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Figure 1: We update a lightmap for global illumination of a scene (a) after object removal (b) or insertion (c) while allowing for viewpoint
changes (d). The scene edits affect the indirect illumination (e—h) as shown in the residual images (i,k). Our algorithm computes these
residuals faster than standard path tracing, which leads to a lower RMSE in equal-time comparisons (j,1).

Abstract

Lightmaps are popular for precomputed global illumination, but require costly recomputation when the scene changes. We
present the theory and an iterative algorithm to update lightmaps efficiently, when objects are inserted or removed. Our method
is based on path tracing, but focuses on updates to those paths that are affected by the scene change. Using an importance
sampling scheme, our solution substantially accelerates convergence. Our GPU implementation is well-suited for interactive

scene editing scenarios.

CCS Concepts
* Computing methodologies — Ray tracing;

1. Introduction

Although real-time path tracing is gaining traction, precomputed
global illumination (GI) is still widely used, especially on low- and
mid-end hardware. For diffuse surfaces, lightmaps are the most
common approach. However, lengthy precomputation results in
long turnaround times, which is detrimental to artist productivity. If
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each scene change requires full recomputation of light maps, which
may take hours in production environments, that becomes a serious
problem [BB17].

We propose a method that updates lightmaps incrementally after
the insertion or removal of arbitrary objects. The goal is to com-
pute the difference between the previous lightmap and the new
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lightmap. The previous lightmap serves as a control variate. We
use an operator-based formulation of light transport, with dedi-
cated operators modeling the change in radiance due to the ob-
ject. To apply these object operators, we use importance sam-
pling of the solid angle of the object. The object operators are
combined with standard path tracing and applied iteratively to
obtain the updated lightmap. Unlike learning-based methods for
GI [RWG*13,GMX22,ZHM*23,RHP*24], the only bias in our al-
gorithm stems from the finite resolution of the lightmap and bounds
on the maximal path length and iteration count. As such, it can be
controlled by adjusting these parameters.

We implement our method on the GPU and find that it re-
duces the time required for an update of global illumination after
a scene change by an order of magnitude when compared to GPU-
accelerated, full-scene path tracing. Therefore, it is an attractive
solution for interactive scene editing scenarios. The lightmap pro-
vides real-time rendering with pre-computed global illumination
during camera movement. At the same time, our method facilitates
quick lightmap updates after a scene edit, where noise reaches ac-
ceptable levels within seconds, rather than minutes.

In summary, this paper presents the following contributions:

e An efficient iterative method to update lightmaps after insertion
or removal of objects;

e An importance-sampling strategy to accelerate this method;

e An experimental evaluation and analysis of the design choices.

In the following, we discuss related work (Sec. 2), provide a for-
mal derivation of our algorithm (Sec. 3), experimentally validate its
efficiency (Sec. 4), and discuss strengths and limitations (Sec. 5).

2. Related Work

Our method uses iterative updating of precomputed GI suitable for
interactive scene editing. Here, we discuss prior work addressing
three related GI challenges: Fast computation, storage and update.

Interactive Global illumination GI aims to accurately simulate
the complex transport of light in a scene, as formulated by the
rendering equation [Kaj86]. One common strategy to accelerate
Gl is to trade accuracy for speed. Voxel cone tracing [CNS*11]
discretizes the scene into sparse voxel octrees and uses queries at
diminishing resolutions for cone tracing, which estimates indirect
incoming irradiance. Voxel-based GI [CAPP25] stores direction-
dependent visibility per voxel, while keeping static and dynamic
geometry separated and gathers indirect illumination per visible
voxel. Dynamic diffuse global illumination [MGNM19,MMSM21]
uses adaptively placed irradiance probes, which get updated using
ray tracing and interpolated with heuristics that avoid light leaking.
These real-time methods operate at a lower spatial resolution than
lightmaps and some of them [CNS*11, CAPP25] only support one
bounce of indirect light in their current implementation. In contrast,
our method enables high-fidelity lightmap updates suitable for in-
teractive scene editing.

More recently, neural networks have been used to approx-
imate global light transport with greater flexibility. Object-
oriented [ZHM*23] and light-oriented [RHP*24] light transfer

methods leverage neural representations to enable modular updates
for scenes with dynamic objects, lighting, and materials. How-
ever, these methods typically provide only coarse-scale or view-
dependent illumination, limiting their use in scenarios requiring
consistent, full-scene updates.

There has been a significant focus on visibility changes of dy-
namic objects in the context of interactive GI. Techniques such as
antiradiance with hierarchical finite elements [DSDDO07], implicit
indirect shadow [Fral4], and residual path intregrals [XLG*24]
address occlusion changes by introducing negative light-transport
contributions. These methods target computations around the
changes in the scene, enabling efficient updates to GI without
the need to recompute the full scene. For a broader overview of
global illumination techniques, we refer the reader to two surveys
[Ram09, RDGK12].

Precomputed lighting Given the limited time budget in real-time
applications, much work has addressed precomputing lighting and
storing it in data structures that can be efficiently queried at run-
time. Most modeling and rendering tools provide utilities to bake
such lighting into texture atlases or vertex attributes [SSS*20]. De-
spite their efficiency, baked lighting approaches come with signif-
icant limitations [Iwal3,BB17]: Because precomputation assumes
static geometry and lighting, any edits, such as object movement or
insertion, have no effect on the baked illumination, requiring costly
recomputation to maintain visual consistency. We address this lim-
itation in our method by iterative updates explicitly targeting the
lightmap changes due to object insertion or removal.

Scene editing Fast and consistent feedback is essential for inter-
active scene editing [SPN*16]. Re-rendering methods aim to up-
date lighting or images efficiently after scene changes without full
recomputation. Techniques using control variates and correlated
sampling [RIN16] reduce variance by reusing samples. Recently,
Xu et al. [XLG*24] compute radiance differences in path space,
integrating only residual contributions via seven different path sam-
pling strategies. However, such methods often operate in image
space or require path mapping, limiting interactivity and general-
ization. Our method instead solves for lightmaps covering the en-
tire scene, hence enabling low-cost rendering of novel viewpoints.

3. Our Method

We now introduce our method to update lightmaps after scene
changes. First, we focus on the insertion of objects. Then, we
extend the method to object removal (Sec. 3.6). In combination,
these operations enable arbitrary scene changes. Our method in-
volves light transport operators and their difference between scenes
(Sec. 3.1 and 3.2). We update the scene’s lightmaps by iterating the
operators (Sec. 3.3 and 3.4), while the lightmap of the inserted ob-
ject is handled difterently (Sec. 3.5).

3.1. Light Transport Operator

Let S C R? be the surface of our scene. According to the render-
ing equation, the outgoing radiance from a surface point x € § into
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direction @, € S? (where S? C R? denotes the unit sphere) is
Lo (x, @) = Le(x, @) +/Q( )Li(x7c),~)fr(x7m,~,0)0)dmf‘,
X

where L; is the incoming radiance, L. is the emitted radiance, f; is
the bidirectional reflectance distribution function (BRDF), dooil =
n(x) - ®; de; is the projected solid angle measure, n(x) € S? is the
surface normal and Q(x) is the hemisphere with n(x) - ; > 0.

We assume scenes without participating media. Let rayg(x, ©;) €
S denote the closest hit of the ray x +r®; with the scene S for z > 0.
If a ray actually hits the scene, the incoming radiance is

Li(x7 (D,') = Lg (rays(x7 (,0,')7 —(l)i).
If not, we assume that L, provides the background radiance.

Combining these two equations, we arrive at a light transport
operator that applies a single bounce of light transport to a radiance
field L(x, o) (Fig. 2(a)):

Ts [L] (x,00) := /ﬂ()c)L(rayS(x,u),-),—mi)fr(x,mi,(oo)dmf 1

The rendering equation becomes simply L = L + Tg [L], which can
be solved using a Neumann series:

0o .
L= TSJ [Le] = T; [Le]'
j=0
The operator T performs light transport with full global illumina-
tion. Alternatively, we can interpret this as a system of linear equa-
tions L = (I — Ts) ~ " [Le], where I denotes the identity operator.

With lightmaps for diffuse surfaces, we have a discretized repre-
sentation of L(x, ®,) = L(x). Per surface point x € S, the lightmaps
store outgoing radiance divided by diffuse albedo (to avoid loss
of texture detail). That is the same as incoming irradiance times
%. Our implementation uses a simplified triangle mesh color rep-
resentation [Yuk17] with vertex colors stored in a linear buffer.
That avoids the need for UV unwrapping, but if a texture atlas for
lightmaps were available, it could also be used for our method. The
operator Ts can be thought of as a large matrix that is multiplied
onto a vector of vertex colors. However, we never construct this
matrix. Instead, we directly evaluate T [L] (or similar operators) as
needed, using Monte Carlo integration.

3.2. Difference Operators

We now consider an inserted object O C R>. We obtain the trans-
port operator Tg o for the modified scene. To update our lightmaps,
we are interested in the object difference operator O := Tg 9 — Ts.
Upon inserting the object, the integral in Eq. 1 only changes for
rays that intersect O before they intersect S. Therefore, we let
Qo(x) C Q(x) denote the visible solid angle of the object as ob-
served from x € SU O, i.e., the set of direction vectors for such
rays. Then the object difference operator is O = O+ + O_, where

L(raYO(x7 (l),‘), 70)i)fr(x, ®;, 0')0) dmlL7
Q()(x)

O-[)(x.wn):=~ [ o L3 5. 0), =) .01, 00) o

O+ L) (x,00) :=+
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Figure 2: Illustration of single-bounce light transport operators.
(a) illustrates the static scene light transport operator Tg at point
X, integrating incoming radiance over the hemisphere Q(x). (b,c)
depict the object difference operators O+ and O_, capturing the
radiance reflected and antiradiance occluded by the inserted ob-
Ject over the solid angle domain Q¢ (x), respectively. (d) shows the
combined effect of all three, which yields Ts 0, the transport oper-
ator for the scene with the object inserted.

O|[Lsuo) T50 [Lsuo)

Ls

Lsuo

Figure 3: We iteratively apply the object operator O = O_ + Oy
and path tracing in the scene S to the original lightmap to update
it after insertion of an object O (in this case, a second box).

As shown in Fig. 2, the operator O accounts for radiance reflected
by the object O, whereas the operator O_ accounts for the radi-
ance that previously reached x from the scene parts that are now
occluded by the object O; the antiradiance [DSDDO7].

To evaluate these operators, we employ importance sampling:
We use a bounding sphere around the object O and sample its solid
angle uniformly [Wan92]. If x is inside the bounding sphere, we
revert to projected solid angle sampling of Q(x). For sampled di-
rections ®; where rayg,(x,®;) ¢ O, the contribution is set to zero.

3.3. Updating Lightmaps with Full Global Illumination

We assume that we already know the lightmap Lg for the scene S
and seek the updated lightmap Lg_ for SU O, where

Ls:=(I-Ts) '[L],  Lsuo:=(I—Tsuo) '[L]. (@

To reason about their difference, we artificially introduce factors
of I=(I—Tg) ' (I—Ts) and I = (I — Tsuo)(I — Tsuo) ™', which
gives us:
—1 —1
Lsuo —Ls =(I=Ts)~ (I = Ts) = (I = Tsuo))(I = Tsuo) L]
—1 —1
=(I=Ts5)" (Tsuo — Ts)(I — Tsuo) ~ [Le]
=(I—T5)~ ' O[Lsuo).
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We now add Lg on both sides and solve using a Neumann series:

Lsuo = Ls + T O [Lguo] 3)

o0 .
& Lsuo =Y. (T50) [Ls]
=0
That means we can update the lightmap by applying the object op-
erator O (Fig. 4(a)) and the full light transport operator for the static
scene T¢ repeatedly. Our iterative solution is Lo = Y00 Ly su0,
where

Lyt1,su0 =15 [O[Lusuol] -

In each step, we apply the object operator O to the lightmap once,
followed by standard path tracing to apply 7. Fig. 3 illustrates
this procedure. In practice, we limit the length of these path-tracing
steps to M = 3. Overall, this still accounts for longer paths, but the
length of paths between two interactions with object O is limited.

Ly.suo = Ls,

Compared to from-scratch path tracing of the lightmap Lg o,
our method only computes the difference and utilizes dedicated im-
portance sampling strategies to its advantage. We evaluate a control
variate based on the readily available lightmap Lg. Additionally, the
cost of ray tracing is better amortized, since we cache intermediate
results for shorter paths into intermediate lightmaps L, s 0.

3.4. Updating Lightmaps with Indirect Illumination

Direct illumination often contains high-frequency details, espe-
cially due to sharp shadow boundaries, whereas indirect illumina-
tion is smoother. Therefore, direct illumination is more prone to
undersampling artifacts. We choose to use standard unidirectional
path tracing with paths generated per pixel on the screen for di-
rect illumination, whilst using the lightmap for indirect illumina-
tion only.

We assume that the indirect lightmap for the scene S is already
available: Lg := Lg — Le — Ts [Le]. We use it to compute the indirect
lightmap for the updated scene SU O:

Lsuo :=Lsuo —Le — Ts[Le] — O|[Le]

DL — Lo — Ty [Le] — O L] + TS O [Lsuo)

=Ls— O[Le]+ T$ O[Lsuol
=Ls— O[Le] + T§ O [Le + Tsuo [Le]] +T5 O [Lsuo]

=:Losuo

To solve this equation, we use the same kind of iteration as above:

o0
Lysisuo =T [O[Lusuol].  Lsvo =Y, Lnsuo- 4
n=0
In practice, we limit the number of iterations according to a user-
defined iteration count N € N.

When the object O does not emit light, O [L,] = 0. Then
O|Le] = O— [Le] describes direct antiradiance, i.e., shadows cast
by the newly-inserted object O. Standard spherical cap sampling
is a bad importance sampling strategy for O_ [L] in the presence
of small light sources. Instead, we employ area sampling of light
sources. Rays that hit O and reach the light without encountering S
contribute according to the radiance emitted by the light source,

- * *
— 0, / .
’ ’4’ e M 2 M
AN — TauoLe|| [T~ N
— Tsuo .’
L ® QuayinE "o o J _ J
(a) O[] (b) O[TsuolLe]l () O[Ln,s00] (d)Lsuo

Figure 4: Overview of iterative lightmap updates. (a) The general
difference operator O combines O+ and O_ and applies to both
direct (b) and indirect (c) lighting cases. (b) The operator O is ap-
plied to direct light via light sampling (Ts_o[Le])- (c) The operator
O is applied to the indirect lightmap Zn suo, using a random walk
to simulate self-reflection and estimate indirect lighting on the ob-
Jject surface. (d) Computation of the object lightmap from the scene

lightmap. X denotes zero-contribution rays due to occlusion.

others have zero contribution. We apply the same area sampling to
O|[Tsuo [Le]] when computing Lo suo (Fig. 4(b)).

3.5. The Object Lightmap

The described method is also suitable for generating the parts of the
lightmap that pertain to points on the inserted object x € O. How-
ever, these parts have to be generated from scratch, which calls for
more samples. Having access to the updated lightmap of the scene §
makes it easy to achieve high-quality results at a low cost. Per entry
of the object lightmap, we initiate path tracing. Once a ray hits any-
thing other than the object O (i.e. the scene S or the background),
we query the indirect radiance based on the known lightmap, use
light sampling to estimate direct radiance, and terminate the path
(Fig. 4(d)). Unless the inserted object is extremely concave, these
paths will be short.

With this approach, computation of the object lightmap is the
last step. Therefore, it is unavailable when we evaluate the object
reflection operator O . Instead of directly querying the lightmap at
the hit point on the object O, we initiate path tracing from the hit
point until we hit a point not on the object (black rays in Fig. 4(c)).
At this point, we query the lightmap and sample lights. That results
in a modified object reflection operator O+, which models light
transport between different points on the scene surface S via one or
more interactions with the object O. However, Eq. 2 still holds with
this modified operator, so the derivations of our iterative algorithms
remain intact.

3.6. Removal of Objects

Previously, we focused on inserting objects and computed Lgo
from Lg. We now go the other way to support object removal, which
in turn enables arbitrary scene changes (even if our method does
benefit from localized changes). We see that all of our equations
relating these two lightmaps remain valid, making the derivation of
object removal for full global illumination surprisingly simple. We
modify Eq. 3:

Lsuo = Ls+ T O [Lsuo)
& Ls = Lsuo — Ts [O[Lsuol]

© 2025 The Author(s).
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Similarly, for indirect illumination
Ls = Lsuo+ O[Le] = T§ [O [Le + Tsuo [Le] + Lsuo] | -

In both of these equations, the unknown lightmap only occurs on
the left-hand side, so we can explicitly solve for the lightmap; we
just apply the relevant light transport operators once and do not
need to update lightmaps iteratively.

4. Evaluation

In this section, we experimentally validate our contributions. First,
we briefly discuss details of our implementation. Next, we com-
pare our iterative lightmap update for object insertion and removal
to standard path tracing of the full scene. Finally, we conduct an
ablation study to validate our design.

4.1. Implementation

Our C++/CUDA GPU implementations of both our method and the
path-tracing baseline are based on PBRT [PJH23] (specifically the
path tracer described in Chapter 13.4 and the wavefront rendering
in Chapter 15). In our tests, we avoid updating the scene’s bounding
volume hierarchy (BVH) by maintaining a separate BVH for each
potential object. Our experiments were carried out on a Windows
10 system equipped with an Intel Core i9-12900KF 16-core proces-
sor running at 4 GHz with 64 GiB of RAM and an NVIDIA RTX
3090 GPU with 24 GiB of VRAM. We use the root mean square
error (RMSE) as a metric to compare both the lightmaps and the
rendered images. For perceptual assessment of the latter, we use
FLIP [ANAM*20].

4.2. Baseline comparison

We now assess our method for insertion of a new object into a static
scene with precomputed global illumination stored in our lightmap
representation.

Setup We compare our method (Ours) with the pbrt-v4 path tracer
(PT), which renders the lightmap for the modified scene from
scratch. We tested three scenes curated by Bitterli [Bit16]. We sub-
divided their meshes to ensure sufficient vertex density which leads
to lightmaps with 230k — 1.2M elements. We used PT with 4,096
samples per pixel (spp) to precompute static lightmaps as input to
our algorithm, as well as lightmaps after the scene change as a Ref-
erence. We vary the spp for lightmap updates in our experiments
and use the same value for both the Tg" and O operators. Both op-
erators are included in the reported timings.

Results In Fig. 5, we show qualitative indirect-illumination com-
parisons for an object-insertion scenario with equal-time assump-
tion. Since PT starts from scratch, it must integrate many more
paths, which is costly. Therefore, we reduce its spp values to match
the computation time of our method. We observe that this leads to
severe noise in the PT solution, especially in the Living Room scene
due to its large and bright walls. Correlating our signed difference
maps with the Reference shows that our method successfully com-
putes the illumination change in the affected areas of the scene.

© 2025 The Author(s).
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Table 1: An equal-time comparison for editing operations: Object
insertion (+, above bar) and removal (—, below bar). The percent-
ages denote the object’s size relative to the scene and the errors are
the lightmap RMSE values (lower is better). The relative improve-
ment over PT is shown in parentheses in the right-most column.

Scene Editing PT Ours
Living Room + Sofa (4%) 0.354 0.010 (35x)
Dining Room  + Dragon (42%) 0.117 0.038 (3x)

Staircase + Chair (2%) 0.332  0.008 (43x)
Living Room — Sofa (8%) 0.823  0.034 (24x)
Dining Room — Carafa (2%) 0.009 0.001 (9x)

The insets and FLIP metric maps illustrate the strong resemblance
to Reference renderings compared to PT.

We further demonstrate the benefits quantitatively in a lightmap
comparison (Table 1). We observe the maximum error reduction
(up to 43x, RMSE) when inserting smaller objects. Larger objects
(e.g., Dragon in the Dining Room scene) intersect more lightpaths
and, hence, are computationally more expensive. Even then, we
still achieve a factor of 3 in error reduction. Fig. 6 highlights the
changes in lightmaps by showing close-up views of regions around
the object while making the object itself invisible.

Finally, in Fig. 7, we show a cost-performance analysis of
our method and PT, achieved by sweeping the spp values. Our
method is optimal across a large range of parameters and main-
tains near-linear convergence in terms of variance until bias due to
the lightmap discretization and the limited path length M and iter-
ation count N dominates. Moreover, our method requires order-of-
magnitude lower computation times to achieve an RMSE equiva-
lent to PT (from 3.7 X in The Dining Room up to 179 in The Stair-
case). The relatively lower separation of our performance curve in
the Dining Room scene once again reflects the large relative impact
of the inserted Dragon. The original static lightmap is biased but
free of noise, which explains why its RMSE is sometimes lower
than that of noisy lightmaps resulting from updates with extremely
low spp values.

Object removal We further demonstrate a lightmap update for ob-
ject removal. This operation is cheaper than insertion because it
does not require iterations for the lightmap update nor relighting of
the object itself. We provide a qualitative comparison in Fig. 8 and
a quantitative assessment in Table 1 (below the bar). We observe
similar trends as for object insertion.

4.3. Ablation

In this section, we analyze the impact of our two hyper-parameters:
The overall update iteration count N and the maximum scene-to-
scene path length M in the operator T

Iteration count Our lightmap-update algorithm in Eq. 4 is itera-
tive. Here, we analyze how the iteration count N affects the ren-
dering error. In Fig. 9, we see that in the Living room scene, the
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Reference
+

Living Room (12 s)

0.066;

Dining Room (12 s)

0.014

Staircase (8 s)

0.002

Figure 5: An equal-time comparison for object insertion achieved by adjustment of spp values. Only the indirect illumination is displayed.
Rows: Three different scenes. Columns: First, an unmodified input scene above the PT solution. Second (in purple boxes), the reference
solution and its difference to the input above our solution and its difference to the input. Finally, three zoom-in crops (rows) for the input, PT,
Ours and Reference along with FLIP error maps w.r.t. Reference. The yellow numbers show the RMSE.

Figure 6: Camera views of surfaces close to inserted objects in our
three object-insertion scenarios: (a) Rendering with the lightmap
prior to editing, (b) rendering after applying our lightmap update
with the object made invisible, (c¢) FLIP difference visualization,
and (d) residual image highlighting the lighting changes.

algorithm converges after approximately only four iterations, de-
spite the bright and large walls. This motivates our default choice
of N =4.

7 Living Room Dining Room Staircase
E \ ® Ours
- o PT
. Orig. ™~
Mo
1073
1 10 100 1 10 100 1 10 Seconds

Figure 7: A cost-performance comparison based on rendering
RMSE measured in our three object insertion scenarios for different
spp values. The horizontal line denotes the original static lightmap.

Path length Furthermore, we limit the scene-to-scene transport
operator Tg' to path lengths of M as we observe that longer paths
have negligible contribution to the solution. This is empirically an-
alyzed in Table 2, where we vary M from O to 5 while inserting
an object into our three scenes as in Fig. 5. The experiment is con-
ducted at a high value of 1024 spp to reduce influence of sampling
noise. We observe that the RMSE of the rendered images is nearly
constant for M > 2, with only a modest computation time increase.
Hence, we choose M = 3 as a practical trade-off between accuracy

© 2025 The Author(s).
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Figure 8: An equal-time comparison for removal of the sofa
from the Living Room scene. Only the indirect illumination is
displayed. First row: The input scene and the Reference solution.
Second row: The solutions from PT (16 spp) and from our method
(32 spp) with RMSE w.rt. the Reference. Third and fourth row:
Zoomed-in crops and the corresponding FLIP error maps.

and performance, while longer paths can still be accounted for as a
compounding effect of our iterative algorithm.

Table 2: Analysis of path length M : Rendering RMSE x 1000 (top,
black) and computation time in seconds (bottom, gray) for different
path length limits M € {0,1,2,3,4,5} measured during an object
insertion for a high setting of 1024 spp.

| M
Scene | 0 1 2 3 4 5

536 397 377 375 379 3.80
134 159 177 187 192 199
547 336 298 294 293 295
87 90 95 96 97 100
1.38 0.87 059 056 056 055
208 232 246 259 263 270

Living Room
Dining Room

Staircase

5. Limitations and Future Work

Our experiments demonstrate a superior equal-time rendering qual-
ity of our lightmaps updated for small scene edits involving one
object at a time. This trivially extends to multiple objects by a se-
quential application. Despite the linear cost-scaling, our measured
speed-up supports feasibility of such an approach and further im-
provements are possible by treating clustered objects as a unit.
Moreover, a dynamic scene can similarly be modeled as a temporal
sequence, although explicit consideration of temporal coherency
could lead to an additional speed-up.

We inherit standard lightmap limitations. Our separation of

© 2025 The Author(s).
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Reference

Iteration Analysis

RMSE (x 10%)
= NN
[CERS) S v

01234567
Number of iterations

+

Figure 9: Insertion of a sofa into the Living Room. First row: The
input and the Reference. The sofa participates in the light transport
but it is hidden for visualization clarity. Second row: Our residual
image for 1-3 update iterations. Third row: Our solution for 1-3
update iterations. Top right: A cost-performance analysis for ren-
dering RMSE number of iterations N.

indirect illumination allows for view-dependent direct illumina-
tion effects, but we are limited to Lambertian diffuse surfaces
for the indirect component. This could be remedied with higher-
dimensional representations such as spherical harmonics [O’D18],
leveraging the smoothness of indirect illumination, or by incor-
porating specular path displacement through glossy probe repro-
jection [RLP*20], inspired by similar principles from ray tracing.
Second, the lightmap’s discretization introduces bias. However, this
can be controlled by adjusting the resolution as our update rule it-
self is unbiased in the hyper-parameter limit for M — co, N — oo.

6. Conclusion

In this work, we introduced an efficient approach for scene edit-
ing that allows artists to perform object insertions and removals
with reduced computational overhead. By modifying a precom-
puted lightmap through an iterative update method, our technique
provides order-of-magnitude speedups over traditional path tracing,
while maintaining a high accuracy, as demonstrated by the RMSE
and FLIP metrics. Finally, we show that the tuning of our hyper-
parameters leads to a favorable cost-performance tradeoff enabling
interactive editing and navigation in 3D design.
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