
sŪĽƘĘ

B^JXOY\M�2B�	��

8X^N\JL^S`N�2YWZ_^N\�6\JZRSL]



sŪĽƘĘ

$�YLUWXDO�ODQGVFDSH�JHQHUDWHG�XVLQJ�3HUOLQ�QRLVH



¡ƐŪĊĘđƬƐîŔ�sŪĽƘĘ
Ɣ FRc˺��

ż 2JX̄^�WYMNV�N`N\c^RSXQ˲�D]N�XYS]N�^Y�ŊVV�SX�^RN�MN^JSV]�_]SXQ�MSQS^JV�]cX^RN]S]

Ɣ =YS]N�S]�J�LVJ]]�YO�LYX^SX_Y_]Vc�`J\cSXQ�\JXMYW�O_XL^SYX]˰
ż AJXMYW�X_WKN\]�ή�AJXMYW�O_XL^SYX]
ż ?\Y`SMN]�\JXMYWXN]]�aS^R�LYX^SX_S^c˳�N˰Q˰˳�SX�]ZJLN˳�^SWN�Y\�Y^RN\�ZJ\JWN^N\�]ZJLN]

Ɣ EJ\cSXQ�MNQ\NN]�YO�MN^JSV�˖�\Y_QRXN]]�ZY]]SKVN˰
ż 8WZY\^JX^�OY\�]cX^RN]SdSXQ̾OJUSXQ�ŊXN̐]LJVN�MN^JSV]

Ɣ EJ\cSXQ�MNQ\NN]�YO�]WYY^RXN]]�ZY]]SKVN˰
ż 2JX�KN�SWZY\^JX^�SO�^JUSXQ�MN\S`J^S`N]˳�N˰Q˰˳�OY\�]RJMSXQ

Ɣ 2YWZ_^N\�SWZVNWNX^J^SYX]�\N[_S\NWNX^]˲
ż 5J]^�
ż ;Ya�WNWY\c
ż AJXMYW�JLLN]]�
ż ?J\JVVNV�O\SNXMVc

 ŪŝƍƬƤĘƐ�GƐîƍĸĽĊƘ



sŪĽƘĘ
Ɣ FRJ^�S]�XYS]N˺
Ɣ AJXMYW�X_WKN\]
Ɣ EJV_N�XYS]N
Ɣ 5\JL^JV�XYS]N�
Ɣ 6\JMSNX^�XYS]N

ż ?N\VSX�XYS]N�˟B866A0?7�����ˠ
ż 8WZ\Y`NM�?N\VSX�XYS]N�˟B866A0?7�	��	ˠ
ż BSWZVNb�XYS]N�

Ɣ =YS]N�^\SLU]�˟WJZZSXQ˳�JXSWJ^SXQ˳�N^L˰ˠ
Ɣ EY\YXYS�XYS]N�˟FY\VNc˳�˱ˠ
Ɣ CRSXQ]�^Y�^\c�˟^N\\JSX˳�aY\VMQNX˳�LVY_M]˳�JXSWJ^SYX˳�N^L˰ˠ

~ǃĘƐǃĽĘǄ



sŪĽƘĘ
Ɣ AJXMYW�X_WKN\]�ή�AJXMYW�O_XL^SYX]
Ɣ 6NXN\JV�Z_\ZY]N�SWJQN̾]RJZN�]cX^RN]S]
Ɣ 4bJWZVN]˲

ż ?N\VSX�XYS]N
Ŷ 3HUOLQ��.HQ��-XO\���������$Q�,PDJH�6\QWKHVL]HU���6,**5$3+�&RPSXW��

*UDSK��������±����������±����

ż FJ`NVN^�XYS]N
ż FY\VNc�XYS]N
ż 4^L˰

Ɣ <JXc�JZZVSLJ^SYX]˶

KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�3HUOLQBQRLVH

KWWS���\YDQVFKHU�FRP�����������B3OD\LQJ�ZLWK�3HUOLQ�1RLVH��*HQHUDWLQJ�5HDOLVW
LF�$UFKLSHODJRV�E��I���G�����KWPO

http://yvanscher.com/2017-11-07_Playing-with-Perlin-Noise--Generating-Realistic-Archipelagos-b59f004d8401.html
http://yvanscher.com/2017-11-07_Playing-with-Perlin-Noise--Generating-Realistic-Archipelagos-b59f004d8401.html
http://yvanscher.com/2017-11-07_Playing-with-Perlin-Noise--Generating-Realistic-Archipelagos-b59f004d8401.html


sŪĽƘĘ

KWWSV���ZZZ�VLGHI[�FRP�GRFV�KRXGLQL�QRGHV�YRS�XQLILHGQRLVH�KWPO

https://www.sidefx.com/docs/houdini/nodes/vop/unifiednoise.html
https://www.sidefx.com/docs/houdini/nodes/vop/unifiednoise.html


¤îşđŪŝ�sƬŝĉĘƐƘ
Ɣ AJXMYW�X_WKN\�QNXN\J^Y\]�˟A=6]ˠ
Ɣ C\_N�\JXMYW�X_WKN\�QNXN\J^Y\]�˟CA=6]ˠ

ż D]N�ZRc]SLJV�]Y_\LN�YO�\JXMYWXN]]
ż 4˰Q˰˳�J^WY]ZRN\SL�XYS]N˲�LXXT���VERHSQ�SVK

Ɣ ?]N_MY̐\JXMYW�X_WKN\�QNXN\J^Y\]�˟?A=6]ˠ
ż 5J]^�LYWZ_^N\�SWZVNWNX^J^SYX�
ż 3N^N\WSXS]^SL�
ż B_ŎLSNX^Vc�\JXMYW�OY\�WJXc�JZZVSLJ^SYX]
ż BSWZVN˲�;SXNJ\�LYXQ\_NX^SJV�QNXN\J^Y\�˟;26ˠ˲�ή�ή�ή�ή�ή�ή�ή�ή�ή�ή�ή�

Ŷ R^^Z]˲̾̾NX˰aSUSZNMSJ˰Y\Q̾aSUS̾;SXNJ\́LYXQ\_NX^SJV́QNXN\J^Y\
ż 1N^^N\˲�<N\]NXXN�CaS]^N\˳ �

Ŷ R^^Z]˲̾̾NX˰aSUSZNMSJ˰Y\Q̾aSUS̾<N\]NXXŃCaS]^N\

Sş�ƤĸĘ�ĉĘıĽşşĽşı�ƤĸĘƐĘ�ǄĘƐĘ�ŎƬƘƤȢȢȢ

http://random.org
https://en.wikipedia.org/wiki/Linear_congruential_generator
https://en.wikipedia.org/wiki/Mersenne_Twister


GƐîƘƘ�ĉŔŪǄĽşı�Ľş�ƤĸĘ�ǄĽşđ
¤ĘŔîǉîƤĽŪş

KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y \(Q�B;�(L�$

https://www.youtube.com/watch?v=yEn8_X7Ei3A


GƐîƘƘ�ĉŔîđĘƘ�ƐŪƤîƤĘđ�ƬƘĽşı�ƐîşđŪŝȰȱ
qŪƤĽǃîƤĽşı�ĘǉîŝƍŔĘ



GƐîƘƘ�ĉŔîđĘƘ�ƐŪƤîƤĘđ�ƬƘĽşı�ƐîşđŪŝȰȱ��ȜȨ
qŪƤĽǃîƤĽşı�ĘǉîŝƍŔĘ



ȾsŪĽƘǊ�GƐîƘƘȿ
qŪƤĽǃîƤĽşı�ĘǉîŝƍŔĘ

R^^Z]˲̾̾aaa˰YZNXZ\YLN]]SXQ˰Y\Q̾]UN^LR̾���	
�

https://www.openprocessing.org/sketch/990261


¹ǊƍĘƘ�Ūİ�sŪĽƘĘ



×îŔƬĘ�sŪĽƘĘ
¬ĽŝƍŔĘƘƤ�şŪĽƘĘ

Ɣ BSWZVN�XYS]N�WYMNV
Ɣ 1VNXM�\JXMYW�Q\SM�`JV_N]

R^^Z˲̾̾aaa˰S[_SVNdVN]˰Y\Q̾JZZ]̾Q\JZR^Yc̾˺O�˟bˠ͌��˫WSb˟LNVVXYS]N˟bˠ˳˛	�LNVVXYS]N˟bͅ�ˠ˳]WYY^R]^NZ˟� �˳˳O\JL˟bˠˠˠ˖O�˟bˠ͌��˫WSb˟LNVVXYS]N˟bˠ˳˛	�LNVVXYS]N˟bͅ�ˠ˳O\JL˟bˠˠ˖O
˟bˠ͌��˫LNVVXYS]N˟bˠ

http://www.iquilezles.org/apps/graphtoy/?f4(x)=10*mix(cellnoise(x),%20cellnoise(x+1),smoothstep(0,1,frac(x)))&f5(x)=10*mix(cellnoise(x),%20cellnoise(x+1),frac(x))&f6(x)=10*cellnoise(x)
http://www.iquilezles.org/apps/graphtoy/?f4(x)=10*mix(cellnoise(x),%20cellnoise(x+1),smoothstep(0,1,frac(x)))&f5(x)=10*mix(cellnoise(x),%20cellnoise(x+1),frac(x))&f6(x)=10*cellnoise(x)


×îŔƬĘ�sŪĽƘĘ
¬ĽŝƍŔĘƘƤ�şŪĽƘĘ

KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�9DOXHBQRLVH

Ɣ BSWZVN�XYS]N�WYMNV
Ɣ 1VNXM�\JXMYW�Q\SM�`JV_N]
Ɣ ?\Y]˲

ż EN\c�OJ]^
ż EN\c�VYa�WNWY\c�

Ŷ EJV_N]�LJX�KN�QNXN\J^NM�YX�^RN�ōc

Ɣ 2YX]˲
ż 6\SM�J\^SOJL^]�J\N�WY\N�JZZJ\NX^

Ɣ BYWN^SWN]�QYYM�NXY_QR

http://en.wikipedia.org/wiki/Value_noise


×îŔƬĘ�sŪĽƘĘ
¬ĽŝƍŔĘƘƤ�şŪĽƘĘ

SX
^N
\Z
YV
J^
N

AJXMYW�EJV_N]�˟J^�`N\^SLN]ˠ 1VNXMNM�˟VSXNJ\ˠ



×îŔƬĘ�sŪĽƘĘ
¬ĽŝƍŔĘƘƤ�şŪĽƘĘ

SX
^N
\Z
YV
J^
N

AJXMYW�EJV_N]�˟J^�`N\^SLN]ˠ 1VNXMNM�˟L_KSLˠ



�ĽŔĽşĘîƐ�SşƤĘƐƍŪŔîƤĽŪş
R^^Z]˲̾̾NX˰aSUSZNMSJ˰Y\Q̾aSUS̾1SVSXNJ\́SX^N\ZYVJ^SYX

�ŔĘşđĽşı�İƬşĊƤĽŪşƘ

https://en.wikipedia.org/wiki/Bilinear_interpolation


�ĽĊƬĉĽĊ�SşƤĘƐƍŪŔîƤĽŪş
R^^Z]˲̾̾NX˰aSUSZNMSJ˰Y\Q̾aSUS̾1SL_KSĹSX^N\ZYVJ^SYX�

�ŔĘşđĽşı�İƬşĊƤĽŪşƘ

8]]_N]�aS^R�KSL_KSL�SX^N\ZYVJ^SYX˲

=NNM��	�`JV_N]
Ɣ 4bZNX]S`N
Ɣ �
�`JV_N]�OY\�
3�^\SL_KSL

>\���`JV_N]�ͅ��	�Q\JMSNX^]
Ɣ 3YX̄^�RJ`N�Q\JMSNX^�SXOY

https://en.wikipedia.org/wiki/Bicubic_interpolation


 ƬĉĽĊ�ĉŔĘşđĽşı�İƬşĊƤĽŪş
R^^Z]˲̾̾NX˰aSUSZNMSJ˰Y\Q̾aSUS̾2_KSĹ7N\WS^Ń]ZVSXN�

�ŔĘşđĽşı�İƬşĊƤĽŪşƘ

BSWZVN�7JLU˲�
Ɣ 0]]_WN�Q\JMSNX^]�J\N�dN\Y�J^�`N\^SLN]˰�
Ɣ 9_]^�KVNXM�MJ^J�_]SXQ�7N\WS^N�O_XL^SYX]˟˶ˠ

4bJWZVN˲��3�7N\WS^N�SX^N\ZYVJ^SYX�]N^�ǎݡدǎدݡذ

KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�&XELFB+HUPLWHBVSOLQH��PHGLD�)LOH�+HUPLWH%DVLV�VYJ

J˰U˰J˰�̀]WYY^R]^NŹ�O_XL^SYX

https://en.wikipedia.org/wiki/Cubic_Hermite_spline


×îŔƬĘ�sŪĽƘĘ
¬ĽŝƍŔĘƘƤ�şŪĽƘĘ

SX
^N
\Z
YV
J^
N

AJXMYW�EJV_N]�˟J^�`N\^SLN]ˠ 1VNXMNM�˟L_KSLˠ



�ŔĘşđĽşı�×ĘƐƤĘǉ�×îŔƬĘƘ
�ŔĘşđĽşı�İƬşĊƤĽŪşƘ

KWWSV���JUDSKWR\�FRP�

https://graphtoy.com


FƐîĊƤîŔ�sŪĽƘĘ�ȰîȢőȢîȢ�ȾƤƬƐĉƬŔĘşĊĘȿȱ
qƬŔƤĽƍŔĘ�ŪĊƤîǃĘƘ�

̀5JVV̐Yň́�OJL^Y\
˟]Y̐LJVVNM�̀cNVVYa�XYS]Ńˠ

2>0AB4 58=4

Ɣ BZNLSJV�LJ]N�YO�5\JL^JV�1\YaXSJX�WY^SYX�˟O1Wˠ�XYS]N
Ɣ R^^Z]˲̾̾NX˰aSUSZNMSJ˰Y\Q̾aSUS̾5\JL^SYXJV́1\YaXSJX́WY^SYX
Ɣ BNN�8XSQY�@_SVNd̄]�O1W�^_^Y\SJV

https://en.wikipedia.org/wiki/Fractional_Brownian_motion
https://iquilezles.org/www/articles/fbm/fbm.htm


×îŔƬĘ�sŪĽƘĘ�ȰǤ'ȱ
'ĘŝŪ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾V]O
F7

	˫\Y^J^SYX�
^Y�RSMN�Q\SM�J\^SOJL^]

AJXMYW�`JV_N]�J^�
Q\SM�`N\^SLN]

https://www.shadertoy.com/view/lsf3WH
https://www.shadertoy.com/view/lsf3WH


×îŔƬĘ�sŪĽƘĘ�Ȱǥ'ȱ
'ĘŝŪ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾�]O6dB

https://www.shadertoy.com/view/4sfGzS


GƐîđĽĘşƤ�sŪĽƘĘ
3SňN\NX^�JZZ\YJLR˲
��IN\Y�`N\^Nb�`JV_N]�K_^�\JXMYW�Q\JMSNX^]�Q͌˟Qb�˳Qc�ˠ˰

4JLR�`N\^Nb̄]�Q\JMSNX^�XYS]N�_]N]�VSXNJ\�JZZ\Yb˰˲
�������������������Qb�Mb�ͅ�Qc�Mc�͌�Q�

ε�O�
aRN\N�O͌˟Mb˳Mcˠ�S]�^RN�`N\^Nb�MNV^J˰

1VNXM�JVV�`N\^Nb�`JV_N]�JL\Y]]�LNVV�VSUN�KNOY\N˰

�ĘƤƤĘƐ�şŪĽƘĘ
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�*UDGLHQWBQRLVH

Q

O

Z

https://en.wikipedia.org/wiki/Gradient_noise


GƐîđĽĘşƤ�sŪĽƘĘ
6S`NX�ZYSX^˳�Z

�ĘƤƤĘƐ�şŪĽƘĘ
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�*UDGLHQWBQRLVH

Z

https://en.wikipedia.org/wiki/Gradient_noise


GƐîđĽĘşƤ�sŪĽƘĘ
6S`NX�ZYSX^˳�Z
6N^�LYX^JSXSXQ�LNVV˲��S͌ōYY\˟Zˠ

�ĘƤƤĘƐ�şŪĽƘĘ
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�*UDGLHQWBQRLVH

Z

https://en.wikipedia.org/wiki/Gradient_noise


GƐîđĽĘşƤ�sŪĽƘĘ
6S`NX�ZYSX^˳�Z
6N^�LYX^JSXSXQ�LNVV˲��S͌ōYY\˟Zˠ
4b^\JL^�`N\^Nb�Yň]N^]˳�O͌O\JL^˟Zˠ

�ĘƤƤĘƐ�şŪĽƘĘ
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�*UDGLHQWBQRLVH

OS

Z

˟�˳�ˠ ˟�˳�ˠ

˟� �˳ˠ˟� �˳ˠ

https://en.wikipedia.org/wiki/Gradient_noise


GƐîđĽĘşƤ�sŪĽƘĘ
6S`NX�ZYSX^˳�Z
6N^�LYX^JSXSXQ�LNVV˲��S͌ōYY\˟Zˠ
4b^\JL^�`N\^Nb�Yň]N^]˳�O͌O\JL^˟Zˠ
;YYU_Z�\JXMYW�`N\^Nb�Q\JMSNX^˳�QS˳�S͌�˰˰�˰

�ĘƤƤĘƐ�şŪĽƘĘ
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�*UDGLHQWBQRLVH

QS

OS

Z

˟�˳�ˠ ˟�˳�ˠ

˟� �˳ˠ˟� �˳ˠ

https://en.wikipedia.org/wiki/Gradient_noise


GƐîđĽĘşƤ�sŪĽƘĘ
6S`NX�ZYSX^˳�Z
6N^�LYX^JSXSXQ�LNVV˲��S͌ōYY\˟Zˠ
4b^\JL^�`N\^Nb�Yň]N^]˳�O͌O\JL^˟Zˠ
;YYU_Z�\JXMYW�`N\^Nb�Q\JMSNX^˳�QS˳�S͌�˰˰�˰
3Y^�`N\^Nb�Yň]N^�aS^R�Q\JMSNX^˲��˟OS�

ε�QSˠ˳�S͌�˰˰�˰

�ĘƤƤĘƐ�şŪĽƘĘ
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�*UDGLHQWBQRLVH

QS

OS

Z

˟�˳�ˠ ˟�˳�ˠ

˟� �˳ˠ˟� �˳ˠ

https://en.wikipedia.org/wiki/Gradient_noise


GƐîđĽĘşƤ�sŪĽƘĘ
6S`NX�ZYSX^˳�Z
6N^�LYX^JSXSXQ�LNVV˲��S͌ōYY\˟Zˠ
4b^\JL^�`N\^Nb�Yň]N^]˳�O͌O\JL^˟Zˠ
;YYU_Z�\JXMYW�`N\^Nb�Q\JMSNX^˳�QS˳�S͌�˰˰�˰
3Y^�`N\^Nb�Yň]N^�aS^R�Q\JMSNX^˲��˟OS�

ε�QSˠ˳�S͌�˰˰�˰
1VNXM�`N\^Nb�`JV_N]�JL\Y]]�LNVV˲

=YS]N�͌�͗S͌�˰˰��aS��˟OS�
ε�QSˠ

�ĘƤƤĘƐ�şŪĽƘĘ
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�*UDGLHQWBQRLVH

QS

OS

Z

˟�˳�ˠ ˟�˳�ˠ

˟� �˳ˠ˟� �˳ˠ

https://en.wikipedia.org/wiki/Gradient_noise


GƐîđĽĘşƤ�sŪĽƘĘ�Ǥ'
'ĘŝŪ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾GMG6F�

https://www.shadertoy.com/view/XdXGW8
https://www.shadertoy.com/view/XdXGW8


¡ĘƐŔĽş�sŪĽƘĘ��Ȱ¬SGG¤�¡N�ǣǫǪǧȱ
¹ĸĘ�ĊŔîƘƘĽĊ�şŪĽƘĘ�İƬşĊƤĽŪş

Ɣ 5JWY_]�SX]^JXLN�YO�Q\JMSNX^�XYS]N
ż ?N\VSX˳�:NX�˟9_Vc�����ˠ˰�˾0X�8WJQN�BcX^RN]SdN\˾˰ �

B866A0?7�2YWZ_^˰�6\JZR˰����˟��̓��
�ˠ˲�	��̓	�
˰

Ɣ 2_KSL�KVNXMSXQ
Ɣ ?\NLYWZ_^NM�Q\JMSNX^�^JKVN
Ɣ ?N\W_^J^SYX�WJZ�]^Y\NM�

ż 4XJKVN]�OJ]^�Z]N_MY̐\JXMYW�Q\JMSNX^�VYYU_Z

http://www.cs.cmu.edu/afs/cs.cmu.edu/academic/class/15869-f11/www/readings/perlin85_imagesynthesizer.pdf


¡ĘƐŔĽş�şŪĽƘĘȰȱ�İƬşĊƤĽŪş
~ƍĘş¡ƐŪĊĘƘƘĽşı�'ĘŝŪ

R^^Z]˲̾̾aaa˰YZNXZ\YLN]]SXQ˰Y\Q̾]UN^LR̾������

KWWSV���S�MV�RUJ�UHIHUHQFH���S��QRLVH

https://www.openprocessing.org/sketch/978945
https://www.openprocessing.org/sketch/978945
https://p5js.org/reference/#/p5/noise


eĘşɁƘ�ØĘĉƍîıĘ
¤ĘŔĘǃîşƤ�ŔĽşőƘ

R^^Z]˲̾̾W\V˰Xc_˰NM_̾͂ZN\VSX̾MYL̾Y]LJ\˰ R^WV

https://mrl.nyu.edu/~perlin/doc/oscar.html
https://mrl.nyu.edu/~perlin/doc/oscar.html


FƐŪŝ�eĘşɁƘ�şŪĽƘĘ�ƤîŔő

R^^Z]˲̾̾aNK˰J\LRS`N˰Y\Q̾aNK̾	��
�
�
����
�̾R^^Z˲̾̾aaa˰XYS]NWJLRSXN˰LYW̾^JVU�̾	�˰R^WV

https://web.archive.org/web/20160306054434/http://www.noisemachine.com/talk1/20.html


FƐŪŝ�eĘşɁƘ�şŪĽƘĘ�ƤîŔő



FƐŪŝ�eĘşɁƘ�şŪĽƘĘ�ƤîŔő

BYWN�NbJWZVN�SWZVNWNX^J^SYX]˲
R^^Z]˲̾̾\Y]N^^JLYMN˰Y\Q̾aSUS̾?N\VSX́XYS]N˘2�

https://rosettacode.org/wiki/Perlin_noise#C










�FRORU0DS�\���)�[�\�]��



sŪĽƘĘ�¹ƐĽĊőƘ
BNN�̀CNb^_\N�QNXN\J^SYX�_]SXQ�\JXMYW�XYS]Ń�Kc�;YMN

Ɣ R^^Z]˲̾̾VYMN ˰̀Y\Q̾LQ^_^Y\̾\JXMYWXYS]N˰R^WV

FƬƐƤĸĘƐ�ƐĘîđĽşı

https://lodev.org/cgtutor/randomnoise.html


¬ĽŝƍŔĘ� ŔŪƬđ
¬ĸîđĘƐƤŪǊ�đĘŝŪ�S�ŝîđĘ

KWWSV���ZZZ�VKDGHUWR\�FRP�YLHZ��V9F]*

https://www.shadertoy.com/view/3sVczG
https://www.shadertoy.com/view/3sVczG


ȾǤ'� ŔŪƬđƘȿ
¬ĸîđĘƐƤŪǊ�'ĘŝŪ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾�^MBF\

https://www.shadertoy.com/view/4tdSWr
https://www.shadertoy.com/view/4tdSWr


SŝƍƐŪǃĘđ�¡ĘƐŔĽş�sŪĽƘĘ
¬SGG¤�¡N�ǤǢǢǤ

BWYY^RN\�SX^N\ZYVJX^]�˖�KN^^N\�Q\JMSNX^]˰



SŝƍƐŪǃĘđ�¡ĘƐŔĽş�sŪĽƘĘ
¬SGG¤�¡N�ǤǢǢǤ

BWYY^RN\�SX^N\ZYVJX^˲��2_KSL�ή�@_SX^SL�KVNXM�O_XL^SYX˲

b˫b˫˟
˰�̐	˰�˫bˠ�����ή�����b˫b˫b˫˟b˫˟b˫
˰�̐���˰ˠ�ͅ���˰ˠ

6\JZR^Yc�?VY^

1N^^N\�Q\JMSNX^]˲��0`YSM]�Q\JMSNX^�Z\NLYWZ_^J^SYX�˖�]^Y\JQN˳�JXM�RJ]�VN]]�KSJ]˰

b˫b˫b˫˟b˫˟b˫
˰�̐���˰ˠ�ͅ���˰ˠ

b˫b˫˟
˰�̐	˰�˫bˠ

([SODQDWRU\�DUWLFOH��
KWWSV���ZZZ�VFUDWFKDSL[HO�FRP�OHVVRQV�SURFHGXUDO�JHQHUDWLRQ�YLUWXDO�ZRUOGV�SHUOLQ�QRLVH�SDUW���LPSURYHG�SHUOLQ�QRLVH

https://graphtoy.com/?f1(x,t)=x*x*(3.0-2.0*x)&v1=true&f2(x,t)=x*x*x*(x*(x*6.-15.)+10.)&v2=true&f3(x,t)=&v3=false&f4(x,t)=&v4=false&f5(x,t)=&v5=false&f6(x,t)=&v6=false&grid=true&coords=0.5,0.5,0.6666666666666666
https://www.scratchapixel.com/lessons/procedural-generation-virtual-worlds/perlin-noise-part-2/improved-perlin-noise


SŝƍƐŪǃĘđ�¡ĘƐŔĽş�sŪĽƘĘ
¬SGG¤�¡N�ǤǢǢǤ

BWYY^RN\�SX^N\ZYVJX^]�˖�KN^^N\�Q\JMSNX^]˰



SŝƍƐŪǃĘđ�
¡ĘƐŔĽş�sŪĽƘĘ

¬SGG¤�¡N�ǤǢǢǤ
���-$9$�5()(5(1&(�,03/(0(17$7,21�2)�,03529('�12,6(���&23<5,*+7������.(1�3(5/,1�
SXEOLF�ILQDO�FODVV�,PSURYHG1RLVH�^
���VWDWLF�SXEOLF�GRXEOH�QRLVH�GRXEOH�[��GRXEOH�\��GRXEOH�]��^
������LQW�;� ��LQW�0DWK�IORRU�[��	��������������������������),1'�81,7�&8%(�7+$7
����������<� ��LQW�0DWK�IORRU�\��	��������������������������&217$,16�32,17�
����������=� ��LQW�0DWK�IORRU�]��	�����
������[�� �0DWK�IORRU�[�������������������������������������),1'�5(/$7,9(�;�<�=
������\�� �0DWK�IORRU�\�������������������������������������2)�32,17�,1�&8%(�
������]�� �0DWK�IORRU�]��
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������LQW�$� �S>;��@�<��$$� �S>$@�=��$%� �S>$��@�=����������+$6+�&225',1$7(6�2)
����������%� �S>;��@�<��%$� �S>%@�=��%%� �S>%��@�=����������7+(���&8%(�&251(56�

������UHWXUQ�OHUS�Z��OHUS�Y��OHUS�X��JUDG�S>$$��@��[����\����]����������$1'�$''
�������������������������������������JUDG�S>%$��@��[����\����]����������%/(1'('
�����������������������������OHUS�X��JUDG�S>$%��@��[����\����]����������5(68/76
�������������������������������������JUDG�S>%%��@��[����\����]����������)520���
���������������������OHUS�Y��OHUS�X��JUDG�S>$$��@��[����\����]����������&251(56
�������������������������������������JUDG�S>%$��@��[����\����]����������2)�&8%(
�����������������������������OHUS�X��JUDG�S>$%��@��[����\����]�����
�������������������������������������JUDG�S>%%��@��[����\����]��������
���`
���VWDWLF�GRXEOH�IDGH�GRXEOH�W��^�UHWXUQ�W�
�W�
�W�
��W�
��W�
����������������`
���VWDWLF�GRXEOH�OHUS�GRXEOH�W��GRXEOH�D��GRXEOH�E��^�UHWXUQ�D���W�
��E���D���`
���VWDWLF�GRXEOH�JUDG�LQW�KDVK��GRXEOH�[��GRXEOH�\��GRXEOH�]��^
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������GRXEOH�X� �K���"�[���\���������������������,172����*5$',(17�',5(&7,216�
�������������Y� �K���"�\���K  ��__K  ���"�[���]�
������UHWXUQ���K	���  ���"�X����X������K	���  ���"�Y����Y��
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���VWDWLF�ILQDO�LQW�S>@� �QHZ�LQW>���@��SHUPXWDWLRQ>@� �^����������������������
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���`�
���VWDWLF�^�IRU��LQW�L ���L���������L����S>����L@� �S>L@� �SHUPXWDWLRQ>L@��`
`



¬ĽŝƍŔĘǉ�sŪĽƘĘ��Ȱ¡ĘƐŔĽş�ǣǫǫǫȱ
8X^N\ZYVJ^SYX�YX�^N^\JRNM\J�SX]^NJM�YO�L_KN]˰�
2RNJZN\�SX�RSQRN\�MSWNX]SYX]˲�>XVc���`N\^Nb�XNSQRKY\]�SX]^NJM�YO�	3�SX�3̐MSW�RcZN\L_KN˰
5NaN\�MS\NL^SYXJV�J\^SOJL^]˰�6YYM�OY\�JXSWJ^SYX˶

��¡ĘƐŔĽş�şŪĽƘĘ�ĘǉƤĘşƘĽŪş

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾G]G
d1

KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�6LPSOH[BQRLVH

https://www.shadertoy.com/view/XsX3zB
https://www.shadertoy.com/view/XsX3zB
https://en.wikipedia.org/wiki/Simplex_noise


¡ƐŪĉŔĘŝƘ�ǄĽƤĸ�GƐîđĽĘşƤ�sŪĽƘĘ
'ĘƤîĽŔ�ǃƘ��ŔĽîƘĽşı

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾G]V
3V

https://www.shadertoy.com/view/Xsl3Dl
https://www.shadertoy.com/view/Xsl3Dl


ØîǃĘŔĘƤ�sŪĽƘĘ�Ȱ¬SGG¤�¡N�ǤǢǢǧȱ
¡ĽǉîƐ

KWWS���JUDSKLFV�SL[DU�FRP�OLEUDU\�:DYHOHW1RLVH�

http://graphics.pixar.com/library/WaveletNoise/


ØîǃĘŔĘƤ�sŪĽƘĘ�
¡ĽǉîƐ

KWWS���JUDSKLFV�SL[DU�FRP�OLEUDU\�:DYHOHW1RLVH�

http://graphics.pixar.com/library/WaveletNoise/


ØîǃĘŔĘƤ�
sŪĽƘĘ�

¡ĽǉîƐ
KWWS���JUDSKLFV�SL[DU�FRP�OLEUDU\�:DYHOHW1RLVH�

http://graphics.pixar.com/library/WaveletNoise/


ØîǃĘŔĘƤ�sŪĽƘĘ�ȶ�¤îƍ
¡ĽǉîƐ

KWWS���JUDSKLFV�SL[DU�FRP�OLEUDU\�:DYHOHW1RLVH�

http://graphics.pixar.com/library/WaveletNoise/


¹ĘƐƐîĽş�GĘşĘƐîƤĽŪş
FƬş�îƍƍŔĽĊîƤĽŪşƘ

KWWS���\YDQVFKHU�FRP�����������B3OD\LQJ�ZLWK�3HUOLQ�1RLVH��*HQHUDWLQJ�5HDOLVW
LF�$UFKLSHODJRV�E��I���G�����KWPO

<SXNL\JO^�^N\\JSX

http://yvanscher.com/2017-11-07_Playing-with-Perlin-Noise--Generating-Realistic-Archipelagos-b59f004d8401.html
http://yvanscher.com/2017-11-07_Playing-with-Perlin-Noise--Generating-Realistic-Archipelagos-b59f004d8401.html
http://yvanscher.com/2017-11-07_Playing-with-Perlin-Noise--Generating-Realistic-Archipelagos-b59f004d8401.html


CN\\J\SJ



¹ĘƐƐîĽş�GĘşĘƐîƤĽŪş�Ľş�¹ĘƐƐîƐĽî
�ƐĘîőŪƬƤ�'ĽƘĊƬƘƘĽŪş

CN\\J\SJ KWWSV���WHUUDULD�IDQGRP�FRP�ZLNL�8QGHUJURXQGB-XQJOH

https://vignette.wikia.nocookie.net/terraria/images/a/a0/World4.png/revision/latest?cb=20110606072147
https://terraria.fandom.com/wiki/Underground_Jungle


sŪĽƘǊ�¬őĘƤĊĸĘƘ
~ƍĘş¡ƐŪĊĘƘƘĽşı



Ⱦ¤îĽşİŪƐĘƘƤȿ�ĉǊ�ĽƏ
¬ĸîđĘƐƤŪǊ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾�^^BFO

https://www.shadertoy.com/view/4ttSWf
https://www.shadertoy.com/view/4ttSWf


¤îǊ�qîƐĊĸĽşı�ɽ
SŝƍŔĽĊĽƤ�GĘŪŝĘƤƐǊ

FYa˳�]Y�W_LR�KYX_]�WJ^N\SJV˰

B^JXOY\M�2B�	��

8X^N\JL^S`N�2YWZ_^N\�6\JZRSL]



¤îǊ�qîƐĊĸĽşı�ɽ�
SŝƍŔĽĊĽƤ�GĘŪŝĘƤƐǊ



Ⱦ¤îĽşİŪƐĘƘƤȿ�ĉǊ�ĽƏ�ȰSşĽıŪ�£ƬĽŔĘǔȱ
¬ĸîđĘƐƤŪǊ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾�^^BFO

https://www.iquilezles.org/
https://www.shadertoy.com/view/4ttSWf
https://www.shadertoy.com/view/4ttSWf


¤îǊȶŝîƐĊĸĽşı�SŝƍŔĽĊĽƤ�FƬşĊƤĽŪşƘ
Ɣ CaY�Q\NJ^�SMNJ]�SX�YXN˲�

ż AJc�WJ\LRSXQ
ż 8WZVSLS^�WYMNVSXQ

Ɣ ̀BZRN\N�C\JLSXQ́�YO�]SQXNM�MS]^JXLN�ŊNVM]�˟B35]ˠ�ˣ7J\^�����ˤ
ż 2YWWYX�^YYV�OY\�\NXMN\SXQ�B35]�YX�BRJMN\CYc

KWWSV���ZZZ�VKDGHUWR\�FRP�YLHZ�OVO;'�

3S]^JXLN�ŊNVM�OY\�J�]^J\�]RJZN

http://graphics.stanford.edu/courses/cs348b-20-spring-content/uploads/hart.pdf
https://www.shadertoy.com/view/lslXD8


¡îƐƤ�SȜ

SŝƍŔĽĊĽƤ�GĘŪŝĘƤƐǊ



'ĽƘƤîşĊĘ�FĽĘŔđƘ
3S]^JXLN�5SNVM]˲�4XLYMN�MS]^JXLN�O\YW�J�ZYSX^˳�b˳�^Y�JX�YKTNL^˳�>˲

M˟bˠ�͌�WSX�̓̓b̐c̓̓	�Y`N\�JVV�c�YX�>˰

BSQXNM�3S]^JXLN�5SNVM]˲�BSQX�SXMSLJ^N]�SO�SX]SMN̾Y_^]SMN�YKTNL^˲
M˟bˠ�͋���˲�>_^]SMN�YKTNL^
M˟bˠ�͌���˲�>X�YKTNL^�
M˟bˠ�͊���˲�8X]SMN�YKTNL^

6\JMSNX^�YO�M˟bˠ�S]�MS\NL^SYX�^Y�LVY]N]^�]_\OJLN˰
D]NO_V�OY\�]_\OJLN�XY\WJV]�˟XNJ\�M͌��S]Y]_\OJLNˠ

0XJVc^SLJV�OY\W_VJ]�NbS]^�YXVc�OY\�]SWZVN�]RJZN]˳
4˰Q˰˳�R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾G]GBd�

https://www.shadertoy.com/view/XsXSz4


Ǥ'�'ĽƘƤîşĊĘ�FĽĘŔđƘ
¤ĘĊîŔŔ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾G]GBd�

https://www.shadertoy.com/view/XsXSz4
https://www.shadertoy.com/view/XsXSz4


SşđĽĊîƤŪƐ�FƬşĊƤĽŪşƘȝ�SȰǉȱ
B^NZ�SXMSLJ^Y\�O_XL^SYX˲��8˟bˠ�͌�ƓƟĒƆȠǙȐȦČȠǄȡȡ

Ɣ ��SX]SMN˳����M͊͌�
Ɣ ��Y_^]SMN˳�M͋�

BWYY^R̐]^NZ�SXMSLJ^Y\�O_XL^SYX˲��ƓŘţţƟĴƓƟĒƆȠȦĒƆƓȐĒƆƓȐȽȦČȡ
R^^Z˲̾̾aaa˰S[_SVNdVN]˰Y\Q̾JZZ]̾Q\JZR^Yc̾˺O�˟bˠ͌]^NZ˟�˳˛	�̐bˠ˖O	˟bˠ͌]WYY^R]^NZ˟̐� �˰˳˛	�� �˰˳˛	�̐bˠ

ØĸĘƐĘ�ĽƘ�ƤĸĘ�ŪĉŎĘĊƤȣ

8˟bˠ͌�
˟SX]SMNˠ

8˟bˠ͌�
˟Y_^]SMNˠ

http://www.iquilezles.org/apps/graphtoy/?f1(x)=step(0,%20-x)&f2(x)=smoothstep(-0.1,%200.1,%20-x)
http://www.iquilezles.org/apps/graphtoy/?f1(x)=step(0,%20-x)&f2(x)=smoothstep(-0.1,%200.1,%20-x)


̀>X�^YŹ˲

0MMS^S`N�KVNXMSXQ˲

B_K^\JL^SXQ�KVNXMSXQ˲

 ŪŔŪƐ�qĽǉĽşı
SşđĽĊîƤŪƐ�İƬşĊƤĽŪş�îƍƍŔĽĊîƤĽŪş

https://www.shadertoy.com/view/Md23DV


Ǥ'�SşđĽĊîƤŪƐ�FƬşĊƤĽŪşƘ
¤ĘĊîŔŔȜ�SşƤƐŪ�ƤŪ�Gg¬g�'ĘŝŪ�ȡǤǢ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾<M	
3E

BWYY^R̐]^NZ�SXMSLJ^Y\�O_XL^SYX˳�8˟\ˠ˲����ČĹƓŌȠƉȐȽąĒŚƟĒƉȐȽƉèČĹƧƓȡ

https://www.shadertoy.com/view/Md23DV
https://www.shadertoy.com/view/Md23DV


ǥ'�'ĽƘƤîşĊĘ�FĽĘŔđ�
¡ƐĽŝĽƤĽǃĘƘ

�şîŔǊƤĽĊîŔ�¬'FƘ

R^^Z]˲̾̾aaa˰S[_SVNdVN]˰Y\Q̾aaa̾J\^SLVN]̾MS]^O_XL^SYX]̾MS]^O_XL^SYX]˰R^W

https://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm
https://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm


ǥ'�'ĽƘƤîşĊĘ�FĽĘŔđ�¡ƐĽŝĽƤĽǃĘƘ
¤îǊ�qîƐĊĸĽşı�'ĘŝŪ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾GM]
d=

https://www.shadertoy.com/view/Xds3zN
https://www.shadertoy.com/view/Xds3zN


¡îƐƤ�SSȜ

¤îǊ�qîƐĊĸĽşı



¤îǊ�¹ƐîĊĽşı
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�5D\BWUDFLQJB�JUDSKLFV�

https://en.wikipedia.org/wiki/Ray_tracing_(graphics)


¬ĸŪŪƤĽşı�ƐîǊƘ�ƤĸƐŪƬıĸ�ĊîŝĘƐî�ƍĽǉĘŔƘ
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�5D\BWUDFLQJB�JUDSKLFV�

https://en.wikipedia.org/wiki/Ray_tracing_(graphics)


¬ĸŪŪƤĽşı�ƐîǊƘ�ƤĸƐŪƬıĸ�ĊîŝĘƐî�ƍĽǉĘŔƘ
AJc�Y\SQSX�˟NcNˠ˲��UR

AJc�MS\NL^SYX�˟_XS^�`NL^Y\ˠ˲��
UG� �QRUPDOL]H�SL[�UR�

AJc�N[_J^SYX˲�
U�W� �UR���UG
W��W��

6YJV˲�
���5SXM�W
�J^�\Jc̐]_\OJLN�SX^N\]NL^SYX˴
���5S\]^�W
�aRN\N�VGI�U�W
��¦�

8X^N\]NL^SYX�ZYSX^˲���S� �U�W
�

¬ĽŝƍŔĽǝĘđ�şŪƤîƤĽŪş

UR

SL[

UG
RULJLQ

b

c

d



KWWSV���ZZZ�VKDGHUWR\�FRP�YLHZ�OVO;'�

UR UG
Q

W

¤îǊ�qîƐĊĸĽşı�ƤĸƐŪƬıĸ�¬'FƘ

S

&RPSXWH�QRUPDO�Q�WR�6')��I�S���XVLQJ�QXPHULFDO�DSSUR[LPDWLRQ�WR�䌛I�S��
6HH�R^^Z]˲̾̾aaa˰S[_SVNdVN]˰Y\Q̾aaa̾J\^SLVN]̾XY\WJV]B35̾XY\WJV]B35˰R^W

https://www.shadertoy.com/view/lslXD8
https://www.iquilezles.org/www/articles/normalsSDF/normalsSDF.htm


¬ƬƐİîĊĘ�¤ĘǞĘĊƤîşĊĘ

R^^Z]˲̾̾NX˰aSUSZNMSJ˰Y\Q̾aSUS̾3Sň_]Ń\NōNL^SYX˘̾WNMSJ̾5SVN˲;JWKN\^	˰QSO

https://en.wikipedia.org/wiki/Diffuse_reflection#/media/File:Lambert2.gif


'ĽǚƬƘĘ�¤ĘǞĘĊƤîşĊĘ�ȰgîŝĉĘƐƤĽîşȱ
<YMNV]�\NōNL^JXLN�YO�J�̀WJ^^Ń�]_\OJLN˰
0ZZNJ\]�^RN�]JWN�O\YW�JVV�`SNa�JXQVN]˰

���������2Y_^�͌�˟;䞉=ˠ��2MSň_]N�˫�8SXLSMNX^

2Y]SXN�MNZNXMNXLN�YX�VSQR^�MS\NL^SYX˳��

��;䞉=�͌�LY]�Ɉ

¬ĽŝƍŔĘƘƤ�ƐĘǞĘĊƤîşĊĘ�ŝŪđĘŔ
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�/DPEHUWLDQBUHIOHFWDQFH

https://en.wikipedia.org/wiki/Lambertian_reflectance


gĽǃĘ� ŪđĽşı
¤îǊ�qîƐĊĸĽşı�¹ŪıĘƤĸĘƐ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾aM:c3


https://www.shadertoy.com/view/wdKyD3
https://www.shadertoy.com/view/wdKyD3


¡îƐƤ�SSSȜ

qŪƐĘ�Ūş�
'ĽƘƤîşĊĘ�FĽĘŔđƘ



¡ƐĽŝĽƤĽǃĘ� ŪŝĉĽşîƤĽŪşƘ
 ŪŝĉĽşĽşı�¬'FƘ

Ɣ DXSYX�
Ɣ B_K^\JL^SYX�
Ɣ 8X^N\]NL^SYX
Ɣ ͅBWYY^R�`N\]SYX]

KWWSV���ZZZ�LTXLOH]OHV�RUJ�ZZZ�DUWLFOHV�GLVWIXQFWLRQV�GLVWIXQFWLRQV�KWP

https://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm
https://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm


¡ƐĽŝĽƤĽǃĘ��ŔƤĘƐîƤĽŪşƘ
qŪđĽİǊĽşı�¬'FƘ

Ɣ 4VYXQJ^SYX
Ɣ AY_XMSXQ
Ɣ >XSYX
Ɣ AN`YV_^SYX�JXM�Nb^\_]SYX�O\YW�	3
Ɣ 2RJXQN�YO�<N^\SL�̐�KY_XM

KWWSV���ZZZ�LTXLOH]OHV�RUJ�ZZZ�DUWLFOHV�GLVWIXQFWLRQV�GLVWIXQFWLRQV�KWP

https://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm
https://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm


¡ƐĽŝĽƤĽǃĘ�¹ƐîşƘİŪƐŝîƤĽŪşƘ
qŪđĽİǊĽşı�¬'FƘ

Ɣ AY^J^SYX̾C\JX]VJ^SYX�
Ɣ BLJVN�
Ɣ BcWWN^\c�
Ɣ 8XŊXS^N�ANZN^S^SYX
Ɣ 5SXS^N�ANZN^S^SYX

KWWSV���ZZZ�LTXLOH]OHV�RUJ�ZZZ�DUWLFOHV�GLVWIXQFWLRQV�GLVWIXQFWLRQV�KWP

https://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm
https://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm


¡ƐĽŝĽƤĽǃĘ�'ĘİŪƐŝîƤĽŪşƘ�îşđ�'ĽƘƤŪƐƤĽŪşƘ
qŪđĽİǊĽşı�¬'FƘ

Ɣ 3S]ZVJLNWNX^
Ɣ CaS]^
Ɣ 1NXM

KWWSV���ZZZ�LTXLOH]OHV�RUJ�ZZZ�DUWLFOHV�GLVWIXQFWLRQV�GLVWIXQFWLRQV�KWP

https://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm
https://www.iquilezles.org/www/articles/distfunctions/distfunctions.htm


ØĸîƤ�Ľİ�ǊŪƬ�đŪşɁƤ�őşŪǄ�ƤĸĘ�
îşîŔǊƤĽĊîŔ�İŪƐŝƬŔî�İŪƐ�ƤĸĘ�¬'Fȣ



'ĽƘƤîşĊĘ�FĽĘŔđƘ�İŪƐ� ŪŝƍŔĘǉ�¬ĸîƍĘƘ
8X^N\ZYVJ^N�MS]^JXLN]�Z\N`SY_]Vc�]JWZVNM�YX�J�\NQ_VJ\�˟Y\�JMJZ^S`Nˠ�Q\SM

sƬŝĘƐĽĊîŔ�¬'FƘȜ�¬îŝƍŔĘđ�Ūş�GƐĽđƘ

R^^Z˲̾̾KJ\KSL˰_]L˰NM_̾]SQXNM3S]^JXLN5SNVM̾

?\Y]˲�
Ɣ 5J]^�M˟bˠ�N`JV_J^SYX�
Ɣ 2YWZVNb�]RJZN]
Ɣ ?J\JVVNV�Z\NLYWZ_^N

2YX]˲�
Ɣ 7SQR�WNWY\c�Y`N\RNJM

ż 0MJZ^S`N�RNVZ]
Ɣ ?\NLYWZ_^J^SYX
Ɣ ASQSM�QNYWN^\c

ż 2JX̄^�MNOY\W
Ɣ >XVc�ZYSX^̐YKTNL^�

MS]^JXLN

http://barbic.usc.edu/signedDistanceField/


~ƍĘş×'�
<_]N^R˳�:˰�	��
˰�E31˲�
7SQR̐\N]YV_^SYX�]ZJ\]N�`YV_WN]�
aS^R�McXJWSL�^YZYVYQc˰�02<�C\JX]˰�
6\JZR˰�
	˳�
˳�0\^SLVN�	��˟9_XN�	��
ˠ�
		�ZJQN]˰�3>8˲�
R^^Z˲̾̾Mb˰MYS˰Y\Q̾�� �˰���̾	���		�˰	���	
�

R^^Z˲̾̾aaa˰W_]N^R˰Y\Q̾:NX̾?_KVSLJ^
SYX]́ŊVN]̾<_]N^ŔC>6�
˰ZMO

R^^Z]˲̾̾aaa˰YZNX`MK˰Y\Q̾

SşđƬƘƤƐǊ�ƘƤîşđîƐđ

http://dx.doi.org/10.1145/2487228.2487235
http://www.museth.org/Ken/Publications_files/Museth_TOG13.pdf
http://www.museth.org/Ken/Publications_files/Museth_TOG13.pdf
https://www.openvdb.org/






şîşŪ×'�

R^^Z]˲̾̾MN`NVYZN\˰ X`SMSJ˰LYW̾KVYQ̾JLLNVN\J^SXQ̐YZNX`MK̐YX̐QZ_]̐aS^R̐XJXY`MK̾

G¡ÀȶîĊĊĘŔĘƐîƤĘđ�ǃĘƐƘĽŪş�Ūİ�~ƍĘş×'�

https://developer.nvidia.com/blog/accelerating-openvdb-on-gpus-with-nanovdb/


NŪƬđĽşĽ�ȶ�ÀƘĘƘ�×'��ǄȨ�îĊĊĘŔĘƐîƤĽŪş
/ǉîŝƍŔĘ

)URP�³,SYHMRM������/I]RSXIƉ

https://www.youtube.com/watch?v=zMrvCWy85xM&ab_channel=Houdini
https://www.youtube.com/watch?v=zMrvCWy85xM&ab_channel=Houdini


¹ǄŪ�ƘőĘƤĊĸĘƘȨđĘŝŪƘ�ƐĘŝîĽşĽşı
/şđıîŝĘ



¡îƐƤ�S×Ȝ

FĽşȶĽɁȶƘĸĽşı�ƤĸĘ�
cîĊőȶŪɁȶŔîşƤĘƐş



gĽǃĘ� ŪđĽşı�Ȱ¡îƐƤ�SSȱ
¤îǊ�qîƐĊĸĽşı�¹ŪıĘƤĸĘƐ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾aM:c3


9JLU̐Ȳ̐VJX^N\X�FS]RVS]^
Ɣ =J^_\JV�BRJZN

ż BWYY^RN\�KVNXM]��VPLQ�
ż 1_WZc��DGG�QRLVH�
ż 0MM�]^NW��EXPS\�FRQH���EHQG���QRLVH�
ż ;N]]�]ZRN\SLJV�˖�ZN\ONL^��GHIRUP�

Ɣ 2J\`N�S^˶
ż 7YVVYa�Y_^��RQLRQ�RU�VXEWUDFW�
ż 2\NJ^N̾L_^�^YZ��VXEWUDFW�RQLRQ�FRQH�
ż =Y]N��VXEWUDFW�SULVP�
ż 4cN]���VXEWUDFW�RS6\P;�VKDSH��
ż <Y_^R��VXEWUDFW�PRXWK�VKDSH�

Ɣ ANXMN\�aS^R�BZYYUc�;SQR^SXQ
ż 5VSLUN\SXQ�LJXMVN�ōJWN��SRLQW�OLJKW�
ż <YYXVSQR^��GLUHFWLRQDO�OLJKW�
ż BRJMYa]��VKDGRZ�	�VRIWVKDGRZ�>OLQN@
ż 6\Y_XM��QRLV\�SODQH�RU�KHLJKWILHOG�
ż 1JLUQ\Y_XM��DPELHQW�OLJKWLQJ�
ż 0X^SJVSJ]SXQ��VXSHUVDPSOH�

https://www.shadertoy.com/view/wdKyD3
https://www.shadertoy.com/view/wdKyD3
https://www.iquilezles.org/www/articles/rmshadows/rmshadows.htm


gĽǃĘ� ŪđĽşı�ȰFĽşîŔȱ
¤îǊ�qîƐĊĸĽşı�¹ŪıĘƤĸĘƐ

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾aM:c3


https://www.shadertoy.com/view/wdKyD3


¤îǊȶqîƐĊĸĽşı�¬'FƘ�
<YMSOc�^RN�Z_WZUSX�\NXMN\N\�

R^^Z]˲̾̾aaa˰]RJMN\^Yc˰LYW̾`SNa̾aM:c3

^Y�\NXMN\�cY_\�YaX�]LNXN˰�
=Y^N˲�HY_�MY�XY^�XNNM�^Y�a\S^N�JXc�\Jc�WJ\LRSXQ�LYMN�YO�cY_\�YaX˰�

<YMSOc�^RN�WJZE�˟Zˠ�O_XL^SYX�^Y�LYWZ_^N�J�MS]^JXLN�ŊNVM�JXM�LYVY\�YO�cY_\�]LNXN˰
<YMSOc�^RN�VSQR^SXQ�˟VSQR^�ZY]S^SYX]˳�N^L˰ˠ�J]�XNNMNM˰

0QJSX˳�^RN�Z\SWJ\c�\N]Y_\LN�OY\�WYMNVSXQ�^RSXQ]�aS^R�MS]^JXLN�ŊNVM]�S]�S[˿]�ZJQN˲
��R^^Z]˲̾̾S[_SVNdVN]˰Y\Q̾aaa̾J\^SLVN]̾MS]^O_XL^SYX]̾MS]^O_XL^SYX]˰R^W

NŪŝĘǄŪƐőȨ¬őĘƤĊĸ

https://www.shadertoy.com/view/wdKyD3
https://iquilezles.org/www/articles/distfunctions/distfunctions.htm

