BpiyuciieHUd Ha
BUeoKapTax

Jlekuunsa-10:. SDF

- .= Signed Distance Functions

- . Ray marching

- - TlpuMeHeHns B PU3NYECKNX CUMYNALNSX,
r106ajsHOM OCBELLEHUM U HaBUIaLUnmM poboToB

CumuioTuH Bopuc
7 simiyutin KapTuHKa:: EvilRyu


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

MoTuBauus

e OO6bIYHLIN cNOCOb peHOEePUHra: pyMcyemM MOLENb Kak MHOXECTBO
TPEeYronbHUYKOB
e UYTO ecnn xoTum oTpucosaTtb cepy/apyron reomeTpniecknt NPUMmNTUB?
o B maTtematnyeckom cmbicrie afieMeHTapHbIN OObEKT
o Ecnun pucoBaTtb TpeyronbHMKamu, To Hago nonyvYnTb Moaerb
e UYTO ecnu XoTUM ANHAMNYECKN HAKUHYTb MOPdONornyeckmnx/oynesbix
onepaunn? Aunauns/apo3nsi, 00 beanHUTL/BbIMECTb MOAENN
e UYTO ecnn XxoTUM 06beaNHATL CYLLHOCTU pa3HblX TUNoB? MaTtemaTtnyeckne +

nonuroHanbHble?
// pseudocode

bool sphere(vec3 center, float r, vec3 pos) { VS
return length(pos - center) == r;




Signed Distance Field

e OdyHKUMA, BO3BpaLLatowas ons
3a[laHHOW TOYKM pacCToAHME A0
NOBEPXHOCTN OBbEKTA

e PaccrodaHue nonoxmnTtensHoe ecnum
TOYKa CHapyXu obbekTa

e PaccTosiHue oTpuLaTernbHoe ecnu
TOYKa BHYTpU

e PaBHO HymMo Ha rpaHuue

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



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

Distance-aided ray marching



Distance-aided ray marching




Distance-aided ray marching

[Moaxon ¢ NMOCTOAHHBLIM LUAroMm:

e [lonro
e MOXHO 4YTO-HMBYOb NPONYCTUTL




Distance-aided ray marching




Distance-aided ray marching



Distance-aided ray marching



https://iquilezles.org/articles/nvscene2008/rwwtt.pdf
https://iquilezles.org/articles/nvscene2008/rwwtt.pdf

Signed Distance Field

e AnbTepHaTuBa MonuMroHanbHom reomeTpun, 20, 3D

e [lo3BonseT BbINOMHATL TPACCUPOBKY Nyden bbiCTpee YemM noaxon C
KOHCTAHTHbLIM LLIArom

e bonblas rubkocTb B MaTeMaTndeckom oopmyniMmpoBaHnUmM reoMeTpPumn CLEHHbI,
B HECKOINbKO CTPOYEK MOXHO:

BbINONHATL Bynesbl onepaunv Hag obbemamu

3aKpyumnBaTb 1 3armbatb urypsl

NOACHUTbIBATL OCBELLEHNE N 3aTEHEHME

npouenypHO reHepupoBaTh LLEPOXOBATOCTL Marepuara, reonormyeckum

naHawadT, TEKCTYpY

e MoxHO ncnonb3oBaTthb 4S9 YCKOPEHUA TPaCCUPOBKU NOMUTOHANbHbIX
MoJereun, BeKTopusaumm QUCKPETHbIX CUMYNALMK (HanpuMep, TKaHb)

O O O O



https://iquilezles.org/articles/distfunctions2d/
https://iquilezles.org/articles/distfunctions/
https://iquilezles.org/articles/distfunctions/
https://iquilezles.org/articles/distfunctions/
https://iquilezles.org/articles/simplegi/
https://iquilezles.org/articles/rmshadows/
https://iquilezles.org/articles/morenoise/
https://iquilezles.org/articles/morenoise/
https://mmacklin.com/sdfcontact.pdf

[Mpnumepbl SDF

Circle - exact (https://www.shadertoy.com/view/3ItSW2)

float sdCircle( vec2 p, float r )
{
return length(p) - r;

Sphere - exact (https://www.shadertoy.com/view/Xds3zN)

float sdSphere( vec3 p, float s )
{

return length(p)-s;



[Mpnumepbl SDF

Box - exact (https://www.youtube.com/watch?v=62-pRVZuS5c)

float sdBox( in vec2 p, in vec2 b )
{

vec2 d = abs(p)-b;
return length(max(d,0.0)) + min(max(d.x,d.y),0.0);

Box - exact (Youtube Tutorial with derivation: https://www.youtube.com/watch?v=62-pRVZuS5c)

float sdBox( vec3 p, vec3 b )
{
vec3 q = abs(p) - b;

return length(max(q,0.0)) + min(max(q.x,max(q.y,q-z)),0.0);



[Mpnumepbl SDF

Hexagram - exact (https://www.shadertoy.com/view/{t23RR)

float sdHexagram( in vec2 p, in float r )
{
const vecd k = vecd(-0.5,0.8660254038,0.5773502692,1.7320508076) ;
p = abs(p);
P = 2.0*min(dot(k.xy,p) ,0.0) *k.xy;
P = 2.0*min(dot(k.yx,p) ,0.0) *k.yx;
p —= vec2(clamp(p.x,r*k.z,r*k.w) ,r) ;

return length(p) *sign(p.y);



[Mpnumepbl SDF

Heart - exact (https://www.shadertoy.com/view/3tyBzV)

float sdHeart( in vec2 p )

{
P.x = abs(p.x);

if( p.y+tp.x>1.0 )
return sqgrt(dot2 (p-vec2(0.25,0.75))) - sqrt(2.0)/4.0;
return sqgrt (min (dot2 (p-vec2(0.00,1.00)),
dot2 (p-0.5*max (p.x+p.y,0.0)))) * sign(p.x-p.y);




[Mpnumepbl SDF

Triangle - exact (https://www.shadertoy.com/view/XsXSz4)

float sdTriangle( in vec2 p, in vec2 p0, in vec2 pl, in vec2 p2 )
{
vec?2 el = pl-p0, el = p2-pl, e2 = p0-p2;
vec2 v0O = p -p0, vl = p -pl, v2 = p -p2;
vec2 pq0 = v0 - eO*clamp( dot (v0,e0) /dot(e0,e0), 0.0, 1.0 );
vec2 pql = vl - el*clamp( dot(vl,el)/dot(el,el), 0.0, 1.0 );
vec2 pq2 = v2 - e2*clamp( dot(v2,e2)/dot(e2,e2), 0.0, 1.0 );
float s = sign( e0.x*e2.y - el0.y*e2.x ) ;

vec2 d = min (min (vec2 (dot (pqg0,pql), s*(v0.x*e0.y-v0.y*e0.x)),
vec2 (dot(pql,pql), s*(vl.x*el.y-vl.y*el.x))),
vec2 (dot (pg2,pqg2), s*(v2.x*e2.y-v2.y*e2.x)));
return -sgrt(d.x) *sign(d.y) ;



[Mpnumepbl SDF

MoxkHo nonyyatb 3D 06bekTbl u3 2D nyTem BpalleHUst N 9KCTPy3umn

float opRevolution( in vec3 p, in sdf2d primitive, in float o )
{
vec2 q = vec2( length(p.xz) - o, p.-Y )

' 3 return primitive(q)
}

float opExtrusion( in vec3 p, in sdf2d primitive, in float h )

{

float d = primitive (p.xy)
vec2 w = vec2( d, abs(p.z) - h );
return min(max(w.x,w.y) ,0.0) + length(max(w,0.0));



[Mpnumepbl SDF

Mopdonorua, 6ynessl onepaumm

float opRound( in sdf3d primitive, in float rad )

{
. ‘ return primitive(p) - rad

9% 9 |\




[Mpnumepbl SDF

Mopdonorua, 6ynessl onepaumm

float opRound( in sdf3d primitive, in float rad )

{
. ‘ return primitive(p) - rad

9% 9 |\

float opUnion( float dl, float d2 )
{




[Mpnumepbl SDF

Mopdonorua, 6ynessl onepaumm

float opRound( in sdf3d primitive, in float rad )
{

\
'00[ |

float opUnion( float dl, float d2 )
return min(dl,d2) ;

return primitive(p) - rad




[Mpnumepbl SDF

Mopdonorua, 6ynessl onepaumm

float opRound( in sdf3d primitive, in float rad )

s & |\ ‘

float opUnion( float dl, float d2 )

return primitive(p) - rad

{
return min(dl,d2) ;
}

float opIntersection( float dl, float d2 )
{

e
\ 4
-



[Mpnumepbl SDF

Mopdonorua, 6ynessl onepaumm

float opRound( in sdf3d primitive, in float rad )

s & |\ ‘

float opUnion( float dl, float d2 )

return primitive(p) - rad

{
return min(dl,d2) ;
}

float opIntersection( float dl, float d2 )
{

e
\ 4
-

return max(dl,d2) ;



[Mpnumepbl SDF

Mopdonorua, 6ynessl onepaumm

float opRound( in sdf3d primitive, in float rad )

s & |\ ‘

float opUnion( float dl, float d2 )

return primitive(p) - rad

float opSubtraction( float dl, float d2 )
{

return PPPP? |
}

{
return min(dl,d2) ;
}

float opIntersection( float dl, float d2 )
{

e
\ 4
-

return max(dl,d2) ;



[Mpnumepbl SDF

Mopdonorua, 6ynessl onepaumm

float opRound( in sdf3d primitive, in float rad )

s & |\ ‘

float opUnion( float dl, float d2 )

return primitive(p) - rad

float opSubtraction( float dl, float d2 )
{

return max(-dl,d2) ;

{
return min(dl,d2) ;
}

float opIntersection( float dl, float d2 )
{

e
\ 4
-

return max(dl,d2) ;



[Mpnumepbl SDF

Displacement
The displacement example below is using sin(20*p.x)*sin(20*p.y)*sin(20*p.z) as displacement pattern, but you can of course use anything you might imagine.

float opDisplace( in sdf3d primitive, in vec3 p )
{

float dl = primitive (p) ;

float d2 = displacement(p) ;

return dl+d2;

float opTwist( in sdf3d primitive, in vec3 p )

{
‘ const float k = 10.0; // or some other amount
float ¢ = cos(k*p.y);

float s = sin(k*p.y);
mat2 m = mat2(c,-s,s,c);
vec3 q = vec3(m*p.xz,p.y);

return primitive(q) ;



e I‘Ipwvlep Palntln a Character Wlth Maths


https://youtu.be/8--5LwHRhjk

float sdfSphere(vec3 center, float r, vec3 pos
return length(pos - center) - r




float sdfSphere(vec3 center, float r, vec3 pos
return length(pos - center) - r

vecd sdfTotal(vec3 pos
vecd res = vecd (INF, BLACK
// sphere

float dist = sdephere vec3(0, 0, 2), 0.5, pos
if (dist < res
res = vecd dlst GREEN

return res

'/ returns depth, color
vecd traceScene vec3 from, vec3 dir
float depth = 0.
for (int iter = 0 iter < 1000; ++iter
vecd dist = sdfTotal(from + depth * dir
if (dist.x < EPS
return vecd(depth, dist.yzw

depth += dist.x
return vec4(INF, BLACK




float sdfSphere(vec3 center, float r, vec3 pos
return length(pos - center) - r

vecd sdfTotal(vec3 pos
vecd res = vecd4 (INF, BLACK
'/ sphere

float dist = sdfSphere(vec3(6, 0, 2), 0.5, pos
if (dist < res.x)
res = vec4(dist, GREEN

return res

’/ returns depth, color
vecd traceScene(vec3 from, vec3 dir
float depth = 0.f
for (int iter = 0; iter < 1000; ++iter
vecd dist = sdfTotal(from + depth * dir
if (dist.x < EPS
return vecd(depth, dist.yzw

depth += dist.x
return vec4(INF, BLACK

void mainImage( out vecd4 fragColor, in vec2 fragCoord

/ Normalized pixel coordinates (from 0 to 1)
vec2 uv = frangord/iRegolution_K .
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, ©
vec3 dir = normalize(vec3(uv - 0.5 * vec2(aspect, 1), 1.0));|
vecd p = traceScene(from, dir

vec3 pos

from + p.x * dir
vec3 col

p-yzw

// Output to screen
fragColor = vecd4(col, 1.0



Kak HanTn Hopmanb?

float shading(vec3 pos, vec3 light_pos
vec3 n = normal{pos
vec3 dir_to_light = normalize(light_pos - pos
return max(9.f, dot(n, dir_to_light

void mainImage( out vecd4 fragColor, in vec2 fragCoord

/ Normalized pixel coordinates (from 0 to 1)
vec2 uv = frangordllkegolutlon_K> d
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, ©
vec3 dir = normalize(vec3(uv - 0.5 * vec2(aspect, 1), 1.0
vecd p = traceScene(from, dir

vec3 pos

from + p.x * dir
vec3 col

p-yzu

vec3 light_pos = vec3(1.f + sin(iTime), 1.f, 1.f
col *= shading(pos, light_pos

'/ Output to screen
fragColor = vecd(col, 1.0



Kak HanTn Hopmanb?

float shading(vec3 pos, vec3 light_pos
vec3 n = normal{pos
vec3 dir_to_light = normalize(light_pos - pos);
return max(9.f, dot(n, dir_to_light

void mainImage( out vecd4 fragColor, in vec2 fragCoord

// Normalized pixel coordinates (from @ to 1)
vec2 uv = fragCgord/1Re§olut10n_K> d
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, ©
vec3 dir = normalize(vec3(uv - 0.5 * vec2(aspect, 1), 1.0
vecd p = traceScene(from, dir

vec3 pos

from + p.x * dir
vec3 col

p-yzu

vec3 light_pos = vec3(1.f + sin(iTime), 1.f, 1.f
col *= shading(pos, light_pos

// OQutput to screen
fragColor = vecd(col, 1.0




vec3 gradient(vec3 pos

float dfdx = (sdfTotal(pos + vec3(EPS, 0, 0)).x

- sdfTotal(pos - vec3(EPS, 0, 0)).x) / (2.f * EPS
float dfdy = (sdfTotal(pos + vec3(0, EPS, 0)).x

- sdfTotal(pos - vec3(0, EPS, 0)).x) / (2.f * EPS
float dfdz = (sdfTotal(pos + vec3(0, 0, EPS)).x

- sdfTotal(pos - vec3(0, 06, EPS)).x) / (2.f * EPS

return vec3(dfdx, dfdy Pdfdz

vec3 normal(vec3_ pos :
return normalize(gradient(pos

float shading(vec3 pos, vec3 light_pos
vec3 n = normal{pos
vec3 dir_to_light = normalize(light_pos - pos
return max(9.f, dot(n, dir_to_light

void mainImage( out vecd4 fragColor, in vec2 fragCoord

/ Normalized pixel coordinates (from 0 to 1)
vec2 uv = frangord/1Re§olut10n_K> d
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, ©
vec3 dir = normalize(vec3(uv - 0.5 * vec2(aspect, 1), 1.0
vecd p = traceScene(from, dir

vec3 pos

from + p.x * dir
vec3 col

p-yzu

vec3 light_pos = vec3(1.f + sin(iTime), 1.f, 1.f
col *= shading(pos, light_pos

'/ Output to screen
fragColor = vecd(col, 1.0



vec3 gradient(vec3 pos

float dfdx = (sdfTotal(pos + vec3(EPS, 0, 0)).x

- sdfTotal(pos - vec3(EPS, 0, 0)).x) / (2.f * EPS
float dfdy = (sdfTotal(pos + vec3(0, EPS, 0)).x

- sdfTotal(pos - vec3(0, EPS, 0)).x) / (2.f * EPS
float dfdz = (sdfTotal(pos + vec3(0, 0, EPS)).x

- sdfTotal(pos - vec3(0, 06, EPS)).x) / (2.f * EPS

return vec3(dfdx, dfdy, dfdz

vec3 normal(vec3_ pos :
return normalize(gradient(pos

float shading(vec3 pos, vec3 light_pos
vec3 n = normal{pos
vec3 dir_to_light = normalize(light_pos - pos);
return max(9.f, dot(n, dir_to_light

void mainImage( out vecd4 fragColor, in vec2 fragCoord

// Normalized pixel coordinates (from 0 to 1)
vec2 uv = fragCgord/1Re§olut10n_K> d
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, ©
vec3 dir = normalize(vec3(uv - 0.5 * vec2(aspect, 1), 1.0
vecd p = traceScene(from, dir

vec3 pos

from + p.x * dir
vec3 col

p-yzu

vec3 light_pos = vec3(1.f + sin(iTime), 1.f, 1.f
col *= shading(pos, light_pos

// OQutput to screen
fragColor = vecd(col, 1.0



float_castShadow(vec3 pos, vec3 light_gos
float estimated = en%th gos - light_pos
vec3 dir = normalize(light_pos - pos
float actual = traceScene(pos + EPS * normal(pos), dir).x
if (actual + 2.f * EPS < estimated
return 0.f;
return 1.f

void mainImage( out vec4 fragColor, in vec2 fragCoord

// Normalized pixel coordinates (from @ to 1)
vec2 uv = frangord/iRegolution_K :
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, 0
vec3 dir = normalize(vec3(uv - 0.5 * vec2(aspect, 1), 1.0
vecd p = traceScene(from, dir

vec3 pos

from + p.x * dir
vec3 col

P-yzw
vec3 light_pos = vec3(1.f + sin(iTime), 1.f, 1.f

col *= shading(pos, light_pos
col *= castShadow(pos, light_pos) ;|

// Output to screen
fragColor = vecd(col, 1.0



float castShadow(vec3 pos, vec3 light_pos
float estimated = length(pos - light_pos
vec3 dir = normalize(light_pos - pos
float actual = traceScene(pos + EPS * normal(pos), dir).x
if (actual + 2.f * EPS < estimated
return 0.f;
return 1.f

void mainImage( out vecd4 fragColor, in vec2 fragCoord

// Normalized pixel coordinates (from 0 to 1)
vec2 uv = frangord/lRegolutlon'K :
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, ©
vec3 dir = normalize(vec3(uv - 0.5 * vec2(aspect, 1), 1.0
vecd p = traceScene(from, dir

vec3 pos

from + p.x * dir
vec3 col

p.-yzw

vec3 light_pos = vec3(1.f + sin(iTime), 1.f, 1.f
//col *= shading(pos, light_pos);
//col *= castShadow(pos, light pos);
col *= min(0.2 + shading(pos, Tight_pos
* castShadow(pos, light_pos), 1.f

// Output to screen
fragColor = vecd(col, 1.0



float castShadow(vec3 pos, vec3 light_pos
float estimated = length(pos - light_pos
vec3 dir = normalize(light_pos
float actual = traceScene(pos +|EPS * normal(pos)| dir).x
if (actual + 2.f * EPS < estimated
return 0.f;
return 1.f

void mainImage( out vecd4 fragColor, in vec2 fragCoord

// Normalized pixel coordinates (from 0 to 1)
vec2 uv = frangord/lRegolutlon'K :
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, ©
vec3 dir = normalize(vec3(uv - 0.5 * vec2(aspect, 1), 1.0
vecd p = traceScene(from, dir

vec3 pos

from + p.x * dir
vec3 col

p.-yzw

vec3 light_pos = vec3(1.f + sin(iTime), 1.f, 1.f
//col *= shading(pos, light_pos);
//col *= castShadow(pos, light pos);
col *= min(0.2 + shading(pos, Tight_pos
* castShadow(pos, light_pos), 1.f

// Output to screen
fragColor = vecd(col, 1.0



float castShadow(vec3 pos, vec3 light_gos
g

float estimated = length(pos - light_pos
vec3 dir = normalize(light_pos - pos _
float actual = traceScene(pos dir) .x
if (actual + 2.f * EPS < estimatea
return 0.f
return 1.f

void mainImage( out vecd4 fragColor, in vec2 fragCoord

// Normalized pixel coordinates (from 0 to 1)
vec2 uv = frangord/lRegolutlon_x :
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, ©
vec3 dir = normalize(vec3{uv - 0.5 * vec2(aspect, 1), 1.0
vecd p = traceScene(from, dir

vec3 pos

from + p.x * dir
vec3 col

p.-yzw

vec3 light_pos = vec3(1.f + sin(iTime), 1.f, 1.f
//col *= shading(pos, light_pos);
//col *= castShadow(pos, light pos);
col *= min(0.2 + shading(pos, Tight_pos
* castShadow(pos, light pos), 1.f

// Output to screen
fragColor = vecd(col, 1.0



void mainImage( out vec4 fragColor, in vec2 fragCoord

// Normalized pixel coordinates (from 0 to 1)
vec2 uv = frangord/iRegqution_K: :
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, ©
vec3 dir = normalize(vec3(uv - 0.5 * vec2(aspect, 1), 1.0

vec3 light_pos = vec3(1.f + sin(iTime), 1.f, 1.f

vec3 res_col = vec3(0, 0, ©
float weight = 1.0

int bounce = 0;
while (bounce < NBOUNCE

vec2 p = traceScene(from, dir
vec3 pos = from + p.x * dir
vec3 col = getColor(int(p.y

col *= min(0.3 + shading(pos, light_pos
* castShadow(pos, light_pos), 1.f

float reflectance = getReflectance(int(p.y
bool last = (bounce + 1 >= NBOUNCE || reflectance == 0.0

if (last
reflectance = 0.0
res_col += weight * col * (1.0 - reflectance https://www.shadertoy.com/view/wccyzM
weight *= reflectance
bounce++
if (last
break

vec3 n = normal(pos);
from = pos + EPS * n;
dir = reflect(dir, n

// Output to screen
fragColor = vecd(res_col,1.0);


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

void mainImage( out vec4 fragColor, in vec2 fragCoord

// Normalized pixel coordinates (from 0 to 1)
vec2 uv = frangord/iRegqution_K: :
float aspect = iResolution.x / iResolution.y

vec3 from = vec3(0, 0, ©
vec3 dir = normalize(vec3(uv - 0.5 * vec2(aspect, 1), 1.0

vec3 light_pos = vec3(1.f + sin(iTime), 1.f, 1.f

vec3 res_col = vec3(0, 0, 0);
float weight = 1.0

int bounce = 0;
while (bounce < NBOUNCE

vec2 p = traceScene(from, dir
vec3 pos = from + p.x * dir
vec3 col = getColor(int(p.y

col *= min(0.3 + shading(pos, light_pos
* castShadow(pos, light_pos), 1.f

float reflectance = getReflectance(int(p.y

bool last = (bounce + 1 >= NBOUNCE || reflectance == 0.0
if (last
reflectance = 0.0

res_col += weight * col * (1.0 - reflectance https://www.shadertoy.com/view/wccyzM

weight *= reflectance

bounce++
if (last
break

vec3 n = normal (pos) ; color = (1-r )c, + r ((1-r,)c, +r,(...))

B roftaceidle, ni
1r = rerlec ir, n - + -
o+ ry(1-r))c,

// Output to screen
fragColor = vecd(res_col,1.0);

r, » KOT4@ HECKOMbKO OTPpaXKeHWi, NpeBpallaeTcs
B r,r,l,... == weight


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

Lumen (Unreal Engine 5)

B rno6anbHOM ocBeLleHum
OJ15 YCKOpeHus
TpaccupoOBKK fyya
ncrnonb3yerca Ray
Marching no rnob6anbHou
SDF cueHbl

XpaHeHue B 3D TekcType C
MUN-YPOBHAMU U
CTPUMWUHIOM

Mesh Distance Fields in Unreal Engine

Mesh Distance Fields Visualization


https://docs.unrealengine.com/5.0/en-US/mesh-distance-fields-in-unreal-engine/

Mission planning

e 3agaya NpoknaabiBaHMs ONTUMaNbHOrO MapLupyTa ApPOoHa Mo M3BECTHON
MECTHOCTM

e OnacHocCTu: 30aHus, oepeBbs, NPoBoaa

e 30Hbl 3anpeTa NorneToB, MakCcMmarnbHas BbicoTa noneta (B NOMELLEHNN)



Mission planning

e 3agaya NpoknaabiBaHMs ONTUMaNbHOrO MapLupyTa ApPOoHa Mo M3BECTHON
MECTHOCTM

e OnacHocCTu: 30aHus, oepeBbs, NPoBoaa
e 30Hbl 3anpeTa NorneToB, MakCcMmarnbHas BbicoTa noneta (B NOMELLEHNN)
e SDF!

o [ns nonuroHanbHbIX Mogenen sgaHnn n npoeoaos - KD-tree

o [Ina paspeLlueHHbIX 1 3anpeLleHHbIX 30H: aHanutndeckass SDF TpexmepHon
NpU3Mbl

o WHBepTupoBanu 3Hak SDF - paspelunnu netatb TONbKO BHYTPY NPU3Mbl
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Cloth simulation

e Cunmynaums TKaHen
e HyXHO HaxoguTb U
obpabaTbiBaTb KOMNNU3nNn




Cloth simulation

o Cumynauus TkaHeu

e HyXHO HaxoauTb U
obpabaTtbiBaTb KONMM3numn

e [lpn sampling metoge
OCTpble 0ObLEKTLI MOTYT
NPOTbIKATb TKaHb




Cloth simulation

o Cumynauus TkaHeu

e HyXXHO HaxoauTb n
obpabaTtbiBaTb KONMM3numn

e [lpn sampling metoge
OCTpble 0ObLEKTLI MOTYT
NPOTbIKaTb TKaHb

e Xou4eTtcs
“BEKTOPU30BaTh TKaHb,
4YTOBObI HE NPMXOANIIOCH
cCeMnMpoBaThb CNULLIKOM
rycto




Local Optimization for Robust Signed
Cloth Simulation Distance Field Collision

https://youtu.be/ooZ9rUYOF14

e [lycTb TKaHb COCTOUT N3 TPEYroSIbHUKOB
e Xotum nepecedb SDF ¢ TpeyronbHUKom


https://mmacklin.com/sdfcontact.pdf
https://mmacklin.com/sdfcontact.pdf
https://youtu.be/ooZ9rUYOFI4

Cloth simulation

e [lycTb TKaHb COCTOUT N3 TPEYroSIbHUKOB
e Xotum nepecedb SDF ¢ TpeyronbHUKom

e [lapameTpusyem TOUKY BHYTPU
BapuUeHTPUYECKUMIN KOOPANHATaAMK

e HyxHO HanTU MMHUMYM SDF Ha
TpeyronbHuKe

argmin  @(up + vq + wr)
uo,w

st. u,o,w>0

u+v+w=1.

Local Optimization for Robust Signed

Distance Field Collision

https://youtu.be/ooZ9rUYOFI14

N Z

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



https://mmacklin.com/sdfcontact.pdf
https://mmacklin.com/sdfcontact.pdf
https://youtu.be/ooZ9rUYOFI4

Local Optimization for Robust Signed

Cloth simulation Distance Field Collision

https://youtu.be/ooZ9rUYOFI14

e [lycTb TKaHb COCTOUT N3 TPEYroSIbHUKOB
e Xotum nepecedb SDF ¢ TpeyronbHUKom

e [lapameTpusyem TOUKY BHYTPU 7
BapuLIEHTPUYECKMMIN KOOPAUHATAMM NP
e HyxHo HanTM muHumym SDF Ha H s

TpeyronbHuKe il

e Projected Gradient Descent: nenaem
Liar B CTOPOHY MUHUMU3aLUN U a=[2 2 2T-
BO3BpaLLaemMcs Ha NOBEPXHOCTb

Vé(x)p
Vé(x)q
Vé(x)r

ciy1 < P(c; — ad). e

AN N Z

o = https://www.shadertoy.com/
TR view/wdcGDB

({;(?) = L{J(«Aﬁ’ﬂ—fo@mu?)

Vel s Ve,
S 0% °

IS

TN YR

E()l((x[m‘\»,fu),?(“\) =1
D


https://mmacklin.com/sdfcontact.pdf
https://mmacklin.com/sdfcontact.pdf
https://youtu.be/ooZ9rUYOFI4

Cloth simulation

e [lycTb TKaHb COCTOUT N3 TPEYroSIbHUKOB
e Xotum nepecedb SDF ¢ TpeyronbHUKom

e [lapameTpusyem TOUKY BHYTPU
BapuUeHTPUYECKUMIN KOOPANHATaAMK
e HyxHO HanTU MMHUMYM SDF Ha

TPpEYrorfibHUKe

e Projected Gradient Descent: gpenaem
Luar B CTOPOHY MUHUMKU3ALNN U

BO3BpaLllaeMCA Ha NoBepXHOCTb
o) YT0 ecnu nonanu B floKanbHbI MUHUMYM?

argmin  @(up + vq + wr)
u,o,w

st. u,o,w>0

u+v+w=1.

Vé(x)p
Vé(x)q
Vé(x)r

o as | _
Jv ow

a=|t

Q|
se

ciy1 < P(c; — ad). e

({)(?):L{J(Mﬁ’ﬂ—fo@mu?) .
53w

N

L

@ = WO,
. ox °

IS

E()lg(x(ml\»,{u),?(u\ =

il Eel A
Du

Local Optimization for Robust Signed

Distance Field Collision

https://youtu.be/ooZ9rUYOFI14

N Z

https://www.shadertoy.com/
view/wdcGDB
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Cloth simulation

Hawnwn “camyto
rny6oky” TOYKY p Ha
cermeHTe
(TpeyrosnbHUKe).

Kak o6HOBUTb
KoopAuHaTbl?




Cloth simulation

Hawnwn “camyto P = C1T1 + CoTy
rnyboKyr” TOUKY p Ha ~
cerMeHTe A=q-p X, 7(2
(TpeyronbHuKe). i
Kak 06HOBUTb ;
; g—233 K2
KoopaMHaTbl? - -\p
)
K
e ' 2 A
Kak paccuutats q? (y Hac ~ F1 < T1t o
npenatcTeue 3agaHo sdf) - &5
Ty ¢ Ty + — A
d
~ ~
C1Z) + CoZg =

Jakobsen T.. Advanced Character
Physics



https://www.cs.cmu.edu/afs/cs/academic/class/15462-s13/www/lec_slides/Jakobsen.pdf
https://www.cs.cmu.edu/afs/cs/academic/class/15462-s13/www/lec_slides/Jakobsen.pdf

Without constraints https://www.shadertoy.com/view/tfcczN

With constraints


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

Previous technique

CIOth S| Mmu |at| on https://youtu.be/ooZ9rUYOF14

[Macklin et al. 2020]



https://youtu.be/ooZ9rUYOFI4

New technique

Cloth simulation

[Macklin et al. 2020]
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