
Multiplane Prior Guided Few-Shot Aerial Scene Rendering

Zihan Gao Licheng Jiao * Lingling Li Xu Liu Fang Liu
Puhua Chen Yuwei Guo

School of Artificial Intelligence, Xidian University

(b) NeRF representation(a) MPI representation (c) Ours
PSNR=16.44 PSNR=14.09 PSNR=18.92PSNR=15.73 PSNR=14.01 PSNR=18.57

Figure 1. Visualization of failure modes in NeRF and MPI. (a) MPI models scenes only in each single camera frustums and performs
homography warping to render novel views. Insufficient sampling leads to incorrect depth and thus results in an overlapping ghosting effect.
Large camera movement leads to cropped corners. However, high-frequency details seem to be successfully preserved. (b) NeRF models
scenes in a continuous volumetric manner. If only sparse views with large camera movement are provided, some parts of the scene may be
sampled very little or even never. Insufficient sampling leads to collapsed details and unexpected floaters. (c) Our approach combines the
capabilities of NeRF with the perspective-friendly nature of MPI in aerial scenes to achieve photorealistic novel view renderings.

Abstract

Neural Radiance Fields (NeRF) have been successfully
applied in various aerial scenes, yet they face challenges
with sparse views due to limited supervision. The acquisi-
tion of dense aerial views is often prohibitive, as unmanned
aerial vehicles (UAVs) may encounter constraints in perspec-
tive range and energy constraints. In this work, we introduce
Multiplane Prior guided NeRF (MPNeRF), a novel approach
tailored for few-shot aerial scene rendering—marking a pio-
neering effort in this domain. Our key insight is that the in-
trinsic geometric regularities specific to aerial imagery could
be leveraged to enhance NeRF in sparse aerial scenes. By
investigating NeRF’s and Multiplane Image (MPI)’s behav-
ior, we propose to guide the training process of NeRF with
a Multiplane Prior. The proposed Multiplane Prior draws
upon MPI’s benefits and incorporates advanced image com-
prehension through a SwinV2 Transformer, pre-trained via
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SimMIM. Our extensive experiments demonstrate that MPN-
eRF outperforms existing state-of-the-art methods applied
in non-aerial contexts, by tripling the performance in SSIM
and LPIPS even with three views available. We hope our
work offers insights into the development of NeRF-based
applications in aerial scenes with limited data.

1. Introduction
Neural Radiance Field (NeRF) [33] has succeeded in render-
ing high-fidelity novel views and many 3D applications by
modeling 3D scenes as a continuous implicit function. In con-
trast to indoor or synthetic scenes capturing simple objects
using cell phones, aerial images provide a unique bird’s-eye
view and overview of a landscape. Based on NeRF, many ap-
plications in aerial scenes have been developed, such as nav-
igation, urban planning, data augmentation, autonomous ve-
hicles, and environmental mapping [1, 7, 21, 29, 32, 40, 59].

In many real-world scenarios, unmanned aerial vehicles
(UAVs) encounter constraints such as limited perspectives,
energy limitations, or adverse weather conditions, which re-
strict their ability to acquire dense observational data. While
NeRF forms a foundational technology for many aerial ap-
plications, it is prone to overfitting on sparse training views
[13, 17, 34]. This limitation of NeRF becomes particularly
salient in the context of aerial imagery. Alleviating this prob-
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lem could save resources and may benefit numerous applica-
tions.

As the first to explore few-shot NeRF for aerial imagery,
we stand at the forefront of this emerging field. The land-
scape of few-shot neural rendering to date has been predom-
inantly shaped by its application to indoor and synthetic
scenes. Transfer learning based methods [3, 46, 47, 56]
aim to pre-train the model on a large number of scenes.
Yet, these approaches necessitate extensive datasets for pre-
training. This is not only resource-heavy but also impractical
to fulfill for varied aerial scenarios. Another line of works
[10, 13, 15, 17, 34, 38, 54, 55] seeks to impose regularization
on NeRF by exploring the universal attributes of 3D scenes
like local continuity and semantic consistency. Yet, in situa-
tions where available data is significantly sparse relative to
the complexity of the scene, these methods might struggle to
maintain their effectiveness. And the last is depth-prior-based
methods [8, 45] gain additional supervision from the scene’s
depth. These methods can be problematic in aerial images
due to the frequent occurrence of ambiguous depth cues and
the high cost of obtaining accurate depth maps. Despite their
efficacy in controlled environments, these methods fall short
of addressing the unique complexities of aerial scenes, leav-
ing a gap that our work aims to fill. We therefore ask: Can
we harness the intrinsic geometric regularities specific to
aerial imagery to broaden the capabilities of NeRF under
sparse data conditions, thereby easing the data collection
constraints?

To answer this question, we turn to earlier works on
2.5D representations such as Multiplane Image (MPI)
[23, 43, 50, 58]. MPI typically operates by extracting mul-
tiple RGB and density planes from a single image input by
an encoder-decoder style MPI generator to represent scene
geometry within the camera’s frustum. Although NeRF pro-
vides a continuous representation of a scene, MPI offers dis-
crete, frustum-confined layers that can be particularly advan-
tageous in the context of aerial imagery. This is due to UAVs
frequently capturing images from overhead perspectives that
align well with MPI’s planar representation. Additionally,
the encoder-decoder architecture of the MPI generator can
exploit the inductive biases inherent in advanced convolu-
tional and self-attention-based image processing compared
to the simple multi-layer perceptron (MLP) of NeRF, thus
enhancing the rendering of local and global scene details.
However, while MPIs present certain benefits in terms of
their adaptability to aerial perspectives, their partial scene re-
covery and limitation to individual frustums pose challenges
in creating a comprehensive 3D understanding.

In this work, we present Multiplane Prior guided NeRF
(MPNeRF), a novel method for enhancing NeRF models
in few-shot aerial scene rendering. We guide NeRF’s learn-
ing process by using a multiplane prior—a concept drawn
from the strengths of MPI and refined with cutting-edge im-

age understanding from a Swin TransformerV2 pre-trained
with SimMIM [28]. This approach unites the capabilities of
NeRF with the perspective-friendly nature of MPI, tailored
for the unique vantage points of aerial scenes. Concretely,
our approach updates the NeRF branch using pseudo labels
generated from the MPI branch. As training proceeds, NeRF
can effectively pick up finer details from the MPI branch and
the advantage of the MPI branch is implicitly distilled into
NeRF. This strategy implicitly folds a multiplane prior to
NeRF, boosting its performance in handling sparse aerial im-
agery data. Our contributions can be summarized as follows:
1. We introduce Miltiplane Prior guided NeRF (MPNeRF), a

novel framework that synergistically combines NeRF and
MPIs for enhanced few-shot neural rendering in aerial
scenes. To the best of our knowledge, this is the first
method specially designed for this task.

2. Through an investigation, we pinpoint and analyze the
typical failure modes of NeRF and MPI in aerial scenes.
We devise a simple yet effective learning strategy that
guides the training process of NeRF by learning a mul-
tiplane prior, effectively circumventing NeRF’s typical
pitfalls in sparse aerial scenes.

3. We compare MPNeRF against a suite of state-of-the-art
non-aerial scene methods, rigorously testing its adaptabil-
ity and performance in aerial scenarios. Our experiments
demonstrate MPNeRF’s superior performance, showcas-
ing its significant leap over methods previously confined
to non-aerial contexts.

2. Related Work

2.1. Scene Representations for View Synthesis.

Earlier works on light fields [6, 11, 22] achieve view synthe-
sis by interpolating nearby views given a dense set of input
images. Later works utilize explicit mesh [4, 24, 26, 44], or
volumetric [12, 16, 19, 37, 39, 49] representation to represent
the scene. More recently, layered representations have gained
attention due to their efficiency in modeling occluded content.
One such layered representation is the MPI [23, 43, 50, 58].
An MPI consists of multiple planes of RGB and α values at
fixed depths. Given an input image, an encoder-decoder net-
work typically generates the MPI within the camera frustum.
This MPI is then homography warped to the target camera
position and integrated over the planes to produce novel
views. It’s important to note that the generated MPI only
models the geometry within each camera frustum at given
depths, and the complete 3D scene is not fully recovered.

Recently, NeRF [33] has shown significant potential in
novel view synthesis. NeRF works by modeling the scene
with a continuous function of 3D coordinates and viewing
directions to output the corresponding RGB and volume
density values. Following NeRF, many methods have been
proposed. mip-NeRF [2] introduces a more robust representa-
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tion that uses a cone tracing technique and samples the cone
with multivariate Gaussian. NeRF-W [31] and Ha-NeRF[5]
have extended the applicability of NeRF to in-the-wild photo
collections through object decomposition and hallucination
techniques. For large-scale scenes, BungeeNeRF [51] pro-
poses a multiscale progressive learning method to recon-
struct cities from satellite imagery, while Block-NeRF [41]
leverages individual NeRFs for each component of the scene
to achieve large-scale scene rendering. ShadowNeRF [9] and
Sat-NeRF [30] address the issue of strong noncorrelation be-
tween satellite images taken at different times by modeling
solar light and transient objects. However, these NeRF-based
methods are still limited by the need for densely sampled
views of the scene.

2.2. NeRF with Sparse Input

Many approaches have been developed to train a NeRF from
sparse input in different directions. One straightforward di-
rection [3, 27, 42, 46, 47, 56] is to learn the general ap-
pearance of a scene or object from a large number of data.
PixelNeRF [56] adopts a CNN feature extractor to condition
each input coordinate with image features. MVSNeRF [3]
uses 3D CNN to process cost volume acquired by image
warping. These methods often require a large number of
multi-view images to be pre-trained on, which is sometimes
hard to acquire in aerial imagery. Some other techniques
[10, 17, 20, 34, 38] find it is more data-efficient to regularize
NeRF with common properties of the 3D geometry. InfoN-
eRF [17] regularizes NeRF by putting a sparsity constraint
on the density of each ray. RegNeRF [34] regularizes NeRF
by local smoothness. Other works [8, 13, 45, 48] aim to take
advantage of supervision from other sources, such as depth
or appearance. DS-NeRF [8] supervises the geometry with
sparse point cloud generated with structure from motion.
DietNeRF [13] regularize NeRF by ensuring perceptual con-
sistency within different views. ManifoldNeRF [15] builds
upon DietNeRF and takes into account viewpoint-dependent
perceptual consistency to refine supervision in unknown
viewpoints. However, we noticed none of these methods is
designed for aerial scenes and thus left a gap our work aims
to fill.

3. Method
Our objective is to train a standard NeRF model to create
highly realistic novel views of an aerial scene from a limited
number of captured perspectives. To address the challenges
of training NeRF with sparse aerial views, we introduce a
novel training approach that leverages a Multiplane Prior.
The proposed Multiplane Prior harnesses the strengths of
MPI and is enriched by advanced image understanding ca-
pabilities derived from a SwinV2 Transformer pre-trained
using SimMIM[52]. An overview of our approach is pre-
sented in Figure 2.

In Sec. 3.1, we briefly review the background related to
our method. Sec. 3.2 provides an investigation into NeRF
and MPI’s behavior in sparse aerial scenes. Sec. 3.3 describe
our overall framework.

3.1. Preliminaries

Neural Radiance Field. Given a 3D coordinate x =
(x, y, z) and a 2D viewing direction d = (θ, φ), NeRF
aims to model the scene by solving a continuous func-
tion f (x,d) = (c, σ) using multi-layer perceptron (MLP)
network, where c and σ represent the emissive color and
volume density at the given coordinate. NeRF cast rays
r (t) = o+ td from the camera origin o along the direction
d to pass through a pixel. NeRF then samples M points
along this ray and computes its color by volume rendering:

Ĉ (r) =

M∑
i=1

Ti (1− exp (−σiδi)) ci,

Ti = exp

−
i−1∑
j=1

σjδj

 ,

(1)

where ci and σi are the color and volume density of i-th
sample along the ray and δi is the distance between adjacent
samples. Ĉ (r) denotes the final color of that pixel rendered
by NeRF. In NeRF, a dense 3D scene is recovered implicitly
in the form of neural network weights.
Multiplane Image. Multi-plane Image (MPI) represents the
scene by dividing the 3D space into a collection of planes
with RGB and density values in one camera frustum. In
training, each batch consists of a pair of images Is, It ∈
RH×W×3 with corresponding camera intrinsic Ks,Kt ∈
R3×3 and relative pose Ps2t =

[
Rs2t ∈ R3×3, ts2t ∈ R3

]
denoted as {(Is,Ks) , (It,Kt, ) ,P}, subscripts s and t rep-
resent source and target viewpoint respectively. Depth for
each plane is sampled {z = zk|k = 1, 2, 3, · · · , N} uni-
formly according to the scene bounds. An encoder-decoder
based MPI-generator denoted as GMPI is adopted to generate
multiple planes of RGB and density at discrete depth as:

{(ck, σk) |k = 1, 2, 3, · · · , N} = GMPI (Is) . (2)

Here the subscript k denotes the k-th plane. The rendering
of MPI is performed in two steps: First, establish the corre-
spondence between the pixel coordinates in the source and
target plane through homography warping as:

[ut, vt, 1]
T
= Kt

(
Rs2t −

ts2tn
T

zk

)
K−1

s [us, vs, 1]
T
.

(3)
Second, similar to NeRF, apply differentiable rendering to
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Figure 2. Overall pipeline for training Multiplane Prior guided NeRF (MPNeRF). Our novel MPNeRF architecture integrates a standard
NeRF branch with an MPI branch, informed by a pre-trained SwinV2 Transformer. This design introduces a multiplane prior to guide the
NeRF training, addressing the common challenges of rendering with sparse aerial data. The process begins by sampling three distinct views:
a source and target view for training with known ground truth, and an unseen view from a novel viewpoint. The NeRF model is then refined
using pseudo labels produced by the MPI branch, which are especially crucial for synthesizing views from previously unseen angles, as
shown in the pipeline.

get target view 2D images Ît :

Ît =
N∑

k=1

Tk (1− exp (−σkδk)) ck,

Ti = exp

(
−

k−1∑
l=1

σlδl

)
.

(4)

3.2. A Closer Look at The Behavior of NeRF & MPI

To better understand the behavior of NeRF and MPI, we
conducted an investigation into their failure modes. In Figure
1, we visualize the rendering results of NeRF and MPI when
encountering large camera movements. Our findings reveal
that NeRF often produces blurry renderings, while MPI tends
to exhibit overlapping ghosting effects and cropped corners.

Recall that NeRF represents the whole 3D scene con-
tinuously by encoding the volume density and color into
an 8-layer MLP’s weights. In other words, NeRF utilizes a
learning-based approach by forcing correct rendering from
every angle of the scene with multi-view consistency. Such
a model is highly compact when supervised with sufficient
training views. When the supervised angle is limited, areas
covered less (as in the non-overlapped camera frustum in
Figure 1 (b)) are uncontrolled and may exhibit high-density
values [25, 34, 55], leading to blurry or even collapsed re-
sults. Considering the structured nature of 3D aerial scenes,
we recognize two key factors of aerial scenes: aligned per-
spectives with predominant planarity, and consistent geomet-

ric appearance. First, the typical flight paths of UAVs over
these scenes predominantly capture landscapes aligned with
the XY planes, providing a unique geometrical consistency.
Second, objects in aerial scenes contain common visual char-
acteristics, offering additional cues for scene interpretation
and analysis.

In contrast to NeRF, MPI models the scene within each
camera frustum and decomposes it into an explicit set of
discrete 2D planes at fixed depths. This mirrors the over-
head views and planar surfaces commonly found in aerial
scenes. Also, the convolution-based or self-attention-based
MPI-generator is inherently suited to carry prior knowledge
of the scene. However, with insufficient supervision pro-
vided, the MPI for different camera frustums may not be
properly calibrated. As a consequence, we observe the oc-
currence of overlapping ghosting effects in rendered unseen
views. Additionally, when there is substantial camera move-
ment, the corners of the target views may be excluded from
the source views, resulting in invalid renderings. However,
MPI is successful in preserving high-frequency details in the
rendered image. We attribute this capability to the power of
CNNs and the implicit encoding of prior knowledge in the
MPI generator.

Due to the distinct failure mode of MPI and its favorable
properties, we explore a strategy to enhance NeRF in a sparse
aerial context.
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3.3. Guiding NeRF with a Multiplane Prior

Based on the investigation of the different properties shown
in NeRF and MPI when encountering sparse input. We turn
to the task of few-shot aerial scene rendering and propose a
simple yet effective strategy that treats the MPI as a bridge
to convey information that is hard to learn by the traditional
NeRF pipeline.

We formulate the proposed MPNeRF with a NeRF branch,
and an MPI branch denoted as Gθ1 and Gθ2 . Given a batch
contains images from source and target viewpoints alongside
the corresponding camera parameters. To train the NeRF
branch, we cast rays for the source viewpoints pixels us-
ing the camera parameters following [33]. The MSE loss is
adopted to supervise the NeRF branch with the ground truth
color C (r):

LNeRF =
∑
r∈B

∥∥∥Ĉ (r)− C (r)
∥∥∥2
2
, (5)

where, B is the set of input rays during training. For the MPI
branch, the encoder-decoder style MPI generator takes in
images from the source view and outputs the corresponding
MPI representation. In order to incorporate prior knowledge,
we adopt a frozen Swin Transformer V2 model pre-trained
with SimMIM [28] as a feature extractor to extract multi-
scale features from aerial images. These features are fused
to generate the final MPI representation. The loss function to
optimize the MPI branch contains three components: L1 loss
to match the synthesized target image Ît to ground truth It at
a pixel level, SSIM loss to encourage structure consistency,
and LPIPS loss [57] for perceptual consistency.

LL1 =
∥∥∥Ît − It

∥∥∥
1
,

LSSIM = 1− SSIM
(
Ît, It

)
,

LLPIPS =
∥∥∥ϕ(Ît)− ϕ(It)

∥∥∥
1
.

(6)

The overall loss function to optimize the MPI branch would
then be a sum of these three losses:

LMPI = LL1 + LSSIM + LLPIPS. (7)

These conventional loss functions train both branches
to give predictions based on training views. Based on the
investigation in Sec. 3.2, we aim to guide the training process
of the NeRF with a multiplane prior learned by the MPI
branch. An intuitive choice is sampling a random number
of pixels from an unseen view and matching the predicted
color of two branches with an MSE loss.

LMul =
∑∥∥∥Ĉ (ri,j)− Îi,j

∥∥∥2
2
. (8)

i, j denotes the sampled pixel coordinates in the unseen view-
point. In practice, this intuitive choice works surprisingly

well and the advantage of MPI is implicitly learned by NeRF.
We give a further analysis of our design choice of LMul in
Sec. 4.5.

To summarize, the final objective functions of the NeRF
branch Gθ1 and MPI branch Gθ2 are given as follows:

LGθ1
= LNeRF + λLMul,

LGθ2
= LMPI.

(9)

In this way, the training experience of the MPI branch serves
as a multiplane prior that guides the training process of NeRF.
Even if the learned MPI is not entirely accurate, the NeRF
branch benefits from this multiplane prior and thus avoids
collapse during training.

4. Experiment
4.1. Implementation Details

Our method is implemented using PyTorch, and all exper-
iments are conducted on a GeForce RTX 3090 GPU. For
the NeRF branch, we use the original NeRF in [33]. Dur-
ing training, we randomly sample unseen views following
the strategy proposed by [13]. The batch size is set to 1024
pixel rays in both source and unseen views. For each ray,
we perform 64 coarse sampling and 32 fine sampling along
the ray. For the MPI branch, we sample 16 layers of planes
for each viewpoint. The optimization of the two branches of
MPNeRF is performed using the Adam optimizer [18] with
a learning rate of 5× 10−4. The hyperparameter λ in Eq. 9
is set to 1.

4.2. Datasets and Evaluation Metrics

The main experiments are conducted on 16 scenes collected
by LEVIR-NVS [50]. These scenes contain various scenarios
in common aerial imagery, including mountains, buildings,
colleges, etc. 3 and 5 views are used for training and the
rest for testing. Additional experiments and discussions can
be found in the Appendix. In line with previous studies of
few-shot neural rendering [13, 17, 34, 55], we report PSNR,
SSIM and LPIPS [57].

4.3. Baseline Methods

We compare MPNeRF against various state-of-the-art meth-
ods including NeRF [33], Mip-NeRF [2], InfoNeRF [17],
DietNeRF [13], PixelNeRF [56], RegNeRF [34] and FreeN-
eRF [55]. Among these methods, NeRF and Mip-NeRF are
designed for dense view training, we mainly explore the
performance gain achieved by MPNeRF. PixelNeRF aims
to learn a generalized NeRF representation for all scenes
and is pre-trained on the DTU dataset [14]. Since a large
domain gap might exist when applied in aerial imagery, we
report PixelNeRF’s results with and without additional fine-
tuning per scene. Other methods are designed for few-shot
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NeRF[33] 13.64 12.06 14.45 18.60 18.40 14.56 14.10 14.98 15.02 13.18 20.88 14.11 14.28 15.44 14.68 13.67 15.13
Mip-NeRF[2] 12.19 10.57 12.39 17.26 16.93 13.06 12.53 13.11 14.22 11.89 20.11 12.25 13.25 13.95 12.59 11.67 13.62
InfoNeRF[17] 13.09 11.53 14.42 16.43 16.43 13.68 13.99 15.00 14.87 12.85 17.26 12.89 14.87 15.54 13.83 12.59 14.33
DietNeRF[13] 13.44 12.20 14.86 19.34 18.67 15.27 13.73 15.78 16.68 14.21 20.66 14.73 16.73 16.55 14.97 13.61 15.71
PixelNeRF[56] 6.07 6.26 7.68 12.09 10.24 6.77 6.19 7.35 5.74 6.02 12.47 6.89 4.96 6.53 4.52 5.88 7.23

PixelNeRF ft[56] 12.44 11.76 11.74 17.42 17.15 14.44 11.18 15.86 19.65 16.09 23.99 15.24 13.02 15.70 13.86 13.86 15.21
RegNeRF[34] 12.07 10.79 12.60 16.39 17.36 13.04 11.92 12.94 13.49 11.59 19.37 12.21 12.66 13.98 12.71 11.21 13.40
FreeNeRF[55] 13.56 11.01 13.93 20.03 19.74 15.29 13.00 16.29 15.47 13.21 21.59 13.15 18.91 18.23 13.35 11.87 15.54

Ours 18.81 17.93 20.71 25.50 24.92 19.56 18.64 21.59 22.08 21.20 28.57 21.41 22.61 23.57 20.71 19.73 21.72

SSIM

NeRF[33] 0.16 0.12 0.17 0.30 0.24 0.16 0.15 0.14 0.20 0.17 0.34 0.22 0.22 0.20 0.23 0.22 0.20
Mip-NeRF[2] 0.12 0.09 0.16 0.30 0.24 0.14 0.14 0.13 0.21 0.15 0.35 0.17 0.24 0.17 0.21 0.12 0.18
InfoNeRF[17] 0.15 0.12 0.17 0.26 0.21 0.14 0.15 0.15 0.22 0.15 0.28 0.17 0.30 0.24 0.21 0.11 0.19
DietNeRF[13] 0.16 0.15 0.23 0.34 0.24 0.21 0.17 0.18 0.28 0.21 0.35 0.26 0.36 0.26 0.28 0.19 0.24
PixelNeRF[56] 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.00 0.01 0.01 0.01

PixelNeRF ft[56] 0.14 0.20 0.16 0.29 0.30 0.29 0.16 0.30 0.51 0.47 0.48 0.34 0.25 0.26 0.29 0.25 0.29
RegNeRF[34] 0.12 0.11 0.16 0.28 0.27 0.14 0.13 0.13 0.20 0.13 0.34 0.16 0.20 0.16 0.21 0.11 0.18
FreeNeRF[55] 0.24 0.11 0.21 0.37 0.33 0.26 0.17 0.28 0.27 0.23 0.38 0.21 0.51 0.42 0.24 0.14 0.27

Ours 0.73 0.72 0.79 0.82 0.81 0.73 0.71 0.81 0.80 0.84 0.89 0.84 0.86 0.85 0.79 0.76 0.80

LPIPS

NeRF[33] 0.59 0.62 0.60 0.56 0.58 0.58 0.61 0.59 0.60 0.59 0.53 0.59 0.53 0.57 0.55 0.66 0.58
Mip-NeRF[2] 0.64 0.66 0.66 0.60 0.64 0.64 0.62 0.62 0.61 0.63 0.60 0.64 0.56 0.62 0.63 0.65 0.63
InfoNeRF[17] 0.60 0.60 0.60 0.57 0.59 0.59 0.61 0.68 0.58 0.60 0.57 0.61 0.53 0.55 0.60 0.62 0.59
DietNeRF[13] 0.59 0.61 0.59 0.56 0.59 0.56 0.61 0.58 0.52 0.56 0.56 0.58 0.48 0.54 0.57 0.59 0.57
PixelNeRF[56] 0.74 0.73 0.75 0.74 0.74 0.74 0.74 0.73 0.74 0.74 0.72 0.73 0.74 0.74 0.74 0.74 0.74

PixelNeRF ft[56] 0.70 0.61 0.72 0.59 0.59 0.58 0.67 0.59 0.48 0.52 0.56 0.61 0.67 0.65 0.67 0.58 0.61
RegNeRF[34] 0.65 0.65 0.67 0.61 0.62 0.63 0.63 0.62 0.63 0.64 0.59 0.65 0.58 0.62 0.64 0.66 0.63
FreeNeRF[55] 0.61 0.67 0.64 0.55 0.58 0.58 0.63 0.58 0.61 0.61 0.57 0.64 0.48 0.54 0.61 0.65 0.60

Ours 0.21 0.24 0.18 0.20 0.18 0.25 0.24 0.18 0.20 0.16 0.12 0.17 0.12 0.14 0.20 0.19 0.19

Table 1. Quantitative comparison with different baseline methods in 3 views. Our MPNeRF achieves the best results compared to prior
arts for few-shot neural rendering in indoor and synthetic scenes. The best, second-best, and third-best entries are marked in , , and

, respectively.
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PSNR

NeRF[33] 13.44 12.64 15.62 19.91 19.39 15.79 15.11 16.69 16.44 14.90 22.06 13.44 13.76 15.25 13.67 13.31 15.71
Mip-NeRF[2] 12.42 10.94 12.91 18.13 17.24 14.14 12.74 13.65 15.08 12.40 20.79 13.21 14.33 14.78 13.08 11.94 14.24
InfoNeRF [17] 13.31 12.30 15.32 18.82 18.63 15.90 14.77 15.94 15.92 13.20 21.57 15.17 16.05 15.90 14.87 13.22 15.68
DietNeRF [13] 13.82 13.01 16.35 20.35 19.67 16.13 15.45 16.84 17.31 15.03 22.49 16.30 17.86 17.59 15.66 14.77 16.79
PixelNeRF [56] 6.07 6.31 7.81 12.03 10.22 6.84 6.29 7.41 5.80 6.03 12.45 6.85 5.04 6.59 4.58 5.92 7.27

PixelNeRF ft [56] 15.67 15.05 15.84 21.17 21.01 16.26 15.27 16.58 17.18 15.21 22.65 16.03 14.90 16.52 15.36 14.83 16.85
RegNeRF[34] 12.20 12.57 14.09 22.16 19.00 17.02 13.79 14.07 14.16 12.48 20.67 12.76 16.23 14.47 12.94 11.82 15.03
FreeNeRF[55] 16.83 16.66 19.54 21.97 21.44 18.28 17.93 19.81 16.63 17.90 23.95 20.37 21.42 17.90 18.25 15.77 19.04

Ours 20.50 19.56 23.08 26.02 24.88 21.29 20.99 21.92 23.07 21.57 29.00 22.19 22.58 23.59 21.72 20.50 22.65

SSIM

NeRF[33] 0.16 0.12 0.17 0.30 0.24 0.16 0.15 0.14 0.20 0.17 0.34 0.22 0.22 0.20 0.23 0.22 0.20
Mip-NeRF[2] 0.12 0.09 0.15 0.30 0.23 0.17 0.14 0.13 0.21 0.14 0.36 0.17 0.25 0.18 0.21 0.12 0.19
InfoNeRF[17] 0.15 0.12 0.17 0.26 0.21 0.14 0.15 0.15 0.22 0.15 0.28 0.17 0.30 0.24 0.21 0.11 0.19
DietNeRF[13] 0.16 0.15 0.23 0.34 0.24 0.21 0.17 0.18 0.28 0.21 0.35 0.26 0.36 0.26 0.28 0.19 0.24
PixelNeRF[56] 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.00 0.01 0.01 0.01

PixelNeRF(ft)[56] 0.14 0.20 0.16 0.29 0.30 0.29 0.16 0.30 0.51 0.47 0.48 0.34 0.25 0.26 0.29 0.25 0.29
RegNeRF[34] 0.12 0.24 0.26 0.54 0.36 0.40 0.25 0.17 0.20 0.15 0.35 0.17 0.44 0.17 0.20 0.11 0.26
FreeNeRF[55] 0.47 0.44 0.44 0.44 0.39 0.35 0.41 0.47 0.33 0.48 0.44 0.54 0.65 0.41 0.46 0.37 0.44

Ours 0.81 0.80 0.87 0.87 0.83 0.81 0.81 0.84 0.85 0.87 0.90 0.87 0.87 0.86 0.83 0.81 0.84

LPIPS

NeRF[33] 0.59 0.62 0.60 0.56 0.58 0.58 0.61 0.59 0.60 0.59 0.53 0.59 0.53 0.57 0.55 0.66 0.58
InfoNeRF[17] 0.60 0.60 0.60 0.57 0.59 0.59 0.61 0.68 0.58 0.60 0.57 0.61 0.53 0.55 0.60 0.62 0.59
Mip-NeRF[2] 0.63 0.65 0.65 0.59 0.63 0.60 0.62 0.61 0.60 0.62 0.58 0.63 0.55 0.60 0.62 0.64 0.61
DietNeRF[13] 0.59 0.61 0.59 0.56 0.59 0.56 0.61 0.58 0.52 0.56 0.56 0.58 0.48 0.54 0.57 0.59 0.57
PixelNeRF[56] 0.74 0.73 0.75 0.74 0.74 0.74 0.74 0.73 0.74 0.74 0.72 0.73 0.74 0.74 0.74 0.74 0.74

PixelNeRF(ft)[56] 0.70 0.61 0.72 0.59 0.59 0.58 0.67 0.59 0.48 0.52 0.56 0.61 0.67 0.65 0.67 0.58 0.61
RegNeRF[34] 0.64 0.56 0.58 0.43 0.55 0.47 0.58 0.58 0.62 0.61 0.57 0.63 0.46 0.60 0.62 0.65 0.57
FreeNeRF[55] 0.52 0.50 0.52 0.52 0.55 0.53 0.53 0.50 0.56 0.48 0.55 0.47 0.43 0.55 0.51 0.56 0.52

Ours 0.17 0.20 0.14 0.18 0.18 0.21 0.19 0.16 0.17 0.15 0.12 0.15 0.10 0.12 0.17 0.14 0.16

Table 2. Quantitative comparison with different baseline methods in 5 views. Our MPNeRF achieves the best results compared to prior
arts for few-shot neural rendering in indoor and synthetic scenes. The best, second-best, and third-best entries are marked in , , and

, respectively.
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NeRF InfoNeRF DietNeRF Ours Ground TruthPixelNeRF ftMip-NeRF RegNeRF FreeNeRF

3 Input Views

5 Input Views

Figure 3. Visual comparisons on 3 selected scenes with 3 and 5 views. MPNeRF achieves photo-realistic quality in different scenes compared
with ground-truth images on novel views.

neural rendering, and we conduct comparative experiments
to investigate their performance when encountering aerial
imagery.

4.4. Comparative Results Analysis

Table 1 and Table 2 report the performance of MPNeRF
and baseline methods in the 3-view and 5-view settings.
Additionally, a qualitative comparison can be observed in
Fig. 3. A very significant improvement can be found in all
three metrics and rendering fidelity. The results demonstrate
that PixelNeRF tends to produce blurry renderings, which
we attribute to the poor localization of the CNN features.
InfoNeRF and RegNeRF use local smoothness and spar-
sity to regularize NeRF explicitly. However, in scenarios
with substantially limited information compared to the scene
complexity, the performance of these methods could be com-
promised. DietNeRF implicitly distills the prior knowledge
encoded in CLIP [36] and achieves better results. FreeN-
eRF investigates the frequency in NeRF training. By pro-
gressively learning each frequency component, FreeNeRF

has demonstrated remarkable effectiveness. Nonetheless, the
progressive frequency regularization leads to relatively flat
results, favoring PSNR but not metrics that consider local
structures such as SSIM and LPIPS.

In fact, NeRF’s representation makes recovering 3D
scenes from sparse inputs ill-posed. MPNeRF acquires supe-
rior results by the guiding of a multiplane prior to gaining a
stronger understanding of local structures and semantics. In
the more challenging scenes, such as Building in Figure 3,
MPNeRF successfully avoids collapse during training.

4.5. Ablation Studies and Further Analyses

Ablation Analysis. We ablate the proposed multiplane prior
to our method, and the results are shown in Table 3. In-
tuitively, it seems better to use MPI as a guide after fully
training it, we first construct experiments where a two-stage
training strategy is employed. We then assess the impact
of SwinV2’s pre-trained weights on performance by remov-
ing them. Next, we evaluate the contribution of multi-scale
features by disconnecting the skip connections in the MPI
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generator. Finally, we integrate the multiplane directly within
NeRF’s sampling space, omitting the separate MPI branch,
to examine the inductive biases’ influence on performance.
Employing MPI concurrent branch during training leads to
slight improvements. We believe this is because the MPI’s
training experience itself carries information. The exclusion
of SwinV2’s pre-trained weights declines performance, af-
firming the value of the encoded prior knowledge. Similarly,
omitting the multi-scale feature connection diminishes the
fidelity of the rendered images. Most significantly, the ab-
sence of the MPI generator results in a marked decrease in
all metrics. This suggests that uncalibrated MPI generated
by self-attention and convolution is important to avoid de-
generate solutions. Collectively, these findings demonstrate
that each element of the proposed multiplane prior is crucial
for the superior performance of MPNeRF.

Methods PSNR SSIM LPIPS
Ours 21.72 0.80 0.19
training MPI beforehand 21.49 0.76 0.20
w/o pre-trained weights 20.46 0.75 0.24
w/o multi-scale feature 20.05 0.71 0.25
w/o MPI generator 16.38 0.42 0.52
Baseline NeRF 15.13 0.20 0.58

Table 3. Ablation analysis on the proposed Multiplane Prior.

Further Analyses on the design choice of the LMul. One
intuitive thought of designing LMul is that geometry recov-
ered by the MPI branch may provide more information than
color alone. So we design two experiments, one is to match
the expected depth of both branches as an auxiliary depth
loss, and another is to model density on each ray as a distribu-
tion [17] and minimize the KL divergence. Another intuitive
thought is that the choice of LMul should reflect the local
or nonlocal relationships within the pixels. Therefore, we
adopt the recently proposed S3IM loss [53] to measure this
relationship.

Design Choice PSNR SSIM LPIPS
w/t depth matching 21.34 0.75 0.20
w/t ray matching 21.11 0.71 0.21
w/t relation matching 21.19 0.70 0.21
Ours 21.72 0.80 0.19

Table 4. Design choice of the LMul

However, as shown in Table. 4, the result suggests that
these intuitive designs worsen the results. The first two de-
sign involves direct supervision of the depth generated by
the MPI generator. The last involves capturing the non-local
relationships between the predictions of the NeRF and the
MPI branch. Since the learned MPI is not entirely accurate,
we believe the noise within pseudo-labels may compromise
performance with these enhanced supervisions applied.

63.5%

Figure 4. We investigate the data efficiency achieved by our method.
Our method requires up to 63.5% training images to achieve a
similar performance compared to a vanilla NeRF model.

Impact of Different Pre-trained Models. We perform a
comparison study on three pre-trained vision transformers,
i.e., CLIP [36], DINOV2 [35], and SimMIM [52]. We adopt
the base model in our experiment. As shown in Table 5, all
of these methods provide comparable results. The results
show that the Swin Transformer pre-trained via SimMIM
[52] outperforms others. We believe this can be attributed to
the rich global and local details learned by SimMIM and the
hierarchical structure of the Swin Transformer.

Pre-trained Image Encoder PSNR SSIM LPIPS
CLIP [36] 20.15 0.70 0.25
DINOV2 [35] 20.01 0.68 0.25
SimMIM (Ours) [52] 21.72 0.80 0.19

Table 5. Impact of different pre-trained models.

Data Efficiency Since we aim to improve the capability of
NeRF in aerial scenes when only sparse views are available,
we investigate how much data MPNeRF can save to achieve
similar rendering results compared to the original NeRF that
requires dense view supervision. As shown in Fig. 4, the
results show that our method requires up to 63.5% training
images. This may help save energy and establish resource-
efficient applications for UAVs based on NeRF.

5. Limitations and Conclusion
In this work, we introduce Multiplane Prior guided NeRF
(MPNeRF), the first approach designed for few-shot aerial
scene rendering. Through the guiding of the multiplane prior,
MPNeRF effectively overcomes the typical pitfalls in spare
aerial scenes. We hope our work can provide insight into fu-
ture NeRF-based applications in aerial scenes. However, fur-
ther exploration of the guiding strategy design is needed. In
particular, incorporating uncertainty prediction mechanisms
or implementing grid-based representations holds promise
for future research directions.
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nen. Differentiable monte carlo ray tracing through edge
sampling. ACM Transactions on Graphics (TOG), 37(6):
1–11, 2018. 2

[25] Zhemin Li, Hongxia Wang, and Deyu Meng. Regularize
implicit neural representation by itself. In Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pages 10280–10288, 2023. 4

[26] Shichen Liu, Tianye Li, Weikai Chen, and Hao Li. Soft raster-
izer: A differentiable renderer for image-based 3d reasoning.
In Proceedings of the IEEE/CVF International Conference
on Computer Vision, pages 7708–7717, 2019. 2

[27] Yuan Liu, Sida Peng, Lingjie Liu, Qianqian Wang, Peng
Wang, Christian Theobalt, Xiaowei Zhou, and Wenping Wang.
Neural rays for occlusion-aware image-based rendering. In
Proceedings of the IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition, pages 7824–7833, 2022. 3

[28] Ze Liu, Han Hu, Yutong Lin, Zhuliang Yao, Zhenda Xie,
Yixuan Wei, Jia Ning, Yue Cao, Zheng Zhang, Li Dong, et al.

5017



Swin transformer v2: Scaling up capacity and resolution. In
Proceedings of the IEEE/CVF conference on computer vision
and pattern recognition, pages 12009–12019, 2022. 2, 5

[29] Dominic Maggio, Marcus Abate, Jingnan Shi, Courtney
Mario, and Luca Carlone. Loc-nerf: Monte carlo localiza-
tion using neural radiance fields. In 2023 IEEE International
Conference on Robotics and Automation (ICRA), pages 4018–
4025. IEEE, 2023. 1

[30] Roger Marı́, Gabriele Facciolo, and Thibaud Ehret. Sat-NeRF:
Learning multi-view satellite photogrammetry with transient
objects and shadow modeling using rpc cameras. In Proceed-
ings of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition, pages 1311–1321, 2022. 3

[31] Ricardo Martin-Brualla, Noha Radwan, Mehdi SM Sajjadi,
Jonathan T Barron, Alexey Dosovitskiy, and Daniel Duck-
worth. NeRF in the wild: Neural radiance fields for uncon-
strained photo collections. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition,
pages 7210–7219, 2021. 3

[32] Christopher Maxey, Jaehoon Choi, Hyungtae Lee, Dinesh
Manocha, and Heesung Kwon. Uav-sim: Nerf-based synthetic
data generation for uav-based perception. arXiv preprint
arXiv:2310.16255, 2023. 1

[33] Ben Mildenhall, Pratul P. Srinivasan, Matthew Tancik,
Jonathan T. Barron, Ravi Ramamoorthi, and Ren Ng. Nerf:
Representing scenes as neural radiance fields for view synthe-
sis. In ECCV, 2020. 1, 2, 5, 6

[34] Michael Niemeyer, Jonathan T Barron, Ben Mildenhall,
Mehdi SM Sajjadi, Andreas Geiger, and Noha Radwan. Reg-
nerf: Regularizing neural radiance fields for view synthesis
from sparse inputs. In Proceedings of the IEEE/CVF Con-
ference on Computer Vision and Pattern Recognition, pages
5480–5490, 2022. 1, 2, 3, 4, 5, 6

[35] Maxime Oquab, Timothée Darcet, Théo Moutakanni, Huy Vo,
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