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Sim
plex noise dem

ystified

Stefan G
ustavson, Linköping U

niversity, Sw
eden (stegu@

itn.liu.se), 2005-03-22

In 2001, K
en Perlin presented “sim

plex noise”, a replacem
ent for his classic noise algorithm

. 
C

lassic “Perlin noise” w
on him

 an academ
y aw

ard and has becom
e an ubiquitous procedural 

prim
itive for com

puter graphics over the years, but in hindsight it has quite a few
 lim

itations. 
K

en Perlin him
self designed sim

plex noise specifically to overcom
e those lim

itations, and he 
spent a lot of good thinking on it. T

herefore, it is a better idea than his original algorithm
. A

 few
 

of the m
ore prom

inent advantages are:

•
Sim

plex noise has a low
er com

putational com
plexity and requires few

er m
ultiplications.

•
Sim

plex noise scales to higher dim
ensions (4D

, 5D
 and up) w

ith m
uch less com

putational 
cost, the com

plexity is 
 for 

 dim
ensions instead of the 

 of classic N
oise.

•
Sim

plex noise has no noticeable directional artifacts.
•

Sim
plex noise has a w

ell-defined and continuous gradient everyw
here that can be com

puted 
quite cheaply.

•
Sim

plex noise is easy to im
plem

ent in hardw
are.

Sadly, even now
 in early 2005 very few

 people seem
 to understand sim

plex noise, and alm
ost 

nobody uses it, w
hich is w

hy I w
rote this. I w

ill try to explain the algorithm
 a little m

ore thor-
oughly than K

en Perlin had tim
e to do in his course notes from

 Siggraph 2001 and 2002, and 
hopefully m

ake it clear that it is not as difficult to grasp as it first seem
s.

From
 w

hat I’ve learned, w
hat confuses people the m

ost is the im
penetrable nature of K

en Per-
lin’s reference im

plem
entation in Java. H

e presents very com
pact and uncom

m
ented code to 

dem
onstrate the principle, but that code is clearly not m

eant to be read as a tutorial. A
fter a few

 
attem

pts I gave up on the code and read his paper instead, w
hich w

as a lot m
ore clear. N

ot crys-
tal clear, though, as he presents the algorithm

 m
ostly in w

ords and code snippets. I w
ould have 

appreciated som
e graphs and figures and a few

 helpful equations, and that’s w
hat I try to provide 

here, to m
ake it easier for others to understand the greatness and beauty of sim

plex noise. I w
ill 

also explain things in one and tw
o dim

ensions first to m
ake things easier to explain w

ith graphs 
and im

ages, and then m
ove on to three and four dim

ensions.

C
lassic noise

In order to explain sim
plex noise, it is helpful to have a good understanding of classic Perlin 

noise. I have seen quite a few
 bad and m

isinform
ed explanations in this area, so to m

ake sure 
that you have the necessary groundw

ork done, I w
ill present classic Perlin noise first.

Perlin noise is a so-called gradient noise, w
hich m

eans that you set a pseudo-random
 gradient 

at regularly spaced points in space, and interpolate a sm
ooth function betw

een those points. T
o 

generate Perlin noise in one dim
ension, you associate a pseudo-random

 gradient (or slope) for 
the noise function w

ith each integer coordinate, and set the function value at each integer coor-
dinate to zero.

For a given point 
 som

ew
here betw

een tw
o integer points, the value is interpolated betw

een 
tw

o values, nam
ely the values that w

ould have been the result if the closest linear slopes from
 

the left and from
 the right had been extrapolated to the point in question. T

his interpolation is 

O
N(

)
N

O
2

N
(

)

0
1

2
3

4
5

x

1
1

0
  

B
W

RW
 D

RL
N

 
LJ

M
N

a 
G

N
L

RLJ
T 

L
RN

N
N

 
J

M
 

@
N

 D
N

TR
 



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

D
N

TR
 

)
 C

W
R

N
 

1
	

2
	

3
	

4
	

5
	

s
u
m
	

h
I
p
:/
/
p
a
u
lb
o
u
rk
e
.n
e
t/
te
x
tu
re
_
c
o
lo
u
r/
p
e
rlin

/
	

1/f
nN

oise(t)
=

N
−
1

∑i=
0

P
erlin

(b
it)

a
i

1/f
nN

oise(t)
=

N
−
1

∑i=
0

P
erlin

(b
it)

a
i



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

7
RTJ

N
J

T D
N

TR
 G

N
 F

RP
J

T 

J
TRK

J
RW

 
J

J
N

N
 

D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

E
E
G

1 (t,k
)
=

P
erlin

(2
π
k
t)

α
k

E
E
G

2 (t,k
)
=

E
E
G

1 (
−
t,k

)



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

W
'

E
N

L
N

LN
 D

TW
 

D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

h
I
p
s
:/
/
e
n
.w
ik
ip
e
d
ia
.o
rg
/
w
ik
i/
R
e
c
u
rre

n
c
e
_
p
lo
t	



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

E
N

J
T :

:
 

F
R

TJ
RW

 
E

N
J

T :
:

 
F

R
TJ

RW
 

9
W

=
 3

 1
 

9
W

=
 3

 /
 

:
:

 

:: , 

:
:

 

:: , 
D

N
M

RJ
RL 

N
N

RJ
 E

N
N

J
L

 G
N

J
 

D
E

G
 

P
e
te
rs
e
n
	C
L
	,G

ö
rg
e
s
	M

,	M
a
s
s
e
y
	R
,	D

u
m
o
n
t	G

A
,	A

n
s
e
rm

in
o
	JM

	

A
	P
ro
c
e
d
u
ra
l	E
le
c
tro

e
n
c
h
e
p
h
a
lo
g
ra
m
	S
im

u
la
to
r	fo

r	E
v
a
lu
a
X
o
n
	o
f	A

n
e
s
th
e
s
ia
	M

o
n
ito

rs
	

A
n
e
s
th
e
s
ia
	&
	A
n
a
lg
e
s
ia
		Ju

ly
	2
0
1
6
		D

O
I:	1

0
.1
2
1
3
/
A
N
E
.0
0
0
0
0
0
0
0
0
0
0
0
1
5
0
6
	



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

M
RW

 
N

J
LN

 

h
I
p
s
:/
/
tw

iI
e
r.c

o
m
/
e
e
g
s
im

u
la
to
r	

P
e
te
rs
e
n
	C
L
,	A

n
s
e
rm

in
o
	JM

,	D
u
m
o
n
t	G

A
		

A
	S
m
a
rtp

h
o
n
e
-b
a
s
e
d
	E
E
G
	A
n
e
s
th
e
s
ia
	S
im

u
la
to
r		

6
th
	N
W
A
C
	W

o
rld

	A
n
e
s
th
e
s
ia
	C
o
n
v
e
n
X
o
n
,	V

a
n
c
o
u
v
e
r,	B

C
,	A

p
ril	2

9
	–
	M

a
y
	2
	2
0
1
5
	



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 
D

N
M

RJ
RL 

N
N

RJ
 E

N
N

J
L

 G
N

J
 

D
E

G
 



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 
D

N
M

RJ
RL 

N
N

RJ
 E

N
N

J
L

 G
N

J
 

D
E

G
 

P
e
te
rs
e
n
	C
L
,	A

n
s
e
rm

in
o
	JM

,	D
u
m
o
n
t	G

A
		

T
o
w
a
rd
s
	a
	D
e
p
th
	o
f	H

y
p
n
o
s
is
	E
E
G
	S
im

u
la
to
r	

S
o
c
ie
ty
	o
f	T

e
c
h
n
o
lo
g
y
	in
	A
n
e
s
th
e
s
ia
	(S
T
A
)	2

0
1
5
,	P
h
o
e
n
ix
	A
Z
	



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

N
N

RJ
 

B
W

RW
 

:
:

 F
N

W
 

-
,

K
R 

-
M

7
 9

 

A
R

N
J

 D
W

N
 F

Ta 
9

RP
RJ

T F
D

9
 N

LW
M

N
M

 
K

RTJ
N

J
T 

RP
J

T 



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

0
1

2
3

4
5

6
7

0 10 20 30 40 50 60 70 80 90

100

DoH Index [a.u.]

Sim
ulator k param

eter

30s settle tim
e

(a)

0
1

2
3

4
5

6
7

Sim
ulator k param

eter

60s settle tim
e

(b)

N
euroSEN

SE
Entropy (SE, R

E)
BIS

P
e
te
rs
e
n
	C
L
	,G

ö
rg
e
s
	M

,	M
a
s
s
e
y
	R
,	D

u
m
o
n
t	G

A
,	A

n
s
e
rm

in
o
	JM

	

A
	P
ro
c
e
d
u
ra
l	E
le
c
tro

e
n
c
h
e
p
h
a
lo
g
ra
m
	S
im

u
la
to
r	fo

r	E
v
a
lu
a
X
o
n
	o
f	A

n
e
s
th
e
s
ia
	M

o
n
ito

rs
	

A
n
e
s
th
e
s
ia
	&
	A
n
a
lg
e
s
ia
		Ju

ly
	2
0
1
6
		D

O
I:	1

0
.1
2
1
3
/
A
N
E
.0
0
0
0
0
0
0
0
0
0
0
0
1
5
0
6
	



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

TW
N

M
'

A
W

W
 F

R
TJ

RW
 

D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

F
R

P
TN

'
J

T
N

M
 

N
W

N
 

W
RTN

 J
TTW

 
J

M
J

N
'

R
'

N
'

TW
W

 
R

TJ
RW

! 

P
e
te
rs
e
n
	C
L
,	G

ö
rg
e
s
	M

,	A
n
s
e
rm

in
o
	JM

,	D
u
m
o
n
t	G

A
	

S
im

u
la
X
n
g
	D
y
n
a
m
ic
	H
y
p
n
o
X
c
	D
ru
g
	E
ff
e
c
ts
	w
ith

	a
n
	E
E
G
	A
n
e
s
th
e
s
ia
	S
im

u
la
to
r	

6
th
	N
W
A
C
	W

o
rld

	A
n
e
s
th
e
s
ia
	C
o
n
v
e
n
X
o
n
,	V

a
n
c
o
u
v
e
r,	B

C
,	A

p
ril	2

9
	–
	M

a
y
	2
	2
0
1
5
	

C
o

n
tro

l A
lg

o
.

In
fu

sio
n
 R

a
te

E
ffe

ct S
ite

 C
o
n
c.

E
st. D

o
H

M
e
a
su

re
d
 D

o
H

D
o
H

 
S

e
tp

o
in

t

D
o

H
 M

o
n

ito
r

E
E

G
E

E
G

 S
im

u
la

to
r

P
D

 M
o

d
e
l

P
K

 M
o

d
e
l

DOH	



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

E
p
o
c
h
s
	o
f	C

lin
ic
a
lly
	R
e
le
v
a
n
t	D

is
a
g
re
e
m
e
n
ts
	in
	D
e
p
th
	o
f	H

y
p
n
o
s
is
	M

o
n
ito

rs
	O
b
s
e
rv
e
d
	b
y
	R
e
p
la
y
	o
f	th

e
	E
le
c
tro

e
n
c
e
p
h
a
lo
g
ra
m
	

P
e
te
rs
e
n
	C
L
,	K
a
tz
	Z
,	G

ö
rg
e
s
	M

,	W
e
s
t	N

,	D
u
m
o
n
t	G

A
,	A

n
s
e
rm

in
o
	JM

	

S
T
A
	A
n
n
u
a
l	M

e
e
X
n
g
,	Ja

n
u
a
ry
	2
0
1
6
,	P
a
lm

	B
e
a
c
h
,	F
L
	

0
5

10
15

20
25

60 70 80 90

100

Tim
e [m

in]

Depth of Hypnosis

W
AV

EN
T

BIS

0
5

10
15

20 30 40 50 60 70

Tim
e [m

in]
0

5
10

15
20

25
0 10 20 30 40 50 60 70

Tim
e [m

in]

BS

E
N

TJ
a :

W
L

 

• B
W

RW
 LJ

 R
N

R
N

Ta M
R

J
P

N
N

! 



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

E
N

TJ
a F

J
R

RL
 

• .
&,

.
 9

W
=

 
J

TN
 

(,
=

b
 

• B
R

R
J

T K
RJ

 W
N

J
TT& K

 
W

TW
P

N
M

 
N

RW
M

 W
 

K
J

RJ
T M

R
J

P
N

N
N

4
 

T
IV
A

B
ias

R
M
S

W
A
V
-B

IS
0.2835

7.2529
W
A
V
-E
N
T

1.1113
10.2531

B
IS
-E
N
T

0.5957
11.2951

D
E
S

B
ias

R
M
S

W
A
V
-B

IS
0.0293

8.4282
W
A
V
-E
N
T

-0.7486
11.6166

B
IS
-E
N
T

-1.0717
12.0658

1

T
IV
A

B
ias

R
M
S

W
A
V
-B

IS
0.2835

7.2529
W
A
V
-E
N
T

1.1113
10.2531

B
IS
-E
N
T

0.5957
11.2951

D
E
S

B
ias

R
M
S

W
A
V
-B

IS
0.0293

8.4282
W
A
V
-E
N
T

-0.7486
11.6166

B
IS
-E
N
T

-1.0717
12.0658

1

A
	S
y
s
te
m
a
X
c
	C
o
m
p
a
ris
o
n
	o
f	D

e
p
th
	o
f	H

y
p
n
o
s
is
	In
d
ic
e
s
	d
u
rin

g
	In
tra

v
e
n
o
u
s
	a
n
d
	V
o
la
X
le
	A
n
e
s
th
e
s
ia
	b
y
	E
le
c
tro

e
n
c
e
p
h
a
lo
g
ra
m
	R
e
p
la
y
	

P
e
te
rs
e
n
	C
L
,	K
a
tz
	Z
,	G

ö
rg
e
s
	M

,	D
u
m
o
n
t	G

A
,	A

n
s
e
rm

in
o
	JM

	

S
T
A
	A
n
n
u
a
l	M

e
e
X
n
g
,	Ja

n
u
a
ry
	2
0
1
6
,	P
a
lm

	B
e
a
c
h
,	F
L
		



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

N
 H

W
S 

• 
7

 F
N

RW
 

• 
=

RP
'

E
N

W
T

RW
 :

:
 

+

- Σ
F
P
G
A
	

D
iff
e
re
n
X
a
l	

F
ro
n
t-e

n
d
	A
m
p
lifi
e
r	

D
is
c
re
te
	Σ
Δ
	c
o
n
v
e
rte

r	.
M

7
 F

RP
J

'
9

N
TJ

 
9

 
W

 
 

)W
 

N
J

T 
W

R
N

 

T
o
w
a
rd
s
	a
n
	U
ltra

-H
ig
h
	R
e
s
o
lu
X
o
n
	S
ig
n
a
l	C
o
n
v
e
rte

r	fo
r	E

le
c
tro

e
n
c
e
p
h
a
lo
g
ra
m
	M

o
n
ito

rin
g
	

P
e
te
rs
e
n
	C
L
,	M

a
llin

s
o
n
	M

,	V
e
n
n
	R
,	D

u
m
o
n
t	G

A
,	A

n
s
e
rm

in
o
	JM

	

S
T
A
	A
n
n
u
a
l	M

e
e
X
n
g
,	Ja

n
u
a
ry
	2
0
1
6
,	P
a
lm

	B
e
a
c
h
,	F
L
		



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 

F
J

a 

• C
N

 :
:

 
W

RW
 N

 
RP

J
T LW

LN
 

– 
M

RW
'

K
J

N
M

 
R

TJ
RW

 
 

N
TJ

a 

• 9
R

N
N

LN
 R

 :
:

 
W

RW
 

N
W

N
 

– A
R

N
J

Ra& W
N

& 
a

N
N

R
4

 
– A

J
P

N
 R

N
R

N
 M

R
J

P
N

N
N

 

• B
W

N
 

W
S 

N
N

M
N

M
! 

D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 



D
N

M
RJ

RL 
N

N
RJ

 E
N

N
J

L
 G

N
J

 
D

E
G

 G
J

S I
W

! 

R
 D

N
N

N
 

L
N

N
N

5
L

(K
L(LJ

 


