1ygonoounty .
int idx = 0;

vix = 0;

while (idx < 3 * polygonCount)

N jJ L/?L\ \ triangles[idx + 0] :vtx+03

triangles[idx + 1] = vtx + 2;

JE I:I d\\' triangles[idx + 2] = vtx + 1;
Ll —

hd llﬂﬁ,'f—i%t—ltlg_é*)ﬁ triangles[idx + 3] = vtx + 1;

triangles[idx + 4] = vtx + 2;
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triangles[idx + 5] = vtx + 3;

idx += 6 Vv

vix += 2;

J

Mesh Mesh = meshFilter. mesh;

Mesh. Clear () ;

Mesh. vertices = vertices;
Mesh. colors = colors:

Mesh. triangles = triangles;
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Int n = path. Count;

int vertexCount = 2 * n;

Vector3[] vertices = new Vector3[vertexCount];
float halfWidth = 3. 0f;

int vix = 0;
// R

{
Vector3 center = path[0];

vertices[vtx + 0] = center + Vector3. left * halfWidth;
vertices[vtx + 1] = center — Vector3. left * halfWidth;
| vix += 2;
for (int i =1; i <n-1; i+)[
{/ 3=

Vector3 center = path[n - 1];

vertices[vtx + 0] = center + Vector3. left * halfWidth;
vertices[vtx + 1] = center — Vector3. left * halfWidth;
vix += 2;

OS5 L7—03v IV




SO

B2 DAL
BDEH
SRIT%Z
EZSD 90
O|#5 g
%)g_é:‘c’

maaf) uLA7b

A%
REHB

K . E TOKYO POLYTECHNIC
UNIVERSITY

RandomWalkMonoBehaviourScript.cs

54
55
56
57
58
59
60
61
62
63
69
70
71
72
73
74
75
76
77

int n = path. Count;

int vertexCount = 2 * n;

Vector3[] vertices = new Vector3[vertexCount];
float halfWidth = 3.0f;

int vtx = 0;
// IRm

Eor (inti=1;1<n=-1; i+
Vector3 center = path[i];
[/ TBARIDANYT FILEETE: Imm U IRIRDED THRZIARE
Vector3 right = (path[i + 1] - path[i - 1]).normalized;
right = new Vector3(-right.y, right.x, right.z);// 90Z[&léEx
vertices[vtx + 0] = center + right * halfWidth;
verticeg[vtx + 1] = center - right * halfWidth;
vix += 2,
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Tag Untagged ayer Default
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° M ate ri a I_O){’F,ﬁ H [none] (Mesh Filter)

iS5 v Mesh Renderer

° Shader Graph;gggfé Materials
« 4 Thunder/Thunder Shader Graph Element 0 © Random Walk Material

» ZMGameObjectZ{FH

Probes

- Z¥M5:Random Walk

Additional Settings

° M eS h Fi l.te r €5Ej.]l] B} v Random Walk Mono Behaviour Script (Script)

« Mesh Renderer %3E/N
- MaterialZzE/n

« RandomWalkMonoBehaviourScri
ptZEH i -
. /Yﬁ%-&%b\h\@l}‘:ggi . _—l ndom Walk Material (Material)

iader Shader Graphs/Thunder Shader Graph»  Edit... =
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- 73R (Directional Light)

= Hierarchy

~+ =
" 5 Random Walk Scene
-T Main Camera

) Directional Light
f‘_ Plane

1 Global Volume
1 Random Walk
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