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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. In contrast with conventional frame-based cameras that sample scenes at fixed
frame rates, spike cameras encode luminance variations as asynchronous binary spike streams triggered by intensity accu-
mulation at each pixel. This sensing mechanism changes the manner in which visual information is acquired and repre-
sented. Instead of producing discrete image frames, spike cameras generate continuous spike events that directly reflect
temporal changes in scene intensity. Consequently, 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 particularly suitable for challenging visual environments, such as high-speed motion analysis, extreme
illumination conditions, and subtle temporal change detection, where traditional imaging systems frequently encounter limi-
tations. 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 continuous time rather than dense intensity frames. Therefore, many established computer vision algorithms
cannot be directly applied to spike data without modifications. Effective processing of spike streams requires new modeling
strategies that explicitly consider the temporal dynamics and sparsity of signals. This survey reviews recent progress in
spike vision research from the perspective of the hierarchical modeling of continuous-time spike representations. Existing
methods are organized into several levels that reflect the progressive expansion of spike vision capabilities, ranging from sig-
nal modeling and reconstruction to semantic perception and system deployment. At the lowest level, the physically consis-
tent 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 imaging,
motion deblurring, super-resolution, and low-light enhancement. These approaches convert spike sequences into interpre-
table intensity representations 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 analysis. 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, recognition, and multi-object tracking. Continuous spike streams are integrated with deep neural net-
works, Transformer architectures, or spiking neural networks to perform higher-level visual reasoning. These methods uti-
lize the temporal sparsity of spike data while maintaining low-latency processing. Spike cameras have also been introduced
into 3D 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 deploy-
ment. The evaluation of spike-based methods not only involves accuracy but also system metrics, such as latency, through-
put, and energy consumption. These metrics become particularly important in real-time perception systems and edge com-
puting scenarios. Progress in spike vision has also been supported by the development of datasets, simulation tools, and
open-source platforms. Collecting spike camera data can be costly, and thus, spike simulators are widely used in algorithm
development and validation. Simulation methods attempt to reproduce sensor physics and temporal spike generation pro-
cesses. 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 prototype and evaluate spike-based algorithms rapidly. The plat-
form 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 wide participation from academic institutions
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 research area. Large-scale
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self-supervised learning for spike data remains largely unexplored. Multimodal fusion with complementary sensors intro-
duces additional challenges into temporal alignment and noise modeling. System-level optimization that involves latency,
throughput, and energy consumption also requires further investigation. Hardware-algorithm codesign with neuromorphic
processors may provide new opportunities for efficient spike-based computation. Spike vision represents an emerging direc-
tion 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. Overall, this work provides a structured overview of spike vision research from the perspectives of sensing prin-
ciples, representation modeling, perception algorithms, and system-level infrastructure. By organizing existing studies
within a hierarchical framework of continuous-time spike representations, this study highlights how spike vision methods
evolve from low-level signal reconstruction to high-level semantic perception and 3D scene understanding. The discussion
of datasets, simulators, evaluation protocols, and open-source platforms further reflects the growing research ecosystem
that surrounds spike-based vision. Through this synthesis, we aim to clarify the relationships among different research
directions, summarize the current development status of the field, and provide a reference 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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FEHL R AR T BK it o B s 1] 45 5 220 1 37 55 v
AL

JEG 3 S5 K 5 IE U . BEE SRR s
BT W R, BOR 2 1 T AR T AR R A ]
ok b RS e 1 SR BT 55, A4 H ARSI L 52 451 7
LR 2 FARBRER ST o XA FE 22 1R Bk s L 77
55 A WL IEOMHESR S 4, AT S B 42 2 7 55
AR SCRR R

RS A =4 FoR . AR, —SEETEE—
QUL C B PNESES 3775 =54 4 A LIF N 7 1 I TR e i 1
WA S A L Bh Bt Fn 3 T7 ) o kP s 4 e

IFIR] 0B N B 255 SR LA BB 4 T 37 i 15 5
SRR T v iz s 8O AR Foh B —
1.

2905 RG-S G BEFE BRI 1A
Wit i, Bl S B dla ety el BB BT PP B S LA
FOFIR T RAESE 7 A TAEZ . X Lenfi ey
IR SR S B Rt X PR A T B A
SCHE A B THES B s L s BE 5T Y R GEAL AT

ERIZGZ B AAFAE TG LI, AR FETT
o] Z A ETEAF RS U Rl o Biln, =4k 50 a4
T H A TR Z S KR sz sh AT A5 2R, T =
PLBEAT: 550 AT BE B I Ik it v A 32 22 0 8] £ 6
PEATEARE . DA, X R 9080 53 B 2 Je — b T B
SR AT T A L S B AT R A

TEIX — B HESLT , Ji5 28 5 1R 70 00 25 05T
Jr AT R GLRE

3 RENARSHMME

3.1 ZRAEERZE

ik AL A R R B A A Bk R 8.l
T AN ik FRAE SRR R B [ (I i ke K X —
FoR TS B S B, PR L 0 e ik
(A% AT 55, S R FE bk o e st ) il 1 R 8T R
e B BRI 20 P50 . FZEX — B AR, 28057 KK
217 T AR R A T 31 8 22 SR R A 1 T
PR AR A LA K o502 (texture from play-
back, TFP) (Zhu % ,2019) F1 ik # [6] b7 % (texture
from interval, TFI) (Zhu % ,2019) MAC 3, 7 3 | 3
— 5 Ada st 55 KA TR B 1] 5 A4 Rouiml iy H ks
1§ Z X R BAE S A TIE 3, LI e s 52 5
R 22 [ 4 i 2

FEAG Z SRS T O vk v, B 0 bk ek Bk
(TFP) (Zhu % ,2019) JEfe e ML) vk 2 — . HAEfE
5 220 BT AR — A R B R 5 1, BE % R
P REAMGZE 1 ik & R B, I DA B3 Ik o &
SR SR RO 2 52 . T 0 2 A Bk
R SN, BEALIE B 23 g o357, R X hg
PR —E IR R S S, W
St AL — . (HERRR GRS &0
— HARK, BARGE TR , A1 S N [R] R )56 7 17
AN 5 AR B Ak 5 76 = 1805 2l X3, 00 177 BRL
N2 7 & W AR . #E 2, TFP o 5 14 i
)RR 0T AR A A T, (AT T 3h A4S X ik
VR AT

Iy — A2 i B A5 2K A 1 A ik e )
Bk (TFD (Zhu 55,2019) o H BRI B bR B ZI
e R 3T PR VR Sk b 22 ) ) B i) P B e . AR
W R R ARG R IR AT I 2 T Pk 5
SRR S, ik ) S, BRI O, Y T AT LR
5045 Fk o TE) B S b o A R B TR, TR B G T
IR 5 07, A, T R 25 5 PR K 7 1P BT 5 A 41
RO o AE 8w BRI D Bk b i, — H
FEERk Bl sl R & kiR &, EEE WA 5 R
R R, R L A M 7 5 i S AT RS 6 2% 1 T e PR
FEAE .

TFP 5 TFI BPE AR 3 W A BT e 2 X6
PSS 2] SRR I R IR, Wik, Je 8 kil
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o i FAG T2 2, A S B 2] Hhowt Rz ] — 47 55 A
WL A % 57 5 FER G o 38 3 4 FF 98 3 (motion
aligned filtering, MAF ) ( Zhao %5 , 2020 ) J2 12 J& 1% (1)
AR - ST G A T S A N 2 S AR AR
R 220 6] B 0 107 O 2%, P A T 932 Sl B0 K A <8
ZME S T 22 2T I 22000 A0 ', I 38 3 A g i
SERG o %07 AL A 4R 2 ifE SR H S
I, e 22 i Sl 1 R TE ORI B0 LR e
(O TRII , T A R i i 7 50 BB LA . AT
R BEORTE  MAF (M0 B AU T4 T 8 2 o
i, SR TORE DK i o M BRR R G Oy vk ek 2 Ak
Tt e RA .

TES 2R3N AR R R kDB D ATS A7 SRy R -
AUk e R 2 DD LR R M L S AR
AL T, B XZ R, J5 2k 5 % MAHTE (motion-
aligned hierarchical temporal filtering) (Zhao 5% ,
2022¢) % “SEXF ST HERGT B IE— P A - i
Ak T i K e 8] 432 20 ¢ AR, )8 U I 8] 38
eI i S TR AN N ERSSE VAW B2 ) 9 E B
JO7 2 [ 08 P SE MR P ] o AR T 00 MAF 53k,
W T AN PRy R T [ AR B ) — IR PSR L T
i el T7 2OR Dy s A5 O A A 1 2 Y A
B TR BRA AT WL A5 2 ke | B LI AN
RERY S . WITEIkg kA, A s T4t “ W
AxH5F + BARET W, DR R A& B 3
J& KA

2o T R TR el R R R
] G352 ORI DA T, A B s S I A
NP — B 290, B AL S T 2 {5 B AR . K
T, TFP 5 TRI BE5E 1 K i B2 K 52 A SEACHE B
MAF B 1 1512 S0 5 5 5% O R 5 3 U i
55 NP 22 377 1 DATRT B 4 o) B 58 3 A I 25
TOCEEE, JREEREEE S RIER R R
A2 SR AT A S TR SE— R G —IKE /Y
BB,

BRHE T R GE T 5 0 s Bk it 28 i R T
HERRER AN WF 5T 30 DAk 28 TTAIL AL ADL R iy 2]
TP I S T A A A A B AR
& fih ] SR 5w 2203 g S ) A
SNBSS B DUBCHE B 5l 75 3 ) o
FIDLIER ER A AR L 5 I 25 00 55 g

TE A2 W) o 22 ST ML A AU 5 V5 D7 T8, Zha 55N

(2020) 4 i #Y Bk vf #f 28 5T #% A (spiking neural
model, SNM) L Jik it Bisf 5] 44 #81 °T %8 1 (spike-timing-
dependent plasticity, STDP) # ) (Bi 1 Poo, 1998 ) h
Bt i3 3B gl JRy M A — ks A A — 5
18 53 245 K 200 i e A DG < A T Bl
X34 57, 153 F LIF (leaky integrate-and-fire ) #f1 £8
JCF) A TR BR A3 R 1 S I 817 S o7 B, e e 28 Xk
SR A N A ] dz Bl D) S A R B L I
J5 AShZS BEAL G 515 2 E L5 R . Zheng FF A
(2021) $2& H () TFSTP (texture from short-time plastic-
ity) 51 A 0] 3% (short-time plasticity , STP) #IL il
(Tsodyks 45, 1998) , 6 5 fl 2 13 250 XT ok b33 4 14
JEL IR A A0 N A RS« 2 A 2 v AT D e P
7 A I R, T T % 0 A A B AR AR TR E Y
IV NI RN RS EY NN S PEAE I EESE g |
ORI K b 22 R 48 14 & € , Zhao 55 N (2024 ) 3
TN B ) A %S5 A QA B2 1 AT I R A TR e 22
PO 25 51 A bk AR BIL G AR A v, S 3T I I i
A E

A i 3 3 R J3E 27 2 75 1507 T80, Spk2ImgNet (Zhao
85, 2021) S LR O S HE T — R AR S R —X 57 5
FlE "IN GE— M 25 A AUER R 2R 5 T 1] D' HE
W P I A R TR SRS IB, LA R T 4 B T A
TE A B 5 1) ZV R X0 55 5 0] S | il &, DT
A ] — PO 2% PR SHE TR A 24049 55 1 N T SCAR B A A
H o WGSE (wavelet-guided spike enhancing) (Zhang
A5 ,2023) 45 22 RUBE B U/ S 5 ik SR AE 27
>J < SE It o3 ik g 22 i Bk S AR A R RS
AR R A 5 ) AR A0 2% 50, 1 P I 3 22 5 AR 2%
I3 A RO FR A, e 230 3 30 /N 4 e
LISl 5 AR I 198 ZRAE , LA ST 240 0 22 1 2 bk
PRI P2 o 55— 2R AR ki 75 i e it
Rk R AT & ] &, 4 BSF (boosting spike camera
image reconstruction from a perspective of dealing with
fluctuations ) (Zhao 55 , 2024¢) i+ 8 T 1£ ¢ T LR
S PRk web 25 3 ) R AT 2 e 2l 1) TR AT, Iy abg ) 1
T Wik & i 4 BsF 8] 22 43 (differential of spike firing
time , DSFT) B JC i G5 k1 5 [R] o 38 i 22 [y DSFT il
A5 B S BB 5 R IR E V2 [ B, O AR
X 55 B B A 22 S B ) S TS IS R R 2k
JEEAS IE AR T DL E 6 B e

W it =22 Ah , BF 5T 3 o 0 3 T 6 0 5 B )
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BHE, BE, Kk, NEM, EHRE
SpikeCV Bkl S R34 : LR Bk RV ERERS Rt R

(color filter array, CFA) B ik s AHHLIT & T K%
AT . T CFA R MR R LS R —Fi 0
6 T A Ik e 1, R 0 R A R O AR e
W P, LA AR Sh A8 55 T ik — 2D 45 5 e X 5%
AT A AL B, IS8, Dong %6 A (20244, b, ¢)
fe i T —RIMURMETT v N =B BOR (0 f A AE e
CSpkNet (Dong %5 , 2024b ) , B K = T 5% 75 55 2 A
A IR H AL AL R TT 19 Z B BE W 4% SJDD-Net (spike-
based joint demosaicing and denoising) (Dong % ,
2024a) , 2B 5 PR LA 38 23 7] 41755 CSCSR
(color spike camera super-resolution ) ( Dong 55 , 2024¢)
HE— 2D M, HOLRER T[] B RCE S 2% e 1
B 2# 21 S (Dong 2, 2025h ) FIJG i T 1 ) &
AT )7 % (Dong %, 2025a) , L) 42 T+ 85 17 5t
VA8
3.2 ERFHTHERER
R AR BIL A AR 4 SR A ALt ol L RE A MR AR D' i i
JE 3 N I R SR BRI TR] AN 1 TR TR
B %< B Ao i) QU 4 A TR S SR D7
B AT SE BB T RE R E Al AR, LSS PR B T AN B
Je B4 JAH R 600, X AR OGRS T B i i
ok b o B R R B S S BB DGR AR Tl
M IE W R AR, P T RAE SRR B B
Wl D e R A B R) 10 PN L A R R . [
R, AN ] ik e 7 i B4 AN S Tt Bt 3 DG IR AR A
OGS LR AR A O L ARG A5 T & E
P2 MR 75 (fixed pattern noise , FPN ) FII#E K7 i 75 14 52
M) SE AN S o PRt A 0 B IO Bk it i) A
PRI 75 S5 (0] R, B 1] A oo 8 Ay ik
CA 1 OGRS X AT LA I 326

DEAOEIR 5 o SRR 7 50 ko e
A7k T A A Aok 2R 5 A g A I e R R 2
M . Dong &5 A (2022) 3 £ S It 7Ll 75 it ik o 22 [i]
fR13z gy, T 25508 P I 1] g A J3E A 2 oz 25 (]
PSRRI . Hu 55 (2025) 42 H 55 & HE 2k
71N K SRS Lk e A L, IR 1w A9 B 0 45 5
A SRR o

2)i DY S . HxhE DGR S Ik b B
STV A A R — ) Dk b R A | S RO
5K &4 (il F 2 M . RSIR (recurrent spike-
based image restoration ) (Zhu 4§, 2023 ) X} G B
P Jk e P AT 45— A AL, 255 25 T ORI 7 I

LIS

Jedi

i

AR

- )
i g

2
{52 g i)
JGHE | P | R A

Dong Z£ A (2022) (

LLSpikeDiff
Liu %%, 2025a)

Diff-SPK
HufEA Q025) gy l% 2025b)

RSIR
(Zhu %, 2023)

BT AEDE ST Tk b i 10 45 1 e
Fig. 1  Robust reconstruction of spike streams under different

illumination conditions

PO T ) O AN — SO PR b MR DL R R T
P IR LR BT IR R 2%, T i A )
SR Ko R MR P R T, AT S B 25 1 S AR
Je A R

3 WG IR o BT A BR 37 55 1 Jhk
Py ik R ORI 0 A RE T DA
W LY HAFTEAR BB A Ik v it eh ik A2 s e e
B 1% . LLSpikeDiff (Liu 45, 2025a ) ¥ 9 it 2 2
R ARG Ik bl A at A, LA B A 2R f 42 ik v e
MIZSFREME T 51 A RILEE R B S5 5 54
. Diff-SPK(Hu %% ,2025b) B [ W F b o 45
LR R A LG BBk R IR R A%
FVRRIE Gl S A B Bt S 1 bk v 6 7R VB A Control -
Net P A | [FIE R 5 IS R AR X A i B A T
P
3.3 EREHTHERER

eSS R A 2 AN, W 2 B ko
AABLIE 5 Wi ARBL AL A TE i P [ R R 5E
DLl B B AR H bR o LB HLAE T Rl Jke s
FEAE BYERE T AN - it =CAH AL AR A% B L4 i 2
] 53 B3 5 Se e e B A A5 S, B AE SR 55 677 A
15 S B A5 R S 2 OGRSl A R BR 5 ik
AL L SE ) [B] ik op e o AR b a B fE
Shyiz )it T 0 | 5 A 2] — S0P 2 B LA B i ' R
KM A SO 2 . TR EA LR,
WFGE 4 T SR A A B AT 55, B 3G v o
578 FEl (high dynamic range, HDR) % Bl 5% . 254508
Tl B A S T )
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kAL

~ 7 NeuSpike-Net

B2 kst RIBLS S E AR B PR R R S8
(Zhu%§,2021)
Fig.2 Collaborative imaging system composed of a spike

camera and an event camera (Zhu et al. , 2021)

3.3.1 A (HDR) 4 B g

1o SN A AR B A ) B O v 2 X B 4049
Aok W 55 I A DX S R TR o KA LAY [
B fioh 2 ML ] 5 0 s ) L 1% i o7 e e, 1 JH A o TR
BESRAE N ARG B R T B0 R AR
(v ], i 08 DX 3 sk 5 s [ 5 Bl ) A 2k b AR
FARAG — o I S BRI, 7 S PRI AL 5
EIE T, 386 XA AT 58 Bk bt 2% 5 304
A1 I AT, T A R DX S e P K e A A
Ty ZE 3G A, DT HE LAAE B — 5% (8% PN SHE IR 15 14 i 1)
FREER, NP RIISE R 4y (R
B2 A B 2 R T 245 I 5 SR« — T,
Jik op AR AL 5 AR BLEC A H Ik v 3 £ 48 v 2 AR
A6 BB PR , B DA PR R 2 R 43 PR B
55 €0 f55 B (Chang 25, 2024) 5 55 — 7 i, K¢ ok v A
PLS AR AHBLES A, I = W s 52 B AR AR T 1Y
M) I A 5™ Je T ORI 3 L [T i ok A AL 4R AR T
S ZE A 5 BRI (Zha 55,2021) o
3.3.2 KU B A

FANT 55 TR A =388 ) SR SR
VR W 5 A6 A5, SR P R i AR 3 B 1Y 25 ]
FRER . AR P RIAE S b K it d E
T A o 4Rk B A B [R)IE S S 0 B ST 5 A AR TR
MR AH B T2 T AL T2 Bl Dk b i RE A% B 34 2 1l
Z 132 Bl A&, DT K32 sh kM 5 5 A Y it
PR HE BT HLAT SN 29 5 5 R kb5 B
TN AL AT R A Sh 0, 5 Wi R R
150 47 B R 0 H RS, DL S B B A (Chen 45
2023,2024; Zhang %5 ,2024b) . AN, &1 X 25 AR AR
TEIE , #5 R G RE A UG L 72 rh 4R A5 18 22 fb B

ZURBEAR R, W ki g i3 225 AR A il Tl
DA A B R A SRR AR, I T 0 8 £ IX 4
A AT 1 B2 PE (Teng %, 2024) o BVATT =, BbIA] 25
OR300 5 AN i Bl I R AR R X A
— TR Ak B AR Pk nt 3 R HH 2 B
HHORAR B AN 85 I o] — B PR 2R i A

4 EEMERNTHEGER

4.1 HEEEHRRHKEEE

A el 22 1 ik AR R B I s R A P R
iz B)) 550 P AR A AR B 25 2 B T AH B OCHE AH B2,
PRIt 72 53 ) X Rk 5 56 2 A 1) T () s 4 o i e o
Mz SR . G 3 s i AT LS | S h
EAE K T A2 s 7 M5, AT kA5 92 sl Dhsg
DR E AR I, N TRl 2 ) A R g
PRALTT AT SR A ZER AT B, DA R MERA A G T A T o
BRI Jok v 3 ) 56 88 ARG 3L =2 (R A7 A R AR 1 LA ¢
2, T LA L A AL S E R A2 o) S 3R R4 T

el I HEREAEI
| | = r 7 > |
[ ¢ 4 ’
| L e
| = B OB B
I 1 ]
| |
HTTA G AT R Jramp i
] 7 4
J5 o S N ;
I Jhkii
- - - - - - _______

B3 kot 5 0 ay s 23 i 1
Fig. 3 Spatio-temporal coupling between spike intensity

and optical flow

e F X — B M, SLIO (simultaneous learning
intensity and optical flow) (Zhu %5 ,2025) $2 i T —Fh
[ S At 1 e S B o i 5 B RO IR D G —HESR o %00y
7 >k H SNN-ANN (spiking neural network—artificial
neural network ) {5 W 4% K i w5 1Ty —Fh 2% 4
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BHE, BE, Kk, NEM, EHRE
SpikeCV Bkl S R34 : LR Bk RV ERERS Rt R

A B kb 2 TR 7 ORISR R T AR 4[] i
A BCE B 5 Kbk 5 S, I A A L P
[7) B4 e Ay g o0 ) P O AR AL T o,
DGR RFAIE A9 RF T S R 8 A ] X 5 o 8 A
RIS RPE , T TS S 11 5 B8 AR S RE % 2 F B 4
B 0 S 0 T, DT 4 D9 265 v OB B R B 3 A 4 Ak
KE, RS BEA oi BE  EE FOCR A T HERE
4.2 REHSEZAMIE

FLEF R) L 7 3 1 A AR S A B I
0 SERME 3X 78 92 PRt B0 5 0 Y rp AT B2
B ARG WL B A2 BR T 1 4 ) 5 1
B G (] 5 AT BE T | & A1z SRR , 76 Ak BH 25 A
5 1Rz 337 5 I AR LA SRS R A 15 R
VAT SOOLI . AR L2 AR LA A
el FY IR 8] 73 38 5 e B AR R TBOHL AR L AT B Ak
TR IH RS IR 2 A AE AL R AT S B 2 B 22 A0 A R
B KRR EURE Y S DK it RE S £ (L B O B R
HE R 58 sh 2R, 0 il o il sl £ 2% 1F 1
(T S A PRI 5 R A kb A i 1 A

LTk it Hh e 2 AR 5 I 1] B — 2, Zhang
SEN(2024¢) AR T T Bk AHBL B9 25 244 E
%, OF B T i B A oA B S A R I 4%
SpkOcceNeto 1% M 48 1 S6 K4 i AR 34 25 Jik i g 1
()b 4] o vt 5 P AL 34 Fr B BEJE AT
FIRF [ 7 11 AR 40 IR, SR P 8 2 S 87 1005 P s B
B A5 Sy DR B ORS A0 R F AREAIE 9 Ja PR R 5 92 I 5% [ i
SR HVE A IR R) B F0RE rhoC e B i R 2R '
R R . TAER LD RS Shi, Fir st
PR R T8 S0 is s 28 s B LA B0 BRORE T A
Az AR, DR AN [ s TR BEAY Jok b £ 25 ] 45 44
IR T RAREACER . Fefm, MZ5 I A
FAELTE R AR, RS ) 5 18 1 482 R B AN
LA BURRAEHEAT 51 S S R, DA TTORG 20 A O A
B PE A E SaC L O A Bl i AU R MLTE A F
G, WFFEFE A T A ELSE A Dk L 25 5 A
a4k S-0CC, HE— L UG HIE T % SEI [B] R AETE I A4 1K
Pisgs ez Aie )1 5 NI 71

5 EERMES

5.1 5B
ZE R0 BT 55 5 T8 MUK e v B B X dk 2 i

P52 B ASRAEXT B ARFE R | I 2 DX S
2tk p AR e Z0 im0 R B RS AT
MBEAE 55" 9 B AT AN R, 3207 1) B i el 78— fF ik
iR S 22 R PR A i 81 i 45 ) A L2 AL o 1] 5
J3E o AR 2 XIS i 5 R T 1) A5 88, O 4% i S ik
PR I 8] 2% B 5 02 Sl AR 20 m 7 T . DL
VARG I Ay 5], o H D AR M A O R AR T R
Y SN AU WSPIN T QU L R TN RS sk ey alcb
PRENEATSS .

Zhu 55 N (2024a) il 98 3% 25 bk v it 1) . 2 PE A
T R G AR BRI 4 ) B T8 BRIk b
Transformer 2244 o ZHESE H ik i isf 25 AR iE S B
BIHFHER G ZREMS Z 2 MBS, %7
BRCEM A 7T U5 PEA i 5 S ok o Sl 25 A
AR . TESS M2 T8, 32 15 0 G SAE T OREF ik
R AF A PE : AU FHFR 53 K i Transformer Y 5%
ZE RN 2SR ARk e 51 Js 1, AN Tl ko 5
BB s IS A A0 S s 75 B AR O
HEFF AR AEHE o T3 Ah , SO R bk e ] B 45 1 )
Gt AR R A RAE , T 45 1 B 5 ik vp 50 ¢
A AR IR, S DABK i i [1) 45 Ay 1) IXC 38 4 25
P ARG T RAE A BT R

Liu %% A (2025b) #E— D45 i, 552k v iR 7E
KF9 52 3O T 5 5 M E 5 W 5 5w
L FECR E IO AN LS RGNS , AT
I 535 2 AR T (DX I 5 0 R0 ) iR P o B Xz )t
1E 45 $ H4 SOTA (spike-navigated optimal transport ) HE
A0 K BEARRRE A o3 ik P ] 25l 0 4 ) 2
i 19 2 S A < I 1) 25 f 000 o 1) P SNIN' ) 22 R e
I 5C 28 220 ] 25 ) ) 25 A A2 AR , O 38 i e o AR
358 5 )R R 2 25 AR LA % A A PR VRS 5 4[] 25 i )
PUIcHC A% i (optimal transport, OT ) #4) & L5, f2 /M Mk
ok e 2 oA S LSRR 3 A Z A B BE O
A AP A R FR A i — Btk . e )= 1,
SCHURE S 2 53 A 6 55 21 1124 Kantorovich 5 0 1% i
[Fa) 5T, Ay ¢ DAk dofo sl 2 A 0000 380 e 3o 3 A A T )
B T BTA P LA LA
5.2 BRI IEX 58 RIRA

BEXS Dk b AHALAY B FR A | SCorE1 S H AR IR
SIBFFEATIAL TR R B FEAWFSE 32 2220k bk i
TAE B AR BE 2 2 HEZR AR THRG I M k. i,
Li 55 A (2022) 1 U4 B T4 ] iy ik b oA L B
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PRI HE 2R Tar-Spikes + YOLO, 315 1 1 3 F [
I [F2) 7 13 600 ] 7k w50 SR A ) A o o B2 5 v
(TFI+ YOLO FITFP + YOLO) o AH Hb T H [# 5 f
i) 78 A e kL 0T R aE e T 2 2 R I ) SR
P BT DK v i A T AR 8T, AT 7E — o 7R 2
EORRR T kb R s R . (HAE HAR ST SRS
FrtE AT B S5 o, Dk {5 5 Z [T A7 AR B i AR AR
P, AT 25 H ARSI A oK — 7 PR

UEIAWT ST fR 22 1 AR Dk e A 2 o 38
Rz AR . {40, Liu %8 A (2025a) 42 Hi (¥ EASD
(entropy-attention spike detector) Rl HESE , 7F [ 52
B 37 5t SEEE T BT K b ) B AR A, O 2k T
DSEC (driving scenarios event camera dataset) (Gehrig
4, 2021) BoHn A T I 1 2 3 % 5 DSEC-
Spike f I B4 . ARz b %O AR I
g Lt T A RGB + FAFAHLAL G ik DL Sl
& Jpk sz I B2k | SR B K AR BILALE iR sl 25 3
HATEAEH

fE H #5315 J5 T, Zhao % A (2022a, 2023,
2024d) il ¢ 7 iz 3l H AR FUIIT R T — R IIBESE .
v Je b Dk b A oE )5 ELF 15 SpikeSim , 4 ik A
e S LSRG — 1 5 A BE (Zhao 25, 2022a) s Fifi /&
BEX i iz 2 B AR U ) AR R O vk O
PPl Fe M GE Bl AR LR T R A SR
FHHGIPEREFIZE (Zhao 55 ,2023,2024d)

TE 1 43075 1, Zhang % A (2023) 1 IKIE R
T ARk b ITRETE ok HIE S5, IF 4R T T A
Y /I P S Jok b FRAE 5, LA FE 43 bk v v
A e S AT AR B o AN UL T Ui RGO 0 I 2% 25
FRY RSO0 T L 307 4k BT 22 A1 SO EIAR RS | 4R
FHPERESE T, SR WA B Dk ih 27 0 T i JZ A
55 A EENEN .

SR AT Dk s 7R 2 e AE 55
AIRTSE , i )2 AE 5 T5 Ak Tk S 4 . el 585
A FH K e 1) 2 S I TR R A A 25— ) g 2 R A
B0 IFAERGIN TR 5 0 SRR SEAT 55 b R HE K oo
W B PIEE AT S AR 4 RIS 5 1]

5.3 &EZ&ZBRERR

% H b5 R EE (multi-object tracking, MOT) J2& i 5
R GEH E EAE 57, 18 A S 5l HLas L
RINFRGAEN I BA T Z/55K . S8, AL 5t 4k
TG A1) 14 B D T RS R iR A T H

PRAS N 55 I o 257 5 R A A e I Bl A FR ot
ARGy G BUN R AR BB, g AR i AR A S
A= WY Az S AR, DA T R I A 0 5 ER BRPERE . K
AR AL L 2R 18] 07 2E 3Ot AL, I LU S 25 bk
e A (5 R o X R A RE RS 5
I [] 23 B3R i 02 sh A8 Ak, by el F b 9 14 22 B
B S AT A A5 EOR U . R, o] B 2 0 P kb i
AR 25 5 R BT TR LR R B A1, B 1N ik vt o
W I — AN E 2 TT 1)

Kl 4 JE7n TS RGBAIMLIT vk 5 Bk b ARAIL T 12
TE W 2 HARBRER AT 55 P 22 5% o 258 RGB AL
i B R B A A R E S 5 T R S 52 Blis B R
AR FR A B 5200 5 AH EEZ T Bk R AL BE S A5 A
eSS AR SE A J g, AT 7 BE ZHDR R Y e 1) RUEZ
-z H bRz st R . AT T KRBT LA
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Fig. 4 Comparison between traditional RGB cameras and spike cameras for high-speed multi-object tracking(Zheng et al. ,2026a)
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Table 2 Comparison of spike-camera-based online multi-object tracking frameworks
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Fig. 5 Development of spike-based 3D representation methods and technologies((a) NeRF-based implicit spike 3D representation

pipeline; (b) GS-based explicit spike 3D representation pipeline; (c) technical roadmap of spike-vision-based 3D representation methods )
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Fig. 6 Classification of spike simulators
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