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WMER~EEE/E. MR, RERE MREAENE N =L IGEAN AN radiance FLRILARRE 7 EIRIAS
XAUSCEIR, AT ISR R Bz AT, BREE. ERFETIERRGEINA T BEE (B3R Lk
radiance ze@k.ﬂ%ﬂ]fi MR NMEEFEERIRELF.PathTracing P, BEEARTEKEAREN S AL GEENA
FHIGTH radiance X MIFEIEIC LR TIRBEIFM, RERSIZ IR A 8EL{MERIESLE FEIL PathTracing IEFEH
FERTIE).

L,(x,0,) = L,(x,0,)+ [of,(x,0; = 0,)Lix,0)0 - 0,)do,

!

NRC BBEEHZE BIT—IR PathTracing WS FEHFFERILE- 5 M-radiance 8TTEIFAEHIRE IIG— L
AL, MIXNLE I S BT TTERELF, B2 Neural Radiance Cache.d)l|Zx5EEEfS, PathTracing BJLATE Jiﬁ%x/\éﬂl@]\ﬁj‘
BT {5 R Cache FUMAYSTH Radiance FHR B FOFPRIR S BAIK SEEREMN .

— ARRIIFRTE

H E—T5 0 %0 71125k NRC 3 A= PE&UIEE radiance #2542 /4K, 7E PathTracing JS A NRC.FHFAY
[BIPRH X =N EREAREM A—RUHITHEE T B D THIT

7= json M FERERE

"renderer": {
"overwrite_ output_files": false,
"adaptive_sampling": true,
"enable resume render": false,
"stratified_sampler": true,
"scene_bvh": true,

“spp": s

"spp_step": )

"checkpoint_interval": "0",

"timeout": "0",

# hdr3{4ap

"output_file": "classroom 128spp nrc_view 2",
"resume_render_file": "TungstenRenderState.dat",
"hdr_output_file": "classroom.exr",

"nrc": {

# EER T, FR0GERE RN A G iA)
"views_file": "nrc_views.json",

"threads": ,

"flush_threshold": N

# FURWIERIREERIEK bounce ¥
"max_bounce_record": 8,

# BRI REE LR
"global keep":
# ¥=HIAR bounce "F KIR(REELL R

"bounce_keep probs": [ , s 1,
# EER T, 5 NRC %ﬁuum,um)ﬁa(%#%uﬁa)
"test_views_file": "nrc_test_views.json"
# DIEANEERRIZ
"checkpoint_file": "",
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B -C md
# NRC FUNIATAYERASZSEIREN

"pt_max_bounce": 1,
# NRC BFBEEIMZ(1 FTFAHM=)
"energy gain": 1,

R BREL :NRCCollectorIntegrator: :Li.

# BGNEERMEEE(1 FRRAHMR)
"firsthit_energy_gain": 1

}

RiETH(EAEESEN CREEE)

# YGHBESLL. binSFIETRTFE Moer\NRC\runtime\scenes\classroom

.\target\bin\Release\Moer-NRC-Collect_r.exe .\scenes\classroom\

# JBHEF] loss FUE{RTFEE Moer\NRC\runtime\checkpoints\classroom 5x128 T~

2026-07-19

python train_nrc.py --dataset-dir ..\runtime\scenes\classroom\ --steps 20000 --

batch-size 262144 --1r 0.001 --config configs\nrc_mlp.json --output-dir

..\runtime\checkpoints\classroom 5x128

# FF NRC FUM,iE% hdr BURFAEZIRIERT

.\target\bin\Release\Moer-NRC-Render_r.exe .\scenes\classroom\

=1z 0scI
18R EE:

1B eRIIT—RIERIBE RIHEE AR bounce AR EEEEHE RIFEA bin.

// NRC/src/NRCCollectorIntegrator.cpp
Spectrum NRCCollectorIntegrator::Li(const Ray &initialRay,
std: :shared ptr<Scene>scene) {

const double eps = le-4;

Spectrum L{0.0};

Spectrum throughput{1.0};

Ray ray = initialRay;

int nBounces = 0;

auto itsOpt = scene->intersect(ray);

std::vector<BounceInfo> bouncelnfos;

// FRBEEIREA
while (true) {

/] BIRRRESGIRLE
if (nBounces == 0) {
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auto evallLightRecord = evalEmittance(scene, itsOpt, ray);
L += throughput * evallLightRecord.f;

if (!itsOpt.has_value()) {
break;

auto its = itsOpt.value();
nBounces++;

// BEE null #R, At bounce
if (its.material->getBxDF(its)->isNull()) {
nBounces--;
ray = Ray{its.position + ray.direction * eps, ray.direction};
itsOpt = scene->intersect(ray);
continue;

}
/! BB

double pSurvive = russianRoulette(throughput, nBounces);
if (sampler->samplelD() >= pSurvive) {
break;

}
throughput /= pSurvive;

/1 TCRIRTRRIGERNIS
bounceInfos.emplace back();

BounceInfo &info = bouncelnfos.back();
info.position = its.position;

info.wo = normalize(-ray.direction); // il
info.normal = its.geometryNormal;
info.bounce = static_cast<uintl6_t>(nBounces);

ZI5RE wo (FER_E—Bk/4EHN)

/1] BEESENEE) IINERER, BB ANIZINA localRadiance
for (int i = @; i < nDirectLightSamples; ++i) {
auto samplelightRecord sampleDirectLighting(scene, its, ray);
auto evalScatterRecord = evalScatter(its, ray, samplelLightRecord.wi);

if (!sampleLightRecord.f.isBlack()) {

double misw = MISWeight(samplelLightRecord.pdf, evalScatterRecord.pdf);
if (sampleLightRecord.isDelta) {

misw = 1.0;

}

Spectrum localValue = samplelLightRecord.f * evalScatterRecord.f /
samplelLightRecord.pdf * misw /

nDirectLightSamples;

L += throughput * localValue;

info.localRadiance += localValue / pSurvive;
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}

// ¥ BSDF,EHTEEIE throughput

auto sampleScatterRecord = sampleScatter(its, ray);

if (sampleScatterRecord.f.isBlack() || sampleScatterRecord.pdf == 0) {
break;

}

info.bsdfWeight = sampleScatterRecord.f / sampleScatterRecord.pdf;
info.hasBsdflWeight = true;

throughput *= info.bsdfWeight;

ray = Ray{its.position + sampleScatterRecord.wi * eps,
sampleScatterRecord.wi};
itsOpt = scene->intersect(ray);

// BSDF tFanhtiRATISIER

auto evallLightRecord = evalEmittance(scene, itsOpt, ray);

if (levallLightRecord.f.isBlack()) {
double misw = MISWeight(sampleScatterRecord.pdf, evallLightRecord.pdf);
if (sampleScatterRecord.isDelta) {
misw = 1.0;

}

Spectrum bsdfHitLightValue = throughput * evallLightRecord.f * misw;
L += bsdfHitLightValue;

// B#r localRadiance
Spectrum localHitValue = info.bsdfWeight * evallightRecord.f * misw /

pSurvive;
info.localRadiance += localHitValue;
¥

}

// MWEEREIEML, B/54E bounce MIEIEETRMARITEIRIE bounce

if (!bounceInfos.empty()) {
for (int i = static_cast<int>(bouncelnfos.size()) - 2; i >= 0; --1i) {
if (bounceInfos[i].hasBsdfWeight) {
bounceInfos[i].localRadiance += bounceInfos[i + 1].localRadiance *
bounceInfos[i].bsdfWeight;
}
}

// IR, 3545 appendSample SN HHHIEURESE
for (const auto &info : bouncelInfos) {
if (!info.localRadiance.isBlack() && !info.localRadiance.hasNaN()) {
appendSample(info);
}
}
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return L;
}
1ERA:

feL

o ZEjsonXHHISEIEHINELE, FITEBmeshitEIHRAABB, SFBHEAABBLAIMNIEIES,
o LIRHEIEERPTERIETZITELNE, FHREGINTERRE.

. HIE X R SRIRigwolY HESESHE I 2 ERE R & f54Ebounce/EiESI#EA.
* REHAH ® JisF
BE

2L (EFRRIE tiny-cuda-nn B MLP

1Y .bin 314, BRI —ISHRIHLE

B

# NRC/python/dataset.py
def build features(records, aabb_min, aabb_max):

positions = normalize positions(records["position"], aabb_min, aabb_max) #
[0,1]

outgoing = normalize vectors(records["outgoing dir"]) # unit wo

outgoing 01 = (9.5 * (outgoing + 1.0)).astype(np.float32) # BRESZE] [

targets = records["target_rgb"].astype(np.float32)

features = np.concatenate([positions, outgoing ©1], axis=1).astype(np.float32)
# 6D

return features, targets, records["bounce"].astype(np.int32)

FIHEN log1 =), RLRTE log Z=[a)YI145, NRC TGRS B HaEEIS 14 =S a);

# NRC/python/train_nrc.py
def to_loglp targets(targets: torch.Tensor) -> torch.Tensor:
return torch.loglp(torch.clamp_min(targets.float(), ©.0))

def logspace_mse_loss(pred_log: torch.Tensor, target_log: torch.Tensor) ->
torch.Tensor:
return torch.mean((pred_log.float() - target_log.float()) ** 2)

train_y = to_loglp_targets(train_set.targets).to(data_device)
val y = to_loglp targets(val_set.targets).to(data_device) if len(val_set) > 0 else
None

pred = model(features) # TREAUAHED log ZS/AIFTN
data_loss = logspace_mse_loss(pred, targets)
loss = data_loss + args.tv_weight * tv_loss

154BA:
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o lossEREfEFE MSE + TV_loss, TV_loss B AT EESIRS, BUARFE
3.NRC T
R ELNRCPathCutoffintegrator::traceSampleWithCutoff.

fERHT PT + Bl + NROZE"RIR FHREISSFABHERZAIGERTE.

// NRC/src/NRCPathCutoffIntegrator.cpp
Spectrum NRCPathCutoffIntegrator::traceSampleWithCutoff(const Ray &initialRay,
std: :shared_ptr<Scene>
scene,
const Point2i &pixel) {

const double eps = le-4;

Spectrum L{0.0};

Spectrum throughput{1.0};

Ray ray = initialRay;

int nBounces = 0;

auto itsOpt = scene->intersect(ray);

while (true) {

if (nBounces == 0) {

/] FENERAI A

auto evallLightRecord = evalEmittance(scene, itsOpt, ray);
L += throughput * evallightRecord.f;

}

if (!itsOpt.has value()) {
break;

}

auto its = itsOpt.value();
nBounces++;

// BB null #4BR, At A\ bounce

if (its.material->getBxDF(its)->isNull()) {

nBounces--;

ray = Ray{its.position + ray.direction * eps, ray.direction};
itsOpt = scene->intersect(ray);

continue;

}

// maxPtBounce 1EN :
/] 0 -> (MRBE MR RERESE, AA NRC
// k>0 -> {REBEI k 1 bounce BY PT,k+1 #2H] NRC &
if (maxPtBounce == 0 && nBounces == 1) {
for (int i = 9; i < nDirectLightSamples; ++i) {
auto samplelLightRecord = sampleDirectLighting(scene, its, ray);
auto evalScatterRecord = evalScatter(its, ray, samplelLightRecord.wi);
if (!sampleLightRecord.f.isBlack()) {
double misw = MISWeight(samplelLightRecord.pdf, evalScatterRecord.pdf);
if (samplelLightRecord.isDelta) {
misw = 1.0;
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}
L += throughput * samplelLightRecord.f * evalScatterRecord.f /

samplelLightRecord.pdf * misw
/ nDirectLightSamples;

}
}

break;

}

// {8l PT FREHRT,IER NRC HFRSHRINZEKR
if (maxPtBounce_ > © && nBounces > maxPtBounce_ &&
predictor .insideAabb(its.position)) {
PendingQuery q;
g.pixel = pixel;
gq.throughput = throughput;
q.feature = predictor_.buildFeature(its.position, normalize(-ray.direction));
pendingQueries_.push_back(q);
break;

}

/] FREMTETUETER PT
for (int i = 9; i < nDirectLightSamples; ++i) {
auto samplelLightRecord = sampleDirectLighting(scene, its, ray);
auto evalScatterRecord = evalScatter(its, ray, samplelLightRecord.wi);
if (!sampleLightRecord.f.isBlack()) {
double misw = MISWeight(samplelLightRecord.pdf, evalScatterRecord.pdf);
if (samplelLightRecord.isDelta) {
misw = 1.0;
¥
L += throughput * samplelLightRecord.f * evalScatterRecord.f /
samplelLightRecord.pdf * misw
/ nDirectLightSamples;

}

const double pSurvive = russianRoulette(throughput, nBounces);
if (sampler->samplelD() >= pSurvive) {
break;

}
throughput /= pSurvive;

auto sampleScatterRecord = sampleScatter(its, ray);
if (sampleScatterRecord.f.isBlack() || sampleScatterRecord.pdf == 0) {
break;

}
throughput *= sampleScatterRecord.f / sampleScatterRecord.pdf;
ray = Ray{its.position + sampleScatterRecord.wi * eps, sampleScatterRecord.wi};

itsOpt = scene->intersect(ray);
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auto evallLightRecord = evalEmittance(scene, itsOpt, ray);
if (levallLightRecord.f.isBlack()) {
double misw = MISWeight(sampleScatterRecord.pdf, evallLightRecord.pdf);
if (sampleScatterRecord.isDelta) {
misw = 5
}
L += throughput * evallLightRecord.f * misw;

}
}
return L;
¥
15BA:
o ZEFESTRER PTIHE RGET R ZER T RIERELZS NRC.
o JEREFIG, RITAFERE MEHEIER #EJFF Python FEhk.
s REBIEANGRIEER FITF5RIER PT ERHHE.

# NRC/python/infer_nrc_batch.py
target_transform = str(ckpt.get("target_transform", "linear_clamp"))
y_raw = model(x_batch).float()

if target_transform == "loglp":

y = torch.clamp_min(torch.expml(y_raw), ) # WTHAE|ZME radiance
elif target_transform == "linear_softplus":

y = torch.nn.functional.softplus(y_raw)

else:
y = torch.clamp_min(y_raw, )

PO. B ERITEL
A E RGeS E):
1280x720,PathTracing,spp = 128,K#J 20min;

1280x720,NRC,5x128 MLP,max_bounce =1,spp = 32,K#J 3min;spp = 4,K%] 30s.

Scenel:classroom

{5 5x128 B9 MLP I T AN REB TS radiance EE

PathTracing, spp = 128
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NRC, spp = 4, max_bounce =1
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BRI TR FT LA D) | I AE R —5itE

NRC,spp = 32,max_bounce = 1

Scene2:green-bathroom

IZASENREME SRR classroom B BRIEF TH—E D HFINIL

PathTracing, spp = 128

NRC, spp = 32, max_bounce = 1
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NRC, spp = 4, max_bounce = 1

h LR (ERINSER)

BA—. ZMERAIETER PathTracing, —B EBRAYMBEIZER TCNN BRARIFAARIARELIXIT B1f5 RIS
BT8R TERE)IGMESER BARE SR —RKF RS F R HIERRIER.

YRR E:

&, AR, EZEmEDRIEHashGrid. OneBlob, OneBlob.

scene = classroom
data_size =
step = , batch_size = , 1r =

1.train fl val lossJLEARR nan FEE inf BMEFETE loss it E RIS target Fll pred #B5%HEEIT log1 =FE):
HEETRAZEIRRIBERIF mEEE TS, M FP16 BB T FP32 R T EIRVERYIGIRR.
2.train loss JLFEARPE(K, test loss FFEEIEK:

TREE Al IR TE=I T Z#Enormal SFRHEAIKIE 5 adam L weight_decay IHREH loss &<
& REERRBAENTIR ERHashGridAIEKIESRAD 18I0 weight_decay, LUK EFFHERS MSERIECE T AL
test loss 7 step = 8000 Z H{RIFIEIE.

REREESHEL 8000 step BEFEIT T 400 epoch, RESIISIUF B RIEENEE FTRIENT BEHHL.E)IZ
[&1E val loss _EFHREHELE

3B EIR N\ E, max_bounce =1 FEthAYEREIERERE. NLFE LB :
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B9 spp = 128 B9 PT B,5E19 spp = 32,max_bounce = 1, XIMLEFRNLEEERY K 60 {STEARE max_bounce
R NRC &, JLFBE T 45 PathTracing,max_bounce S AR E#IER GT.3F NRGHITEHENIK, /B¢ BER
IR ERTERERIEH Cache (B AIGER/ LT HEE BEREMETUIERIK. FR2MREEHE, — 204812k
88, T 2WEEEEEF] NRC TR IR RIBERISIE

N —RIRHFE = 74§ clamp #2{ softplus B

TOSE _SKIEHEE 1 NRC TG ER &I PathTracing FE&R bounce MM E T —XEER BEZERIREIR
=

BRI T max_bounce + 1 BWER IRBE AR XA EEUEWEMER, &I localRadiance IRITZEG AR, B2
IEREURR/ N BT EEIR RS A L FEUERY hdr DFRFHESCE A (BEXT) 18RS HEE.

EIBNER ERAIERYEMGEZ=OE T =5 7 KD H EITRIRRIRTTE

(1)XF NRC FUANEH TREE*M=:

AJLAERMEZ IGRISERS, BYIRBBREIASAN GT (RIF—2ERHTARGRLFEIMZEERR A M=E
KRS GT FERE

QXN GEHERTIRALE 381 T (X HDR AUEHE:
BRI TR PR A TN EE S SRR E.
4./t

EHEFD AN LFEAHEEERR LR R EE SRR EATRIRE, 1016 R R EIRETE
5x128 MLP T EFHRERIEUEE EIE lossBREL. RBHNEFEFMT ATRERRMEIUSENFR 0XFhE
HMEEIR.

FRESHHT 7 RE RO SRR R ATss WMD) |1 5:E0EAMI14575 7% L BRI &SR B 1A J9PathTracing
RYSEINIRE RAVIRIE ) 14575 2502 MLP IS STTEIRR RBHHARI A = 3R TR ARIFT BRI IR
SIRRASHELIE F=it B 7114280809 HDR 270 A0 T E:
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targetRGB distribution — view_0.bin (n=1,282,914)

R-channel (n>0=1,282,875) G-channel (n>0=1,282,896) B-channel (n>0=1,278,135)
T T 50000 T

min=0 max=208 std=1.449 1 min=0 max=208 std=1368 [ min=0 max=208 std=1.411
60000 1 ; !

50000

50000 40000

40000

40000 1 30000 1

--- mean=0.3131
wer median=0.006382

ount

=== mean=0.2846
S 300004 median=0.007375

ount

--- mean=0.2876
----- median=0.0112

count

30000

v
20000 1

20000 20000

10000 4

10000 10000

10 10 10 107 10° 10° 10®  10° 107" 107 10° 10? 10  10° 10* 1077 10° 10?

AJLAEER)I14:40E HOR =iEiE_EREED BUSERFRE o8 BILLZRIELT & loss B target 7 pred 5ci&/9
log1 S[ALAEREEEIREFIESEIHK B R EIERE S M IE RN USRS FERM LM =EHUHDR
VAEARSER radiance Z[BI N RERIERAL /9 TR loss RBSIEE 2" BEREEGAZ 0 IEXERS D
FEFIBRRIAYRES].

WA AL =S E), ENBERE LT XOREE T IERNER.

AY

AN =1=]
1 SCIGHRE:

(WETRZINGFIESHIELR, ARSI TFHAZIB G RRIER 1628 71T KAVRTE FRTTIHEVF 2 /7R
[ERITBIRRRIZE) L XIRILS, )| ERT AR AIRESTSTURIEL. loss ERERRIEL. 1R spp RIPRIRE IR TAE BT IS
HEBNESE—EHR,

QIRBESMFRMIEN FXHEEE. EREY. RERITIRID.XS NRC IMEREI R RIMTR. HREER
RIS R AR R,

(3) L2 L EFFNEE S + It EFRN/BS RgE — MU E 21 LR EIREEIEARIIL NRC RIMREMS BEHE
A ESE EIBTUNMEST 2SR C++ U FHA tensor FTE/AES A, LI E S NRC FTUTHEE.

PALS SISLE

NFENESEEFERSIEHA SoEHE 7 IR, BS2. B, SRR, MR ESER
KRB FRERARFEERREEER-KBERTIEX—T LIS BEFRE B—TRNRTEHRETERR
X—ESE L RIBRHAN S X TR 2RERREIB CEEA TE— BV FHISED.

BRI ESIVE

IR IR B R REERSIENSIIE AR N R (B2 REFFIE PathTracing A BEEIBXI JIRAY
FERE A X JERAY Lab FIA/RUFFRBEXIAEEFIZER (RIFIX Lab FIAVRIAIERR BEMREEE)

CENEE:

https://github.com/mustard501/Moer-NRC/

14 /15


https://github.com/mustard501/Moer-NRC/

T EEEE 2026-07-19

15/15



