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Abstract: With the rapid development of neuromorphic vision sensors, spike cameras have emerged as a promising para-
digm for continuous-time visual perception. Unlike conventional frame-based cameras that sample scenes at fixed frame
rates, spike cameras encode luminance variations as asynchronous binary spike streams triggered by intensity accumulation
at each pixel. This sensing mechanism changes the way visual information is acquired and represented. Instead of produc-
ing discrete image frames, spike cameras generate continuous spike events that directly reflect temporal changes in scene
intensity. As a result, spike cameras provide several unique advantages, including extremely high temporal resolution,
wide dynamic range, low motion blur, and sparse event-driven representations. These properties make spike cameras par-
ticularly suitable for challenging visual environments such as high-speed motion analysis, extreme illumination conditions,
and subtle temporal change detection, where traditional imaging systems often encounter limitations. Spike vision also
introduces new challenges for visual computing. The statistical characteristics and data structures of spike streams differ
significantly from those of conventional images or videos. Spike cameras produce sparse binary spike sequences in continu-
ous time rather than dense intensity frames. Many established computer vision algorithms therefore cannot be directly
applied to spike data without modification. Effective processing of spike streams requires new modeling strategies that
explicitly consider the temporal dynamics and sparsity of the signals. This survey reviews recent progress in spike vision
research from the perspective of hierarchical modeling of continuous-time spike representations. Existing methods are orga-
nized into several levels reflecting the progressive expansion of spike vision capabilities, ranging from signal modeling and
reconstruction to semantic perception and system deployment. At the lowest level, physically consistent modeling of spike
generation and sensor noise provides a foundation for understanding spike data statistics. Studies in this direction analyze
pixel triggering mechanisms, noise characteristics, and spike accumulation processes, forming the basis for reliable signal
processing and algorithm design. Low-level visual reconstruction methods aim to recover stable visual signals from spike
streams. Representative tasks include intensity reconstruction, high dynamic range (HDR) imaging, motion deblurring,
super-resolution, and low-light enhancement. These approaches convert spike sequences into interpretable intensity repre-
sentations while preserving the temporal information contained in the spike data. The next level focuses on spatiotemporal
modeling. The continuous-time nature of spike streams enables joint modeling of spatial structure and temporal motion.
Research in this area addresses problems such as optical flow estimation, motion segmentation, and dynamic scene analy-
sis. Compared with frame-based methods, spike-based models provide improved temporal fidelity in fast motion scenarios.
At the semantic perception level, spike representations are increasingly applied to tasks such as object detection, recogni-
tion, and multi-object tracking. Continuous spike streams are integrated with deep neural networks, transformer architec-
tures, or spiking neural networks (SNNs) to perform higher-level visual reasoning. These methods exploit the temporal
sparsity of spike data while maintaining low-latency processing. Spike cameras have also been introduced into three-
dimensional scene modeling. Recent studies combine spike streams with neural implicit representations to reconstruct
static or dynamic 3D scenes. Continuous spike measurements provide detailed temporal information that can benefit
dynamic scene reconstruction and neural rendering. System-level considerations play an important role in practical spike
vision deployment. Evaluation of spike-based methods involves not only accuracy but also system metrics such as latency,
throughput, and energy consumption. These metrics become particularly important in real-time perception systems and
edge computing scenarios. Progress in spike vision has also been supported by the development of datasets, simulation
tools, and open-source platforms. Because collecting spike camera data can be costly, spike simulators are widely used for
algorithm development and validation. Simulation methods attempt to reproduce sensor physics and temporal spike genera-
tion processes. Public datasets ‘and benchmarking protocols further support reproducible research. The SpikeCV platform
provides a unified open=source framework for spike vision research. It integrates datasets, algorithm implementations,
hardware interfaces, and evaluation tools, allowing researchers to rapidly prototype and evaluate spike-based algorithms.
The platform has helped facilitate collaborative development and reproducible experiments within the community. Research
activity in spike vision has grown rapidly in recent years. Publications, open-source resources, and benchmark datasets

have increased steadily. Two international competitions organized in 2025 attracted broad participation from academic insti-
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tutions and industry teams. These competitions encouraged standardized task definitions and stimulated methodological
progress in the field. However, continuous-time representation learning for spike streams is still an active area of research.
Large-scale self-supervised learning for spike data remains largely unexplored. Multimodal fusion with complementary sen-
sors introduces additional challenges in temporal alignment and noise modeling. System-level optimization involving
latency, throughput, and energy consumption also requires further investigation. Hardware—algorithm co-design with neu-
romorphic processors may provide new opportunities for efficient spike-based computation. Spike vision represents an
emerging direction that reconsiders visual perception from a continuous-time perspective. Advances in sensor technology,
representation learning, and system integration are gradually forming a new framework for visual computing. Continued
progress in spike-based sensing, modeling, and deployment may enable high-speed, energy-efficient visual intelligence for
future perception systems. Taken together, this survey provides a structured overview of spike vision research from the per-
spectives of sensing principles, representation modeling, perception algorithms, and system-level infrastructure. By orga-
nizing existing studies within a hierarchical framework of continuous-time spike representations, the survey highlights how
spike vision methods evolve from low-level signal reconstruction to high-level semantic perception and three-dimensional
scene understanding. The discussion of datasets, simulators, evaluation protocols, and open-source platforms further
reflects the growing research ecosystem surrounding spike-based vision. Through this synthesis, we aim to clarify the rela-
tionships among different research directions, summarize the current development status of the field, and provide a refer-
ence for future work on continuous-time visual computing and neuromorphic perception systems.

Key words: SpikeCV; spike vision; continuous-time representation; neuromorphic vision; high-speed motion; spatiotem-

poral modeling; open-source ecosystem
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Table 1 Representation hierarchy of spike vision research and representative works
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Fig. 2 Collaborative imaging system composed of a spike cam-

era and an event camera (Zhu et al. , 2021).
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Fig. 3  Spatio-temporal coupling between spike intensity and

optical flow
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Table 2 Comparison of spike—camera—based online multi-object tracking frameworks
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Fig. 6  Classification of spike simulators used in spike vision

research
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Fig. 7 SpikeCV platform and workflow for spike vision research. The left part illustrates the SpikeCV ecosystem, and the right part

shows the typical processing pipeline. (Modified from Zheng et al. , 2026)

8.1 SpikeCVEEET R

AR ke ST B R G A R R L KA
Z ARG BAL B4 [ E NI E T 2022 4R HEN T
SpikeCV FFIEE& (Zheng 55 ,2026) . Z V& BHEN

ok b AL T 5 S (MRS Al A BRI T e B B
B — A T AR [T BE R e 5 —HEZR T T
JRE LRSS BT A

SpikeCV ¥ HH A T Z %0 I RERL IR , 45

B

© [ B R VT 2R A A



BHE, BE, Kk, NEM, EHRE
SpikeCV Bkl S R34 : LR Bk RV ERERS Rt R

LA €10y | SRS TR €/ =B N I = R 287N
Y255 IR AR A K G5 — I T 5L 45, AT 8 25
8T kbl e vk & 5 S S B T TR . A AR
HEALHE 11 W5 3 0] LAZE [R)—F & B R R R
A8 A DL K PN AR A , SE LS AT 55 RS Bk 1Y
Gi— A,

WK 7 7, SpikeCV -5 5 FEF4 HE—1~ 11 7] ik
LE R RS RS, P HIEN S — T HAeE
K Bk vpAEBL S5 5 N T K e ok ZERIE SR
H GG R Z AV ST ol SR AR v AL i %
U8 SR L R B4 11 5 T2, SpikeCV fHi A
535 A% TN 4 1 T JR Ik o R B A S 9, I [
TR BHMAGEI KT 72/t -,
SpikeCV SR JEM AL ShR Ly T HAK R . &
it ERAE T 55— AR A BRI Bk
A A2 ST A A R A B R —RE R T R
[ AFFEAT 55 BESAE 58— B85 T EAT 0T & Sk, W)
i, 5 8 SRS A AR A B S R Ge i O R S
T REAS 0T 25 5 D\ B 28 B 00 UE o U B B Y
SN

TELLIERE I, SpikeCV AMUAE A FE L TF & T H.,
WY T — A1 1] ok e AF 5 10 4L X 15
A I RS A SR SR e AR TR
[ B 5 141 B 22 8] B M 5 e DR L= IR sl ik o 4
WA MW —FIEI I L & R — P o
A EEIRZ N, SR T 2R ISR H R
SR AE AR - BRI E — A A 1S B e A 4
F s EFR 20, T G UCRIF S T 23 SR ik vp
VAT S5 A SR AR L R A DR R
it DA K H ARG 5 R S5 AT 55 LA TE R 802
Ifil , SpikeCV i $2 41 T 187 [ Bk woAH ML 1% 2% 15 #2202
BI04 1 SCH, N m 5L bR RGE A E R
HET IR S

3 Ao 3K A 1) PR [) A H L SpikeCV 2 W IE 1K
TR IR R SR R G S — 5T
T HEE . HH,SpikeCV F- & ©1E Openl Ji 7 FF it
X IRk iy, Uk B R e o 15
TR I B8 BB B 65 AT S ik o
5 BF 5 A X3 Ik T 22 A S il 32 ¥ (Zheng 5%
2022b).

8.2 E T SpikeCV HIELBIFF XA IE

G — T RN IR T R E AT

SpikeCV PRI#F £ 52 4 1) BK s L WFFE AR o AR
A Jik i RS A R IO B P o B BRI T — AR
AR B A Ak P55 SR T A TR, L 8 7 o

TE B AR IR B, Bk e 580 T ok 81 15 Bk
MARALR AR , A AT DU i Bk i A4 2 A A% 58 IRUR B
P B B S 0 i 45— 1Y SpikeStream X4k
R AT L, JF i — D bR AL B R AR . B
TF R B B, W mT LAA A 6 42 4 A Ko di 1 i
B VNGRIA DL S ARE ARSI T2 Wkt A7 45
HEUE. 2 il e —PE R bR BRI i AR
AL A R R e 2 T 55 BRI T R4
HeAs o

T % T EA4E , SpikeCV V- &5 $2 44t T 2 Fp i 71
f18y it 38) di A0F 58 Y A AR L S B RIS A bR A B S
IEIF A il (1) kb i—iz 3R A T
—E R MR E R il i PO rh R P B RS £ R
flirt s b OGI SR B2 15 B, 455 Transformer 55
2 I 45 R A 2 I vy 37 BT B e R
151 4 v 20 285 0 D PR A i 2 R 45 5 (2) Bk e — B
ZS FRAEAl TH—8 B RALSEAE 557 « 1 He MUk i A
LR AE BB I A I 23 R AE , AT S5 B g AR 5
155 Bl B BRI UM SR B 5 (3) Bk ii—=
BRI RER T 2 R B ik
T A5 (1 i 22 e g = AT A U7 vk, DI 2 K e il o
MK S5 45 0 IF ik — L S LA & M. X
7R 5]t A A K e v S T R SRt T AT A Y S
B AE SR, [W] AR T AN [ BIF 5 5 v 2 ) 2
FeAL .
8.3 AHMREHESHERAS

I Tk T HAe% 2 b, SpikeCV ~F 5 14 i i FF
HCEHE S FE FEHLHHE ST AL X A B R A i o 4R
R, BEA DK AR BILAE R B2 2 | ey 280 B L K S %
O B Hh 1) O 55320 7 0 B, IOk R 5 A A E AE TR
I R, i T kb EuE R s e LS R KR
FEAEA T 22 5, A LD 3301 5 PP ek L B e
i T BB A T ORI Py
WA I B R - 3 BN HE Sl AU Je i) G B

SR A ik 0 AR A I, SpikeCV - & 7 [H
PrefeR ol B R T 00T iCE 385 SR HE T
% Fln, 7E E R T8 e KA 21 (International
Joint Conference on Artificial Intelligence, IJCAI)

2025 265 —J@ SpikeCV 3w ZEW 5] T3k [H 4

19

© h[E KR KL AR



20

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Bk 96 LB 200 RA T H S, SIRBALE &
30 B e FRHIFRILAS LA K Aol AT BA - B 725 /U
i [ IR 5 TS HLALSE 27 R 221 (The 8th Chi-
nese Conference on Pattern Recognition and Computer
Vision, PRCV 2025) F28 0 (955 —Jm 5a 28 o, AL f
38 BN 100 RA W HE S5, SFBAkA 22
Fr e 3 ZRRHIEHLAG LA K 4 G4 AT BN . 7 5
T LB 28I, fff SpikeCV B W IR — L5 K
JB& Oy V4 R K RHITAILAG 55 7 e AT B T B BIF 5
FEIX

SpikeCV - 5 Fe A 56 i B I vk S BN 5
FfF B B Wl 2 kA 5 4E 5 (Zheng 55,
2023) . %Ml ARE RS IS A TR DL
SEFRALH 0254, SpikeCV B WL K, T HEAHFAE
BRBRSEE TR IR SRGE . 2100, ko
PAEAHSCHFFE R CTE 2D B A TR A 511
s 2x BRI ) B 3. ik sk R WY, ik L o
WHFEIEAE A NIRRT BUR N B T2 K1k
JERYHT BT TT 18]

BVRTTE , SpikeCV - 13 J& /R T bk i L5 F 52
TEAE SRR R B B, B A 1] A 52 S50 Ak
Bl 5 TP AR S R G I BT B, i e —
T HAE TP HCEE PTIR L R At XSE ML %7 5
Jok i A 5 B O 5 5 SR ) 2 R ST T A
B2 A AR IR R S P T S 4%

9 HESREHETME

WA 8 Jr 7R, Tk i 5 18 R ok & Jé IEAE th 2245

-
AN
BT RBEAES

ERiEn R

TN

g SR

T &eiEn A
| s B

off

K8 kb BLSE AR M T A s T

Fig. 8 Future ecosystem of spike vision research

Sl

fRRER A LS L MRS RS R D R Z
RSB 5t U IRl SR 3o AR AT A% GE it R o
PR L EBHRIE S B S R LM Z
HA W25 . A AR AR DGR 5 N I PR ™
Jre AT BEE— 20 ST OB | 5 37 S R
F A ARG —RAE K 57 ) SRS
PE R GG AL LA K AR 0 FH 4 D T W I 2R 4
MITEIR R . TS T OB PR A S H B TE oY
07 ) AT 4
9.1 EZERERIEGE—

UA 5 A BRI () 98 PR X ik vt 164 7 1
A TEE R FE SE T, PR S 3] 1Y R AR AL
FR X 4% 5% Transformer %5 #% 7 (Zhao 5 , 2022b; Zhao
45 ,2024b; Zhao 55 ,2026) . X B HIAL AL PRAE T2
S8 Sy F o I (S0 N B 55 A N 61 g
2%, LR BRI 55 bk sfoRE AL 37 S R AT i 2] sk ny A
P, KRR — AT I7 ISR ER TG T 14 SE ] [A] A
JT (R 58— RAE 555 Bt 9] G 35 T I [ B 1 ad 25
WA P o3 Oy RS RS 25 Al AY ) K ]
T o3 14 322 252 N ] 8 385 60 AL 45 , (A AL BB A% 7
AN ] 502 HsF [] 260 155 100 b AN ] R R AN ] is
AR A o [RII, GE— RAE L W 225 85 4T 55 7]
A, B T]— 28 i LI 8] 2 s A YRR % S AR
YR, W RE B IR 55 T e )2 1 SCHRAR: , T HAS T i
RISy — PR,
9.2 AMEEXHESEKERS

ok AR LB 1Y R 4R SR TE A B B
TFSAAE G BT R A BR  IX A A DI iE A e
ANIBRE S Fad G IR RS s b R B
ZALRE AN IR B IR, R R 5 B i — 20 4 Bl AR
L kB SR 7 o I IR AR i
SN PR  JFTE RS 15 A8 [F) 26 AR ML LA
SRS X7 T8 A T Ge— bl , DA AT L
B IEAETEI S T A S . S ERE, A S
55 W 22 A — 2P OCTE . TR ES AR S — 2
PE A s ] —F0PE DL Sk AR L3 24 R 3 )]
A5 T AE 595 1 5L 28 TohR R S F 2% > R fi
FAE o AT Y H A A JEs FH Tk e i o 1) R
BTN i A 2 | (AR Y HL 45 B i 1) 1T 7% BB ) MBS AT:
FzALRET)
9.3 ZESMRESHFEEMY

EZ RS nzINCIP Yl SULE R I S 15 | v

© [ B R VT 2R A A



BHE, BE, Kk, NEM, EHRE
SpikeCV Bkl S R34 : LR Bk RV ERERS Rt R

— EF SR 2E TR A R A R L B e RT3
(Zhang %% ,2024b) . SZFR 240 O [n) 2506 45 5[]
[ iR 2 2 M ANSERS 22 SR 5 | e 1 B A A
A3, DL RS RV B R 75 e 1 22 S 5 3 il T
B AR AT Ay TR L, & R 5
(14 B 23 A T 5 AN A Pk A 8 X S iR 25 A A AT A
TR RIS 0 = R ) S 25 T
BRI RA LS, F1ANG ] ATT 24 5] BN S EAR E JR)
P — Bk 07 R B 53 )2 Rl SR, (i R S AE R SRR 5
L RERE R BAME 8 o BLAk, % 55 S
A W5 ZELE DI 2 T e 0 R e, TS AN SGH ) e &
AT 554 2 TR 42 S
9.4 ZRGHEREIHINE XML

A T3 15 (R DA AN Iz AN A B A o A Jo e
55K B B Nt — D AR RE Frik e 5 A6k
R GARR , U AR S U I G A SR
il 5% (Zha 55 ,2022) 0 YRGS HF5EAT DL B 26
KRN FE B, B R thrdd D KB PR G
71 B R O 28 52 % J3E ek ity 381 i s 42 5 9% 63 B 119 5%
M, AR ATHRR“ RGHRARIKSN " A DLk,
LS URINEA W NG WA (AN ey K BT - S R e 2L
AN Gk B ARS8 R 7 5 7R & e sh At
= NN NCI PSAE B ANG -2 S & By A 21N i R 2ee A LU R 1]
ST S — 1 v 3] O R A, T L ST Ml S R SE AR 5
SRR A
9.5 MWESEEhEEIT

ik wORE AL A 1 15 132 1 ML) MR 7 AR DL R
15 25 1 4 —SCPE 2 B W Bk TR (5 BB
Ao AN RATAE [ 6 - b bR AT S Ab B BT
Tt B AR B B AT T R B R A A . Aok
BRI IEE — U R B T — T T, A N
2l AR K op A AL 5 28 A M 7S, O SRR EE XA
() S 7 S A E T o) — 5 T AR T 5
&R T U AR T A i A R S A £ (A
o ] AR (R G B R ) B[] A X D R ]
RO LR A e | ARG B AL 7 40 . pIm]
BT A SR T 37 AT Al o0 5 AT 27 27 A A A QAR
R (RS E RS LA 55 Bbn 5 R G R T Bk
aiit.
9.6 HEEARRFEHMBEMERKME

YT ZHK L S AR5 B AR TE R PRI By
B, B o ml R ORG FE AR i SRMTE R

SPRRE A S Bl LS A5 AR O
SERAEAE 2 EARHE AT PR 5 F I P 3 SR
ZE ] BEBOR WS HOR , o R] RER R 58 8 1A Wl
I, AR SR DA P B 28 GE AL A R A7 LK nh 5 5
U5 R R — BN — DR S M I ] IR AR A T A
BN, AT LT 55 sS4 U AR e 1 | 4 A 2 A
HREERG R FARE LA AR, HES P& 2 A&
R PR SR br it — B R B R G R AR AR [F]
I JK e R RTL R AR A2 A P DAy DR P A 47 il B A3 17
RO, X AN 2 N5 BB G5 B
A EVE Sy FHE L PR O R S AN
PEAT 8 1 T e 2R, RO 75 B RE S o Hh T {5
JEAR R, IS4 IRURS: SR A DR SR R

ST K AL Y R SR i JE AN L ASC B Sy
He— KRB ANERE R FFLE O , 00 SN A — A
Pl FRAE S0 RSB A R () ik A8 T 5 A
o RAEELN E G —RAE KRR 55 )
W RS E R GRS LA LK AR ]
2577 I F PR S , Mok i 5 A A BN 4 i 9 3
SBITFETT ) — 2 e JR DAy i i) B A R A R AT 55 Y
LI A A TS

£ 3% 37k (References)

Bergen J R, Adelson E H. 1991. The plenoptic function and the ele-
ments of early vision..Computational Models of Visual Processing, 1
(8): 3-20 [ DOI: 10.7551/mitpress/2002.003.0004 ]

Bernardin K, Stiefelhagen R. 2008. Evaluating multiple object tracking
performance: the clear mot metrics. EURASIP Journal on Image
and Video Processing, 2008 (1) : 246309 [DOI: 10.1155/2008/
246309

Bi G Q and Poo M M. 1998. Synaptic modifications in cultured hippo-
campal neurons: dependence on spike timing, synaptic strength,
and postsynaplic cell type. Journal of Neuroscience, 18 (24) :
10464-10472 [ DOT: 10.1523/JNEUROSCI.18-24-10464.1998 |

Bub G, Tecza M, Helmes M, Lee P and Kohl P. 2010. Temporal pixel
multiplexing for simultaneous high-speed, high-resolution imaging.
Nature Methods, 7(3): 209-211 [DOI: 10.1038/nmeth.1429 |

Chamberlain S G. 2003. Photosensitivity and scanning of silicon image
detector arrays. IEEE Journal of Solid-State Circuits, 4(6) : 333-
342 [DOI: 10.1109/JSSC.1969.1050032

Chang Y K, Xiaokaiti Y, Liu Y J, Fan B, Huang Z J, Huang T J and
Shi B X. 2024. Towards HDR and HFR video from rolling-mixed-
bit spikings//Proceedings of IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Seattle: IEEE: 25117-25127

21

© h[E KR KL AR



22

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

[DOI: 10.1109/CVPR52733.2024.02373 |

Chen S'Y, Zhang J Y, Zheng Y J, Huang T J and Yu Z F. 2023.
Enhancing motion deblurring in high-speed scenes with spike
streams//Proceedings of the Advances in Neural Information Pro-
cessing Systems. New Orleans: Curran Associates Inc.: 1-14

Chen K, Chen SY, Zhang ] Y, Zhang B'Y, Zheng Y J, Huang T'J and
Yu Z F. 2024. Spikereveal: Unlocking temporal sequences from
real blurry inputs with spike streams. Advances in Neural Informa-
tion Processing Systems,37: 1-14

Chen K, Zhang J] Y, Hao Z C, Zheng Y J, Huang T J and Yu Z F.
2025. USP-Gaussian: Unifying.Spike-based Image Reconstruction,
Pose Correction and Gaussian Splatting//Proceedings of Computer
Vision and Pattern Recognition Conference. Nashville: IEEE:
16609-16618

Cordts M, Omran M, Ramos S, Ramos S, Rehfeld T, Enzweiler M,
Benenson R, et al. 2016. The cityscapes dataset for semantic urban
scene understanding//Proceedings of the IEEE/CVF conference on
computer vision and pattern recognition. Las Vegas: IEEE: 3213-
3223 [DOI: 10.1109/CVPR.2016.350 |

Dai' G L, Wang Z Y, Xu Q W, Lu M, Chen W, Shi B X, Zhang S H
and Huang T J. 2024. Spikenvs: Enhancing novel view synthesis
from blurry images via spike camera[ EB/OL].[2024-4-10].
https://arxiv.org/abs/2404.06710

Dong S W, Huang T J, Tian Y H. 2017. Spike Camera and Its Coding
Methods// Proceedings of the Data Compression Conference. Snow-
bird: IEEE: 437-437 [10.1109/DCC.2017.69 ]

Dong Y C, Zhao J, Xiong R Q, Huang T J. 2022. High-speed scene
reconstruction from low-light spike streams//Proceedings of IEEE
International Conference on Visual Communications and Image Pro-
cessing: IEEE: 1-5 [DOI: 10.1109/VCIP56404.2022.10008850 ]

Dong Y C, Xiong R Q, Zhao J, Zhang J, Fan X P, Zhu S Y and Huang
T J. 2024a. Joint demosaicing and denoising for spike camera//Pro-
ceedings of AAAI Conference on Artificial Intelligence. Vancou-
ver: IEEE: 1582-1590 [ DOI: 10.1609/aaai.v38i2.27924 ]

Dong Y C, Xiong R Q, Zhao J, Zhang J, Fan X P, Zhu S Y and Huang
T J. 2024b. Learning a deep demosaicing network for spike camera
with color filter array. IEEE Transactions on Image Processing,33:
3634-3647 [ DOI: 10.1109/T1P.2024.3403050 ]

Dong Y C, Xiong R Q; Zhang J, YuZ F, Fan X P, Zhu S'Y and Huang
T J. 2024c. Super-Resolution Reconstruction from Bayer-Pattern
Spike Streams//Proceedings of IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Seattle: IEEE: 24871-24880
[DOI: 10.1109/CVPR52733.2024.02349 ]

Dong Y C, Xiong R Q, Fan X P, Zhu S'Y, Wang J and Huang T J.
2025a. Dynamic scene reconstruction for color spike camera via
zero-shot learning. IEEE Transactions on Computational Imaging,
11: 120-141 [DOI: 10.1109/TC1.2025.3527156 ]

Dong Y C, Xiong R Q, Fan X P, Yu Z F, Tian Y H and Huang T J.

2025b. Self-Supervised Learning for Color Spike Camera Recon-

struction//Proceedings of Computer Vision and Pattern Recognition
Conference. Nashville: IEEE: 6231-6240

Ester M R, Kriegel H S, Sander J-O, Xu X W and others. 1996. A
density-based algorithm for discovering clusters in large spatial
databases with noise//Proceedings of International Conference on
Knowledge Discovery and Data Mining. Portland: 226-231
[DOI: 10.5555/3001460.3001507 |

Fan B, Yin J Y, Dai Y C, Xu C, Huang T J, Shi B X. 2024. Spatio-
temporal interactive learning for efficient image reconstruction of
spiking cameras// Proceedings of the Advances in Neural Informa-
tion Processing Systems, Vancouver: Curran Associates Inc.:
21401-21427

Fang S K, Shen I, Igarashi T K, Wang Y I, Wang Z S, Yang Y, Ding
W R, Zhou S C and others. 2025. NeRF is a valuable assistant for
3d gaussian splatting//Proceedings of IEEE/CVF International Con-
ference on Computer Vision. Hawaii: IEEE: 26230-26240

GuoYJ,Bai YA, HuLW, LiuMZ, GuoZ Y, Ma L and Huang T J.
2024. Spike-NeRF: Neural radiance field based on spike camera//
Proceedings of 2024 IEEE International Conference on Multimedia
and Expo (ICME). Niagara Falls: : 1-6 [DOI: 10.1109/
ICMES57554.2024.10687382

Guo Y J, Hu L W, Bai Y A, Yao ] W, Ma L and Huang T J. 2025.
SpikeGS: Reconstruct 3d scene via fast-moving bio-inspired sen-
sors//Proceedings of AAAI Conference on Artificial Intelligence.
Philadelphia: AAAI: 3293-3301 [DOI: 10.1609/aaai. v39i3.
32340]

Hu L W, Ding Z L, Liu M Z, Ma L, Huang T J. 2024. Learning to
Robustly Reconstruct Dynamic Scenes from Low-Light - Spike
Streams//Proceedings of the European Conference on Computer
Vision. Milan: Springer: 88-105 [DOI: 10.1007/978-3-031-
72643-9_6]

HuLW, LY, LiuMZ, Guo Y J, Xie SH, Ding Z L, Huang T J, Ma
L. 2025. Seeing the Unseen in Low-light Spike Streams [ EB/OL].
[2025-9-27].
https://arxiv.org/ahs/2509.23304

Hu L W, Zhao R, DingZ L, Ma L, Shi B X, Xiong R Q, et al. 2022. //
Proceedings of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition . New Orleans: IEEE: 17844-17853 [DOI:
10.1109/CVPR52688.2022.01732 ]

Huang T J. 2022. Spiking continuous photographing principle and dem-
onstration on ultrahigh speed and high dynamic imaging. Acta Elec-
tronica Sinica,50(12) :2919-2927 (¥4k7% . 2022. ik wi%k Li 5
TR e 2 B A AR IR IE . TR, 50(12) :2919-2927)
[DOI:10.12263/DZXB.20221075

Huang T J, Yu Z F, Li Y, Shi B X, Xiong R Q, Ma L, et al. 2022.
Advances in spike vision. Journal of Image and Graphics, 27(06) :
1823-1839 (B{HRZE, A6 ¢ 2200, Bl 2%, AR S ), Bk, Tk
2022. ik s AL SE RS . o P G PR E 22 40, 27 (06) £ 1823-
1839) [DOI:10. 11834/ jig. 220175

© h[E KR KL AR



BHE, BE, Kk, NEM, EHRE
SpikeCV Bk B 473k : ELM B M RIEMNEREES RENLHE

Huang T J, Zheng Y J, YuZ F, Chen R, Li Y, Xiong R Q, et al. 2023.
1000X faster camera and machine vision with ordinary devices.
Engineering,25: 110-119 [ DOI: 10.1016/j.eng.2022.01.012 ]

Kalman R D. 1960. A new approach to linear filtering and prediction
problems. Journal of Fluids Engineering, 82(1) : 35-45 [DOI: 10.
1115/1.3662552]

Kerbl B R, Kopanas G O, Leimkiihler T H and Drettakis G O. 2023. 3D
Gaussian splatting for real-time radiance field rendering.. ACM
Transactions on Graphics,42(4): 1-14 [DOI: 10.1145/3592433 ]

Kuhn H R. 1955. The Hungarian method for the assignment problem.
Naval Research Logistics Quarterly, 2 (1-2) : 83-97 [DOI: 10.
1002/nav.3800020109 ]

LiJ N, Wang X, Zhu L, LiJ, Huang T J, Tian Y H. 2022. Retinomor-
phic object detection in asynchronous visual streams [ C//Proceed-
ings of the AAAI Conference on Artificial Intelligence. Virtual
Event: AAAIL press: 1332-1340 [DOI: 10.1609/AAAIL V36I2.
20021]

Liu R N, Zhu L, Xiang X J, Wang L Z and Huang H. 2025a. Noise-
Modeled Diffusion Models for Low-Light Spike Image Restoration//
Proceedings of IEEE/CVF International Conference on Computer
Vision. Hawaii: IEEE: 4080-4089

Liu W X, Deng Y, Chen K, Zhong X, Yu Z F and Huang T J. 2025b.
SOTA : Spike-Navigated Optimal TrAnsport Saliency Region Detec-
tion in Composite-bias Videos//Proceedings of International Joint
Conference on  Artificial Montreal :
Kaufmann: 1621-1629 [ DOI: 10.24963/ijcai.2025/181 ]

LiuZ Y, SuQ, Tang L L, Yu Z F and Huang T J. 2025¢. Driving in

Intelligence. Morgan

Spikes: An Entropy-Guided Object Detector for Spike Cameras
[EB/OL].[2025-12-19].
https://arxiv.org/abs/2511.15459.

Maass W. 1997. Networks of spiking neurons: The third generation of
neural network models. Neural Networks, 10 (9) : 1659-1671.
[DOI: 10.1016/S0893-6080(97)00011-7 ]

Mildenhall B, Srinivasan P R, Tancik M T, Barron J N, Ramamoorthi
R V and Ng R. 2020. NeRF: Representing Scenes as Neural Radi-
ance Fields for View Synthesis//Proceedings of European Confer-
ence on Computer Vision. Glasgow: Springer: 405-421 [DOI: 10.
1007/978-3-030-58452-8 24 |

Nayar S K, Ben-Ezra M. 2004. Motion-based motion deblurring. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 26
(6): 689-698 [ DOI: 10.1109/TPAMIL.2004.1 ]

Phlip N. 2017. From Photon to Neuron: Light, Imaging, Vision. New
Jersey: Princeton University Press [ISBN: 978-0-691-17519-5 ]
Sick V. 2013. High speed imaging in fundamental and applied combus-
tion research. Proceedings of the Combustion Institute, 34 (2) :

3509-3530 [ DOI: 10.1016/j.proci.2012.08.012 ]

Sim H, Oh J, Kim M. 2021. XVFi: Extreme video frame interpolation//
Proceedings of the IEEE/CVF International Conference on Com-
puter Vision. Virtual: IEEE: 14469-14478 [DOI: 10.1109/

1CCV48922.2021.01422 ]

Teng M G, Lou HY, Yang Y X, Huang T J and Shi B X. 2024. Hybrid
all-in-focus imaging from neuromorphic focal stack. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence [ DOI:10.1109/
TPAMI.2024.3433607 ]

Tsodyks M S, Pawelzik K L and Markram H R. 1998. Neural networks
with dynamic synapses. Neural computation, 10 (4) : 821-835
[DOI: 10.1162/089976698300017502

Wang Z, Bovik A C, Sheikh H R, Simoncelli E P. 2004. Image quality
assessment: from error visibility to structural similarity. IEEE
Transactions on Image Processing, 13 (4) : 600-612 [DOI: 10.
1109/T1P.2003.819861 ]

Weckler G P. 2003. Operation of p-n junction photodetectors in a photon
flux integrating mode. IEEE Journal of Solid-State Circuits, 2(3) :
65-73 [DOI: 10.1109/JSSC.1967.1049795 |

Xia L J, Zhao J, Xiong R Q, Huang T J. 2023. SVFI: spiking-based
video frame interpolation for high-speed motion//Proceedings of the
35th AAAI Conference on Artificial Intelligence. Washington:
AAAI Press: 2910-2918 [ DOL: 10.1609/AAA1.V3713.25393 ]

Ye Q H, Chang Y Q, Li J I, XuH R, Wang X, Zhang W, Tian Y H
and Peng P X. 2025. Spike4DGS: Towards High-Speed Dynamic
Scene Rendering with 4D Gaussian Splatting via a Spike Camera
Array//Proceedings of The Annual Conference on Neural Informa-
tion Processing Systems. San Diego: Curran Associates Inc.: 1-14

YuJ Z, Peng X, Lu Z D, Kneip L U and Wang Y Q. 2024. Spikegs:
Learning 3d gaussian fields from continuous spike stream//Proceed-
ings of Asian Conference on Computer Vision. Hanoi: : 4280-4298
[DOI: 10.1007/978-981-96-0972-7_10 ]

Zhang J Y, Chen K, Chen S'Y, Zheng Y J, Huang T J and Yu Z F.
2024a. SpikeGS: 3d gaussian splatting from spike streams with
high-speed camera motion//Proceedings of ACM International Con-
ference on Multimedia. Melbourn: ACM: 9194-9203 [DOI: 10.
1145/3664647.3680996 |

Zhang J Y, Chen SY, Zheng Y J, Yu Z I and Huang T J. 2024b. Spike-
guided motion deblurring with unknown modal spatiotemporal align-
ment//Proceedings of IEEE/CVFE Conference on Computer Vision
and Pattern Recognition. Seattle: IEEE: 25047-25057.

Zhang J Y, Chen SY, Zheng Y J, Yu Z F and Huang T J. 2024c. Tran-
sient glimpses: unveiling occluded backgrounds through the spike
camera//Proceedings of AAAI Conference on Artificial Intelligence.
Vancouver: AAAL: 637-645 [DOI: 10.1609/aaai.v38i1.27820 ]

Zhang J Y, Jia S'S, Yu Z F, Huang T J. 2023. Learning temporal-
ordered representation for spike streams based on discrete wavelet
transforms//Proceedings of the /AAAI Conference on Artificial Intel-
ligence. Washington: ~AAAT: 137-147 [DOI: 10.1609/AAAL.
V3711.25085]

Zhang J Y, Tang LL, Yu Z F, Lu ] W, Huang T J. 2022. Spike trans-
former: Monocular depth estimation for spiking camera// Proceed-

ings of the European Conference on Computer Vision. Tel Aviv:

23

© h[E KR L AR AUIT



24

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Springer: 34-52 [DOI: 10.1007/978-3-031-20071-7_3 |

Zhang J Y, Zheng Y J, Yu Z F and Huang T J. 2024c. Spike-Based
Vision for Autonomous Driving Scenarios. Strategic Study of CAE,
26(1): 160-177 (B FF Iz ARTERS , xS, BT . 2024d. T 17
F 3l 25 B g 5k i Bk o g SE RS b B TR AR, 26 (1) - 160-
177) [DOI:10.15302/J-SSCAE-2024.01.012]

Zhang R, Isola P, Efros A A, Shechtman E, Wang O. 2018. The unrea-
sonable effectiveness of deep features as a perceptual metric//Pro-
ceedings of the IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition. Salt Lake City: IEEE: 586-595 [DOI: 10.1109/
CVPR.2018.00068 ]

Zhao J, Xiong R Q and Huang T J. 2020. High-speed motion scene
reconstruction for spike camera via motion aligned filtering//Pro-
ceedings of IEEE International Symposium on Circuits and Sys-
tems. Seville: IEEE: 1-5 [DOI: 10.1109/ISCAS45731.2020.
9181055

Zhao J, Xiong R Q, Liu H F, Zhang J, Huang T J. 2021a. Spk2Img-
Net: Learning to reconstruct dynamic scene from continuous spike
stream//Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Virtual: IEEE: 11996-12005
[DOI: 10.1109/CVPR46437.2021.01182 ]

Zhao J, Xiong R Q, Xie J Y, Shi BX, YuZ F, Gao W and Huang T J.
2021b. Reconstructing Clear Image for High-Speed Motion Scene
With a Retina-Inspired Spike Camera. IEEE Transactions on Com-
putational Imaging,8: 12-27 [DOI: 10.1109/TC1.2021.3136446 |

Zhao J W, Ye J M, Zhang S L, Yu Z F and Huang T J. 2023a. Recogniz-
ing High-Speed Moving Objects with Spike Camera//Proceedings of
the ACM International Conference on Multimedia. Ottawa: ACM:
7657-7665 [ DOI: 10.1145/3581783.361205 ]

Zhao J W, YuZ F, Ma L, Ding Z L, Zhang S L, Tian Y H and Huang
T J. 2022a. Modeling the detection capability of high-speed spiking
cameras//Proceedings of IEEE International Conference on Acous-
tics, Speech and Signal Processing. Singapore: : 4653-4657
[DOI: 10.1109/ICASSP43922.2022.9747018 ]

Zhao ] W, Zhang S L, Ma L, Yu Z F, Huang T J. 2022b. SpikingSIM :
A’ bio-inspired spiking simulator//Proceedings of the IEEE Interna-
tional Symposium on Circuits and Systems. Austin: IEEE: 3003-
3007 [DOI: 10.1109/ISCAS48785.2022.9937811 ]

Zhao J] W, Zhang S L, Yu Z I and Huang T J. 2023b. SpiReco: Fast
and efficient recognition of high-speed moving objects with spike
camera. IEEE Transactions on Circuits and Systems for Video Tech-
nology,34(7) : 5856-5867 [ DOI: 10.1109/TCSVT.2023.3272375]

Zhao R, Xiong R Q, Wang D K, Xuan S Y, Zhang J, Fan X P and
Huang T J. 2026. Spike Camera Optical Flow Estimation Based on
Continuous Spike Streams. IEEE Transactions on Pattern Analysis
and Machine Intelligence [ DOI: 10.1109/TPAMI.2025.3649050 ]

Zhao R, Xiong R Q, Zhang J, YuZ F, Zhu SY, Ma L and Huang T J.
2024a. Spike camera image reconstruction using deep spiking neu-

ral networks. IEEE Transactions on Circuits and Systems for Video

Technology, 34 (6) : 5207-5212 [DOI: 10.1109/TCSVT. 2023.
3326294 ]

Zhao R, Xiong R Q, Zhang J, Zhang X F, Yu Z F and Huang T J.
2024b. Optical flow for spike camera with hierarchical spatial-
temporal spike fusion//Proceedings of AAAI Conference on Artifi-
cial Intelligence. Vancouver: AAAI: 7496-7504 [DOI: 10.1609/
aaai.v38i7.28581 ]

Zhao R, Xiong R Q, Zhao J, Yu Z F, Fan X P and Huang T J. 2022b.
Learning optical flow from continuous spike streams. Advances in
Neural Information Processing Systems, 35: Curran Associates
Inc.: 7905-7920

Zhao R, Xiong R Q, Zhao J, Zhang J, Fan X P, Yu Z F and Huang T J.
2024c. Boosting spike camera image reconstruction from a perspec-
tive of dealing with spike fluctuations//Proceedings of IEEE/CVF
Conference on Computer Vision and Pattern Recognition. Seattle:
IEEE: 24955-24965 [ DOI: 10.1109/CVPR52733.2024.02357 ]

Zheng Y J, Li C E, Zhang J Y, Yu Z F and Huang T J. 2025. SNN-
Tracker: Online high-speed multi-object tracking with spike cam-
era. IEEE Transactions on Pattern Analysis and Machine Intelli-
gence, 48(1): 624 - 638. [DOI: 10.1109/TPAMI.2025.3526828 ]

Zheng Y J, YuZ F, Wang S and Huang T J. 2022a. Spike-based motion
estimation for object tracking through bio-inspired unsupervised
learning. IEEE Transactions on Image Processing, 32: 335 - 349.
[DOI: 10.1109/T1P.2022.3229635 |

Zheng Y J, Zhang J Y, Zhao R, DingJ H, Chen S Y, Wu W J, et al.
2026. SpikeCV: Open a continuous computer vision era. Science
China Information Sciences, 69 (3) : 132106: 1 - 132106: 14
[DOI: 10.1007/511432-023-4565-6 ]

Zheng Y J, Zhao R, Zhang J Y, Ding J H, Chen S T and Huang T J.
SpikeCV open-source framework repository[ EB/OL]. 2022b.
https://openi.pcl.ac.cn/Cordium/SpikeCV

Zheng Y J, Zhao R, Zhang J Y, Ding ] H, Chen S Y and Huang T J.
2023. SpikeCV: An open platform for spike vision research.https://
spikecv.github.io/

Zheng Y J, Zheng L X, Yu Z F, Shi B X, Tian Y H and Huang T J.
2021. High-speed Image Reconstruction through Short-term Plastic-
ity for Spiking Cameras//Proceedings of IEEE/CVF Conference on
Computer Vision and Pattern Recognition. Nashville: IEEE: 6358-
6367 [DOI: 10.1109/CVPR46437.2021.00629 ]

Zhu L, Chen X Z, Wang X and Huang H. 2024a. Finding visual
saliency in continuous spike stream//Proceedings of AAAI Confer-
ence on Artificial Intelligence. Vancouver: AAAI: 7757-7765
[DOI: 10.1609/aaai.v38i7.28610 ]

Zhu L, Dong S W, Huang T J, Tian Y H. 2019. A retina-inspired sam-
pling method for visual texture reconstruction// Proceedings of the
IEEE International Conference on Multimedia and Expo. Shanghai:
IEEE: 1432-1437 [DOI: 10.1109/ICME.2019.00248 ]

Zhu L, Dong S W, Li J I, Huang T J and Tian Y H. 2020. Retina-like

visual image reconstruction via spiking neural model//Proceedings

© h[E KR KL AU



BHE, BE, Kk, NEM, EHRE
SpikeCV Bk B 473k : ELM B M RIEMNEREES RENLHE

of IEEE/CVF Conference on Computer Vision and Pattern Recogni-
tion. Seattle: IEEE: 1438-1446 [DOIL: 10.1109/CVPR42600.2020.
00151]

Zhu L, Jia KM, Zhao Y F, Q1 Y S, Wang L Z and Huang H. 2024b.
SpikeNeRF': Learning neural radiance fields from continuous spike
stream//Proceedings of IEEE/CVFE Conference on Computer Vision
and Pattern Recognition. Seattle: IEEE: 6285-6295 [DOI: 10.
1109/CVPR52733.2024.00601 |

Zhu L, Jia KM, Zhao Y F, Qi Y S, Wang L. Z and Huang H. 2026.
DSNeRF: Dynamic View Synthesis for Ultra-Fast Scenes from Con-
tinuous Spike Streams. IEEE Transactions on Pattern Analysis and
Machine Intelligence [DOL: 10.1109/TPAMIL2026.3656825 ]

Zhu L, Li J N, Wang X, Huang T J, Tian Y H. 2021. NeuSpike-Net:
High speed video reconstruction via bio-inspired neuromorphic
cameras//Proceedings of the IEEE/CVF International Conference on
Computer Vision. Montreal: IEEE: 2400-2409 [DOI: 10.1109/
1CCV48922.2021.00240 |

Zhu L and Tian Y H. 2023. Review of visual reconstruction methods of
retina-like vision sensors. Scientia Sinica Informationis, 53 (3) :
417-436 (AR, [ . 2023. 5 10 100 A JRR% g 400 5 T g B v
FELEER . ERE A5 AR, 53(3): 417-436. [DOIL: 10,1360/
SS1-2021-0397 ]

Zhu L, Yan W Q, Chang Y, Tian Y H, Huang H. 2024c¢. Simultaneous
learning intensity and optical flow from high-speed spike stream.
IEEE Transactions on Circuits and Systems for Video Technology,
35(6): 5126-5139 [ DOI: 10.1109/TCSVT.2024.3516478 ]

Zhu L, Zheng Y L, Geng M Y, Wang L. Z, Huang H. 2023. Recurrent
spike-based image restoration under general illumination//Proceed-
ings of ACM International Conference on Multimedia: ACM: 8251-
8260 [DOI: 10.1145/3581783.3611829 ]

Zhu Y Y, Zhang Y, Xie X D and Huang T J. 2022. An FPGA accelera-
tor for high-speed moving objects detection and tracking with a
spike camera. Neural Computation, 34 (8): 1812-1839 [DOI: 10.
1162/neco_a_01507]

Jok Wi BB . bk w6 Spike Vision 77 i A 43 [EB/OL]. (JC B 1)
[2026-02-28]

https://spikesee.com/product.html

EEE T

R, T B, EEFTT 0 R ALGE . Email : lin-
zhu@bnu.edu.cn

XMRAM , %, IR IS, S22 5 ] A o 22 D0 4% ) R 6
etk ki SE . Email syujia_liu@pku.edu.cn

25

© h[E KR KL AR



