
ʺетод̼ ̸̬̭̌ет̌ ̛̦те̬̐̌л̌ 
о̭̏е̺е̦̦о̭т̛ ̦̌ о̭̦о̏е 

т̛̬̭̭̬̌о̏к̛ лу̸е̜ 

ˇ̬оло̏ ʦ.ʤ., ʰ̦̐̌те̦ко ʤ.ʦ. 



ʿл̦̌ лек̶̛̛ 

• ˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 
– ˁт̬укту̬̼ п̬о̭т̬̦̭̌т̏е̦̦о̐о ̛̬̌̍̚е̛̦́ 

• ʰ̦те̬̐̌л о̭̏е̺е̦̦о̭т̛ 
– ʺетод ʺо̦те-К̬̌ло, biased/unbiased ̥етод̼ 

• ˁто̵̭̌т̸̛е̭к̌́ т̛̬̭̭̬̌о̏к̌ лу̸е̜ 
– PT, LT, BDPT, MLT, ERPT 

– ˁт̬̌те̛̛̐  ̭̥̾пл̛̬о̛̦̏̌́ – ̭то̵̭̌т̸̛е̭к̌́ ̛ дете̛̛̬̥̦̬о̦̦̏̌̌́ 

– MIS 

• ˇото̦̦̼е к̬̌т̼ 
– PPM 

• Опт̶̛̛̛̛̥̌̚ 
– К̹̾ о̭̏е̺е̦̦о̭т̛ ;Irradiance cache) 

– ʿ̬̌̌ллел̛̥̚ 

 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ͞Whitted-style Ray Tracing͟ 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ʧе̦е̶̛̬̌́ лу̸е̜ 
 

float3 EyeRayDir(float x, float y, float w, float h) 
{ 
  float fov = 3.141592654f/(2.0f);  
  float3 ray_dir; 
   
  ray_dir.x = x+0.5f - (w/2.0f); 
  ray_dir.y = y+0.5f - (h/2.0f); 
  ray_dir.z = -(w)/tan(fov/2.0f); 
  
  return normalize(ray_dir); 
} 
 

 
 
float3 EyeRayDir2(float x, float y, float w, float h) 
{ 
  float4 pos( 2.0f * (x + 0.5f) / w - 1.0f,  
             -2.0f * (y + 0.5f) / h + 1.0f, 0.0f, 1.0f ); 
 
  pos = g_mViewProjInv*pos; // (mView*mProj)-1*pos 

  pos /= pos.w; 
 
  pos.y *= (-1.0f); 
 
  return normalize(pos.xyz); 
} 
 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ʿе̬е̭е̸е̛̦е лу̸е̜ ̛ п̛̛̬̥т̛̏о̏ 

u := u/S   

v := v/S  

t1 := t1/S (t1 = 1 – u – v) 

 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ʿе̬е̭е̸е̛̦е лу̸е̜ ̛ п̛̛̬̥т̛̏о̏ 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ʿе̬е̭е̸е̛̦е лу̸е̜ ̛ п̛̛̬̥т̛̏о̏ 

– ͞unit test͟ 

 
float3 o = mul3x4(m, ray_origin); 
float3 d = mul3x3(m, ray_direction); 
 
float  t = -o.z/d.z; 
float  u = o.x + t*d.x; 
float  v = o.y + t*d.y; 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ʯ̌те̦е̛̦е ;shading) 

• color += I/(R*R); 

• ? 

• От̬̙̌е̛̦́/п̬ело̥ле̛̦́ 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ʺ́̐к̛е те̛̦ 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ʿ̬о̍ле̥̌ то̸̦о̭т̛ 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ͞Whitted Ray Tracing͟ 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ˇу̦к̶̛̛ ̬̭̭̌то̛̦́́ 

• D = f(x,y,z) 

• Distance-Aided Ray Marching 

 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

http://www.gamedev.ru/code/forum/?id=146616 

 

http://www.gamedev.ru/code/forum/?id=146616
http://www.gamedev.ru/code/forum/?id=146616


˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 
• ʿ̬о̍ле̥̌ ;̥̦о̐о т̬еу̐ол̛̦̽ко̏Ϳ 
– ʿо̛̭к пе̬е̭е̸е̛̦̜ 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 

• ˄̭ко̛̬̺́̀е ̭т̬укту̬̼ 

– ˀе̐ул̬̦̼́е ̛ ̛е̵̸̛̬̬̌е̭к̛е ̭етк̛ 

– Октоде̬е̏̽́ 

– kd-де̬е̏̽́, bsp-де̬е̏̽́ 

– BVH-де̬е̏̽́, BIH де̬е̏̽́ 

• ˀѐ̥̚е по у̭ко̛̬̺̥́̀ ̭т̬укту̬̥̌ 

– ʻе̬е̐ул̬̦̼́е ̛̬̌̍̚е̛̦́ лу̸̹е ̬е̐ул̵̬̦̼́ 

– Де̬е̏̽́ дол̙̦̼ ̼̍т̽ ̬̌̍̌̚л̛̦̭̬̌о̦̼̏̌ 

– ʻ̛̌̍олее п̬̌кт̸̛̦о̜ ̭т̬укту̬о̜ ̸̛̭т̌ет̭́ BVH 

 



˃̛̬̭̭̬̌о̏к̌ лу̸е̜ 



ʰ̦те̬̐̌л о̭̏е̺е̦̦о̭т̛ 

веɤтɨрl

ɧɨрɦаɥьn

ddlnRLI

ii

ii

i i

iirriiiirr




  



 



,

, ),cos(),,,(),(),(



ʧло̍̌л̦̽ое о̭̏е̺е̛̦е 



ʰ̦те̬̐̌л о̭̏е̺е̦̦о̭т̛ 
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ʧло̍̌л̦̽ое о̭̏е̺е̛̦е 
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ʺетод ʺо̦те-К̬̌ло 

• u – ̭лу̸. ʦел̸̛̛̦̌, ̬̦̌̏. ˀ̭̌п̬ед. ̦̌ [a,b] 

• о˃̐д̌ f(u) – то̙е ̭лу̸. ̏ел̸̛̛̦̌. 
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ʺетод ʺо̦те-К̬̌ло 
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ʺетод ʺо̦те-К̬̌ло 

• ˁ̥е̺е̦̦̌́ о̶е̦к̌ ;biased) 

• ʻе̭̥е̺е̦̦̌́ о̶е̦к̌ (unbiased) 

• ʦ̼̍о̬к̌ по ̸̛̦̥̌̚о̭т̛ (Importance sampling) 
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ʺо̦те-К̬̌ло ˃̛̬̭̭̬̌о̏к̌ 
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˃̛̬̭̭̬̌о̏к̌ путе̜ 
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ʧе̦е̶̛̬̌́ ̭лу̸̜̦̌о̐о лу̸̌ 

float3 MapSamplesToSphere(float r1, float r2) // [0..1] 
{    
  float phi = r1*3.141592654f*2;              //[0..2*PI] 
  float h   = r2*2 - 1;                       //[-1..1] 
 
  float sin_phi, cos_phi; 
  sincosf(phi, &sin_phi, &cos_phi); 
 
  float x = sin_phi*sqrt(1-h*h);  
  float y = cos_phi*sqrt(1-h*h);  
  float z = h;   
   
  return float3(x,y,z); 
} 

 

http://www.raytracegroundup.com/ 



ˋто ̸̛̼̭̏л́т̽ ̛ ко̐д̌ о̭т̦̌о̛̏т̭̽́? 

• ʻу̙̦о ̦̌к̌пл̛̏̌т̽: 

– ˁу̥̥у ̶̏ето̏ 

– ˁу̥̥у к̏̌д̬̌то̏ ̶̏ето̏ 

• О̛̹̍к̌ о̶е̛̦̏̌ет̭́ ̛̚ 

– ˁт̦̌д̬̌т̦о̐о откло̦е̛̦́ 



ʦ̼̍о̬к̌ по ̸̛̦̥̌̚о̭т̛ 



ʧе̦е̶̛̬̌́ ̭лу̸̜̦̌о̐о лу̸̌ 

 
float3 MapSampleToCosineDistribution(float r1, float r2) 
{ 
  float e = 1.0; 
  float sin_phi, cos_phi; 
 
  sincosf(2*r1*3.141592654f, &sin_phi, &cos_phi); 
   
  float cos_theta = powf(1.0f-r2,1.0f/(e+1.0f)); 
  float sin_theta = sqrtf(1.0f-cos_theta*cos_theta); 
 
  float x = sin_theta*cos_phi; 
  float y = sin_theta*sin_phi; 
  float z = cos_theta; 
 
  return float3(x,y,z); 
} 
 

 
http://www.raytracegroundup.com/ 



ʧе̦е̶̛̬̌́ ̭лу̸̜̦̌о̐о лу̸̌ 

• ʻе д̴̴̛у̦̌́̚ BRDF 
float3 MapSampleToCosineDistribution(float r1, float r2,  
                                     float3 direction, float3 hit_norm, float power) { 
  float e = power; 
  float sin_phi, cos_phi; 
 
  sincosf(2*r1*3.141592654f, &sin_phi, &cos_phi); 
   
  float cos_theta = powf(1.0f-r2,1.0f/(e+1.0f)); 
  float sin_theta = sqrtf(1.0f-cos_theta*cos_theta); 
 
  float3 deviation(sin_theta*cos_phi, sin_theta*sin_phi, cos_theta); 
 
  float3 ny = direction; 
  float3 nx = normalize(cross(ny, float3(1.04,2.93f,-0.6234f))); 
  float3 nz = normalize(cross(nx, ny)); 
  swap(ny,nz); 
 
  float3 res = nx*deviation.x + ny*deviation.y + nz*deviation.z; 
 
  float invSign = dot(direction, hit_norm) > 0.0f ? 1.0f : -1.0f; 
 
  if(invSign*dot(res, hit_norm) < 0.0f) 
    res = -nx*deviation.x + ny*deviation.y - nz*deviation.z; 
 
  return res; 
} http://www.raytracegroundup.com/ 



ʧе̦е̶̛̬̌́ ̭лу̸̜̦̌о̐о лу̸̌ 

• ʿ̛̬̌̏л̦̽̌́ о̬то̐о̦̌л̶̛̛̌́̚ ʧ̬ ̥̥̌̌-ˌ̛̥дт̌ 
float3 GetPerpendicular(float3 a_vec) const  
{    
  float3 leastPerpendicular;  
  float  bestProjection;  
  float  xProjection = fabs(a_vec.x);  
  float  yProjection = fabs(a_vec.y);  
  float  zProjection = fabs(a_vec.z);  
 
  if((xProjection <= yProjection + 1e-5) && (xProjection <= zProjection + 1e-5))  
  {  
    leastPerpendicular = float3(1, 0, 0);  
    bestProjection = xProjection;  
  }  
  else if((yProjection < xProjection + 1e-5) && (yProjection <= zProjection + 1e-5))  
  {  
    leastPerpendicular = float3(0, 1, 0);  
    bestProjection = yProjection;  
  }  
  else  
  {  
    leastPerpendicular = float3(0, 0, 1);  
    bestProjection = zProjection;  
  }  
   
  return normalize(cross(a_vec, leastPerpendicular)); 
} 



ʿ̛̬̥е̬ ̬̌̍от̼ ̌л̐о̛̬т̥̌ 



˃̛̬̭̭̬̌о̏к̌ путе̜ 

• ʰлл̭̀т̶̛̬̌́ 



ʧе̦е̶̛̬̌́ ̭лу̸̜̦̌о̐о лу̸̌ 

• ʻе тол̽ко д̴̴̛у̦̌́̚ BRDF 

 

ʿ̛̬ ̾то̥: 

˄̙е ̦е ̦у̙̦о у̥̦о̙̌т̽ ̶̏ет 
̦̌ ко̴̴̶̛̛̾е̦т̼ kd, ks , kt! 



ʧе̦е̶̛̬̌́ ̭лу̸̜̦̌о̐о лу̸̌ 

• До̍̌̏л́е̥ ̶̏ет 

 



˃̛̬̭̭̬̌о̏к̌ путе̜ 

• До̍̌̏л́е̥ те̦е̼̏е лу̸̛ 

• ʦ̼̍о̬к̌ по ̸̛̦̥̌̚о̭т̛ 

• ʯ̌ту̵̛̦̌е! float attenuation = 1/(R*R); 





Ко̬̬ект̦о̭т̽ 

• ʿо̸е̥у ̵̭е̥̌ ̬̌̍от̌ет?  

• о˃л̽ко ϭ ̭т̬̌те̛̐́, ̦ел̽́̚ ло̛̏т̽ ̛̭то̸̛̦к! 



ʿ̛̬̥е̬ ̬̌̍от̼ ̌л̐о̛̬т̥̌ 



ʿ̛̬̥е̬ ̬̌̍от̼ ̌л̐о̛̬т̥̌ 

• Куд̌ дел̛̭̽ к̌у̭т̛к̛? 



ˋто д̌̀т те̦е̼̏е лу̸̛? 

• ˁ̬̦̌̏е̛̦е 



ʿ̛̬̥е̬ ̬̌̍от̼ ̌л̐о̛̬т̥̌ 

• К̌к ̏е̬̦ут̽ к̌у̭т̛к̛? 



Д̏е ̭т̬̌те̛̛̐ ̭̥̾пл̛̬о̛̦̏̌́ 

• Я̦̏̌́ 

• ʻе̦́̏̌́  



ʿ̛̬̥е̬ ̬̌̍от̼ ̌л̐о̛̬т̥̌ 

• ʺ̦о̐ок̬̌т̦̌́ ̼̏̍о̬к̌ по ̸̛̦̥̌̚о̭т̛ ;MIS) 



ʿ̛̬̥е̬ ̬̌̍от̼ ̌л̐о̛̬т̥̌ 

ʿ̬о̭то̜ п̛̬̥е̬ ̬е̌л̶̛̛̛̌̚ http://ray-tracing.ru/articles229.html  

                                                       http://code.google.com/p/ada-ray-tracer/ 

http://ray-tracing.ru/articles229.html
http://ray-tracing.ru/articles229.html
http://ray-tracing.ru/articles229.html
http://ray-tracing.ru/articles229.html
http://code.google.com/p/ada-ray-tracer/
http://code.google.com/p/ada-ray-tracer/
http://code.google.com/p/ada-ray-tracer/
http://code.google.com/p/ada-ray-tracer/
http://code.google.com/p/ada-ray-tracer/
http://code.google.com/p/ada-ray-tracer/


Ligh Tracing 

• ʿ̬̥́̌́ т̛̬̭̭̬̌о̏к̌ - LT (Light Tracing) 



˃̛̬̭̭̬̌о̏к̌ путе̜ 

• Д̏у̦̌п̬̌̏ле̦̦̌́ ;BDPT) 
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˃̛̬̭̭̬̌о̏к̌ путе̜ 

• Д̏у̦̌п̬̌̏ле̦̦̌́ ;BDPT) 



MLT, ERPT 

• MLT (Metropolis Light Transport) 

• ERPT (Energy Redistribution Path Tracing) 



MLT, ERPT 

• MLT (Metropolis Light Transport) 

• ERPT (Energy Redistribution Path Tracing) 
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BDPT MLT1 

ʦ̬е̥́ ̬е̦де̛̬̦̐̌ ;~ 20 ̛̥̦ут ̦̌ CPU ) 

ERPT MLT2 



ʺо̦те-К̬̌ло ˃̛̬̭̭̬̌о̏к̌ 



ˇото̦̦̼е к̬̌т̼ 

• ˃̛̬̭̭̬̌о̏к̌ + ̭̍о̬ о̭̏е̺е̦̦о̭т̛ 



ˇото̦̦̼е к̬̌т̼ 
• Д̴̴̛е̬е̶̛̦̌л̦̼̜̽ поток ̥о̙̦о 

̌пп̬ок̛̛̭̥̬о̏̌т̽ ̭у̥̥о̜ ̦̾е̛̬̜̐ 
̴ото̦о̏ ̏ ок̬е̭т̦о̭т̛  
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ˇото̦̦̼е к̬̌т̼ 
• ʦ ̬е̚ул̽т̌те полу̸̌е̥ ̭у̥̥у K ̍л̵̛̛̙̜̹̌ 

̴ото̦о̏  
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ˇото̦̦̼е к̬̌т̼ 

• ˃̛̬̭̭̬̌о̏к̌ ̴ото̦о̏ 

• ʿо̭т̬ое̛̦е у̭ко̵̛̬̺́̀ ̭т̬укту̬ 

• О̬̍̌т̦̌́ т̛̬̭̭̬̌о̏к̌ ̛ ̭̍о̬ о̭̏е̺е̦̦о̭т̛ 

– ʦо̥̚о̙̦̌ ʺо̦те-К̬̌ло т̛̬̭̭̬̌о̏к̌ (FG) 



ˇото̦̦̼е к̬̌т̼ 

• Отл̸̛̛́ от Light Tracing ̛ BDPT 

– ˇото̦̼ пе̬е̦о̭́т по̶̛̛̬ ̦̾е̛̛̬̐ 

– ʦкл̌д ̴ото̦̌ у̸̛т̼̏̌ет̭́ ̦̌ пло̺̌д̛ ̦е Ϭ-̐о 
̬̥̌̚е̬̌! 
• ʻо т̛̬̭̭̬̌у̀т̭́ ̴ото̦̼ к̌к о̸̼̦̼̍е лу̸̛ 

– ˀу̭̭к̌́ ̬улетк̌ 



ˇото̦̦̼е к̬̌т̼ 

• ˀу̭̭к̌́ ̬улетк̌  

– ʻе ̥од̴̶̛̛̛̬уе̥ ̦̾е̛̬̐̀ ̴ото̦̌ п̛̬ 
от̬̙̌е̛̛̦! 

 

 

 

• ˁо̵̬̦̌е̛̦е 

– о˃л̽ко ̦̌ д̴̴̛у̵̦̼̚ по̏е̵̬̦о̭т̵́ 

– К̙̌д̼̜ ̴ото̦ ̥о̙ет ̼̍т̽ ̭о̵̬̦̌е̦ ̥̦о̐о ̬̌̚ 

 



ˇото̦̦̼е к̬̌т̼ 

• Д̏̌ ̥етод̌ ̭̍о̬̌ о̭̏е̺е̦̦о̭т̛ 

– k-̍л̵̛̛̙̜̹̌  
– ˇ̛к̛̭̬о̦̦̼̜̏̌ ̬̌д̛у̭ 

• Д̏̌ ̥етод̌ ̛̏̚у̌л̶̛̛̛̌̚ 

– ʿ̬̥́̌́ ̛̏̚у̌л̶̛̛̌́̚ 

– ˇ̛̦̌л̦̼̜̽ ̭̍о̬ 

• ˃̛̬ ̴ото̦̦̼е к̬̌т̼ 

– Д̴̴̛у̦̌́̚ 

– К̌у̭т̸̛е̭к̌́ 

– О̻̍е̥̦̌́ ;дл́ о̻̍е̵̥̦̼ ̴̴̾екто̏Ϳ 



ˇото̦̦̼е к̬̌т̼ 

• K-̍л̵̛̛̙̜̹̌ 



ˇото̦̦̼е к̬̌т̼ 

• ˁт̬укту̬̼ д̵̦̦̼̌ 

struct Photon // 20 ɛɚɣт 
{  
  float3 pos; 
  char   color[4]; 
  float  phi, theta; 
  short  flag; 
} 

struct Photon // 24 ɛɚɣтɚ 
{  
  float3  pos; 
  uint    compressedNorm; 
  half4   color; // ɢлɢ uchar4  
} 

uint encodeNormal(float3 n) 
{ 
  short x = (short)(n.x*32767.0f); 
  short y = (short)(n.y*32767.0f); 
 
  ushort sign = (n.z >= 0) ? 0 : 1; 
 
  int sx = (int(x & 0xfffe) | sign); 
  int sy = (int(y & 0xfffe) << 16 ); 
 
  return (sx | sy); 
} 

 

float3 decodeNormal(uint a_data) 
{ 
  const float divInv = 1.0f/32767.0f 
 
  short2 a_enc; 
  a_enc.x = short(a_data & 0x0000FFFF); 
  a_enc.y = short(int(a_data & 0xFFFF0000) >> 16); 
 
  float sign = (a_enc.x & 0x0001) ? -1.0f : 1.0f; 
  float x = short(a_enc.x & 0xfffe)*divInv; 
  float y = short(a_enc.y & 0xfffe)*divInv; 
  float z = sign*sqrtf(fmaxf(1.0f-x*x-y*y, 0.0f)); 
  return float3(x,y,z); 
} 

 



ˇото̦̦̼е к̬̌т̼ 

• ʿ̬о̍ле̥̼ 

– ʿ̥̌́т̽ (ˁ̙̌т̛е, ppm) 

• ʻо ̭̙̌т̛е ̥о̙ет ̛̛̭̦̚т̽ ̭ко̬о̭т̽ ̭̍о̬̌! 

– ˁко̬о̭т̽ ;уп̬о̭т̛т̽ ̌л̐о̛̬т̥ ̭̍о̬̌Ϳ 
• ʻо ̾то ̛̛̭̦̚т то̸̦о̭т̽! 

– е˃̥̦̼е у̐л̼ (Convex Hull, FG) 

• ˁ̛̦̙̌ет ̭ко̬о̭т̽ 

– ʥе̭поле̦̼̚е ̴ото̦̼  
• ʿо̥етк̌ ̛̏д̵̛̥̼ по̏е̵̬̦о̭те̜ 

• ˋ̭̌т̶̛̼ ̛̏д̛̥о̭т̛ ;п̥̌́т̽Ϳ 
 



ˇото̦̦̼е к̬̌т̼ 

• ˇ̛̦̌л̦̼̜̽ ̭̍о̬ 



ˇото̦̦̼е к̬̌т̼ 

• ʥе̭поле̦̼̚е ̴ото̦̼ 

– К̬̌т̼ п̬оек̶̛̜ 

– Оп̬еделе̛̦е ̛̏д̵̛̥̼ по̏е̵̬̦о̭те̜ 

• ʿ̬о̭т̌́ по̥етк̌ 

• ˋ̭̌т̶̛̼ ̛̏д̛̥о̭т̛ 

 

 

 



ˇото̦̦̼е к̬̌т̼ 

• ʿ̬о̬̐е̛̭̭̦̼̏е ̴ото̦̦̼е к̬̌т̼ (PPM) 

http://users-cs.au.dk/toshiya/starpm2012/  

http://users-cs.au.dk/toshiya/starpm2012/
http://users-cs.au.dk/toshiya/starpm2012/
http://users-cs.au.dk/toshiya/starpm2012/
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ˇото̦̦̼е к̬̌т̼ 

• ʿ̬о̬̐е̛̭̭̦̼̏е ̴ото̦̦̼е к̬̌т̼ (PPM) 

http://users-cs.au.dk/toshiya/starpm2012/  

http://users-cs.au.dk/toshiya/starpm2012/
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ˇото̦̦̼е к̬̌т̼ 

• ʿ̬о̬̐е̛̭̭̦̼̏е ̴ото̦̦̼е к̬̌т̼ (PPM) 

 

Image 1 Image 10 Image 100 Image 1000 



ˇото̦̦̼е к̬̌т̼ 

• ʿ̬о̬̐е̛̭̭̦̼̏е ̴ото̦̦̼е к̬̌т̼ (PPM) 

 

1 1—10 1—100 1—1000 



ˇото̦̦̼е к̬̌т̼ 

• Ϯ ̛̥лл̛о̦̌ ̴ото̦о̏ 

 



ˇото̦̦̼е к̬̌т̼ 

• ϮϬ ̛̥лл̛о̦̌ ̴ото̦о̏ ;ϭϬ ̛те̶̛̬̜̌Ϳ 
 



ˇото̦̦̼е к̬̌т̼ 

• ϮϬϬ ̛̥лл̛о̦о̏ ̴ото̦о̏ ;ϭϬϬ ̛те̶̛̬̜̌Ϳ 
 



ˇото̦̦̼е к̬̌т̼ 

• Ϯ ̛̥лл̛̬̌д̌ ̴ото̦о̏ ;ϭϬϬϬ ̛те̶̛̬̜̌Ϳ 
 



ˇото̦̦̼е к̬̌т̼ 

• Ϯ ̛̥лл̛̬̌д̌ ̴ото̦о̏ ;ϭϬϬϬ ̛те̶̛̬̜̌Ϳ 
 



ʦоп̬о̭̼ 

• ʦ ̸е̥ отл̸̛̛е ̴ото̵̦̦̼ к̬̌т от BDPT? 

– ˀу̭̭к̌́ ̬улетк̌, по̶̛̛̬ ̦̾е̛̛̬̐, пло̺̌д̽ 

•  ʦ ̸е̥ о̭о̍е̦̦о̭т̽ ̬у̭̭ко̜ ̬улетк̛? 

– ˁто̵̭̌т̸̛е̭кое от̬̙̌е̛̦е 

• ˁпо̭о̼̍ ̭̍о̬̌ о̭̏е̺е̦̦о̭т̛? 

– K-̍л̵̛̛̙̜̹̌, ̴̛к̭. ˀ̌д̛у̭ 

• К̌к̛е т̛п̼ ̴ото̵̦̦̼ к̬̌т ̛̭пол̽̚у̀т̭́? 

– Д̴̴̛у̦̌́̚, к̌у̭т̸̛е̭к̌́, о̻̍е̥̦̌́ 



К̹̾ о̭̏е̺е̦̦о̭т̛ 



К̹̾ о̭̏е̺е̦̦о̭т̛ 



К̹̾ о̭̏е̺е̦̦о̭т̛ 

• о˃̦ко̭т̛ 

– О̶е̦к̌ то̸̦о̭т̛ 

– ʦ̸̛̼̭ле̛̦е ̬̌д̛у̭̌ ̏̌л̛д̦о̭т̛ 

 

 



К̹̾ о̭̏е̺е̦̦о̭т̛ 



К̹̾ о̭̏е̺е̦̦о̭т̛ + FG 



К̹̾ о̭̏е̺е̦̦о̭т̛ + FG 



ʿ̬̌̌ллел̦̽о̭т̽ 

• К̌к ̬̭̌п̬̌̌ллел̛̏̌т̽ ̬̭̭̥̌от̬е̦̦̼е 
̥етод̼? 



ˀѐ̥̚е ;ʰʺˈОͿ: 
О̶е̦к̌ ̏ ̴о̬̥̌те:                              ̴у̦к̶̛о̦̌л̦̽о̭т̽/ ̭ко̬о̭т̽ / п̬о̭тот̌ 

• ʻ̛̌̍олее п̬̌кт̸̛̦̼е под̵од̼: 

 PT (̍е̚ те̦е̵̼̏ лу̸е̜)                                 10/2/10 

 PT + LT                                                                8/8/8 

 

 ʿ̬о̭то PPM                                                      10/5/5 

 PT + PPM дл́ к̌у̭т̛ко̏                                10/8/5 

 

 (PT + PM + FG + IC) + PPM дл́ к̌у̭т̛ко̏  10/10/2 

 Дл́ FG ̦ео̵̍од̛̥о дел̌т̽ Irradiance Maps 

 ʰл̛ Recursive IC 



 


