CMP MEDIA LLC

Gamasutra.com

Let There Be Light!: A Unified Lighting Technique
for a New Generation of Games
Jason Lacroix
2005 7 29

http://www.gamasutra.com/features/20050729/lacroix_01.shtml

(Vertex)
(Pixel shader)

( , Xbox/PS2/GC era) (programmable vertex)
(pixel pipeline)
, (per-pixel lighting)
(Vertex) . (Vertex)
(Pixel shader)

GPU(Graphics Processing
Units)
(per-pixel lighting)
(SM) , SM3.0
(pass) *



(per-pixel lighting)

, (application) (solid frame
rate)
(bits of
shader code) . ,
(unified lighting)
( )
(point light) . (specular
lighting model) . (lighting
equation)
(lighting equation) Point light's contribution

:N,
I:’point,

Piight,
AOQ, Al, A2,

N

(1) Dist = |Ppoint— Pignt |,

(2) Lpoint = Ppoint= Piight 7 |Ppoint= Plignt |,

() att = 1.0/( A0 + (Al*dist) + (A2*dist?) ),
(4) Cpoint = att * (N - =Lpoiny),

(inverse linear drop off)
(Inverse linear attenuation) 1/dist , A0 = 0.0, Al =

1.0, A2=0.0



(Vertex Lighting)

(Vertex Lighting)
(Vertex Lighting)

(rasterization) (interpolated).

, 1.1 HLSL
(Vertex Lighting)



floatdnd raat™W, 0 World matnx
floatdwd rmatVF, i View-Projection matrix

i Let's azsume there are 5 lights
float3 fLightPos[3];
float3 fLightColox(5];
struet Walngpot
{
float3 pos s POSITIOND, if Position
float3 normal - NOBWIALO, i Formal
floatd colar CCOLORD, I Caolar
1
struet WaOntpod
{
floatd pos (POSITION,
float4 color CCOLORD,
|

VaCntpat YVertexShader! in Valnput inpod )
{
VaCntput oapo;

if Transform the wertex into woild space
float? pos = rul{ imput pos, (float=3xmatW ),

i Cormplete wertex transformation
ontpnt pos = roulf] floatd{inpet pos, 1.0%, matWP §;

if ... and the normmal
float3 norreal = roul] input moreoal, (fleat33) wat™W ),

i1 Setup a color vegister avd copryr the ervisstve color (vert color) and alpha of the vertex
floatd trapColor = i .color,

i Do the lighting
for{ int i= 0,1 5,

{

i Corapute distance to light

float dist = length{pos — fLightPos[i]);

N, and direction ...

float? direction = nonnalizelpos — fLightPos[l);

I ... and attenuation

float attenuation = 1/dist;

I 23d light contrbuation

trmpColor vz += fLightColor[l] * attermation * dot] noreeal, -direction );
1

i Write the color ot
outpt color = trapColor,

returm outpo,

}

1.1: HLSL (Point lighting)



(Per-pixel normal map)

(Normal map lighting)
, (tangent-space normal)®
(Object space normal
maps) : (bump
mapping)

(polygon)
(parallax mapping)

(Normal map lighting) )

(height map) . ATl
Nvidia.
(Normal map lighting)
(tangent-space)
3 , (vertex shader) (normal mapping)
(vertex) , (tangent-
space) (tangent matrix) (
). (Tangent space
matrix) (vertex's tangent), (binormal), (normal vector)
3x3

, (vertex shader)
(tangent space lighting vector) (normal map)
(pixel shader) . (Normal
map lighting) HLSL 1.2



VeriexShador.vsh :

floatdard puad W,

floatdxd mat VE,

If Let's assume there are no raove than 5 hights

floats fLigdPas[5];

struct Valnput

i
floats pos : POSITIONO, I Pastion
float™ nonmal : HORMATLD, I Honmal
floats tangzerd : TANGENTO, NI Tangent
floatd colbr s COLORD, oy
floatd uw - TEZXCOORDO, I TTWs for nonmal map

¥

struct VEChatput

{
floatd pos - POSITION,
floatd cobr c COLORD,
floatd uv - TEECOORDO,

I Mead to export avwrorld postion and all of cur Light postons
float worldPos CCOLORL,
foats LightPos[s] TEEZCOORDL,

E

WiCntpat VertewShadey, m Vilnpadt ppat )
WaChtput cadpt

I Transform the vertes

floats worldPos = noall tpat pos, (floatSed bnat W,
If Cornplete vertes transfonmation

ontpaat.pos = nmll floatd(worldPos, 1.0), mat VP ),
ongtprat wrorldPos = worldPos,

I . and the nonmal
floats nownal = roall] 1t nonmal, (foat = Tnad W,
N and the tangert
fhoatS tangert = rall gt tangent, (floatS:S matW ),

If Compte bmormal vector
float3 bincrmmal = moss( tangent, nommal b,

N Copy the emmussoee cobr [vert oolor] and alpha of the vertes:
catpaat.oolor = npad oolor;,

I Copy v coordinates for norrnal mmap ot

cnztpaat v = drgat uv,

I Do the heldme pdonnaton commersion
for nt 1=0;1=5;1++ )
{
Il Conrprate tangert space gt positon
}D‘uip‘ui.]idﬂPns [1] = voali] L 1zktPos 1], floaf3xHtanzet, binonnal, notmal) b,

rehmm ondpat;
i



PixelShader.psh :

I Agaim | assammg 5 hglts .
floats fLightCobr[5];

/i Heed asampler to fatch finm the nonmal map

samipler s ormmalblap;

stract PSTrput
floatd cokor D COLORD,
float? uw - TEXCOORTA,

N Twpoat 21l ightme postions and world postion
floats worldFos CCOLORL,
floafs lghtPeas[s] TEXCOOERDL,

floatd PixelShader! inPEInput gt ) : COLOED

If Sethap the terperany coky maister
floatd pColr= mpat .cokor;

Il Fetchthe normal finmthe teshire

I Heed to bias the result to get i

N mthe range of -1 1o 1

floats nopnal = 2.0 (teed D sMomnalblap, mpott o) - 0.3);

float? Ligkt D,

§f Do the lizhting
forf ot i =000 = 550+ )

1

I Conpate distarce to gt

float dist = kngthiwoeldPos — mp ightPos[11);

M and diecton ..

float S divechon = nonnalmelaor]ldPos — mpat hshtPas[1]),

.. and attermation

float aft = 1/d1st,

N 43d light eoatribation

tmpCobrays+= LigltCobr[l] * at * dot] nownal, -divection ),
'

rehpntnpColr,
1
1.2: (directional light)
(normal map lighting)
/ (Vertex/Pixel shader)



(Vertex) (Normal map lighting) 5-6 ,

(unified per-pixel solution)

( )
(Vertex Lighting) ,
(point lighting) . (Vertex Lighting)

(vertex) , (quad)

( (point lighting)

- 1).
(quad) (falloff)
( 2). , (per-pixel

lighting)

1- (low poly)
(point lighting) ( 4)



(Normal map lighting)

(vertex shader)

(pixel shader)

shader) (pixel shader)

(texture register)
. GeForce 6800 4
10
(directional lighting)

(Point lighting)

1
(spot light)

(point lighting) ( 35)

(Vertex Lighting)

(Normal map lighting)

(tangent space)

(vertex

(floating point entries)

(Normal map) (regular texture),

(4 )-



(environment map) , 2 (secondary texture)

(Unified per-pixel lighting solution)

(Vertex) (Normal map lighting)
(pixel shader)
(per-pixel lighting )

(normal map)
, (normal map) (pixel
shader) (world space normal) ,

(tangent space normal)

( (Vertex Lighting) (normal map lighting))
(unified lighting
solution) (normal map)
(fragment shader) , (lighting fragment)

(lighting shader code)
2.1



floatd  fLightColor[E];
float3  fLightPos[H],

struet PEInpnt

{
floatd color CCOLORD,
float3 worldPos COLOERD,
i1 Orther irgate depending on technigue uzed

B
floatd PixeIShaden in P SInput input ): COLORD

{
i1 Setup the teraperary color register
floatd trpColor = gt .color;

i
N Cornprte norraal frorm one of 2 presented techrigues
i

i1 Da the lighting
forl inti=0;i< ;i)

Il Comptte distance to Light

float dist = kengthl mpad swoeldPos — flightPos [,

i and disection ...

float S divection = nonmaliel rputworldPos — flightPos[i]),

... and stermation

float aft = 1/dist;

f i dd light coptribaation

mpCobrxys += LightColbor[i] * att * dot] nonnal, -divection ),

retwm trepColor;
b
2.1: (color
contribution) (per-
pixel lighting)
(Vertex Lighting)
(vertex)
(vertex)
(quad)

(

(inverse linear)) (falloff)



, (pixel shader) (vertex
shader . ixel
p
shader)
(vertex) ,
(pixel shader)
(point lighting)
, (shader) (vertex)
, (vertex shader)
ixel shader HLSL
p
2.2 3
VeriexShador.arsh: PixplShader.psh:
floatthed mat VW floafs fLightCobr[X];
floatded mat VF, float?  fLighiPos[X];
stract Wilnput struct PELrput
i i
float3 pos : FOSTTICHO, /i Pasttion floatd cobor cCOLORD,
float™ nopmal cHOEMALD, I Monmal N Ivvpost nonmal and worldspace postion
floatd cokor s COLOFD, MColbr floats nonnal :TEECOQOREDO,
I3 floats world Pos :TEZXCOORDL,
A
stract VEOmtput
floatd PicelShader imPSlxpat ivgest 1 - COLOED
floatd pos : POSITICH {
floatd oy D COLOED, I Setap the tenperary cokr wgister
ggwm“%{dsgggﬁﬁm foad rpColor = mpat .aolor;
- TEZCOORDL. 11 (et the ronmal and rencrmmalizs

float worldPos
¥

WiCntmat VertenShadey m Vilnpatt pput )
{
VaCmtput codput
i Transfonm the verte:
floats worldPos = noall mpaxt pos, (FloatZeS knad W,
outpaat. pos = nmll floatd (eoeldPos, 10O, matVE ),

I ... and the nonmal
cutpart nonmal = ol ot nonmal, (oSS mat™W ),

I Write out wiorld position
ontputworldPos = worldPaos,

N Copy the enmisstee color [vert aolor] and alpha of the vertes

cutpait.oolor = npot.oolor;,

ioopy
rehmn ondpat

2.2:

/[ as nderpolation messes with it vectors)
flo 3 nowrnal = nonmalee ppaat. nommall;
.

N Perfoom lighting ancordmg to lsting 2.1
L.

rehrntnpCoke;

(Interpolated normal shader)



3- (per-pixel lighting)

(low poly)
(Point light)( 4)

(normal map lighting)

(normal map lighting)

(pixel shader) 2005
4 DirectX 9c 224 ,

(tangent space normal)
(normal vectors of the vertex), (tangent), (binormal)
(tangent space matrix) . (tangent
space) ,
(inverse tangent space matrix)(
(transpose instrinsic function) -
) :

(world space matrix) . (tangent space normal)



(normal map) (NT)

(NW)
(NT)(T =*W) = N(T T =)W = N()W = NW ( )
(shader) 2.3
(world space normal)
(normal map)
(texel) (tangent space) ,
(interpolated vertex data) (tangent space
matrix)
(vertex) ,
shading seams (Morten Mikkelsen



VeriexShaderarsh :

floztdd etV

floatdxd mat VI

stmct Volnput

{
floats pos s POSTTIOND, Il Postion
float3 nosnal : HORMALD; N Hoprmal
floats tangerd - TANGENTO, I T angent
floatd color SCOLOERD, N Cobr
floats uw :TEXCOORDO, I TOVs for nonmal map

|3

staact VaCnatpat

{
floatd pos : POSITION,
floatd color S COLORD,
floats uv : TEECOORDO,

I Head to espot tangent, nonmal and weeld pos
foats worldPos  COLOEL,

floafs tangert (TEXCOORD]

foafs ronmal (TEXCOORDZ,

|3

VSTt Verte:Shaded m Vilnpd mput )
i
VSCntput codtpat

I Transfonm the vertes

floats worldPos = noall rpagt pos, (Float SdSenat™W ),
I Conplate vertex transfonnation

cndpat.pos = nmll floatd (woeldPos, 1.00, madVE 1,
cntputworldPos = worldPos,

I Copy nommal and tangent vectors divectly into oot padt
otputtangernt = mpdt tangent
cudput nomnal = puat ronmal;

I Copor the enimisstre color (vert color) and alpha of the wertes
otput.coloy = mpert aolor,

I Copar 1wor coordinates for norrnal map ot

cndpataay = et av,

rehm onadpat



PixelShader.psh :

flaat?  fLightColbr[X];
float  fLizhtPos[X],

floatded  matW, I The "World mab:
I Heed asampler to fetch fioen the nozmmal map
saraipler s ormmalblap;
stract PElrpaat
{

floatd cokor D COLOFD,

float? uw :TEXCOORTA,

N Trvpoat world postion, tangert and normmal
floats worldPaos CCOLORL,

floafs tangzent CTEECOORD]
floats nopnal (TEECOORLZ,

h

floatd PielShader( inPSIrput input ) : COLORD

I Sehap the tenperary color maister
foatd pColbr= mpt .cobr;

Il Fetchthe norimal finmthe teshire

N Head to bias the resalt to zet ot

N mthe rangeof -1 to 1

float? trplonmal = 2.0 * (e D) sHoanalMap, mpt o) - 0.5),
Nl Baronmalize cur maaltmg mpadts and get bomcenal

floafs tangest = nonnalioe ppoat tanzent 1)

floafs nopnal = nonmalee( et nopmal |,

floats bincernal = ronnaliee| cwss( tangert, nonnal 17,

I Conpate mab: norerse
Float 55 mathorerse = trans posel] fhatSe Y tangert, binonmal nonnal] ),

If Brmgz nowmal no world space

ronnal = poll nmll mrpHonnal, matheeerse |, ma™W i,
M

Ji Parfhem lightig accordmg to listing 2.1

M

rehentnpCoke;

2.3: (world space light)
(Tangent space)

(conversion shader)



