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AXET Moer FHEEZ2S, 7£ macOS (Apple Silicon + Rosetta 2 x86_64 XX 4RiF) IfIE TRk
TEAASEHR, LI T Stochastic Progressive Photon Mapping (SPPM) 2FR&EE, HEFE
g AFEGFS5KIFIEBER. KD-Tree TEZE5|. Camera Pass AJ I =INE&E . BEEZEMIT. #FEHEEF
Wds, EBEFE (L+S+D K120 BE1Ff#E), LAK Camera Pass / Photon Pass M #iZ &2 71T,

1.5|8

1.1 &R,

2 BRBEESTRERTINTE, Moer BRBEELHRIZIBIE (Path Tracing), EEAZHIF
2 TESRERITIERNR, B (Caustics) IS ZREIELIBEIH S hIKSRERIE, Photon
Mapping {ER 2 HETNHE:, BESHBEETEAESEOSS R, TXLHETEEHE
i BN, ZRASRATEE. TORMHEERE S NERSROR, SalE, BERS
1) 5 THAME.,

EF b, ZAIB%1%#5CT] Stochastic Progressive Photon Mapping (SPPM)., 7£4281 Photon
Mapping FIERE ESIABEN R FESEHEFG, BEREREARFRE TELSBIOASE, thEBH
Photon Mapping AN AR . IREMERSHIIMAER,

1.2 lBx<T{E

Photon Mapping x5 Jensen (1996) {2, EXERITEHD AAFERSZEMITA T E, BX
I T SRR ARBRSEHES., HfE Hachisuka & (2008) {2t Progressive Photon Mapping



(PPM), BIZRERZERLHIMERF¥R, HEEERNF FEIVHHEIKEL, BRTSEH PM BIAFIR
#, Hachisuka & Jensen (2009) i#—#7 12 ! Stochastic Progressive Photon Mapping (SPPM), &
W EENXFEHEMILR, FEEZRAEMHF S HEIEIREES .,

I LI AE, PBRT (Pharretal,, 2016) 58 16 E45H 7 SPPM WS Z X, EANBENEESE,
TER3|HE, ZEEESR KD-Tree (Bentley, 1975) A% M4&; AIE KA KD-Tree, H O(v/N +
k) WBEBEREEFELTIET EHESH.

2. HixFE

2.1 Photon Mapping &7~ 218

ERARAVZ OB RBERTIE, MoerlRIAZRMRAMNEKZIER (Path Tracing, PT) MAEHLLHA
RENEERICE, SWAZEHIZ=RRIMWRYLF, {B7 SDS i&iZ (Specular-Diffuse-Specular, FIg133REHI
B LRSIRIE, FERSRELTERIBMER,

Photon Mapping (J¢FBREY) RAARERIEBE: BERIUTERS AW THE:

1. Photon Pass (XFiBER) : MICRERIE@ASHEF, BiasEREHAEIFREREFME, AN ¥
FE (Photon Map).

2. Camera Pass (1BHliEER) : MIBALE AR =, X FEIREEDESEF, B BEMIT 4
Bizm e,

5 PTNABRXAET: PT ARG FRNOEREITIESIE: Photon Mapping S5 FRIZEE 7
i, BEEXIBEIFRGITREITIESIE . X{E1F Photon Mapping $53liE S &E. [EECERSE PT
S ARMIRAYRR R ,

2.2 Photon Tracing

JtFIElRE Photon Pass B9/, BFICFREARILIERN:

1. YRR 1RER p, 1BIBR ¢, EHEREFRFUESHE, BRYERINE @,

2. RIZIEM: HF SR, ERXLLMNE BSDF RET—ERAE, EHINRAGEERE,
3. MFFE: ZFEIX EREE REHN, 5 (p, w;, ,n) EAKXFE.

4. BB1IFEIE: AEIRAARE, 3 Russian Roulette #IE&IE,



2.2.1 J¢iRRHFS BSDF Fi#$
AR F IR T R G :
L.(z,w)

Dlight * Ppos * Pdir

He Lo IHTFRRIE, Dight« Ppos Pair DAINIENE. (E. HEAREFHRE.

¢y =

PRIRIE(RRY, ERERIZ BSDF ERMERFLHFAME w,, WREFHN:

@y - f(wi,w,) - | cosb|
cI)k:+1 -

PBSDF

FeFEER i (adjoint) BRI, EANXFMITRER, ERARSENEZERER.,

2.2.2 Photon 7Zfi§

2281 Photon Mapping {X7£ i@ R5% (diffuse) TREEFENF. AIMESIEMAS IE delta $RE
( roughness < 10-* fIIy delta, A"7Ffif; HRFEIIFM), Fitb:



R E ERFhE iR

Delta 3 H/E5Y ENER isSpecularBxDF , JFHEFIT

Lambert &/ 57 2k FAZRESEHE

84 (Plastic) 171 roughness =~ 0.04, 3E delta

Y&3EEE (roughness 0.05-0.5) 704 EFAZFEE; BIIHRIE hadSpecularBounce

HEHIEE (roughness = 0.5) =& L+S+D BZHFEFNERE (§2.6)
TFHERIFIDR:

o UE p: ALK

o ANHIAME w;: HFRRZFNFE (BSDF UE: MREEENR, BTFELE f(w,, w;) Eif)
o INER O: HFIEFRRFNEK

o E4% n: BTEENNEEZ —RERSE

2.2.3 Russian Roulette
ﬁafﬁ%ﬂ%@ﬁt’t EREBEEEEMEER pourvive BELBER; HEE, INERIMERN @ /Dsurvive, RIE
HitElR. SEEREERHEN RR, AASEERS/ITSFEHEMEDTE,

3 8% 5| %519 KD-Tree

K FEFES, Camera Pass REBRERESMITNNTF. RNOBHAEXAFH O(N), EAFH
WANAAER, BRWEETERSIEM,

KD-Tree 3§ k =8B D ABFE, BTRAMBHRNN—T2EMANOEMUE, HTHREFHENE

\\\\\



B EE—EnE BESRANH, RIZMATHNPUIEYY, ErAFRIERETE, NeLR
O(log N).

FRER: AEEWR/p MFREr, METRBIATE., FEUREDEENEREAT r, WRAFTER
DEEEMFR; X |dist| < r A ERTMFH, XF0 9 EIEBIH: AT T S5,

WEERE: 2K O(NlogN), 8REAEEHE O(VN +k) (k HERHK).

2.4 Camera Pass 5 Visible Point

Camera Pass WNEBMEZE K EIENYE, SUBEEABHRE, E£E— JEdelta 5@ XEICE IR =
(Visible Point) :

e UE p. E& n, BHAME w, (FE@IEWNL)
o %12 throughput T' (MHE#NEI1Z =89 BSDF 3ER)
e 1Zm BSDF f, BFREXFRIMITE

[EAYEd Next Event Estimation (NEE) itEEIZHR, ZEhNZE] directIllumination ,

2.5 Stochastic Progressive Photon Mapping (SPPM)

SPPM 7£ Progressive Photon Mapping it E5| NBEHY, SREREREFE, BEIEdHEIMER
FEUIKEN., E54H PM BRTINFREZES, Si5TiiT Camera Pass SRENHRIAI IR, BA
BT — 8T 5 2R RR, &EWIT Accumulate EFiZtitE.



2.5.1 \BSIEZEEMIT

MNAWR p, ¥ r AEEEF, 250 BSDF RS

(I)new =T. Z f(wo,wi) . ‘COS 9,‘ . q)z
ieN(r)

Heh N (7) I p REIL. r AERBENFES, T AHENEZ throughput,

2.5.2 #1248 (Equation 10)

BRiERE, IEBMMEEEHSAIT=E (Hachisuka & Jensen 2009) :
Nyew=N+a-M

Nnew
N+ M

Tnew = T

Nnew
Thew = (T + (I)new) :

N+M
Hrh M ARREWHOLTH, o = 2/3 NBABRE, r HRIES,
2.5.3 REEGEMN
LHERERE, GREHERN:
I Lairect n T

2
Niter Niter - Nphoton “TeT

B tIRENS% NEE SRAVFLY; EHRCRAMERITE 7 I&REZFE r T—HSEL

2.6 E B FE

WENXFENES T L+D (BZEREY) M L+S+D (RFEEVCERIFIXERSE) BIZEEF. &
BBREERRE L+S+D 1812, FEB/WIRRFRZTEERFHMILR,

I B SEMVMAZ Y SRR FE:

1. R FEERNICREDETRE/SCFEH ( hadSpecularBounce )

2. L+S+D YtF (£2 specular/glossy 38 k5% 7E Lambert 1ZUE) {X7ZN\ causticsPhotons , AN
AZEE, BRINEITH

3. EREFRE/NBNWIEF1E sppm_caustic_initial_radius (ERIA 7o x 0.25)

4. JWITRIEIHAITE: causticTau . causticRadius . causticPhotonCount



5. RREGEMERTIM: Leaustic = Tc/(Niter : Nphoton * T 7'2)

RED LR
BRI X M4 Fi&
isSpecularBxDF roughness < 1e-4 delta $R[H, FHEEF
isGlossySpecularBounce 0.05 < roughness < 0.5 ric L+S B12 (BES)
isCausticReceiverBxDF roughness > 0.5 Lambert #2I0E, FHEEBOCF

3. RAFIRITS XL

3.1 Moer ;B 232844

I EHEMoer EFIE SPPMIntegrator &R, ERMANZR. B, M. XRS5 KZEMIRE,
(N RICIRKARRES .

FREYEBE ALY Integrator EZEHR render() 5 save() #EO:

Integrator « BZ: 55 Camera + Film
— MonteCarloIntegrator - RYFRIBIRDER: Sampler + TileGenerator + Z4fE

| | AbstractPathIntegrator

| | |— PathIntegrator - FREKZEE (PT)

| | L— VolPathIntegrator « {ERIZEE (BRIANRD2B)
| L — GuidedPathIntegrator « {255

— Normallntegrator - &ML
L— SPPMIntegrator « AINBEHE: FEEHE YT Ed

Moer EXIA{#F VolPathIntegrator H{TE1RIBER., SPPM I FERFERIEN, TNMEANRE
Path/VolPath fR43 28



Moer/src/FunctionLayer/Integrator/PhotonMapping/ <« #iEER

— Photon.h / PhotonKDTree. - RXFHES=HERSI
— SPPMPixel.h « BERHFHERS

L— SPPMIntegrator.h/.cpp - SPPM FiBig
Moer/src/main.cpp « PO integrator £

Moer/src/FunctionLayer/Light/InfiniteSphereLight.cpp « #M3E sampleEmit
XIEANAVRIERE PT ERBRAZ M, ERETFSEIXIEE

3.2 SPPM R o 83ixit

SPPMIntegrator ##& Integrator , &5 render() ZINELXFHSER, TEFTBEHAT:

void SPPMIntegrator::render(std::shared_ptr<Scene> scene) {
for (int iter = 0; iter < nIterations; ++iter) {
cameraPass(scene, iter); // Pass 1: ®Illm|R + HIZLE

photonPass(scene, iter); // Pass 2: XFKRES + KD-Tree 133
accumulatePhotons(); /] BWHF + HHEF N, r, T

b

computeFinalImage(); // BR&% HDR

o238 T main.cpp 1EEY scene.json A integrator: "sppm" NIEXZSEHIE, £E SPPM Z

£
S JSON 1588
ERE sppm_iterations BRI\ 64
HFEVER sppm_photons_per_iter 2X1A 50000
LR e sppm_initial_radius 2BE 7,
Y sppm_alpha BRI 2/3
=X-CRES sppm_enable_caustics 2RAtrue

ERWIEF1E sppm_caustic_initial_radius BE ro x 0.25



3.3 A FARHSHIZIELR

FF&EIH SPPMIntegrator::photonPass IRGf: [ FEMN, ZEEHITIER
tracePhotonPathLocal , BH/EHEIEH/EIHiE KD-Tree,

FRIERRES VIaTHER

auto [light, pdfChooselLight] = chooselLight(scene, localSampler—>samplelD());
LightSampleResult emit = light->sampleEmit(

localSampler—>sample2D(), localSampler—>sample2D(), 0.0f);
const double pdfEmit = pdfChooseLight * emit.pdfEmitPos * emit.pdfEmitDir;
Spectrum flux = emit.s / pdfEmit;

e chooseLight £ Moer PathIntegrator HJ135i%NE KiE, SWMERBEMNE—K,
o flux = emit.s / pdfEmit XJQ/ 2.2.1 WHRKFRELMRETT, FRISIEFRIXS PDF FEIEF
INE,

IFIEYE (Infinite Sphere) I

[Rin=5¢)R0 HDR IMENMLE ( infinite_sphere ), Moer H InfiniteSphereLight::sampleEmit 7K
SCH), AN TETF Distribution2d B EFRAE:

Point2d uv = distribution—->SampleContinuous(directionSample, &pdf);
ans.s = emission—->eval(textureCoord2D(uv));

ans.wi = UvToDirection(uv, sinTheta);

ans.pdfEmitDir = pdf * width * height / (2n? sin®@);

£ tracePhotonPath A1, IMENHFMIFIREEEING w; HEIFIN:

if (light->1lightType == ELightType::INFINITE) {
origin = center - direction * sceneRadius;

[RERTRIZA R EEERAS R, TEANMEESR, NEBEEIIRSIARIEFEANII=RBS
Embree RKRXFHES .

FREFHSERDI R



const bool deltaSpecular = isSpecularBxDF(bxdf); // roughness < le-4
if (deltaSpecular || isGlossySpecularBounce(bxdf))
hadSpecularBounce = true;

if (!deltaSpecular) {
const Vec3d wi = -ray.direction; // A59/5M@, BSDF AE
Photon photon(its.position, wi, flux, its.geometryNormal, depth);
const bool isCausticPhoton = enableCaustics && hadSpecularBounce
&& isCausticReceiverBxDF (bxdf);
if (isCausticPhoton)
localCaustics.push_back(photon); // {XEBE
else
localPhotons.push_back(photon); // =BE

BRFIRT R4 a02.6 0 S ERBE AR

e wi = -ray.direction IERIEFAEIHE (MREERICR), HiE5EGITIIE® BSDF
f(wov wi)O

L+S+D XFREAEHE, BRS5ZBENEITE.

Russian Roulette 5 BSDF F##

if (!'deltaSpecular) {
double pSurvive = (depth <= 3) ? 1.0 : 0.95;
if (localSampler—->samplelD() >= pSurvive) break;
flux /= pSurvive;

by

BxDFSampleResult bs = bxdf->sample(wo, localSampler->sample2D(), true);
flux = flux * bs.s * cosTheta / bs.pdf;

o B3 KALLL, BRIBEIIEEHRT; Z/FMU 95% FERAEE,
 adjoint=true XJRIEFMICIRERRIFHPEE.

3.4 Camera Pass SR51E L1t

Camera Pass (Z&EIR{THECD)



for (int t = 0; t < renderThreadNum; ++t) {

threads.emplace_back([this, scene, t]1() {

auto localSampler = sampler->clone(t);
for (int y = t; y < resolution.y; y += renderThreadNum) {

// B1%=: generateRay - traceCameraPath - g% VisiblePoint + NEE

traceCameraPath FITHEEFME, EHE—1IE delta EEMICH N AHITEHIENBEIRE,

t28iE (it (accumulatePhotons)

kdTree. radiusSearch(pixel.vp.position, pixel.radius, queryResults);
pixel.vp.throughput * fluxSum; // fluxSum =% f-¢_1

const Spectrum Phi =
updatePixelProgressive(pixel, M, Phi, false);

BEREL—ENE (IRRIELSIFEL. AFAEEM), FAR ISR BSDF iy &
£,
X% Bug €8

]

REA

s
(B#%& BSDF

wiWorld = photon.wi

accumulatePhotons FPAXJ
LNEFE)

mHEE
photon.wi B /REVx

cosOutxcosIn <= 0 MEIZF&EY BIRZIEE

RE R

3.5 KD-Tree I

KD-Tree SL¥7E PhotonKDTree.cpp , XM Jensen e FEINZH HT S{FEIEF &4,

ZI o<

Y



std::unique_ptr<KDNode> PhotonKDTree::buildRecursive(int start, int end) {
if (count == 1) {
node—>photonIndex = start;
return node;
}
const int axis = argmaxExtent(xphotonStorage, start, end);
const int mid = start + count / 2;
std::nth_element(photonStorage—>begin() + start,
photonStorage—>begin() + mid,
photonStorage->begin() + end,
[axis] (const Photon &a, const Photon &b) {
return a.position[axis] < b.position[axis];
};
node—>splitAxis = axis;
node->splitPos = (xphotonStorage) [mid].position[axis];
node->left = buildRecursive(start, mid);
node->right = buildRecursive(mid, end);

4

AT

 argmaxExtent: 7T FEHTTEAITE AABB, EEERAMH, BRanE@KOMITRDKE.
* nth_element: O(n) ¥ H{I%], IZIZ‘:EHH*ET%_;K EMEERE O(NlogN),
 photonStorage f5§t: EWE/FEMEHF photons BE, HTREFZRSIMIEEN, HTEAF.

FREWS R

const double planeDist = center[axis] - node->splitPos;
const KDNode *near = planeDist < @ ? node—>left.get() : node->right.get();
const KDNode *far = planeDist < @ ? node->right.get() : node—>left.get();
radiusSearchRecursive(near, center, radiusSqr, results, maxPhotons);
if (planeDist * planeDist <= radiusSqr)

radiusSearchRecursive(far, center, radiusSqr, results, maxPhotons);

o SIAMFH, (NHAEWRAEEESEIE (|planeDist| < r) B EinMl,
o [t = distSqr <= radiusSqr #if, ERAFHITE,
e PhotonQueryResult REEFIEFTSFHER, HBERNEMR.

3.6 12U s

updatePixelProgressive SLIJ Equation 10, EIRNXIFEFEESERE:



void SPPMIntegrator::updatePixelProgressive(SPPMPixel &pixel, int M,
const Spectrum &Phi, bool isCaustic) {
double &N
double &r
Spectrum &tau = isCaustic ? pixel.causticTau : pixel.tau;

isCaustic ? pixel.causticPhotonCount : pixel.photonCount;
isCaustic ? pixel.causticRadius : pixel.radius;

const double N_new = N + alpha * static_cast<double>(M);
const double denom = N + static_cast<double>(M);

r *= std::sqrt(N_new / denom);

tau = (tau + Phi) * (N_new / denom);

N = N_new;

8% accumulatePhotons /5HEHIM avgR . avgRc , FATIOIEZEREEE

3.7 SLEEHITRE
SPPM FRASE RIS T SL4RFH1T:

Camera Pass: 11T PDHE (y = t; y += renderThreadNum ), S4&FEMHIL
sampler—>clone(t) , THEFENFR (BEZE—VTE—%E).

Photon Pass: ZiZ2FE%EF + LIS

struct ThreadLocalPhotons { std::vector<Photon> global, caustic; };
for (int t = 0; t < renderThreadNum; ++t) {
threads.emplace_back([&, t, count]() {
auto localSampler = sampler—->clone(t * 1000 + 42);
for (int i = 0; i < count; ++1i)
tracePhotonPathLocal(scene, localSampler.get(),
local.global, local.caustic);

});
}
// join EEHELERI@MEE photons / causticsPhotons

e JHERIBRR photonMutex HiFHFE, BARIEEANFTAE vector , SHMERBITIEFHTN,
o LLFEENERIA 12 ( renderThreadNum ), 5 MacBook iZiBi#Z/O\EXITED .,
e accumulatePhotons # KD-Tree #2{HNEETE (RiE&EIH + —XHEN, HITKRZER).



4. LWFER

4.1 SLISIFIE

mA =1
ik fas MacBook (Apple Silicon, 1@3¥ Rosetta 2 51T x86_64)
R4t macOS
% CMake + conda 1% ( osx-64 )
p=EATr Moer ( SPPMIntegrator )
- teapot (FE2/&5Y Gl). corrllell—\gl\ass (Cornell Box +
HWIBIKEEEN) . water-caustic (RURZKEIEREN)
5 E 12 (Camera Pass + Photon Pass)
tH=RER

o teapot: £2RSTEERIET + HEKRME + HDR IMEY., FEE/AESIME, BTFIIE SPPM
BRI AU

» cornell-glass: 17 Cornell Box + fIPMEEE MR (B, ior=1.5) KK, HEFIHIBEREM
EFEREER, S L+S+D £RRZRNARHIZ R,

 water-caustic: FR/KE (dielectric, ior=1.33), KEHTZFE AL 100x100 1E MM AL
(20000 = HE, ZTERNU=AF), KESESNBHMEZEMRE, JEEDFRKETE, Eith
WRANEEE F A EENFE (caustic patterns), & Photon Mapping &2 HINRR TR,

4.2 FtF 7 mIGIE
£ teapot 1= T /&5 10000 PYtF, S sppm_debug_iter@_photons.csv FH4A L EIMLE .,

teapot NAE R §I1HS, B FIHIEMAEIFREERE (100% EFEXR), ETURNEFHNZTED
MISIEMZBE LM, T cornell-glass ] water-caustic 8 E5/AEEMR, KENXFZ delta £5
HEDHEIEL, INMERIA NG ERSIFISEM.

=t 8E
KEHEFEL 10000



HEIR
FEEFE

XSEE

15 flux (R,G,B)

ARAEER

10000 (100% =i, =PRI IE:

[-71.5, 67.4]
[~0, 6.2]
[-72.4, 67.6]

(10.09, 9.33, 10.11)

B

.

if

ERME)



1.0

Photon Distribution (Top-Down)
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4-1: AFZHIEE (X-Z FE). FLEZXENFEZIE FARIEE, OEZ2E51X7 8, S
BEHMET NG —K ., BIEBEIZRTICF flux BIHENTZE,



Photon Density Heatmap

- 500

- 400

300

Photon Count

200

100

4-2: EFEEAE, FOXE (REMENLE) ZEERS (>500), HSNERME, FEtIFREE
BT F ZEAINIERTE,



Photon Distribution (3D)

20

T —40

4-3: FHFHHB=2RE, HAFFEFEEHE Y=0 FIHETEER YE[0,6] H9R T ZE, 3D Ea] R #hE
quad JEERIFAEEEF .

&ig: XFFEEPENFEAINNERSREA (tE. RE) ML POXEREEESTINE, 170
HFEE. FESTEDHEE, Y AEEEERENIZSH RERIZWEAKFE (quad
scale=113), BEIEERIR.



4.3 SPPM U8

4.3.1 teapot 175 (2551 GI)
teapot NEERFILERM R, ATFIRIE SPPM ERiRFES AU ar.

BILECE: 256x256, 8 iter, 10000 photons/iter, 79 = 2.0

xR avgR il
0 1.70 a2 gEFia
7 1.31 8 BEW 2] 23%

o Hi:



"""Tiff_?:’ = 1 " ; :

. BEIEE (2 BIET, Wif T SSHLERE

SREEE: 1280x720, 128 iter, 100000 photons/iter, 7y = 0.3, « = 0.667

o M



v R T T

r s A e ok
. .pﬂg_ta%_e._-rrimxn - -----L-_.*.n_':_in??-‘_%-:_ﬁ:‘f_:_' . =l ._.IE_ _::"'_[ﬂ-;l.,u - — T
-—'-"-I-\.q h"‘.ﬂ'\-\.v oo . __.;'m;.-:.'.'_|_'.g~.a\_r_.!|-?-dr_-% R a2 mﬁ{r‘ '_.p.,}_.l"""-'-'-"" - A
'1"!' _ﬁ.ﬁx é]’iﬂ' Efu— -cﬁ't',:'&:;qn g.':"#:‘ Tl 41‘:' e = Qq!‘:'.-;"lu-'ﬁ'ﬁc_‘rr‘ %'-"1- o ms g
B o mskf-. - o R
S f‘:‘%ﬁ it ."‘F”' e .;\.,;ﬁ.g-g‘c; vt e

i S

o H.'-.._.\_.. ——

-.':-- '
e N _,4,14*;.3%{%“

S 404 9% (SE72 Photon Pass)
%mm: S EEIEENT, EENETE, B

4.3.2 cornell-glass 1753 (BIBIREE)
HEiifit® ( scene_sppm_debug.json ): 512x512, 16 iter, 30000 photons/iter, g = 0.08, r.o = 0.02

o M




SR 49 1-2 2

=E
5

/

o

: Cornell Box ZI44E I I, IIBBGERRIHE, WEEBUVCHIER RS
[

it
i
IH

FiE ( scene.json ): 2560x1440, 2048 iter, 300000 photonsfiter, 7y = 0.05, 7o = 0.012

o M

o SERETE: £ 6-8 /\BT (macOS, 12 472)



o Tt IRIBIKFHETBMIRIREER I (caustic hotspot), FKIAANERA] LITEIEEL, ZI4%i% color
bleeding B

4.3.3 water-caustic 172 (GEE/KEER)

Cornell Box + T2t ERRIESR/-KE (dielectric, ior=1.33) . 7KEJ 100x100 IENMM4& (20000 =
H), ENZ5MIE%EUBERINBAKN, HEE I KEITHEIRIEE FRE RERSUE, 2
Photon Mapping s ENFXMHHNETRIIR.

HEiific® ( scene_sppm_debug.json ): 512x512, 32 iter, 50000 photons/iter, 1o = 0.06, .o =
0.015

o Hi:



=112

I

il

SENETE: 4 3-5 D5
M KERSEN, HEEERIE L e B BRREA R T

=B8E ( scene.json ): 1920x1080, 1024 iter, 200000 photons/iter, 7o = 0.05, .o = 0.012



o FITEZATE: £ 6-10 /Wi (macOS, 12 %12)
o MTTNER: KENRSUEMIRFIGIE _ LR 5T HIEMIRVEE BOE (caustic patterns), & Photon
Mapping f8EtE Path Tracing BIRZCME SR R

4.4 PT vs SPPM EEITEE

NER SPPM tHLEIESE Path Tracing (PT) B9#ZCMALES, 1 cornell-glass 1754 5I1F Moer [R4

VolPathIntegrator (P

T) 1 SPPMIntegrator jE#[E—i7%=.,

PTHZE : 512x512, spp=256 ( "integrator": "volpath" )

Path Tracing (256 spp),

BIBHKEARE R, WHERXE/LFIEH, FEAESHIER;



SPPM B2 & : 512x512, 64 iter, 50000 photons/iter ( "integrator": "sppm" )
SPPM (64 iter), IRIBEKIERR, HEEEECHEEMIAI R,




o

SPPM HIRZIMEBEIMES EBL (caustics) B9IHE — —PT IREMIBNL L RN FRTFLTEER R
HAREENIANIR, X—RRE; M SPPM MR EMESEFFIHRE, BEERNELWE, X
A RIHIR L+S+D IR,

4.5 SEENRIE S

KA IRHITEIE 7£ teapot  (AERET, BHEEIR) 175 M, RERREFESENS
/B.L??IETi%RIE*o
ElE debug E&ELE: 512x512, 64 iterations, 50000 photons/iter, 7 = 0.3, a = 0.667,

4.5.1 g+ 13F ro BEZ0m

¥ia BE _ st asa e 7
To nonZerolndirect maxLum = EZ:Ad(E] P TEAHE
avgR avgR
\E vl V] XiE /|\’
0.05 0.048 ~0.03 33198 1.4 19s IR
FEARIAE
0.10  0.093 ~0.06 35991 1.3 19s RREZ, WBTIRE
B,
0.30 0.263 ~0.17 36216 1.2 26s

1% 5 T



4a 8E ) s ot a
ro nonZerolndirect maxLum  E#ATE P BEASE
avgR avgR

0.50 0.430 ~0.28 36221 1.0 34s 2100 FE A=A
AR A&,
1.00 0.847 ~0.55 36226 0.9 70s

SEE, B 3.7x
[E4-8: {4413 T I EREBEIBIG, MEFIZ: 1o M0.05 AT 1.0, EEMEBES— Tl
EHEH.

ot ro I/ (0.05) SEL 3000 MEE (~8%) WAZIRBIZNF, EHENXIERRE; ro T K
(1.0) SFTEFY, maxLuminance M 1.4 [EZE 0.9, AT EEL, BEREZTEAREIL, B3
FIEZE 3.7 1%, rp = 0.3 EIRS 55 E 2 8BS RTF 4,

4.5.2 HE o K920

o' 275 avgR maxLum p=ezd: R 4FIE
0.50 ~0.15 1.3 22s KRZEIR, BRRRZEBHEES
0.667 ~0.17 1.1 25s B4
0.80 ~0.20 1.1 29s 4518, BHEM, FERNER

B 4-9: FEJE o SERERAFM, ZEFE 64 3ANBEEH, a = 0.5 R#HF, a = 0.8 FFE.

St o EHBRFREREE. o = 0.5 FRRBERIR (LT avgR &)V, BEERNREGE R
B a = 0.8 RAERST, REESMMEREFTEZIENT BEHMREM . £FE 64 LAEXE
M, Big LABSE UM TXAIEEE,

4.5.3 JFHHIFIT

FeFEVE 2% avgR maxLum SE AT ] $34IE
10,000 ~0.17 1.1 17s IRRE&Z, BERERIR
50,000 ~0.17 1.1 25s B
100,000 ~0.17 1.2 34s 0% R

500,000 ~0.17 1.2 94s =58, {BFERT 3.8x



B 4-10: HFEEAIERGRIGENT, FEFEISIERSZE (FFE), BINFEZIRIEEER
(avgR 1°%).

P HFEEINAEIFE R RE (avgR £°F), EIENEMERTEARANLFEE, BREAZE.
M 10k | 500k, FEBTM 17s 18F 94s (5.5x), BRI ERIER ., 50k BEM LR SHIIERE,

4.5.4 ER I REEIEZ I

withPhotons used avgR

EREL R0 ) ) normFactor maxLum  ;E#AT|E
16 124,449 1,311,749 ~0.24 2.5M 14 7s

32 116,826 1,022,261 ~0.21 5.0M 1.4 14s

64 108,601 817,214 ~0.17 10.1M 1.2 25s

128 100,129 640,549 ~0.14 20.1M 1.2 47s

4-11: ECREINERLE RN, XEFERHIFAIZEH——16 HIRREZ, 128 S EETFE-

St ERURRERRERZNEERENSH. BEEREMN, avgR M 0.24 4 TFEE
0.14, withPhotons (GHHFHNREL) F used (BWRNNAFEER) tERDRD — —XE2HEE
RIRARIFRERIT N, 16 RINIRRIAE, 128 WGEEMEEFE. ERNESERREENEEXR.

4.5.5 I\&
S WHE i85
T 0.1-0.5 S518REEX; TNSERATF, TASBUEH
a 0.667 ZEIINE, FEHRGRESREM
FFEVEE 50k—100k BPRBERIER, 50k MMM EERS
ERE 64-128 FERHRNZSE, BERRAEWSIREE

4.6 ZIZERE

Photon Pass Z&fELIfE, HESET (12 threads) , 7F testball debug BEB FEIERA 3 W (&
WIEEEIRIBET) .



Bt E FHATREE Lz

Camera Pass BITREE, 12 452 D3 E3LI

Photon Pass LEREET + &I D4 [F3L3, JHRR mutex TF
accumulatePhotons BYiE [3E KD-Tree &1

KD-Tree build B4tz g/®—R, O(NlogN)

debug BLE T Photon Pass fGtE8/)y, MIRABEE; =& (50000 photons/iter x 64 iter) TR
Photon Pass Z4& 2] m R EERR., BRFRFILITIRIASE ( Iter N done in Xs, ETA Ys ) f&F
B SIEZAT(E),

5- IE\—E‘_E EtEa

51 TES4%

AINB & Moer ;E#23 FSEE LI T Stochastic Progressive Photon Mapping, &% Photon Pass 5
Camera Pass XX iiiiiz. KD-Tree F12E18., #nFdF12U4E (Equation 10) . ITEHEFE (L+S+D
BEOE), URRHZEIEH1T. £ macOS (Apple Silicon + Rosetta 2 x86_64) 5 T ThYwIE.
I RS eSS p=p2 O

SCIOZERIIE 7 SLEAYIEFRM S BRI : teapot 155 T EIEALREERZL Y, XFZTEOHEE;
cornell-glass 175 T SPPM ZEGRIEA AR AT SRIIEMIRI B E B, MR RETH Path
Tracing JLFToiE3#3X SDS £12; water-caustic 175 NEEE S EHEr] L EMIARENE, RIPEHEE
KBTI, SRR (§4.5) 7E teapot LRGIME T ro. a. HFHEERKE, HEXF
SNEERMETIE.

5.2 i71ig
(1) SPPM E£8UIFSEHRHIEBEBIR

PT 5 SPPM B9XStE (§4.4) BENIRA T MEEENREREESR: PT MBNLLE R, 4+ SDS KZH
R, RMASHERS; SPPM WERIEREERF, fSREER/AMHEGREERNERE, X
SRIERC L+S+D EEH. cornell-glass BIRINIEMARI T IX— 3B — — I CREEH (WEHISHERAN) 8D
FEE—EZEM, DEEEEWE EFZASXIERE hotspot,



HHEEZ T, water-caustic FHHE, B ESRRNERXS SPPM WEAZZEAITTENER: HKE L
MERSERELI, BEMMRERM, ROSEETEINNAERL, 2L, BRUXAIFE—E
IEEIRFIEN, M2 SPPM Bk . ERESSHEEHREFERNER - iR, A—ESHE
diffuse Gl 5 caustic IR LNRMXEHFEE, SHEBESICTEERIMNE,

(2) IiEXUSHFRFENTE

Z4ERE (§3.7. §4.6) JHFR T Photon Pass B9$1iZ55, Camera Pass 5 Photon Pass tJr[#%17
17, EeR=EEE TEFRANIRER, B—FHHE, KD-Tree #E#5 accumulatePhotons {iAEL;
72, BEEREREREBEENFE ——X2 SPPM MUiRiTiEE, RIE7HNE—EMEMNEN, MR TR
ARG = TR, MAEREEAERMNIIR TH—SHTHIEIAZARAEEREN, &
THREHESHRERRNAME,

5.3 A
e iR, EErTMCAT LA E#HE:

1. EBUZENSEE1ESMERM: X water-caustic =8I0 ro. o SIERRE, £8
avgRc HESEBXERELRITEILLBAZAN; MRS VERER., REKRTEME
AR FKEEEIENES, FEBUFIERES SPPM #RF121BMLE.,
2. RBEEHITEENRIY B ZHE) NEE (X4 E Lambert E EREIERIILYS, FToiiafhitE2insy/ kT EEA
1ZI SR specular #8125 PFI#RZ specular-aware NEE 8 Manifold Next Event Estimation
(MNEE), STMIBEEBUCTFEIE4, #H—PHUES/K, SRBFEXMI RSN ERRBIBSEBE
E.
3. MEESHIH BM: H1TMt KD-Tree MEZS5 N FRERMEL: 1HHEHMNE
( sppm_map_type: hashgrid ) EARNFHE FHEIBNER; SINBREBEFS
tb. causticUsed FIEMMRIB LRI, EFIRFIZHSHESSE.
4. BiEBHEAVEE: 7£ SPPM Eit =31 Vertex Connection and Merging (VCM) . Photon Beam
Diffusion B E& /A, I ARE/ZEHEEIRGEHE, ERESHZEZEBSERIENTE,

5.4 2518

AIMBEMNEERERTFESSE, 5EAT SPPM 7 Moer RIS SKIIE, Hi@id teapot. cornell-
glass. water-caustic ZEIFREE T )2&KRE Gl [[LREERSDHEERNSFAEET K, LKA,
SPPM EEXET PT EE O LHNIKESEEER, BENBGILRMEFEIMNREIZEGITESEESM
4T LHIETR trade-off, FEEREESHIBM. BRIRTSRET BLRERAN, BEH P EBIOLEX
ROERFHERES /AR ES BT,
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6. Moer Renderer: https://github.com/NJUCG/Moer

By R
A. TESNECE IRA

SPPM renderer R3] (testball BFE =)

"renderer": {
"output_file": "testball_sppm",
"integrator": "sppm",
"sppm_iterations": 64,
"sppm_photons_per_iter": 50000,
"sppm_max_depth": 8,
"sppm_initial_radius": 0.3,
"sppm_alpha": 0.6667,
"sppm_map_type": "kdtree",
"sppm_enable_caustics": true,
"sppm_caustic_initial_radius": 0.1


https://github.com/NJUCG/Moer

B. IRCIE4H

BSOS
X 4 otz

Integrator/PhotonMapping/Photon.h TEF IR
Integrator/PhotonMapping/PhotonKDTree.h/.cpp KD-Tree = [8)Z& 3|
Integrator/PhotonMapping/SPPMPixel.h E1BZE SPPM RS (BEBSITE)
Integrator/PhotonMapping/SPPMIntegrator.h/.cpp SPPM #3473 28 5222 sLI)
Light/InfiniteSphereLight.cpp #M7E sampleEmit
main.cpp Ao E31%IE + SPPM/ERIS %
run.sh HMENE + DB RER
scenes/*/scene_sppm.json SREir=iEE
scenes/*/scene_sppm_debug. json RIRE NI REE
scenes/cornell-glass/scene_pt.json PT M tE/ERECE
scenes/water-caustic/models/water.obj TR AR RYEE/KE mesh
scripts/visualize_photons.py Yt F 0 el fit,

M 5056 B sh Ul AS

scripts/run_teapot_sweep.sh SEBIUR



