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Abstract
Conventional digital cameras suffer from limited shutter speed
and dynamic range, making it difficult to capture blur-free and
high-dynamic-range (HDR) images in fast-rotating scenes, which
complicates panoramic image reconstruction. The high-speed spike
cameras offer advantages such as high temporal resolution and
high dynamic range, making them suitable for capturing panoramic
HDR scenes within a short time. In this paper, we present a new
framework for reconstructing panoramic HDR color images from
single-second spikes. We first introduce a spike-based panoramic
reconstruction method that leverages the differential of spike fir-
ing time (DSFT) representation for finer texture preservation and
spike-noise suppression, followed by DSFT-enhanced vertical con-
straint matching and texture optimization for reconstruction. Since
spike cameras inherently lack colors, the reconstructed panoramic
images remain monochromatic. To incorporate color information,
we employ a side-by-side conventional color camera that captures
a single color frame instantaneously. This color guidance is subse-
quently integrated through a fine-tuned image editing model. To
train and validate practicality, a comprehensive dataset including
synthetic and real-world spikes is presented. Experimental results
demonstrate that our method generates high-quality panoramic
HDR color images in fast-rotating scenes.
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1 Introduction
Panoramic image reconstruction aims to capture and representing a
wide field of view (FOV) in a single seamless image. From traditional
geometric transformation models [29, 35, 48] to recent data-driven
learning methods [23, 38], panoramic image reconstruction with a
single camera is extensively addressed in general low-speed scenes.
However, as illustrated in Fig. 1 (a), due to limitations in shut-
ter speed and dynamic range, conventional digital cameras often
fail to capture blur-free and high-dynamic-range (HDR) images
during fast rotation, making it difficult to reconstruct the desired
panoramic image. Although multi-exposure approaches [11, 36]
are proposed to address the HDR limitation, the limited frame rate
makes them still ineffective in fast-rotating scenes, e.g. , 180◦ per
second.

In recent years, spike cameras [5, 16, 19] have demonstrated
significant potential for high-speed applications. Unlike conven-
tional frame-based high-speed cameras, spike cameras capture the
scenes at sampling rates over 20,000 Hz while reading out data
in a compact single-bit representation (shown in Fig. 1 (b)). In ad-
dition, to maximize the perception of incoming light, most spike
cameras are designed in a monochromatic manner, which provides
a high dynamic range (≥100 dB) [5], making them highly effective
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Figure 1: Panoramic HDR color image reconstruction in fast-rotating scenes (180 � per second). (a) Conventional digital cameras
fail to produce consistent HDR panoramas, resulting in motion blurs (red boxes) and overexposure (yellow boxes). (b) Panoramic
HDR monochromatic images from pure spikes. (c) Colorization by �netuning an image-editing model [ 42] the side-by-side
color image as visual prompt.

for recovering �ne details that are often lost in conventional color
frames [16]. Therefore, with the high temporal resolution and high
dynamic range, the spike camera holds signi�cant advantages for
image reconstruction in fast-rotating scenes.

However, achieving panoramic HDR reconstruction from spikes
is inherently non-trivial and cannot be treated as a direct extrap-
olation of existing spike-based methods [45, 49, 50, 55]. The fast
rotation induces complex spatiotemporal overlaps, where cumula-
tive geometric errors and inherent spike noise lead to misalignment
between disparate viewpoints. Furthermore, the sheer volume of re-
constructed images necessitated by the high sampling rate imposes
a prohibitive computational overhead, creating a signi�cant bot-
tleneck for large-scale panoramic reconstruction. To address these
challenges, We �rst reconstruct images using texture from window
(TFW) [55] from spikes. Since TFW may introduce motion blur, we
adopt di�erential spike �ring time (DSFT) [53] to provides �ner tex-
ture details. Consequently, we design a strategy that incorporates
DSFT-enhanced vertical constraint matching and texture optimiza-
tion for reconstruction. Subsequently, we leverage DSFT to provide
denser correspondences and vertical geometric constraints for re-
moving misalignments. The aligned images are then seamlessly
integrated through linear projection weighting combined with joint
bilateral �ltering. This approach achieves texture enhancement and
facilitate panoramic HDR image reconstruction.

Therefore, as shown in Fig. 1 (b), the temporally dense spikes
obtained during fast camera rotation are fully exploited to recon-
struct the panoramic HDR image. However, since the spike camera
is designed in a monochromatic manner, the output lacks color
information. To address this, as shown in Fig. 1 (c), we introduce
a conventional color camera positioned side-by-side to capture a
single color frame as a visual prompt for panoramic colorization.
Unlike the existing hybrid architecture [5] that relies on a beam split-
ter and spatiotemporal alignment, our simpli�ed hardware setup

eliminates these constraints by leveraging the strong generative
priors of large vision-language models. Speci�cally, we �ne-tune
an image-editing model [42] to perform panoramic colorization,
where the color frame serves as a prompt rather than a pixel-wise
reference, thus enabling robust color recovery without spatial align-
ment. Furthermore, recognizing the lack of training data tailored
for our unique con�guration, we create a comprehensive synthetic
dataset for HDR panoramic reconstruction in fast-rotating scenes.
To further validate the practicality in real-world scenes, we also
collect real-world data using our side-by-side camera system. Each
spike sequence is paired with a high-resolution color image that
serves as the visual prompt. Our contributions can be summarized
as:

� a side-by-side hybrid camera system for reconstructing
panoramic HDR color images without the need of spatial
and temporal alignment;

� a spike-based panoramic reconstruction method and a col-
orization module based on a �ne-tuned multimodal large
language model for panoramic HDR color image reconstruc-
tion; and

� a comprehensive dataset contains synthetic and real-world
spikes, supporting HDR panoramic reconstruction, coloriza-
tion, and fast-rotating scene synthesis.

2 Related work
Panoramic image with conventional cameras. Panoramic im-
age reconstruction with a single camera typically estimates geo-
metric transformations to align sequential images into a seamless
panorama. Early methods rely on a global homography [2], while
later approaches adopt more �exible local transformations [10, 24,
47] to better handle parallax. Zhang et al. [48] further extend the
mesh-based APAP framework [47] by introducing scale-preserving
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Figure 2: Spike generation. We present single-bit spike data
and the reconstructed images produced by the texture from
window (TFW) methods ( " = 5 and " = 100) and the DSFT-
based method. The orange boxes indicate motion blur.

constraints for more natural panoramic reconstruction. For image
blending, weighted averaging [44] is followed by gradient-domain
techniques [13, 22] to improve visual consistency. Recent advances
in deep learning have introduced supervised [12, 30], weakly super-
vised [38], and unsupervised [20, 31, 32] paradigms, substantially
improving stitching quality. Building upon this trend, Liang et
al. [23] extend the parallax-tolerant approach to reconstruct wide-
�eld panoramas. However, experimental evidence [33] and other
studies [39] suggest that traditional stitching algorithms, due to the
robust priors from feature-based detection, remain more e�ective
for cross-scene and panoramic stitching.
Image reconstruction with spikes. Reconstructing images from
spikes typically relies on the imaging model of spike cameras [9, 19,
51, 52]. Early methods reconstruct textures by accumulating spikes
within a temporal window or estimating inter-spike intervals [54,
55], but su�er from severe noise due to limited photon counts.
To improve reconstruction quality, Chang et al. [4] enhance the
signal-to-noise ratio via a rolling mixed-bit acquisition scheme,
while Zhao et al. propose Spk2ImgNet [49], a hierarchical network
for progressive spike fusion. However, reconstructing HDR images
from spikes remains challenging as the single-bit data is insu�cient
to cover the high dynamic range of real-world scenes. Chang et
al. [5] propose a hybrid spike-RGB camera system that performs
spatial alignment and frame interpolation simultaneously. However,
this hybrid system demands precise synchronization and optical
alignment, and the additional space required by the beam splitter
complicates the design of compact devices.
Image colorization with guided information. Guided image
colorization exploits external cues, including user-provided color
hints [43,46], reference images [1,17,40], and text descriptions [27],
to produce controllable and semantically consistent results. More
recently, large generative models have further advanced language-
guided colorization and editing [6, 7, 41, 42]. Unlike these methods,
our approach leverages localized color information for panoramic
image colorization, preserving global style consistency and realism
without explicit spatial correspondence estimation.

3 Preliminaries
In this section, we introduce the spike imaging model and discuss
the trade-o� between HDR and sharpness.
HDR reconstruction from spikes. Each pixel in a spike camera
continuously integrates photogenerated electrons until reaching a

prede�ned threshold. During integration, while the accumulated
charge remains below this threshold, the readout circuit samples
a pixel value of 0 at each sampling instant. Once the accumulated
electrons exceed the threshold, a spike (encoded as 1) is �red and
the charge reservoir is reset to 0. The output of the pixel is

( ¹Cº =

(
1• �2¹Cº � � th•

0• otherwise•
(1)

where� 2¹Cºand� th denote the accumulated charge and the preset
threshold, respectively. An image can be reconstructed by integrat-
ing spikes over a time window ,C:

� ¹, Cº =
" �1Õ

8=0

( ¹C ¸ 8gº • (2)

whereg is the sampling interval and, C = " �g is the window length.
As demonstrated by Chang et al. [3, 4], increasing" in static scenes
helps expand the dynamic range, even when the input data remains
in single-bit form. The high temporal density of spike cameras en-
sures that even a single-second recording provides su�ciently large
" for reconstruction. For more general dynamic scenes with rapid
camera rotation, we compute dense motion �elds from spikes to
achieve spatial alignment of textures, thereby enabling the selection
of a large" for panoramic reconstruction. Consequently, during
camera rotation, all captured spikes are e�ectively utilized for our
task.
Trade-o� between HDR and sharpness. Since spike data con-
tains inherent noise, achieving pixel-level precision in spatial align-
ment remains challenging, which compromises image sharpness
when using large values of" . The DSFT [53] overcomes the con-
straints imposed by the temporal window" and preserves �ne
texture details. We denote DSFT as� ¹Cº, which is computed as
follows:

� ¹Cº = minf) ¸ ¹Cº � ) � ¹Cº•,maxg•1 (3)

where) ¸ ¹Cºand) � ¹Cºrepresent the nearest spike timestamps
before and after timeC, respectively, and, max de�nes the maximum
search range to prevent unbounded searching when no spike is
triggered. As shown in Fig. 2, using a short integration window
(small" ) leads to noticeable noise in the reconstructions, while a
long integration window (large" ) causes temporal aggregation
that results in signi�cant motion blur (orange boxes). The DSFT
method preserves �ne-grained texture details.

4 Method
Pipeline overview. We propose a framework for reconstruct-
ing panoramic HDR color images using a monochromatic spike
camera and a reference color image as visual guidance. As illus-
trated in Fig. 3, the captured spike stream is �rst reconstructed
into HDR images and then geometrically aligned to generate a
panoramic HDR image through adaptive image registration and
texture-aware blending. Finally, an image editing model [42] �ne-
tuned with LoRA [18] leverages the reference color image as a
visual prompt to perform generative colorization without explicit
spatial alignment, producing the �nal panoramic HDR color image.

1Images generated by the DSFT formula are inverted, so their reciprocals are displayed.
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