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Review of imaging methods for ultra-high-speed spike camera
ZHAO Rui  XIONG Rui-Qin  DONG Yan-Chen ZHAOJing ZHENG Ya-Jing HUANG Tie-Jun

(State Key Laboratory of Multimedia Information Processing, School of Computer Science, Peking University, Beijing 100871)

Abstract High-fidelity imaging of high-speed dynamic scenes is a critical imperative in various advanced
visual applications, ranging from industrial inspection to autonomous driving systems. However, traditional
frame-based cameras are fundamentally constrained by their global exposure mechanisms and fixed frame rates,
inevitably facing a dilemma in high-speed scenarios: short exposure times introduce significant noise due to
insufficient photon accumulation, while long exposures result in severe motion blur, and the discrete nature of
frame capture leads to "blind spots” between frames, causing the loss of crucial transient information. To break
through these bottlenecks, neuromorphic vision sensors have emerged as a revolutionary solution, particularly
the spike camera, which mimics the working mechanism of the retinal fovea. Unlike event cameras that only
record intensity changes, the spike camera records optical fields continuously through an asynchronous,
pixel-independent "integrate-and-fire™ mechanism, where each pixel accumulates photons into voltage and fires a
binary spike upon reaching a threshold. This paradigm allows for the output of continuous spike streams with
ultra-high temporal resolution, offering a novel approach to capturing rapid optical changes without the
limitations of a fixed clock. This paper presents a systematic and comprehensive review of imaging methods for
ultra-high-speed spike cameras, aiming to bridge the gap between raw binary spike streams and high-quality
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visual reconstruction. The review begins by elucidating the fundamental working principles of the spike camera
and the unique characteristics of its output data, highlighting its ability to preserve both high-speed motion flux
and static texture information effectively. Subsequently, the paper systematically categorizes and details imaging
algorithms based on single spike cameras. For basic grayscale image reconstruction, three primary technical
routes are analyzed in depth: methods based on spatial-temporal filtering which utilize motion alignment to
aggregate context and mitigate stochastic noise; bio-inspired methods that simulate neural mechanisms like
Spike-Timing-Dependent Plasticity (STDP) and Short-Term Plasticity (STP) to adaptively process temporal
correlations; and end-to-end deep learning approaches designed to learn complex non-linear mappings for noise
suppression and detail recovery, including recent self-supervised frameworks. Building upon basic reconstruction,
this review further explores advanced imaging tasks that extend the capabilities of spike cameras. These include
super-resolution reconstruction which converts high temporal resolution into spatial detail, color image
reconstruction which addresses the intricate challenges of demosaicing asynchronous binary streams from
Bayer-pattern sensors, and High Dynamic Range (HDR) imaging which leverages rolling-mixed-bit mechanisms
to resolve the trade-off between highlight saturation and low-light noise. Notably, the review also covers
cutting-edge developments in three-dimensional imaging, discussing how continuous spike streams are
integrated with Neural Radiance Fields (NeRF) or 3D Gaussian Splatting to achieve high-quality 3D scene
representation from fast-moving viewpoints. Additionally, the paper examines applications in special scientific
scenarios, such as recording ultra-fast phase transitions and microfluidic droplet analysis. Furthermore,
recognizing the spatial resolution limitations of current spike camera hardware, this paper critically discusses
multi-sensor fusion algorithms that combine spike cameras with traditional frame-based cameras or event
cameras. These fusion strategies are specifically highlighted for their applications in high-frame-rate video
interpolation, dynamic range expansion, and motion deblurring, demonstrating how hybrid systems can achieve
"high temporal resolution, high spatial resolution, and high dynamic range" simultaneously by leveraging
cross-modal complementarity. Finally, the paper summarizes the current state of research, identifies existing
challenges such as the lack of large-scale real-world datasets, and proposes future research directions, including
semantic-driven imaging, spike-based light field imaging, and hardware-algorithm co-design, to pave the way for

the practical deployment of spike vision technology.
Key words spike camera; imaging method; spatial-temporal information fusion; multiple-sensor fusion

5 e A S A A T M A R k. Bk, A2 4

115

FETASIN . B 302 BT S SE R
SN A AR AR R e S AL PR R O A B 2 55 O L
AR, RUMERGRBHEE MM, 45
J 2 I P PR R - R AR T L ) R i A J s TR L [
AR FE ], R s —F
AEPH . PGS [A] B RE /D =y dis 3l SN sl A&
B, FPEDET R SN RE RS, JCHAER
JEIAEE N ARG e L SRR B 5 SR [a]
HAGEE 7R RPOL T RS, DN sy
PRI A B B B, S8y £ kP, XL
[ 5 B ] (B B I A AR 1 5 2K, A Bt 1
RSN (B 4E R _EE S Se B, BB AR A s

AHFLAT R 2 iR (BN 30-60Hz) L TCikdh
Mg 1) [F0) I P R 26 1 e R A R, IS B &k
BRI AR RGN BN AS S e B R . (R A H
) 2 i v 2 K Sk i O 5 2 A e T
HERESFAF R P SL bR B 5t ARG ERAE A
NURAG BE 7T A 76 7 2 i, e DU RIS I 1)
A%, PEERIN T AL R A IR S T S

RNRAL G G5 RS, S L
SRS BSIRGE T AR, AT R AR R0 0 LB, 3 %
Boe b TR e 3 B E SR H Al
283 ML Znr gl kil o Bk e AE AL C Spike
Camera) MSIFIEAEAHHL (Event Camera) "8Iy fh
A FA SRR LB 7 RR I (1) 41 JE (Periphery ),
FOE I SR R R T iE %, oI R



RS BRI BB VAR IR 3

FR) A% AAE X0 OGRS 6 B IR ot & TR —
NS ARR . B TR B S YRR AR T I F A7
THTT FATHAF BT LASE FUL 1 2 A0 DR ) 5 [1T (Fovea),
FEAMEITMALHON G AT R, M RBUE
1A B BE N T ANk, FESLRIHF GG T — AN kol
M BRAR . AT SHARETIN 37 O AR )l 5%,
Jk AR AL T3 AR B TAENLE, (375
T E SIS X IR 15 B ES B JUR e
P GEARBLIG E A BG4 37 B .

ARG BRI AENLE) R, SR BN RE T —
Y TAE, BSZAENLA AT S50 50 H 25 3
B R FOCTAG IO B AR R
UL AT ) SRT, IR BEAT 55 (0 S
T ATk bt AT OGRS S ik 2R
Bt AE MUBK IR AEATL S HE 10 o Hh A AT 4 2035 I 7
AR, HAR SRR G IKE 55 m Z P AR 1)
O, R Bk 4 AR T b 1) Al 5 AT

MBI Z TR, WK AL g A2 72 ) ik
W E S HDGsRAE BT AT IR . R 3
FERGE Tk b N FRREAE, i TR AT TRP
73823 5 ) P B ) R SO BRI R LE R R —
AN TE] B 10 P Bk B 0 515 3R B A T HE BT
KFINER BT MR R, WA R A ES b i
R Sy T S T ol N = S i D R e e )
H S IBERERA I JE o 5 B2 I 7 0 S A
HI 2 B SCR T BT TIRE . flunlt Ti23)
A [ I 220 R kb 435 R AT e 35 00 T A
T2 X 8 HEAT IS 2 AT AR B PO 3 T ik oo 28 I 4%
(Spiking Neural Network, SNN) P2l A= i 22
Tk AL E NI T I 205 R R AP, X Tix
J7iE, ARSCKRILAFE NI T IR TTE. T4
PEA TN TTE S BT IR S T =28

AR, KM AEHLAS P AR DS 7T TARFEA R
SR FHEAT TR, NSRS R E A R 2
RE P WK AN R ER ML
WL HI37 590 R B I R PV 2y 7 ). BT
R HE— DR R T Bk AR MLLE = 4 3% S P )i
77, IR e 1) 24 R AR bk i LAk s [ 4
FE ) SEL S, S T TP 4248 51 3% (Neural Radiance
Field) PPIag &0k (Gaussian Splatting) @923
R = GG . Bhah, BT SARNLSAG Z 4, Bk
FENLE 1% Ge sl S A LI Rk SRR o 1 B2
BRI 10, S TR 2 7R I 1] 2 R 5 45 ] 4
W ERRES, A RE T AR GAITLE) S SIS |

TR REREE R, 2T T 2R FRE = .

HET, SARSCHRMZRIA TAE EZ A R A
JEIT: fnsc kB R A T Rk S B B L
H5 RGIAE; SCERETE 2 1 1 S A LS )
AL RS, WK HBUE R A28, SCkP & T
JK AT A iR R SR R A S R AR AT S5
SCEREA AT T Rk R AR HLLE [ 507 v g 18
Hist. 5 ERTAEAR, ASCUL “danfar K AHAL
KRR R R EEE MO EL, RA
imeE eyl QU A LR

W 1R, ARGl LI G R
FERiR, BRI “ B — Bk AN 2 2 4% J5%
MRS MWIEMEREIUESY R ME AR EAT
HE, B SeR BKP AL A L AR IR E g AT i s
T A BAG A A 53 B ik b AR AL R A5 1 D 88 1) 3 5 4k
fils AR5 1% RUGAT 25 FE B0 ik b AR ML I R v adk
ITHEE, WEmEM G EE. EoPkEE. BA
AR E . HDR G M =415 i i 5 e R
RTINS BRI AR AL 2 A% B U R G, i
fR IR A B BR 2R 5 A T 585 B Jm e 45 241
W FC IS PRI R AR A e T ), DA kb
NG B I S S B R RS 5%

[ 1.31% ]
| 2. BoR R TIEBE R A |

| s momianmgnRRES kY |

4 BRAHBHL OB R E %

4.1 ERBORBIFEE ]

4.2 RABHPREHE |

4.3 BEBIRIGHEE ]

4.4 FABHEREHE |
)
)

4.5 BERIAR KRG EE
4.6 B =HERIGEE

5. A BRHEHLE S 5 R AR 15 3
[ 51 EaEmEsgaEs |
[ 52 EmsasmgnEs |
[ 53 mmxammsnE: |

[ 6. EESRE |
Bl SO e




4 it Bl R

2 BORABHLAY TAERIE® /v

21 BRRBYESRE

kAR EAMETT IR IE A S PERLET AN B 2 B
o FMEOTEE B TR AR AT LR A
PR SRESSEET RN, BB+
MU . R a B HL S R AR B BE AR A
I, b SERATEC— Nk, RIS A RAR 3
o LI RRIR AT MO T BN f LA R BA
6T BORIE B AR R AN, A8 27 A kb o L B
Mo ds. TEIER MR, AR TR T,
BB ITTHDE T RN RS S EAT I
WA Bl - R RSP
BT B, TR SIACAMRR . e A AR b x A
AR TTAEIS 2 I, B RL N TE) A 3132 )0 K 9
HNL(x,t), B R RRUE AT AR A

A(x,t) :/taL(x,t) dr mod#, @

Hr AR AR RBUE, o T HALRCE,
R RS S B BA 1O T BOR e A AR 2 4% o
SMERIRCE, 0 WK AR . AE S )
TG, ST BIEAGIARR A0, HIEIX RN E
bR

t
A(x,t) :/ aP(L(x,t)) dr modé, 2
0
Horp PARRIARA KNS
A Bk AR AR H — MR TRV
HRPHKT LT
) Cie e T~ xmEm
T 1 | BEHER
X MR
R s
W BE
oo BHAE
-+ BRAIRED
7%‘@?:. 1
&@ﬁ | wEpmEE &
R

B2 Rk AHBLIAR IO 45k 5 1 SR

2.2 BHAYIEELE IR

RN EER T BRI S ROk R .
TERKHANL AR S, & Bouny “Far - K
TEFEMSTHEAT, 10 Bk e A2 B RS S, )
EEE S RN T, Bk AR AL BRI (8] 7, % B
HEITHk i . AHESATRENZS E—iE
W ZI2 (8], FAERK ARG SN 1, BN N

0. WK AS(x,k) » Hork RoR ks B 3L,
WZAE 5 BB T LA IR
1,8 3 te((k—1)T, kT,] s.b. A(x,t) =0,
S@$){O,ﬁVte«kUﬂ,MﬂstA@¢)<& ©)
AL, T M AN I KR T
HBAER SN H < W x M AERERE . 5T 3T ik
MARNL SR S , HOCHRED g A 3R AR ki
HH AT 15 B8 12 I 21 1 TR AR

3 BORHENLA G RY KRB Sk

Fkr AR ML 2 ) S PR R A R A, TR AR R
T HMRE TAE R B — R ), XLk 5140 T
G FIE R R
31 BRREIEBFESHkE

ik AL AN 3% 82516 5 A5 5 v e A R A ik
M. R SRREAR e, Mk alBg A< R ks a7 2
K B R A SN T B . A AR K R A
T o I 5 AR He—, E kAR <
B ”, BEEAMBRGES N, K=, Boom
SRR, BRI RIZEIH, AEEE R S
B B0 55 SRt W, JCHAESNS =g in iz
BT E AN 2 1
3.2 RoHHEHN BRI KRB X BECIRE

FERK I AR FIAB T, %00 i) U AT e
ek 7 ] 15028 BB 2 (A1 EUAS T4 o o 1 Ik o4
W (TFP) I i 18] 7 1 S8+ Bk b Bk Al it o,
REAT RAMHIBEN L 7S, (HTE sidig 3l3g 5t F 4=k
PR kR TR R CTRL) IR P A A6 ik 18]
BEHERTG5E, RIIRCD B, (ED0 R AR UK, R
EMEAE . HILAT I, AN EFER IR A To ik S g
LI, OCHERR R TE TR AR R A A B,
T8 43 R Bk R i 2% RS, RIS BN 55 [ [R] A
SIMAMES . X—TFRHED) T G808 &
B RIR B 2 S SR R &
3.3 RN A MR <EYE

FE S IR BRAR PR, BRI AP USSR
e 17 B 32 B L AT AR fof A S5 AR T W
B AR
REST R RAR s OB RAE TR I AL 4 v I 1D
HEREAON T B 73R, AURKIBUE 3 R KR
RIEERA, EERR N RGN 7 KA R =G
22 T 014 380 ] L



RS BRI BB VAR IR 5

BEBRB: &S50 FE L@ TR 68 5
(Color Filter Array, CFA) SZHLFG RN —Zifh
RIE FISRHRE, koA AL IR R 0 B 5 R A S8 10 SR
. kR g% OB T sh A =
LEFESHOERE, FEEmRIEN TN 5
Mg, RO ANRS .
HEAEE R : BT - RBHLE, S5
72 A ik SR R e R, B — AN SRR A P
(1 RV RAE, A ERAS R, D i
PG R, DATE B — R SR T e I 45
HAZOPEAE T, W] 75 5 — L AR 2R T R e
Jogi e o S AR X IR ARG A A
ZHRAE: BB T =4 e s, Kb
F Uk 4 ki i A N — S 4R oR, R4
HHAESIAE 3D mNR IS, WS
Bl 2 5 L S RS R
3.4 BIERESERME KX

H 0 71 T (O BR 1), B — Pk R A Ld 5 2 1)
PR T AL GAHNUBAR, M DU R RS A A 4L
BRGNS SR, HEE
TWEA R SRS STEE, HIERAE
BIX e o . X B AMOR S T 2 1%
AR A TR R . HAZOPEERAE T 5l x5 S i
SEENS, REME RIS EER . 28 PRy
LA EEREE . MR 55 kb S e
Wi RGB EURFIE AL, JUHAE AR A THAR i
PR E T, & —IERMES. A, iR
AL, ORIl E R . E s A TE A
N E SR RAGAT S, e %A ) O )

4 BKARENBIARG A

R ARALIE T B3R “RR - R ML )
ki B A EE RN SER, AU E . P
WHIFFIRIE AL, TR B N IR B% Sl o 55
MR DRIE,  WUBKI T R A O R R, S S
Bl AR AR AR LSR5 A o o
Ao ERKARPLE AR AT T, ARNLAR G
IR, AR SR BRI T ki iR 1
ARERL R AT “SeBbal JEI R kit
RKEMH: 4.1 FHHE AP IR Ht, 1R
NJEEETIERIIEER; 4.2 - 45 ARG I,
T ) AN R 55 T SR 3 el . R lifg
e BN A AR AR IR I SRR, AR B 5 7]

EIRBL AEROR EIL IR AR S 4.6 U
— S A AR S R = 4 R S, AT
R AR R =Y R oR . AT EAERTEEA
[ 5 A B e A An] SN2 08 K AL AR B o PR MR A AT S
XS 55 G2 R AR SRR, R BUBK phAE AL
FAR BE 7T R 5 R
41 BERHEKMRIGEE

FEA LY, FEAl Ak AR B HR A b =
At H A N K e i s R RS — B K 4 b
AR, SRS A MEmsh ST R, £
MSRARER. ZHEEEMESHM TR, HE
FE T AR R P R e e R AR B R DY R 5 P R 1
A, e KT R BRI EE Al S A% O

55 A00] 't HE AR A BBURR ) S A AL AR T VA0
b, B RK i AR SR kR T Ik bz ] s R B
AL SHRBEEE: —J7H, EfFSXIER
I AR A SRR ST
T, LEZNES X As & ks i 18] 23 HF 2R AT 18 shont
FEBOANE] . XM “ERS+EIA” G @R,
e 78 3 FI F Bk M AL 3 S e 3 SE 44 TR 34

SR ok b AL AR AR R T R T ] B
SR RETE, AW R T TFP (Texture
from Playback) A1 TFI (Texture from Interval), A&
SRR P AR 79853 9 i 44 D8 B kb R0 A ik
M bRV W 3 PR, X PRI SE T RAME
BT T S B Horh TRP 2R T35 — g i ]
A SRR KR O HEAT G iR AT, R
WA N 2 A ey » ISRV AR A i s T
TFP 7] LIRS -

1 + Tin
(% te)= 557 D Sxb), @)
k= tiey = Tin

Hhre NEIERESE, SN ARKS R, &%
BB AR 7 KIRAFEC S5 R - TR L TS0 HEWT
AR A5 35 7 40 I 20 B Ak 1 1 Ik b R o ) ST AT
JGHRAERT, 1ZTTVER G IR AT A e kAR 23 TR 3
EE, P (X0, trey) FIN(X0, iy ) 73 HIFESE by IS 2, 425
)AL B xo AL BT — AN kst R i — > Kt £ A T
6], X5 KIS 56 &R T DL s

P(x,n) =max{k | S(x,k) =1, k<n}, (5)

N(x,n) =min{k | S(x,k) =1, k=>n}. (6)
FEMLIER 2 b, AT K AR Y, EDR
JELTEIRE R s AT HEWT -

1
I(X, tkey) -

N(x,n) —P(x,n) )




6 it L

I

t

bgsllwlllﬂllg

r"=5 ,x,
I(x0, the )_W E s(xu,k)zﬁmo.mf

o }?wu AR Isl | T Ibl T |o|

W§
v o
1etse) = ity Pl ~ 4 0%

B3 & akei ek (TFPY SRk lalBg L (TFD) Jikyh )k
BoREE

Bl 4 JerR 15T BB Rh o7 R4S 3 1k i g
R, Hoh “HIFEATRE” NAE—imEk Binig s —
BT AT BRI SR TR, AR IS B EE 40 700
BRI s R e B3Rt N A R B 2600
. 0T 4 g RIS, TRP B H
2N 12, T, TFP A TFI X B Fh 792 B RE LWL
K A5 2% W TE) b 1 Bk e T U S e s A ST
K, HERBBRB AR, TFP f£midizshy
S G PR TR R R — Ao ks, 2
Ve 2 ONOL ST

ET & OB BUEHEET RIS (TFP) ETFRohalFaAHERTR AR (TFI)

R
B
HE
¥

K 4 %%ﬁm%#ﬁﬁ&(nw>5%ﬁ@@&(wn?%
B (kB 15 25

%@ﬂTWﬂTHH%@m¢H ¥ BN SCRI A
PIAMRYE, S AENIMNAFAERE, RET
AR Bk 2 R SCRI A 7, LSRR TRP
AOTF B RME, FZERTHN U =R EAR
i () HETIBEMBZEEMETE (b BT
AP TOHLER BN B TR (o) T 31 i
TRBE = S 2S5 B Rk G 77, =Rk R
Z5iE 1R, LUl R4
() BT RIS BREHE

FE T YR I AT I A AE SR R A 0 bk e i A R AR
J795E AR (1) A BEAAREL 1 o6f If 2345 2 k47 R F Y
B, MK NLESSL R R R R, s

(P 12 Bl 25 3 BUR — WK AEAS [8] I 20 A% T A
Ffx b, M52, MTEARZRMNE, EREA
[FIIF, R (37 5 N B SR AN R ) o EESE KA 20
BEERNFEE. AR X E BRI R 5
B, W E N 2 EEME R, Al AR
I 208 Ridgy 5 s AL B, AT B TR — AR AEAN [F]
I ZIFRFEE B RIS R E2 g TiEsnfliit.
T YRR S, BEREM BT oE
P AT 20 o eI RIS R i 18] (45
RPN R R, WRBOGR w(x) Fox IR Ak
M BBRL R SREs), WZKRHRRA:
L(x+wx)—L(x), (8)
Hrp — ARG RB N FET Edui, #
AL i S ME R RR L T IR E .
W 5 Fis, MAFPTE J6 3 T i fhit,
K 290 5 I 21 5 ) ] AR I 20 AS [R] i 1) 32 B 0)
TR AR, BRI B3 7 AT R T s fME
RGNSt (a] bR S HdE A . %77
ﬁfﬁkﬂ&ﬂ?ﬁﬁﬁﬂﬁ%ﬁﬁtﬂﬁi AT RARE 2 A TA O«

I(x, oy ) = z gt ITFI(x;k‘z(f yKltey)s k) 9)

A¢wxwmﬁnWﬁM@ﬁtﬁ\W%kﬁ
L5 (S, AT LA TR 7938 12 1% 4 Brox
FTIEPVRF; Lo (x,k ) I %k (K28 ik o 10 o 9
BEIYIBET AL gb, NEBN b, 1, 1 %1k
AR B e R -

(10)

B 5 MAF™ 3t (K 9is B 7 1 A T I i
Zhang 25 A\ B2 H 1) LAP M 55— b £ B2 1) FH
AR, I R AR AL B E ki e b
JEE RV REACA A ) 3 T S R AR A, g T 3 o
(A A SR8 8 TR A i 2845 R o WAL B x TE R )¢ BT A 1)
JiK AR 3 FE I AD (x, ¢ ), T8I PR R AT LR R

N CEREAS B AR

~ [D(tey) = D(t0)| \
exp( AD (tiey) )

2D (trey)

(11)

WLAP( to |tkey) =



RS BRI BB VAR IR

&1 BB RIGEIE= AEH AR

JriEZE

TSR

TG B FETE

B UK

HERE

AW e RTTIE

IEPLTTIE

K

%

I

MR PEIBAS Beit, w0 23 B AL
Mg, (L ki 25 SR BB R R TR
[i¢a3
RN 22 7 AR ML AT — 58
T RZAM e , R RAR B
ppL TR B 5 5 bR E
FEFE 73 B BEE) R L X £ Fh g
R AT LA, o LR B R

WIGTTIE T EE T i el
BN, EARTTERB T 165
SCRAG IR

A S I ) 50T R ML 1 555
Wi B AN R VE L EAER R
ZRINIBEN R R IR

A2 3] R AR B B B S R
By KRR 12 5l B UK

APRAFECT I, HAHT
SO RE BRI AR

FEBNZS X 4 A ORIl A T )
SEURPTTIE, (HREAR R S
BN SHUL I TR
225 ) 240 45 Pk S AT ) — ek 5
BT HAhSTTE

s ga

Hrbh 5o AEHITERNERBES . T LRl
AL 220 680 PR ASL B, B R0 — 52 1) PAY R ik v A T
AV RRREAT I, 2R W] AR IR N

ey + Tin

B Y. wiar(klty) -D(k)
D(tkey) — k= tiey = Twin ,

teey + Twin

Z WLAP(k|tkey)

£ =ty = Tin

FESEEEA b, nr DLd I nE S ke AR 2 A A S L
S AE P IOCIRIREE . Wang 25 NPOZE LAP
(At bt — 20 2 F8 T Rk T B 1 S TR AR AL, 1%
TFF 50 R AL 908 8 1) 3 L A 3 S i 3 e 21 1))
PRI 23 35K, A B = 2N 2 37 4 r Rl Bk 1) g gk
ATARAMERGER: s D4 T T iR e B IR

L Fhk 1 9 7 v A A T TR) T D ik
TR T SR TR B Ak 1 G B BT Jir = X BE AL
YR Y e (SR e b7 b sl e s i o P S e
THERFY 2 B IGR A S, DRI S BE N IUER . DNZR A
FAh#, Dong 25 NFURH BALI %y, it =fE
FERD 37 51 o0 R B IS X3, %o o X 3k R FH ke i
CIGE L W X CR A B A il e, e s
HTA T IZ B 5 R0 85 Rt AT i, LA
SCRE I N PR R 0 s S i Y i g DX g s, AT
PRI GERE R,

IR BALI SR 7 2B EEMEE: o
ST R RVPP AR EES R,
ot JE SRS A A B — P IR T AR T
MAHTFME Y4E 5 77 16 HEA T UE B A JE i b, 3 —
R TR AT 2 SR Bk S S . 1%
TEE SRS s 7 e s R, Xl TR
Wr i st AT WD AL EE, £33 — RN E s R
{(I(x,k) | k€ [ty — Tiri,tuy + Tim ]} s FLHRT Al 235108
KmT e FI IR 520 K. SRE T WD I B 3RS
SR REshYg, HAT R T SR S RN

(12)

(1) B RN i 8%, AT IR AL B R A5 ik v
WM ZEEE. X TN RIXEQ mE, HXt
T A [F B 2 1) W 20 E R AR HEAT Bl A R
a={a(—m), ...,ao(r:)} AT LLE SRR W b
i) 15 )

argmin || +

Z(i(x,tkey)f Z ag(rl)iwmp(x,fk)) ,

A T A S I S
iwa,p(x,j’k) = i(x + w(x,Tkverttkcy),Tk), b= tiey + K14 » HT
SRASIRLEE, AT DAAE 25 ] [X 380 P9 S 2 T
FfERRE:

L%, tey) = D (7)) urp (X, by +5T1),x€ Q0. (14)

gE LRTA, TR G ER G A
Bl ok b A%, B AR R AR S Kb v B0
(TFP) AlflikphiaIBEIE (TFD J7iki @R . it
AT, 1) DB ) R T e 36 e 2 A0 )
I RSB, S S A S I8 S AR 2 [A] )
VT AT FONEERAR S E 2 T AR
R AAEITIZ ST M) I8 U SREmE T ik od )
KRR . JE TR RS SRl G oRms, DL
JE A UEP B S o IX LSRN 35 i B ik R
BRI T OB R K. AT iR Tk E
FHFAI T E 375 ik B ik B AL 7 RN T RS
— ISR, I A OGS A T
TE KPR POHIEE R, (HTE R S S AR ZD s IR AR
AT 2 — B AR RE TSR B
(b) FETHY+hE ToHLH I 2B %

Jok e AE HLASE AR 1 A2 A0 I i e e 11 %) A AL
il Ffn B 0 kRS A R R G AR T R IR
(R4 2 Jok i LA ARACA R IR PR 1 o 7 2 PR i 36 i
H, LM ILE 2 Z A oAb, AR I 5 B

(13)



8 it Bl R

0B AP R 7 5 A . 3T Ix— B4
JE K, TR R Rk A B P 2 AR b AN
2 TUIE NG, AR AE Y T S B AL EE
MU, S5 R A AT AR AT HE A T3 ok i

Zhu %5 NPAAOUE R SE kbt s s T Y
(Spike-Timing-Dependent Plasticity, STDP) [#2
FU g Bk AR LS AR B R, o STDP sdid AR
5 T BT i A4 8 7 K el 8 TSR B T Sk i R 2R R e
TSRS, MR TOREAR B IE R 2T Bk R
JPOREE, MITE RIS ENA(E . ZEEEERIT
TIBHRENGE B A 2 R b 2
DR AE MDA IR RS ()5 A B 2 e T8 Bl JRy %
J2 856 Ty R A] R A E S B X 3R 4
ik vboBE RO A 2 TR R - B - RO
( Leaky-Integrate-and-Fire, LIF) #1270, HiER
IS 3N F G SRS IR, RS DX g s
TEBNAS X I AR B SO Ao B E R 3l
BE AL A R EE R, e R E .

Zheng 2 A\ PSR L TESTP 8235 I FH T 86 T-5¢
ful SN AT 9P (Short-Term Plasticity, STP) B4
(PR TORERL . STP LIS AE A7) I ful 75 Jo B )
JE b5t kb AT 2 AR A R S AS e LR e 2 S R i A
2 TLREUR TS, BT R i ke, Rfilfl
HRCRIEK, RIS SOR B E, i
1 22 050 A N v P4 e 7 L A AT AR ) T
IR, AT ERdE ) 5 e RO AR ) ik
RN CYNAL S -2/ NP E-4 - X ) U VSRR SRt
JB7,  SEIKT I 23 A5 S & N R

TFSTP f4f STP ZhA @A) L iz s XL =
AP FEERZ: Hep, STP EhSEEZEMsH
J5 ) A% 5t R RVRE FEONE 2 w 11X 3 A5 AR A BR A T kv
RO 188 XIS ARALEFE T R G 1M E) 3 s
MIZaNMEE, HE RMIERN LIF #1270 M2 i
I F) X IBHC R P [F) B 2 0 s X IR A STP
fliTgE FCAR B 4H7T, %@ sh X IR /N 1 TRP
T AN BSOS 15 B H LG . BEER
Hi () TEMDSTP I 76 STP Jkfth_b A48 H: 5 25 v
X 73 s X 3, {8 F P AAS R S50 STP BEAL 53531
HEHASEAX .

g LR, FETF A A TTHLEI I 2 A Ty
2, B EREYIL L RS STDP. STP 2841,
454 LIF SR e 2 JR 480, Bhasgm i ik i i i
RER, SEBLBNFRX IR X 4 LA B st s E)
MBI T kb BB A R 22 A5 R

AE oy BT A AR 4 TG IR AR 2 I R
5 3 T BN ER X X 4 5K B TR SCR A 2 S
W&, FIF LIF. STDP. STP ZE#iAYLE R 8] | B i&
AR Bk IE X 2 B e, (HE @ EA 2 A
JUARAYE B RIS H T B R
(¢) ETUmBmiRE % 25 BRE 75k

B A6 TR FE 5 S AE UG ST Tz LA, BT
AT UE PR 2= 1) F i 3] o 44 428 D) 8% L 42 A K o i
Y RHE,  DASEI o B ket AR . XK Ty
EAT A — @R EIBMAE ST T8RRI R ER
B I VAR PR A 8 DR 2 SR DK i R A B A TR S,
28 H P WL A AR E AN 2 3 RO

553 T PR % (0 7 VAN S T AE R & e T v
FABL, IX T VAR B L5 R S ] S 2 B
XI55, AR AR X A 7 AT 7 A8 S BE
ke BRULZ AL, BREES I R EE T KREHIE
BEAT ISR, TAERK R B A, o & ki
5B MR IO Hs SRR FEAR K, — s ik
MO SR T AR SR AT AR B, X PR 1 3 2]
SRS S TR AR S, i, ey kLo
WEFE 73T B MR S Rk g B . TR
5 ) R AR E E A R S R 2 B

AR R ST Ik P AR E R TR N
Spk2ImgNet®, &l 6 iR, %77 dARM T “HE N
T RHIESE L - KBTI B 55 - 2 B Z R Rl
(s B AE S 1 S 7R R I TR T 11 PN R R
ik, FEFNHIKIRE ) 7 B K RN, 8RS
BRI A S A 7 s B i DA B R 21 R L T
BRI I A O BRI 2 A R, SR8 I I 2
FelE g — B HARIN 25 $5 5 055 )5 1 2 I 200K
IEREATRG, RBEMER, NESEE TR
{0 QUL PRI RER e Rt b e Wl N il 0] QUi 2
FOETERFESR I S 200 55 FoR A T & J it
LA Spk2lmgNet Jyfi, HAERFESR B B 9] AREE
I i 5 2 (] G R RENLE, AR IS 2 8
FHEHE AT A TRRERT 77 RUBE s FERFIE XS 5B B
FH 35 AT AR T 36 87 10 5 0 55 o e 1200 sz 1 oy
FH 2G0T I 300 55 EARFAE kG o B U T ] S
TR FEAT INALRL &, A RS 18 S AR AL 55 2 2%
Xof B A AL R

TEJE ST, AN [E) AR AN 22 i S o VR B 2
SIS AT T Bt . Chen 25 APUR I HANH
W B kb A% 73 SSMIL, B 7E G W B 720k
FIRL G RO SO . — 7T, SRR S R



RS BRI BB VAR IR 9

x 2 EuborREEEDETIREIRREF NN = EEME S A

ik KFA5E e kR
Spk2ImgNet'™! CVPR2021  ANREE2: 3] J5ik KA BT CVRRIESRER, 4 53 T AR T B AN 40 5
SSMLEY NCAI2022 /[ BRI 2 31 ik EEROZFAER, % 1 0B
Chen %4152 AAAI2023 TR SIEEN -SRI A T AR GG A AT, BRIk
WGSER AAAI2023  FE TN A GE B T4 RUBE AN A 0 Sk 5 B
RSIR™ MM 2023 SIS AN 7 6 O 1388 7 ek 34 LIS Rk BEVRE, /NI PR 5%
Hu 4591 ECCV 2024 &Mtz sib AT mitg T4 R Rk B TR WA IR ALE, XA BB IR %0 55
SSIRI TCSVT 2024 ¥ ANRPE kIR 45 J7 i HET &R TR AR, S EUL i 1R
STIR®! NeurlPS 2024 @it BAL B Sor-Ba R IE AR IR, BB
SpikeODE®™"! TCSVT 2024 LT AR FIBKAIESNE 4437 S TS P M 3 I 7 RN BBtk A b
BSF CVPR2024 4 kb BEHLMENPEHEAT /047 S ACTE 6122 RBE Rkonh O V) 25 43 B AR, 38 T 98 2R S P 2 P 55
Spk2imgMamba'™  WACV 2025 5| A T % JX iR A 45 AT R PR TR R REDRA T Sk 50 T A R T 7S A A
Spike-CLIP! AAAI2025 S-G5BS T SCAR-BERORT 55 ) S B A B

y
SiEEER SFETER ¢
BRI ERIERF I
v
DEaER Ssnamw o |
O ERUHERT
'
DAY ETAHRME
ORI RS
”
LR SFETER ” .
et BRUHERF I i
”
SR SFETER g
ORI BRSERT I
{Sic+i}
eI R REFHERE KiZRHEIE BISIE

B 6 Spk2TmgNet™ [ 4%

e AR S A AR EE R, ST, Rk
Sy sc itk - ISR AR O SR A A =7, 35 PR
TRAIFZALRE 7. SSML KA E S 53R A
I 24 (%) B S B LR S AR U 25, Horb e R 2%
LA TFP. TFI AL 5 iR 45 RAREE, 4568 A
Ly ST AR RS AR E AR R AR R
TR B SR HAZ IR A I B 25 ORI, A I AR
ZURMHE AR, 1327 0 i

FEMIERE E, Chen % APt — B3R [ I
KB BN R E RS AT TIHESE, B T 25 T
G INGR, TERATSS PR AI3E: [R5\ & T4 3
IR AE Y B AL, 8 R e A R
] A B, 5 kiR R A AR
BEAT X LA AR — EoE R gk, AT 4 o B e 4 SR
55 Rk A A RS PE R U RO

Zhang 25 AP ) WGSE 4/ 5] A
FikH RS, I 2 FRUPE B A s ik o A
DR S B B 25 AR AR P e A 2 SO A TR B A 35 I
ARAREL, PRI P Ik 22 26 AR 4 5o 25 R R A0
ITARAL, B JE B /NI A i A H SifE LIS SRR AR
ARk IR AL, AT S AR bt 220 ) 58 155 e O Bt

FitE. Zhu 25 APUME Y RSIR Tk s iRt
NS AN TR RS I kb e & Rl L, ot T
ANTEDERET Bkt = A 225, IRl B E M
Jik AR B R B A TR AL PR BT LR, RN &5 5 4
TP PR A A IS 8] il 2 — DAz R R
SCAE R Hu S NP R B T Bk i 5
BRI AR R, 32 3 T4 R Mok S Tt ) EG ) 5 A
TCHRARAE, - FAI O ARG 13X 268 HE 20 B ) bR 3
BEATRNG, DHRTHOE &M PR E R

Zhao 25 NPHR I SSIR  VCKH I FE ik e
2o 2 YT ik AR, R R K v £ X 2% A
). G FAE S BRE, Bt TIRE S A E M
Bk 22 BB, IEIET B S BAR O
APPSR, ERGRERE TSI 7 EEAEE SRR
(. Fan 58 NPTBR R STIR HESL, KA
TRE Bk R N RAE A& B X0 g 5 R URHE,
A T JZ2 388 3o Xk R A2 L T 7 R A A v ] i 5 I
ERSCRIXUA SRR, fERIRL G 2 s hiTh e
AT, I e R AL AR A ARE BRI S AT RS 55
SUEE, SRR — R LR IS 18 33 5

Yang 25 \PEHR L SpikeODE, K w4 15y J5



10 it B Ol

I

SR XT

ﬂ&&i‘ﬁf (M)

o [“’;7

mgo._,w Fii
M, R

) EiteRsmonETRE [| #R

M-o-AI- 255 %ﬁvﬂﬂ@@
- ’ -+-0-225: o6 o)

| rewmzr @ mawrre  © me

RBZIEENRIFT (CAPA)

® Softmax
. o #m
SHBA  Q G Q ® @
[= = Fro
S 5

- e O
= / AKE ()
K ( -' Key " C, £
=) (",A ks x5
=/
e L I, H Cxst l Gxs
> . o ¢ ] v |
V(@) val AVE()) J

B 7 BSF P4 " chif ¥ 2 B0 ) 5%

FEGINBK MRS, i BR324
ANASIERE, DAFZHRIN A A OG 1t o 207 VA N I []
B DA ok e Ay 2% 384T 10 1 AN 1 X R,
BRI ) TR S, ANTTEIE L Bh AR R AEHESE T
— R Tk R BT E . Yin 5O 2
Spk2ImgMambal™, 4% IR 25 24 [ s A %5 \
Bk A%, DA 3R T 2% R I A K e hii
I BN SCE R %07l 2 RIS S
A E IR TE X S I RIERE ST, EAR RS
MR F 0 e T EE R

R AR WA [F] A FEAR AR T K AH L A s Al
AR I R, ALK Jhk v e P R A P 1) 43 BT T A 6
AR . Zhao 25 N\t /3 #7 kb it P e s S 4B
T KRR JGERI PR RHIE, FRE R T
BSF 19145 LA SEHI R o A« 3 LA Rk e s 1 4
M. B RRR A ORERASE, kit R TSR B 2=
BESE_E R, XREEHEFRERG . B
N 7 1 H5E L 20O 25 DR 2R D e, AT £ P v ik
T TE] o X DA L 2 S B B S5 « Zhao S5 Nt — P K
P, Fk R 1R 22 4> (Differential of Spike Firing
Time, DSFT) HEIECAT AR XS 0 R K Te At 15
PR b2 Z Hr DSFT G Bitk, H DSFT ¥ 2|8
i, AR R 2 K R R, I A AN [F 2
f’) DSFT F#1ik, fEIREKEYT DSFT B4 15 1) [F] i
FIH EHT DSFT AR I [A] ROBE b A2 e 4 1 e
7 A SRR 5 ik it 3 (R AR o AT XS TR S 5 ()
W 7 i, BSF NZEETT T 2R R SE: 7E
DA 4 - A0 S e Rt b, 5 NBE T R SR mg B
WA XFEE ST, DINE R ZR N E . SH
ZIRFAE AU, 16 R F55E ] A DT L 2 X 3, )
FH J 505 't 58 1) AH 5 A2 1 2R AR ik 35 373 s 1) 1T
BCiRZE; TEULIEAN b, 400k 55 iEad nf AR L 5 A7
TG = AL RS, #E— PR IEE s mte, W
GO U R T T AR X S i

X3 Eon T OEEMWAEME S LML
REDS-SCIR ##4ER% F it pe B, LA g
RS RS R THHEE R 5iE T A .
H 28 &2 REDS-SCIR 4 b 537 5 JE A
KR, K, Ysols. RPHERAT IR
JE2E 2] )73, ¥4E REDS-SCIR 4T 7 EHril 4%,
Hrh Spk2ImgNet. WGSE 5 BSF KA 7 BSFIr
g7 SSML 5 STIR KA 7 HE il
7. R IEUEEE NVIDIA RTX 3090 GPU
TE 3 H5 9250 < 400 [ 8HE EHERRAS 2], HphiHE
LR INEHE (MACs) K1,

7 J8 B 4 W B TR A S SR e =
FERSZ B B O RO T B R %S, Chen
2t NOUE T SpikeCLIP, ¥ CLIP 744y <4
- BGOSR 215 N B R, MR TR T
AR A RO v BT B A s B A s B e . R
Tl 1 A 230 B G T 0T O i R AR, R 3%
S SCAR R IE B = 2 AR R IR TR 5 N 4 2
21, I TR T AR R 5 7 R T Re
J1o AT IRE2E )RR TT 1 AL B 75 31
P S I 0 i 7 A AR I S AR A2 18 DL A/
E BN ASTE R S PR, 8 I I B S A SR B
WO 55 A1 22 ROBE il 0 2 52 7+ IR 3 5t R R E
R, RIS R 16 AR A1 B B s B
15 7 2K o

AH B AH AL T v E T R AR
PR UG 2l N5 e Neog N = S w8 I U R
SV B kb b R VR B S s A s i s
AT, AR T RKP AL R ER S B IR R
71, FESSECHERA X G & F B B

4.2 BKHBSPIRGEE

FE LA b RS AR SRR JBE B (X At b, ko
I3 HE A AR A B K b IR A v N TR 2 R 4 55
IBBPRFE, MRS ] 70 R fk b i b S e R



RS BRI BB VAR IR 11

7 3 REDS-SCIR BUESE LRI AT ERIXTEE

o 17=1.00 n=0.75 n=0.50 ZH MACs Eiudii|
A Tri%:

PSNR t Ssim t LPIPS t PSNR t SSIM t LPIPS t PSNR t SSIM t LPIPS t (M) (G (ms)
TFPL 2727 0711 0265 2673 0669 0300 2562 0581 0.370 — — —
TRIU 2355 0634 0329 2477 0673 0293 2677 0713  0.249 — — —
TFSTP 2035 0678 0270 1962 0685 0252 2110 0707  0.247 — — —
MAHTF- 2957 0879 0112 3007 0884 0113 2965 0869 0.136 — — —
SsmLB 3394 0923 0075 3327 0909 0088 3201 0883 0.116 2385 386.02 408.3
Spk2imgNet“!  39.16 0966  0.024 3827 0958 0032 3659 0940  0.051 3.904 1016.38 167.6
WGSER 3897 0964 0027 3823 0957 0034 3675 0940 0.049 3.806 425.22 88.7
STIR®! 3728 0946 0052 3647 0937 0061 3495 0916 0.081 5.108 46.60 66.6
BSF 3976  0.970 0021 39.09 0964 0027 3776 0951  0.040 2477 726.89 2075

i, HTHILESROMTE, FA—GE  WRESTEEE W, (x) g %05 5 A

Pk il kg s AR B DS TE R, B
O AR T B 10 2 (8] 5 )G RER R, AR ik
Ui A P B2 R A S G T () e R A PR A Bk e R )
REE, XM RIOCE R RS S
M, T EREEAGTHE 3 LS kot 5 = R
G R BIXT N, (RIS R o TR S P 5 8 =5 (Rl 4 5
TE AN PPARRD 75 SR [T, B Tigsh - 25k
TP AR R I TR A5 JE. 1) 25 TR A1 440 1 H R o

Zhao %5 NPM4R iz zh 51 S 8 5 9 %
(MGSR) HEZE, RS T AR # 28 1E B2 ik it
MEHEEE SRS, B PG A
PRI T 0 ki 5 6585 R BER FEfRAT 5 B AL A
A GAE T RN S 5 AR 1230,
W [l — A% IR G K TR E Bl 3% AN [R) 23 [l o7 B A5
REA R G . BRI S, s AE — &R
AT T kb S5)6RINTEREE. B, JE
THKARBLR “FR5 - R UL 0T G 5
RIFG R p I i) —Akihsy , e B GG AZ5 R
Z05y ANt Ft. s % BB FE AT DA R IR

t.
0:/ / a -I(x,t) didx,
Q,Jt,

Ferbro D9k ab (R TERIAE, €, AR ER p ITAL T IX R,
a ADEHFALRE, TSRO, x Ml
2 [A) RIS AL AR AR o G SR R ORTE AU EL I I 2 ey K
5, BETIZI ZI BB AN 2RI E A w (x ey ) s 2
AT A 5 0

0:/ﬁ/ﬁa-ﬂmmg~ﬁgﬁj)ddx (16)
Q,Jt,

Horp ZRERIHERD M, F5oR T AR x AR IR R AR
AT AL I ZITN IR HER TR R p 1 Xk

(15)

1)

M, (x.t) 1,x + w(x,tvertty, )€ Q,,
x.t) =
PA 0,x + w(x,t vert tye, ) & Q.

Fox 0 LR JFAR 73 Fe AR AR AR p AR Bk so 1 DT R -
1NAQ::/WAAAx¢)dt
W A A AT LA R R
0= /Q / Co Txb) W (x,t) dx,  (19)

IRAEAE I ST OGRS A O B O R, R
HH A5 FH BT R A R A 1 3 AR F 6 Bk 1 BT
BREE,  RIAEAN kool 237 st R e I 23 S ) s A
2,10 DT R E ) S B 5 ik ok A S [
o MWIXFRPIEIAE R A, BT &Mk EE HE 4
ROKH DL A 1) 0 R R AT SR A, T DA ARk vk
WHFEERE LB R R

Xiang 24 N O s 115 % 8 27 ST O B HH
PR T BRI AL 2 2 AR N 26 o Z TR B S
FIF — A R U P I TR RFAE, S kR 1
I 18] 73 A5 R s LU B G A B b EIAT [ i
M, R Rk PR S AR AR I R e i@
BT kb B AR B B AT BRI 22 ), IR
W5 IEVREAE 7 A B 25 i e a5 a), 1H Bk 2
HAR BN 2R AE L, B2 S 31 i 1) Bk o
Iy HER AR o

Zhao %5 A\ 42 4 (1 SpikeSR-Net fili & T A4
T R 2y 5 ity 1) ity R 2 3K 7 7 T ()R 1o 1D 4%
BT R MU 2 R AR, 7F Spk2ImgNet
D £ (1) B R B0 g Stk T T VR BE R TR AP 4
24, TERFAESRIUE RE A, R TE T8 3 HIE M1 ik
MDA, E R R TR R EENK
B, DRSS, HIET Rk
M P LA B SR g A AR, dd el AR T
2 AN 25 1R ARIAT 1 B4 b R SCOF A G R
FE R BT, I HIE T XU SR N 23—
RE T K ROAR DS, SEEUBKTER  HER E

(18)



12 it Bl R

Wang %5 AR ¥ Spk2SRImgNet 145, %t
X F I RIS B8O B 00 B L B AR gl 7 7
HIE BN AR, Wit T 18 30X 55 W [F e AR R . 1% )
26 e 388 T Jhk gl 1) o B 2 Nt )k oo O e A 9 A
WG R, HAYmLIRIEIHIE. A5, B3
F RS THE s e &, I ARG
SIS BN 5T, ARG 7 AR $dslon) HE B I AR UREAE
HEAT Y R P8 A AL FAIE , 2230032 Bl 0] 55 LS [
SR A7 B G B AT I TR A IR B RS R 55, T e
SYIERIER G . FiEm & a X555 A R Z)
FRAE, FEid g R B & PR B

AN > HER T VR R B X B 3 T “
8] 3 28 52 PR S X DA SHE T vy B 1] SR A L5 7y 22 (A 24
7O, I 2 RORE E AN EE L ) A
TR, R KA LI 1A S Ze AR A A R
m AR HER . B UG T, AT AR
WA T2 3 GO RS S, Bkt AENLIERE
XA S TESAC K, 2
AR
43 FEIKAHRGEE

TEFERH K AR SR 2 = A P ity B, R
fikr B A G I AR ML R RS E RS (CRA) SEILE
ISR SWME . AHEGANIZRAL, HARH
CFA X ARl B e Bt i (an Bayer #2580,
FAMERFNL ., 44, (R G, B) th—Ff,
TE BRI R MR, MZ R E S IR T e R A
GRS o X B IE TE SRR B R
SERCE AT BRI BRAR 75 BT A R Rk
BRI E, Fh A REFEEES R, R
SHE T I e B ) 2 R, ik ARz SR 5 R R
Do Bk, ROk AR AE Sk AR BRI VR Ik b iR
TR IR, BN 7 B a8 A oG P A 5 2 —
LY H b o

3DRIPSLE R ¢ ik b A AG ) B 300 77 v, e seidnd
Jlk e 10 8 0 Ak B R £ Bk i e D B DB AR (S
5, 1% Bayer i iEA Ry G, B =AMEHRE
RINIEIE, B RDGRAS T RO sh B, TR
T AR TR 2 S5 A Ve i e, DAREARI A IS A
MR AR, Sk [ T R T B AR
Bl BRlaptimiERIFE £, Pl LUHGEEE R G @
N5, KRy BIEIE FRFE, FIFHE R, B
B G MR ZEIXN R EPATIEIZSN 3D
B, mAMEETEROTA.

CSpkNet®8 g BT T FF 2 5T (%t ok b Al

G5k, BT =pr B AR SN Bayer BRIk
FIR ARG ERE . S i HE BT HORE ik i o
AR, Gl. G2. B F/74l, P = iE
IR 7] & 1 PN & MU E, 07 Ak e P 2 B s Ak
TRz, HAias)g| RUER AL T RAFT J6ii M
2OV BB, 1% Bayer LW 4%, 45id
EREE T 7 70 2 2] D IR E DA 5 3 A %
P, Al I R ZE R 2 SE IR (RS B

SIDD-Net Vet ot F4 tru ik i v (14 52 e 7, %
T TECE Mkl 2 G328 e 5 R HESE . S AL IR
BOEACKR g, @i —UCER R (HQS) HERS
) R AR IR S S T AN T R L. BEJE, B
A FRRIF L — D Z M Bt . [ B,
PRECITUN BB ik o AR, did 2 R 3D 4w
M2 5 A AR T B AR BUE 0 FRHRIE, IR kb4
FIREEA  SCIO I B A e IR R AN B, 455 ik
TR RS A 8 A R R AR, R FH R T A %
M B IAR IS, P s R AL,
i AR IEW R B

CSCSRUM R £ i — Foft % €0 ik ph B 22 T 38 70
SR AR AR I 7 5, 3 3k i 8 S S P S B
SRR AR R OGN ERER. £
SRS A R A I SRR IOGERE AT AR R
Sz sl, MRIEIEBhHL S RE S A R 7E RS &R
FRAG R, B A o PRI N 2 R 4y 5% . Yang
2t NV2LR SR SR B0 R Bkl B 7532, T ]
T kAL 0 HDR AU, 7E LR
BSOS A 9 ) 25 A T 42 DA SR 15 38 v Jik o L VI 25
W2 o %5 V3 T Hu e AR 2 1 AR 2 M
i kb s, 3 i e S R M 22 i P B
BIRIE BN 55 DA TC ORI RO, AT 3
FT DI R A KR R (4 HDR AR 2

xR ik ol A P B S SO A
FEFIRS, Dong 2 APME MR T | B ST Rt
HE VA EAE A Sl TR B s E S
8, BG SEE SRR A PUL Y, WiE
S B T X IS € 1) I ) 4 AT 45 2 SRR B 2k 4%
%, SEBELERAS MG, Y5 mumiEG
RSB . R B, DD EEE R
FOFRESE, I HERY 3D AR 40 B B L iE I
FERUIT A, R A AT I (8] 5 A B B SRS 5 AR
FP T A OC B AL e RS, PR 7 SCRFAIE R & J5 25%
ZHALHE, HEETEWRAR

RGRAEIRE 5 2] i B Ak #i, Dong 46



RS BRI BB VAR IR 13

NV L TE R TR 2R R Bk b G T 1 2 Tl
TR I R A R, R S 1) R A B
& CPHaR 5 dant ) @R, sk
R 26 S H B AV R . FERI DA g
BENTE, VIS BT AR AT AH ARG R AR iz 3 5
SOREIE ISR, AN IRIE R R, BT
B8] bR SO — T U T . A LG OO AR
AU AL, Bk AHMLAE R (37 5= T a] LLIA]
I 30 7% 0 L DX I 1) P68 20 75 8 3 X 1) 18 2 3
A, BULAER (g R B A D s 4 O T 58 2
R
4.4 BKASEISREEZE

TER O AL O FERE |, HDR sifgise— e
B C RN S lE RT SL R o SRR i AR T s
PUREEE, (HEKPAHNLR S S ah&TEE (HDR)
Wy seht, LU = SRR . SZ R ER
PR, SRIEX kit 5 E RIS R, 5560 R ik
PR E0m F O THR ZE K. Bk msh & g 5
P AR ik R g 5 5 EE 4R FE 2h A YEH,  Chang
2 NI siR & ALk HLs] . Zhu 258 AT 2 2%
Fk AR LA 7R 2 ARy 22

Chang 2 A\ PVetsof ik AL w3 74 5 i 14
g, R R T R EE SR AR, £
Eb AR ik i 358 o £ 40 = 1 1) R, AR HVR SR A AL
(RMB) kLl 5 AHMUS R, Horp “RBNRA
KL FRAEIZATEE A LR bk b 3t o R A D
B2 Rk, DAFEEE AN I s /A 4 T 4R
THE R LU . I07E 500 X500 43 HiRiit, 4
DAL 44T 3 LRk, HAR T s bbds. IXFE
A LA S B B 4 s LR U AN . 2%, [
B T Z AR Bh AR 1. MR VR SIS BURT BE K
TEARBG AR, R B ikl 2 s (8] 22 73 (DSFT)
fiiHEan(E 8, e eimstistiesh; s, @
o PR B LRl A B2 EURRRE AR, S i s A
[F)YE B Sy B ST I PR A D LA T @ &,
LIS mMEAREE.

Zhu 2 NV 7 22 8 kAR LR IR e o 7 26
B R R R IR M HLE] S HE B i 45
B —REMPARNEE, BRI RME R bk h
FEE, AL RIE: GOkl R 5
5, BT B R R N R Bk, B TE R
FEIX ik s Bl FA RN [ . R, TR
A AR T 3 vk S I A e R 1 3
PEHUT P oCEE, B4 AR, RS TIEE

T Y I 5 0] SRR S IR B R AE XS 55,
T e R PR Rk b i R B 45 0

HDR ikl g 7k EZmm s 3 i “mal
SHEHE SO = T WA, SR [,
FH KL 5 5506 1 3@ R A JRURR PR BT I ek 3R
HE AT R HNE, ST S mE DX 217 1k
HEE. METHEEMEI, K AEEST HDR
FS AR IR B R ST 25 X 4 ' 5 I X AR 4T IR B
45 FEERIHRBKODRLIGEE

TE S Bk AL ASVE L SR sl A AR 1)
il b, B AR BORAE 5 BB R R b s
JEBLH T RS AN . T 90 3 15 Bk vh A e AL A
B A REE, IWIURIAS 58 B 8 B
B PR T HAERE R AU AR ) S -

AR (Wb RS E . KRGSV RAETR
HAEIE A E, AL DA &R0 5%,
JBK et AE AL D R FG Ry IR ] 43 B R o BRAR T .
Xiong 2 NPTR 1 B bkrb i g A0,
SR L H W B AR AEE R4 DL Sk i
SER NI, GG E RARE KM R RE: B
MR B T R BRIR Z SIS EE, —HE
AR TR AR R, St AR E s 24 i
B, TR, KE T AHEBRS AT F %k
T PR

EUERIR IO R G, BRI E . R
~FEESH O, {H 1-10kHz AR LR 4
RGPk : —4a s b= aER, BB
SRR A SR A . Xiong 2 AR
tH kRSSO S B0 AL %, BRI R
WSH, Jiksr =0l BRI AR VAN I 5
JEOGHRIX 5, 56 Rk e e 3 2R AR R A B AR o B
DRl i, WU E TG IEE EmEAT I
VAL, TP AR R A I X, & B ELAE AT AR A7
7, SEEE TR, BRET RSV, BT
Fir [ R e v, 152 R M B A 5 ik o T B A%
W, S5GHEE, FeE e kg AR, T
ZARFE BT PR

AT FH AT RIER GO . AR BHAS
T RIRE, LGAR L ERE M 2 AL
HEMMATAL, ML, SIS RS .
Zhang 2 NP Jik s R 485 22 400 254 7 025
SpkOccNet, f& B3 iy I 8] 73 2 5 i B SRt
EARBUK i B RO T . ARG
SEAZYR KR SR 2 ORH S DA T RRME R



14 DA 1=

B8 7y B AL B kit AP A B B FH 25 B T AR
FEai, FOBGERKE D GRBIRZGH) S%E
WO G, BE U BB, b5
P A0 A E YR R D A B A v B A B B R
fiE, fEALAA EAMN RIS (S R, RKLBIEER S
MALGE R, B R 2 P A
46 BoOh=HRGEE

e G AR s, SR SE . PR
1555 4k pRA% 5 4 KR K R S i
PR AL IRRAL; = 4 LR ) Bl 4 R IR
H, BEZMARTEE, SR =4 RRE
SEREZIE . ITHER, MLAESY (Neural Radiance
Field, NeRF® 5 3D & ik Wk (3D Gaussian
Splatting, 3DGS) PPMEA H: = 4 RALRE J1 RNTF T
A NeRF it B s & 48 5 37 A s B0 = i =
PR, 3DGS LU A Wi ER I kR 1
SEH SRS mAR BIE G, P RN TG T RA
(1) = 4k B AT S A A R S5 TE YR B

ik v FE AL 1 R v B ) 43 R 5 0 8T SRR
N LERARAR AR S FoA ka2 o e
HAEGE, B mEEshgnts, Xagmad ke
RIS ERIE A, AR RAL GARNLLE i 5
AP EWEEA R FEIE R FRERE
) AR (AT R o o o R Pl = 4 A% S
AT @ AT Bk R AN DR o A, A=
YRGB B A R a0 e EUL SRR B, R
KRR i S 5 2 A0 A 5Bk, 454 NeRF 5%
3DGS (M= 4E B 2L, LB “ 4Eeinfyyl”
B “=Yipamaim” Tt

SpikeNeRF® & 5z Bl A ik o 3 2% =1 3 T
NeRF HIFa =45 on, RBES NeRF X 5
JR AR GERAR DA FEAZ o2 P 7 3 T ik e e
MERBHES: BIAB - BRI (P #H& 0 Z B
FkHARAL <Ay - R ML, TR AR A A
PUE R, HPEHORIIE 7 | IS FE e 75 25
JEEARREE, SETEX Bk BRI . AR R
Fik A R A T, 1% VR I bk A5 2K
JH Ik I 1) B P A - S R I T G T R
PSB4GB B BE VR RN i 1) 2
IF] P 3 2 i 2 A A o

Zhang %5 N Yok 3DGS Skl 4
FEtH SpikeGS HEZY, ff it SAHNIAE i Zh A1) 5
i RZ SO S 301 3D Bug i E R AR . % HE
BN O M EE B ik R P 1) 3DGS Y ZRMLA:

— 7T “BER R 5 CRBOERUR” WL,
Mk o g A50E Tk 5 15 O 285 S ) 1 B s 8% ik v I
FIF At S5 9 265 A i 30 Jok e 4 4 FE T Bk B VS BT RE AR, N
3DGS RALAANS ZRE AL S g im it B
Uk i 3DGS HESEyE Yest R I EM LR,
1) 1) 2 8 M R v e A Bl A A A R R
%, BMKBSI SIS REREN. B3I
SEG RIS A R AR R AL 3D ik TS
e, AT S S Eh A S

Yu 25 NPAR IR 1 T R4 19 2E T 3DGS 1
ik = 4k R AS HE SR SpikeGS, B 7EfR Y4548 NeRF
FERK AL = ZE G Pk B AR v W
PEASJE S5 ) 8, S A ik s v 250 2] = 4
Yo ZHERAZ O RAE AT BT RE GV 28, &
M RS RN KA 228 T S R R i O = 43 1
The 8 i 7 38 S PR R R ASADL K AL 5 S e 75
FIFHAR 53 - BB Bk i #2270 24 3DGS TE S
JesREE RN K, @i RAHSE S T L1 5 D-SSIM
PR GHRREL, BN A s Bk, o
T AA [RS8 A . %7154 SpikeNeRF 5L
T ST

Guo %5 NP A6 Bayer 1 3UR ik bt
L5 3DGS 4G = 4E UG HESE , B %) iy idig 3l (1%
kNI R, fRIALS 3DGS X MR K
8 S IAT Kb = 4 BRI AE B B A S
RitE FRIARE . Wi 8 Fin, IXHEARRL LR IE LR
kiR R AL BEAL R S5 A SR B . — D7 AT R AR
FEMMCEAR, i K B) SR AR R A SR ek
I (AR 2 FUS M, 456 F/RIES 7 imiE b2,
MFE LSRR e PSRN R — AKX
] M BALA, R kb TRD B A ST AR AE s = AR AL
B, RIS, R A R R AR R
S IX (A1 B E, FHTSEK E 5 LTRSS . h4h,
FESE B IR SCFF R KA = 4E A8, 8IS RSk
MAHHL “FUy - R VIR AR, M MR
fiktim ) = 4k = s ) e LG, A mE R A
5 SRR = BN E T &

NFRRIK AR ML = 2 A% R BARZE R, K
JR R SRR A ) A, Chen 4 AR
FIfRALHESE USP-Gaussian, ik g s, &%
K IEFN 3DGS B4 Nt 23 RSt SHMESE— 7 TH %
THE = JE kR B AN PR s AR N 4, I
fik ik B R e %, N 3DGS R ALKE ANV
N, L X 245 SR FH T 12 Bl FEAROR 5 2R R 2 T S



RS BRI BB VAR IR 15

|

SFM &L

gfg*j; RE _.| Wk EEEHES
Mz 1‘ ..
=g | 1 .
—» Ve |eEnEmEn
FRER = § Ny .
[ B I . I l :
s TRAULE | E ]
gaae |=| #% [=|lossreme[=
] R |1
i 48 we || PERE BRI — —&

Bloh RRA#&

I8 Guo % Nt ik rh = 4k U i

IR I RS, B iR B BB = M
HARE S5 WE S H— )7 3DGS FIH Z M A
—EE, @ RS B A AL m T S
B, ks EESG R RS EEMNE LR, 4§
& B s R . A, HEZE S AR
AR, I BRI AN LEES, AR A
WIAHNLENIE . @IS BRE Pk %L, USP-Gaussian
LIRSS E S 3DGS IR, FTHL S
PRIRHELZE S A HR S AR I R PR, A 3 T
MEGR FT R ERIE S BB, K6 KA,
NeRF 45 -& ik AH AL 58 0 2 ) FH 324 2k ) 45 2 32 7t
B E SRS, RERSCRRIL, BEX S
R RsEc; 3DGS TE R UERR =1 G T &= 1 )
I, 35 PB4, TG G S BUREh S 5t
AR, FET BRI A) NeRF / 3DGS 7 VETE HRIE
KR I8 2 FILE 28 53357 77 TH 1 20 2538 RL AT A 42 71
ol

=Rkt AR TR ER 6 5 3 T HR ) IR
DS BRI 2 7 X —HhaR, mid izt 1k
EREEZ A LT, BRI 55 2 005 B
AR AT SR BESRAE . AR T M E B3
FCER AT EAAEARNL, B AN AT 45 A B S SORE R
SE LA AN IAG -

g LR, AT ES KA ALBUE F R IT,
F% 0o R R R IR B85 T SR R AR (7] R, MR
IREEE BB R B, mohd. R
R e — AR SR T ), TR 55 2 4R R
RIGHE AR Z o FERK T AR FEAE AL O R
MEIARKHR 1% RS TFP. TFI J5ik, BB K
JBRN =R EREARRL: BTN IrEEEEs)
i TH 5 B 23 YR T AT RS ) s SR, BE T A
Vi T AL B T 2 e SE DGR A, B
TR B 2 2 1 T v i sk vy 2] i X 4% B R 2 R AGE o

FESCIERN b, 4053 T7 )k — 0 Rk AH AL

VEREID T 8 53 3% 2 MG A5 Bhia 2 S BoRE Jik e e bk
() o0 HE AN A0 s R G E I R gk
BB AL FE B R Al A A BRI EE R SIS
FAG R 3 2 ko g 6 5 A SR PR RO s E SR
O KRR SRR AT AR . s
JE I FPRFEIZ IR 7 —4Ei G454 NeRF.
3D EHNRIRSEE, Rk E BN =
Yelgy gt . BART F, WKL EE H s,
AN WKL S BRI IR B2 SR A, BE A
YT KPS 5 AT R O L, R fE B2 AR IR AR
RGBT R A UG R DR, S PR IR B A
IR 5 b B 1) 52 2% 37 55 B FH vt HE gk

AT FBRAE T R P ALK S 5 25244
IR FE, ESERRR Y, VR 2 5Tk A o
545, oAb BARKEINAE, ERAE fE bk
W EHHATRAE SRR, AT N RS . AKX
LITEHA R AEEER, HIA AR FIE R S
) PR B SR DS | BB R A
TS, A IR IE R s A AR A T
JE . {51t SpikeTransformer™ I HiST-SFlow!4y
AR 2 B Rk, 2B S e, miai
I NS S, R FE A IR AT 1A T
SpiReco7E [ i) ) 44 IH B BEAT AR AE AR BN, 3T
AT AR T 3 AR POV i It 2 Fg K b A AT R AT T 0T 5
SNNTracker™ZE3E47 % HAREREZ , FIFH A4 o
RUPLERUREE, BhAE R ARAE . X 2 gk 3
PRI T ki A8 E 8 AR T R A AT 55 1 4
SAEH.

5 RAABOPREIE SRR IG R A
BKPRAIBLIE T “ By ~ R WIS T s

RN DG IRIC R, FOE R Bk R 7 Rk
e oL, AL R& AR ERES, HIL



16 it Bl R

1 BE 52 BR T BT rh ot i 98 5 A7 Al 2R AL
17, BRIORATL AR 22 1 2 % 25 00 AR TR, LA
B R LA SEAT 550 T S QU AT oK, 24t
AL S T A BB A O F R IR T 1%
AR, A B R, IR
IS SO, SRR R S et ST R S
RIEBRHE, PUCFOEmAA) “FF” F5,
BRI A DX e AU, M LU SRR
AR RAE SRR EAES .

XL RS AEVERE B AN, HESIBT ST
RE RS AT AP 242 8 R R,
W 9 o, FET e B SR R 48 T %
DA FEARALEI S AR o FERKAPARDLIE, i %
B BRI LIR s (8] 7 R 5 @ sh L%, 5165
LIRS 8] 0 . S RIALIR) e Bl 5 S5
P, FEGRAMIK AL 18] 70 AN L I RIS, e ek
e G NLEN VL AT R . FAF A LSO B 55 ]
A, BRSO RN “ R TR R - e ]
IR - mEVEE PR

B9 mbA SR S R g™

AR K ] SRk 5 Tk AR BIL 1 22 A B 1R 5
HEIT, EaE = MO A EERER
SRk T A e R AR SR, R R IR TR
8] 5 HE 5 25 8] HER R MOSRAI G R fELZ
Rl i i () NI CINE E E NP AL i e ST ]
[ R AR AL 507 565 3 MR R 2 e 5 B)
SR . T SCRHR IR 1 =205 RIS
%, JER 2 AR IRER Rl a0 T ket R SR IR s
RSN TIPS X
51 MHEEEMRMKGREL

FE R 5 KRR 25 A% S 2% v 3h 2 B T T
B, ol BEgE S OB IAN: Bkt ABLSE <R
g = R HURIE S s s A BRARRE T, ATAR A B2
JesRAR, (HAS A IR A L | AL R AT R

FE G AN LB AT B 2 HR PE LR, ED RESRIE
R PR ERAS GO o T 1A] AR R R B S LE R
GWENS, LI EWER S .

Xia 25 NN ¥ SVFI J7 %, @it fbd ko
ML SE SN ZHSE S, N T mds)
A 5T AR I RS B A TR BT EU R R
5 R E SRS D R I, e 2SI R I A
T B BIA% O 2R Bk AR LA AHAT i RGB 5%
B LR ESAL KB TT, TRAME GARMLEE &
MR 35 B R AR, v R dE i A 78
JEBNAI P .

Geng % N OUR L i I R R R GG, b
G RGN S AT R, RS E6E 8L
“EARIRT H5EEER s ER” MEE,
SEPL R R SIS E BRI, Z RS RAXN
Iy SR 2R . AR RAE 5 S A i FLAR PR RO 1
FRAG AR SR SRR g i, S AR B 5
USRS R METEAS 4 3B I kb AL A
2R 25 S TR FE kI ie, AT S il Bl 2537 5 (1)
RN GET, WREIEIE L “OLiEE B+ m i)
A7 RUERSTLAN, NmiE sl SR ARl .

L EAE AL O AR B S P 2% (SSPND 5
WS RIEEN A (PP JBAR Ak, SR AR (R i
EERmEiEEEfE. Hh, SSPN & ki
PR EETMLE (R- M) ks et
Jeln T4 (D - FM4%): R - T4 RHR
4 SNN-ANN ZE4), Mk H () 20 5 B s 2% 18]
RHIE SIS FHRRAE, AR 0 P K Em, A
WIS 70 AR 2% D - 7l A
FHIEX 55 BERLAS SCIRIT R SRR IR g 58, Rk
LR ) v R AT R A D i e )
Jei, BIEME S TSGR, kbR N
AT AR R PP iR AR A SE B AT HdE R LI
L5500 E T, A7 2 R 2R A o SR R U ok
P)— 8, J5 EAKFE D - TN 5] 35,
e 2 SEIL AR SIS S PR S i (R R )
MR m iR E .

AT B i AR A Tk R BRI N T3 3.4
FH B AR SRS X DA [R] I S s N R] A R v
AR PR, @ kAR AL L R
2R3 GVt S o e g, sl IS
HGH R SR e R AR AT
5.2 HEEEISRIENEE

TE MR G A L, THI 1) = sh A& AR (A



RS BRI BB VAR IR 17

TR RE R TIATRE Y, Ed
Z AL G B AN R R — R A B A TE FE R R .
kAR “FR5r - R HLRIR & T — & mishas
REJ1, AIHHHECIRANAR AL, H R X 3 5 Bk ot
R S VRITTT 25 2R 7T, 55 0 DX 3l R Jok o s 3 T
FHEOCEM TR ZER: M AR ASIER %
PR T R R, St B 55 5 RO (] R R
s AN R BRI SRR FE LR ARk, BTG
EEERIER S XIS .

BT FIRE AR, TH A SIS R R A T
R R L. H— Nl NS 4% S i AL
A, DABKAENLI = 2has e amic o R, JEd
FE AN 78 0 2 PR SR AN ARk A AL
SRS, SRR S SRR —
RO ETRIC TR IR, R EE B AL (LS
gfE R, TRANEAMNL AR SE B 2 N
WRo PR RBIVLZEESE BRI G, REH
GRS R . SO RER IR, R SO B AR
LBV ESNEs® NG ESE Rtk =07

Han 25 \ PO i 2 T 25 AR L B S s sh A3
IS T %, ZORERKEDISEHERGERE.
FOB A% e AH B S IR 3 76 i L 52 A5 2 300 AR AL T
V7 bR U ¥ AR 2R MR IR YUV B2, A
Y I S TESANL COkeb AL SR
b E AR RS . AR B SRS
WHEE G R RS, RAREHE FRFERE
B, 7 B e I S R M RO B R BN =
IR, AR B AL SAINLAE SEE, [F S
RS AN SR R RIS AN, BRI AE TR E
P B b 2 AT LR AME, i =i ahds Ha e
OSSR Han 25 NP G 8% 0775y
JR & SN ASVE B E g, I s PR LR AN
AT ) B[] — B

Zhu 2 NP0t kAR L S SR AR LA P B
AN, $RHY NeuSpike-Net SEHl B zhAS . mikig 5t
TR 1% VEU N g -
AN BRI R, AR A ST ik AR AL A7
TR AL E RS E B BHUSNE B FA AR5 T
JEBhATEH], i =R LI R A T AL
WAESEG: Bk, WitBENEIEERMETT, N
kb g kot e b+ RkeE i R L
RE OGRS SR, NEHRE TS - K
TR B 1 T BN ERAE DU 4 S5 2D A 4B 35
FRAE; ook, FSENEAE U BB EEK), 2 HliEit

IZ B BRI I B s S 5B S RFE . @i 4L
AR B IR SRR, A B R /1R ED
P A s A BB 7 5 R el v 5 B3 3 5 s 1) 4
FERIPAE], SEElmshAS T S e S R .

Chang % AR BE T ik - RGB IR A& HIHL
17 1000 FPS &5 2530 Bl AT A% )7 26« FL I 28 M ik
MHIPSRGLE ST . LGNS AR S5 K
el B RGN KR K & Bk BAEE
i ol o BN, (EAERE 5 O RO 5 R,
AV D RS b et P U Y i G BEES ATne S
SERARAY, HH KR R I B E

Z 7 R =M BOESE SEIL R A — 2 ik
ROER, BTN ST, GE A miE A 5 1% R EHHE T
23 (6] 3, PR RS (K (RN R B sh sy =
5= RGB TlAb#, MEMuRg 5o fs, ksl
S AR, DA R s sh s B AME T 1 KRG
TR — R A R sh AV B, @
Ik CNN-RNN A kb 2 80 8 4FE S RGB 4
FLH, it ConvLSTM i fa] — ik, &4
1000 FPS 1) s, 528l T R 5 mshas
FENE [

TH] 7] 7o 3 A AR A Rl A5 7 6 B 28 3.3,
3.4 R “HRLBISEEA R SR S 5
R BEIEAF” W, R kR [ AR PLIE S, 58
FAEER. AEGHINAN TR TS, fE 2SS
HEPIKE S SEE A .

5.3 MEEXEMRRNEE

TEm RS S SG T, SN2
MU R, 5 RIAENLIZ 2L H bR snd #8743 3
B, RN RO P4 3 BN i SR 2 T R R X
I RS RN, PR SRR AL A 1 20 S IE T RE . 28K
Py TR, K AHBL S 6] oy @ wE A R, (H
REIC AN BUz NI A% .

BT FIREAMERE, BhE K AR 248 RS
RN TT I R, 2. — SR T A1 IS B SR (1)
R T77 %8, MCHFBRK AL a1 I 18] 43 1% 3 ik ipie £ X
FEIZ (5 BB AT, a9
RGN IR S IE W AR 53— 2 1 )
BUEEBORI RN G 7 %8, R K AR B £ 4 4
Il K ES R, HB R 2 IR T RS
B URANREK B RAR IR LT B R . R SO
T R BB, R Bkt AL S A A Jk
P U [F) A B — AL A 1 R R PR AR A

Chen 25 AP35 11 (#) SpkDeblurNet, SZI T ik



18 it Bl R

AL A& S AR LA & 2 3 BB .
Kl 10 P, FHERHE G AENLE R g 5
BROGET = AR RIS SR, R ik AL 2 ) 43 1 22
% EERAS BRIRN, @i X532 480 5 % F il
G B SE I 2 BAS W R] 22 AR . HR A WA 3
Transformer ZE#J: RGB 43 > i id 5% Z Swin
Transformer ¥t (RSTB) FEHL &R (A 54U
FRIE, fkih7rs24 RSTB #2340 ki i 215 8
NERERARE, Wit WA RAIE IR ERE T
By, M RGB HI4GE A5 45 5 rh B ik B i e 175 b
XIS B, Az Iz 2R 51 T ik 43 52 E g v 0 R
HIREE; RN 5] NG B SGE R I G, i
TE 3 A P S P SRR L R 6 55 5 AL, ek A 4t
FIAVER R4 %R B A 2R R
W15 Bk AT 55, B v 8 S ASOR 11 (] e SHe e
UMM S OO REE, TR T XA R T AN
- ARG - BRE AL AL

W HSCR LR 7 58 22 OB AR ™ 4856 55
W TR B DG R G, 4 SRR E ok A
#fio Zhang %5 NP UaSDN $9%, %0 ik
ARIBLXT 5 TR 1L, B0 B 53 e p P 2R AL ks
PG HER I WA IRENALRS . I IR0 R HE 3
BRI SR )R, I = B i U 5 R
XPFAEEL, SEIL G R PUR v R AT v A A ik S
RGB 557 HIEBMIAL.

UaSDN His il ge “#rdb i+ 3 i& Rt 557
FFIE. 55— BER A NAFNetPOWE A B 25 2o
%%, WEH RGB SR AT YA B0 5 S g i,
R RITE IR o B B BB I S A AL, W
KA ] AR FEARAS R SRR, S8 18 ¥R 2 B AR Mk
Al TR BB R, BB 2 RE R AR TR
SEIL RGB RFAE [) K RFAE XS 55 — PSS FF R b &
— A ARHIER RGB FHIEMIXS 557 X R, )
AR E AR 2 A WAL 5 I R 2 . 58 =B B
WA G 2 2 REEFERE M4, THHE ko
R B 506 55 Ja SR DGR T R BOGR B, 454
R VEEIEI 2 REFHER & ST 4, 5
28 S R BB AR o 1% TR RN S 2 U
B A5 2 A SR ), sk s Rkt - RGB RS
TR 22 40 5 AR LGB R

Rk SAEGANRE G T R, BREERRE
24 HOBUIR B IR, TR ORI IR - IS
BT HAR AR, MR EAR AR A ScidEmn it
M, A AR S S SRR 2 R . NERRZIN

Chen %5 A\PTHR 3 T T0 W B 22 51 ikt 5 1 i AR
BRI & FR A5 77 %8 o %0 W BHHE AR it X4 52
REESREUS 2 20 AP [FIAR AL S 2 55K : RGB 43 3¢
K i 5k 2 W 2SR S AR AT W0 2450 5
ik v 43 S 38 3k BN A AR UK I R o N T 4 %
RISHFHIE, HoNZsfEN 5t s % E .,

GRS TR BRI — RS 5
PRI, 295K RGB 433 H 57 Pl 5 kv 43
YRI5 S % EAER S 5 4 R b as o A B
—HME: TR AR RERIUR, SHEEIE MG
IRINBENLIS ShRIAZ A i “ VB 218, T3
SN RGB 425, AL A0 M4 ;
SRR TR, R AT AR T A BB A S LK vk
5 RGB s Il 20} 5%, I RHIE BLAS B KAk
ey e R (T N o G e N O S B S
FIC B 2 S kb — AR GEIR A AL 2B iR 15
ARG Z by E O 1 S s b S P R S A

TEIZ BB E R RS R, Lo RER
BT 3% 50dE F S B R = X Bk — 5T,
Z M RS AR ARG T, BRI
S A TR ORI RERS, RIS
Ty 7T, BTS2 R B A 2 R B AR
W RCRE R 228 (AR, A m A, ST
S SREUE X AR RN .

P2 T S ML IR B 1) 2 R, AT AT 4N S
PR BASR, AR EB A 7 2 IR E R
o Teng 2 NPT B A1 0t i 5 45 37 5 B B MR )
fikr — AL Gemi AR LR A J5 72 FER Bkt AR AL B
U N AP T SR BN RV, K Bk ey
ZREREBRGER, WO RXIBRERE; 8
REVR B IR SRR ER VT EE ik 5 RGB 5445 23 (R for
B, BUREBFEENES, X RGB HEAEXIH S
JERE R, ORI XIS SO R, ATk b B
BRI . T RLT 2 AR, (B Rk
RGB 5 A5 ke, BV AT SEE s o N 2 A As
07 B o

FAERA FAGAR ST VR X 26 320 3.4 HiH )
“EEIZ B N ARG RS ™ EELR . ik 5 RGB
HELKERANS ST 7 S Bk, A B RK AL A (0 e e 1)
SRR HRIL G 5F - AR, 7RV RIS s
B A R 2R SR ER.

g5 LR, R AR % O FE T B KA AL
BRI R mslASREE, SESENRANLE S
)7 HE2E . FAINL RIS HA AN, DA R —



RS BRI BB VAR IR 19

......................

......................

%hiifé%;iif [‘ %% Swin Transformer R -

sl ko & Bl

g7

AR EHE

& §§%
J EMIRERE

HEXEE

5% 2 Swin Transformer 3R

F%Z Swin Transformer B

HEEHRR »

10 Chen % N8 th (¥ ik irh— & GO BLA & 23 B 572 SpkDeblurNet

felas R RSB Is T, A AR EE
kR At sh G R ket v KA LI iz s)
FE Bk SRR G X =R, MR
OIS S SN R RCR, AREGE RS
KU (ERBRITT 1, S0 E sl 5 B A mh,
Fk AR LR BEOCHE S AR Rt dR BUZ 315 22
PRENZL A, ABh L SN E BN, FEfET
[EEREINRe Ak £V PSP /S NEIVES - A SPNETR
Ko RRT7RIZIMKE S IE, Jvmnidshs it
AR S BB S

6 FIBSRE

6.1 458

AL T B = KAL) % 75 . Rkok
FEL B TEMR AL S AR LR i3 5 R i
Jem S HRIEEAR” E BRP AN T AR
SR R, SEAME TR BADE TR R R B
M, XX BT AL G AR R B B 5 A
FIPLH G AR CRFE T o SEfE L ks, kot Al
MRS S (R IOR B S S S 5 B &8 35 2. koAl
WUBAR S22 107 1 B P G i B8 R A T,
fR R T RN SIS SR, Fa R T N A
2R, Bh. mahd. =4ERig s,

ARG R R “ORA E AN SRR
IR, BRI AS [ B A R . fE
SRR A R T2 52 PR A 1) 8o v it 7 ZE il
Bl SEGANEOE, SR T mbeR g S
PRI G s mshAS S 27 0456 ik
ML S RGN FOAAEPLS, LT 3
ORI B SRR R, ST R TR R
- B AR - AT R

6.2 BKHRRHIRKARRE

ki SR BEARAE R AL AL R ER . i f
AN g R ) B ORI EE 7). AR,
T [ BE R 2R (KSR SR S BOREE 22, A5 7 MBS 52
P BORYERE. BBERRG . BEAHERCSE 2 Z R
WR, SiaPAE T, AT PR R LI WE T A .

R SEHAREMIMR Hibkh R BE
YIRS BAIE 2 A & B BN SR s, &
JREUHE 5 SR I A 22 S IR T SRR Rz AL g
FEEE R HER 2R, SRS FRELL kR
Hnend e, witsimEasl. Bt 2
TRBOREIIAATT R, G5 A BEIRGEO KR oY
SRR, NI BRSSO S A

Jik P e BB BAR IR . Judg e fiid 2 (8] v
T AR (M B A0, ik
FRAE . AL A AOEREE S . Bkt
TR T AL K AL S 2 WA BUR RS ER A
PR e A s AN [5] 2 18] 437 B AN A 1D D' o e e 22
W, BRI =4S BOREE. TERIE b, it
G AR IR S IR, MR T Bk i3l
SEMTTE, KIS IWAER S =g E .

B S BB HIRKH AR . Akt R 2 15
BALEAE 5 T 2T, B i 5 i am i,
AR ATHESNTE SUE B S Wkt AR R &, A P R AE
2, Ry sil N E R, SR s X
DXL se iR, JFIHIT SR

fik i B B A 5 IR P R4 . AR AT K
AT AR A S Nk A R, IR T R Y
DUE FC AR, HESh Bk oh % R G <
R ARIDIAE. DNRAL” KR, WM ahh. A
AR TR

B SRk 1 LR LA ) ¥ JR 5 e Ak . ik



20 DA 1=

IR H] 22 B P e 755, AR 1) T B AJUSIA
AN BVAS I R AT I BRI I2 TR
MBS A AR ) AT 2esh A el
%, M-SR AR

2 & X

[1] Huang T, Zheng Y, Yu Z, et al. 1000x faster camera and machine vision
with ordinary devices. Engineering, 2023, 25: 110-119.

[2] Huang T, Yu Z, Li Y, et al. Advances in spike vision. Journal of Image
and Graphics, 2022, 27(6): 1823-1839.

(EBRZE, REEK B, & kel wi ot . o E R
%, 2022, 27(6) : 1823-1839.)

[3] Li J, Tian Y. Recent advances in neuromorphic vision sensors: A survey .
Chinese Journal of Computers, 2021, 44(6): 1258-1286.

(BT, BRI, IRV A AOBT FUHE R K R 2538
THEMLEHR, 2021, 44(6): 1258-1286.)

[4] Zhu L, Tian Y. Review of visual reconstruction methods of retina-like
vision sensors. Scientia Sinica Informationis, 2023, 53(3): 417-436.
(R, FH A {75 R0 PR A R B A o T A Sk e ik . p R
. [Z R, 2023, 53(3): 417-436.)

[5] Yu L, Shi B, Wang W, et al. Neuromorphic-enabled visual enhancement:
principles, methods and recent advances. Journal of Image and
Graphics, 2025, 30(6): 1593-1615.

(&%, Mitgs, B S5 KA. R, Ik 5
Ak, T E E R B2, 2025, 30(6): 1593-1615.)

[6] Dong S, Huang T, Tian Y. Spike camera and its coding methods//
Proceedings of the Data Compression Conference. Snowbird, USA,
2017: 437-437.

[7] Lichtsteiner P, Posch C, Delbruck T. A 128times128 120 db 15mu s
latency asynchronous temporal contrast vision sensor. IEEE Journal of
Solid-State Circuits, 2008, 43(2): 566-576.

[8] Brandli C, Berner R, Yang M, et al. A 240 180 130 db 3 5 latency
global shutter spatiotemporal vision sensor. IEEE Journal of
Solid-State Circuits, 2014, 49(10): 2333-2341.

[9] Zheng Y, Zhang J, Zhao R, et al. Spikecv: open a continuous computer
vision era. 2023. https://arxiv.org/abs/2303.11684.

[10] Hu L, Zhao R, Ding Z, et al. Optical flow estimation for spiking
camera//Proceedings of the IEEE/CVF conference on computer vision
and pattern recognition. New Orleans, USA, 2022: 17844-17853.

[11] Zhao R, Xiong R, Zhao J, et al. Learning optical flow from continuous
spike streams. Advances in Neural Information Processing Systems,
2022, 35: 7905-7920.

[12] Xia L, Ding Z, Zhao R, et al. Unsupervised optical flow estimation
with dynamic timing representation for spike camera//Advances in
Neural Information Processing Systems. New Orleans,USA , 2023:
1-13.

[13] Zhao R, Xiong R, Zhang J, et al. Optical flow for spike camera with

hierarchical spatial-temporal spike fusion//Proceedings of the AAAI
Conference on Artificial Intelligence: Vol. 38. Vancouver, Canada,
2024: 7496-7504.

[14] Li J, Wang X, Zhu L, et al. Retinomorphic object detection in
asynchronous visual streams//Proceedings of the AAAI Conference on
Artificial Intelligence. Virtual, 2022: 1332-1340.

[15] Zheng Y, Yu Z, Wang S, et al. Spike-based motion estimation for object
tracking through bio-inspired unsupervised learning. IEEE
Transactions on Image Processing, 2022, 32: 335-349.

[16] Wang Y, Li J, Zhu L, et al. Learning stereo depth estimation with
bio-inspired spike cameras//Proceedings of the IEEE International
Conference on Multimedia and Expo. Taipei, China, 2022: 1-6.

[17] Zhang J, Tang L, Yu Z, et al. Spike Transformer: Monocular depth
estimation for spiking camera//Proceedings of the European
Conference on Computer Vision. Tel Aviv, Israel ,2022: 34-52.

[18] Zhu L, Dong S, Huang T, et al. A retina-inspired sampling method for
visual texture reconstruction//Proceedings of the IEEE International
Conference on Multimedia and Expo. Shanghai, China, 2019:
1432-1437.

[19] Zhao J, Xiong R, Xie J, et al. Reconstructing clear image for
high-speed motion scene with a retina-inspired spike camera. IEEE
Transactions on Computational Imaging, 2021, 8: 12-27.

[20] Zhao J, Xiong R, Liu H, et al. Spk2ImgNet: Learning to reconstruct
dynamic scene from continuous spike stream//Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition.
Nashville, USA, 2021: 11996-12005.

[21] MAASS W. Networks of spiking neurons: the third generation of
neural network models. Neural Networks, 1997, 10(9): 1659-1671.

[22] Li W, Zhao X L, Ma Z, et al. Motion-decoupled spiking transformer for
audio-visual zero-shot learning//Proceedings of the ACM International
Conference on Multimedia. New York, USA, 2023: 3994-4002.

[23] Li W, Wang P, Xiong R, et al. Spiking tucker fusion transformer for
audio-visual zero-shot learning. IEEE Transactions on Image
Processing, 2024, 33: 4840-4852.

[24] Zhu L, Dong S, Li J, et al. Retina-like visual image reconstruction via
spiking neural model//Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition. Seattle, USA, 2020:
1438-1446.

[25] Zhao J Xie J, Xiong R, et al. Super resolve dynamic scene from
continuous spike streams//Proceedings of the IEEE/CVF International
Conference on Computer Vision. Montreal, USA, 2021: 2533-2542.

[26] Dong Y, Zhao J, Xiong R, et al. 3D residual interpolation for spike
camera demosaicing//Proceedings of the IEEE International
Conference on Image Processing. Bordeaux, France, 2022:
1461-1465.

[27] Xiong B, Wang R, Zhou Y, et al. High-speed phase transition imaging
using spike streams//Adaptive Optics: Methods, Analysis and
Applications. Toulouse, France, 2024: JD6A-2.

[28] Mildenhall B, Srinivasan P P, Tancik M, et al. NeRF: Representing



RS BRI BB VAR IR 21

scenes as neural radiance fields for view synthesis//European
Conference on Computer Vision. Glasgow, UK, 2020: 405-421.

[29] Kerbl B, Kopanas G, LEIMKUHLER T, et al. 3D Gaussian splatting for
real-time radiance field rendering. ACM Transactions on Graphics,
2023, 42(4): 1-14.

[30] Han J, Zhou C, Duan P, et al. Neuromorphic camera guided high
dynamic range imaging//Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition. Seattle, USA, 2020:
1730-1739.

[31] Huang T. Spiking continuous photographing principle and
demonstration on ultrahigh speed and high dynamic imaging. Acta
Electronica Sinica, 2022, 50(12): 2919-2927.

CRBRZE. kb BESERSE IEB e  m Bh S R SRE. HL T2,
2022, 50(12): 2919-2927.)

[32] Zhang J, Zheng Y, Yu Z, et al. Spike-based vision for autonomous
driving scenarios. Strategic Study of CAE, 2024, 26(1): 160-177.
(FRBFT, e, REEC, EERZE. MW A ) SRk
S gE. I E LRI, 2024, 26(1): 160-177.)

[33] zZhao R, Xiong R, Zhao J, et al. Boosting spike camera image
reconstruction from a perspective of dealing with spike
fluctuations//Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Seattle, USA, 2024: 24955-24965.

[34] Horn B K, Schunck B G. Determining optical flow. Artificial
intelligence, 1981, 17(1-3): 185-203.

[35] Zhao J, Xiong R, Huang T. High-speed motion scene reconstruction for
spike camera via motion aligned filtering//Proceedings of the IEEE
International Symposium on Circuits and Systems. Seville, Spain,
2020: 1-5.

[36] Brox T, Bruhn A, Papenberg N, et al. High accuracy optical flow
estimation based on a theory for warping//European Conference on
Computer Vision. Prague, Czech Republic, 2004: 25-36.

[37] Zhang Y, Xiong R, Huang T. Spike signal reconstruction based on
inter-spike similarity//IEEE International Conference on Visual
Communications and Image Processing. Suzhou, China, 2022: 1-5.

[38] Wang Y, Xiong R, Zhao J, et al. Reconstruct dynamic scene for spike
camera based on 3d space time similarity//Proceedings of the IEEE
International Conference on Image Processing. Abu Dhabi, United
Arab Emirates, 2024: 1595-1601.

[39] Dong Y, Zhao J, Xiong R, et al. High-speed scene reconstruction from
low-light spike streams//IEEE International Conference on Visual
Communications and Image Processing. Suzhou, China, 2022: 1-5.

[40] Zhu L, Dong S, Li J, et al. Ultra-high temporal resolution visual
reconstruction from a fovea-like spike camera via spiking neuron
model. |IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2022, 45(1): 1233-1249.

[41] Bi G Q, Poo M M. Synaptic modifications in cultured hippocampal
neurons: dependence on spike timing, synaptic strength, and
postsynaptic cell type. Journal of Neuroscience, 1998, 18(24):
10464-10472.

[42] Song S, Miller K D, Abbott L F. Competitive hebbian learning through
spike-timing-dependent synaptic plasticity. Nature Neuroscience,
2000, 3(9): 919-926.

[43] Zheng Y, Zheng L, Yu Z, et al. High-speed image reconstruction
through short-term plasticity for spiking cameras//Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition.
Nashville, USA, 2021: 6358-6367.

[44] Tsodyks M V, Markram H. The neural code between neocortical
pyramidal neurons depends on neurotransmitter release probability.
Proceedings of the National Academy of Sciences, 1997, 94(2):
719-723.

[45] Tsodyks M, Pawelzik K, Markram H. Neural networks with dynamic
synapses. Neural computation, 1998, 10(4): 821-835.

[46] Zheng Y, Zheng L, Yu Z, et al. Capture the moment: High-speed
imaging with spiking cameras through short-term plasticity. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2023,
45(7): 8127-8142.

[47] Chen K, Chen S, Zhang J, et al. SpikeReveal: Unlocking temporal
sequences from real blurry inputs with spike streams. Advances in
Neural Information Processing Systems, 2024, 37: 1-14.

[48] Wang X, Chan K C, Yu K, et al. EDVR: Video restoration with
enhanced deformable convolutional networks//Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition
Workshops. Long Beach, USA, 2019: 1-10.

[49] Dai J, Qi H, Xiong Y, et al. Deformable convolutional
networks//Proceedings of the IEEE International Conference on
Computer Vision. Venice, Italy, 2017: 764-773.

[50] Zhu X, Hu H, Lin S, et al. Deformable convnets v2: More deformable,
better results//Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Long Beach, USA, 2019: 9308-9316.

[51] Chen S, Duan C, Yu Z, et al, Self-supervised mutual learning for
dynamic scene reconstruction of spiking camera//Proceedings of the
International Joint Conference on Artificial Intelligence. Vienna,
Australia, 2022: 2859-2866.

[52] Chen S, Yu Z, Huang T. Self-supervised joint dynamic scene
reconstruction and  optical flow estimation for  spiking
camera//Proceedings of the AAAI Conference on Artificial
Intelligence. Washington DC, USA, 2023: 350-358.

[53] Zhang J, Jia S, Yu Z, et al. Learning temporal-ordered representation
for spike streams based on discrete wavelet transforms//Proceedings
of the AAAI Conference on Artificial Intelligence. Washington DC,
USA, 2023: 137-147.

[54] Zhu L, Zheng Y, Geng M, et al. Recurrent spike-based image
restoration under general illumination//Proceedings of the ACM
International Conference on Multimedia. Ottawa, Canada, 2023:
8251-8260.

[55] Hu L, Ding Z, Liu M, et al. Learning to robustly reconstruct dynamic
scenes from low-light spike streams// Proceedings of the European

Conference on Computer Vision. Milano, Italy, 2024: 88-105.



22 DA 1=

[56] Zhao R, Xiong R, Zhang J, et al. Spike camera image reconstruction
using deep spiking neural networks. IEEE Transactions on Circuits
and Systems for Video Technology, 2024, 34(6): 5207-5212.

[57] Fan B, Yin J, Dai Y, et al. Spatio-temporal interactive learning for
efficient image reconstruction of spiking cameras//Proceedings of the
Annual Conference on Neural Information Processing Systems.
Vancouver, Canada, 2024: 1-14.

[58] Yang C, Li G, Wang S, et al. SpikeODE: Image reconstruction for spike
camera with neural ordinary differential equation. IEEE Transactions
on Circuits and Systems for Video Technology, 2024, 34(11):
11142-11155.

[59] Yin J, Fan B, Xu C, et al. Spk2lmgMamba: Spiking camera image
reconstruction with multi-scale state space models//2025 IEEE/CVF
Winter Conference on Applications of Computer Vision. 2025:
9342-9352.

[60] Chen K, Zheng Y, Huang T, et al. Rethinking high-speed image
reconstruction framework with spike camera//Proceedings of the
AAAI Conference on Atrtificial Intelligence: Vol. 39. Philadelphia,
USA, 2025: 2097-2104.

[61] Lehtinen J, Munkberg J, Hasselgren J, et al. Noise2Noise: Learning
image restoration without clean data// Proceedings of the International
Conference on Machine Learning. Stockholm, Sweden ,2018:
4620-4631.

[62] Ding X, Zhang X, Ma N, et al. RepVGG: Making vgg-style convnets
great again//Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Nashville, USA, 2021: 13733-13742.

[63] GU A, GOEL K, RE C. Efficiently modeling long sequences with
structured state spaces//International Conference on Learning
Representations. Virtual, 2022: 1-15.

[64] Radford A, Kim J W, Hallacy C, et al. Learning transferable visual
models from natural language supervision/International Conference
on Machine Learning. Virtual, 2021: 8748-8763.

[65] Xiang X, Zhu L, Li J, et al. Learning super-resolution reconstruction
for high temporal resolution spike stream. IEEE Transactions on
Circuits and Systems for Video Technology, 2021, 33(1): 16-29.

[66] Zhao J, Xiong R, Zhang J, et al. Learning to super-resolve dynamic
scenes for neuromorphic spike camera//Proceedings of the AAAI
Conference on Atrtificial Intelligence: Vol. 37. Washington , USA,
2023: 3579-3587.

[67] Wang Y, Zhang Y, Xiong R, et al. Spk2srimgnet: Super-resolve
dynamic scene from spike stream via motion aligned collaborative
filtering//Proceedings of the Computer Vision and Pattern Recognition
Conference. Nashville, USA, 2025: 11416-11426.

[68] Dong Y, Xiong R, Zhao J, et al. Learning a deep demosaicing network
for spike camera with color filter array. IEEE Transactions on Image
Processing, 2024, 33: 3634-3647.

[69] Teed Z, Deng J. Raft: Recurrent all-pairs field transforms for optical
flow// Proceedings of the European Conference on Computer Vision.
Virtual, 2020: 402-419.

[70] Dong Y, Xiong R, Zhao J, et al. Joint demosaicing and denoising for
spike camera//Proceedings of the AAAI Conference on Artificial
Intelligence: Vol. 38. Vancouver, Canada, 2024: 1582-1590.

[71] Dong Y, Xiong R, Zhang J, et al. Super-resolution reconstruction from
bayer-pattern  spike streams//Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition. Seattle,
USA, 2024: 24871-24880.

[72] Yang S, Huang Z, Chang Y, et al. Real-data-driven 2000 fps color video
from mosaicked chromatic spikes// Proceedings of the European
Conference on Computer Vision. Springer, 2024: 305-321.

[73] Dong Y, Xiong R, Fan X, et al. Self-supervised learning for color spike
camera reconstruction//Proceedings of the Computer Vision and
Pattern Recognition Conference. Nashville, USA, 2025: 6231-6240.

[74] Dong Y, Xiong R, Fan X, et al. Dynamic scene reconstruction for color
spike camera via zero-shot learning. IEEE Transactions on
Computational Imaging, 2025, 11: 120-141.

[75] Chang Y, Xiaokaiti Y, Liu Y, et al. Towards HDR and HFR video from
rolling-mixed-bit spikings//Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition. Seattle, USA, 2024:
25117-25127.

[76] Zhu Z, Xiong R, Zhao J, et al. High dynamic range imaging for
dynamic scenes based on multi-level spike camera. IEEE Transactions
on Circuits and Systems for Video Technology, 2025, 35(6):
5394-5406.

[77] Gu A, Johnson I, Goel K, et al. Combining recurrent, convolutional,
and continuous-time models with linear state space layers//Advances
in Neural Information Processing Systems. Virtual, 2021: 572-585.

[78] Xiong B, Su C, Lin Z, et al. Real-time parameter evaluation of
high-speed  microfluidic ~ droplets using  continuous  spike
streams//Proceedings of the ACM International Conference on
Multimedia. New York, USA, 2024: 6833-6841.

[79] Zhang J, Chen S, Zheng Y, et al. Transient glimpses: unveiling
occluded backgrounds through the spike camera//Proceedings of the
AAAI Conference on Atrtificial Intelligence: Vol. 38. Vancouver,
Canada, 2024: 637-645.

[80] Zhu L, Jia K, Zhao Y, et al. SpikeNeRF: Learning neural radiance fields
from continuous spike stream//Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition. Seattle,
USA, 2024: 6285-6295.

[81] Zhang J, Chen K, Chen S, et al. SpikeGS: 3d gaussian splatting from
spike streams with high-speed camera motion//Proceedings of the
ACM International Conference on Multimedia. Melbourn, Australia,
2024: 9194-9203.

[82] Yu J, Peng X, Lu Z, et al. SpikeGS: Learning 3d gaussian fields from
continuous spike stream//Proceedings of the Asian Conference on
Computer Vision. Hanoi, Vietnam, 2024: 4280-4298.

[83] Guo Y, Hu L, Bai Y, et al. SpikeGS: Reconstruct 3d scene via
fast-moving bio-inspired sensors//Proceedings of the AAAI
Conference on Artificial Intelligence. Philadelphia, USA, 2025:



RS BRI BB VAR IR 23

3293-3301.

[84] Zhao J, Zhang S, Yu Z, et al. Spireco: Fast and efficient recognition of
high-speed moving objects with spike camera. IEEE Transactions on
Circuits and Systems for Video Technology, 2023, 34(7): 5856-5867.

[85] Zheng Y, Li C, Zhang J, et al. SNNTracker: Online high-speed
multi-object tracking with spike camera. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2026, 48(1): 624 - 638.

[86] Xia L, Zhao J, Xiong R, et al. SVFI: spiking-based video frame
interpolation for high-speed motion//Proceedings of the AAAI
Conference on Artificial Intelligence: Vol. 37. Washington DC, USA,
2023: 2910-2918.

[87] Wang Z W, Duan P, Cossairt O, et al. Joint filtering of intensity images
and neuromorphic events for high-resolution noise-robust
imaging//Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Seattle, USA, 2020: 1609-1619.

[88] Xiao Z, Kai D, Zhang Y, et al. Asymmetric event-guided video
super-resolution//Proceedings of the ACM International Conference
on Multimedia. Melbourne, Australia, 2024: 2409-2418.

[89] Xiao Z, Wang X. Event-based video super-resolution via state space
models//Proceedings of the Computer Vision and Pattern Recognition
Conference. Nashville, USA, 2025: 12564-12574.

[90] Geng M, Wang L, Zhu L, et al. Towards ultra high-speed hyperspectral
imaging by integrating compressive and neuromorphic sampling.
International Journal of Computer Vision, 2025, 133(4): 1587-1610.

[91] Han J, Yang Y, Duan P, et al. Hybrid high dynamic range imaging
fusing neuromorphic and conventional images. IEEE Transactions on
pattern analysis and machine intelligence, 2023, 45(7): 8553-8565.

[92] Zhu L, Li J, Wang X, et al. NeuSpike-Net: High speed video
reconstruction via bio-inspired neuromorphic cameras//Proceedings of
the IEEE/CVF international conference on computer vision. Montreal,
USA, 2021: 2400-24009.

[93] Chang Y, Zhou C, Hong Y, et al. 1000 FPS HDR video with a
Spike-RGB hybrid camera//Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition. Vancouver, Canada,
2023: 22180-22190.

[94] Chen S, Zhang J, Zheng Y, et al. Enhancing motion deblurring in
high-speed scenes with spike streams//Advances in Neural
Information Processing Systems: Vol. 36. New Orleans, USA, 2023:
1-14.

[95] Zhang J, Chen S, Zheng Y, et al. Spike-guided motion deblurring with
unknown modal spatiotemporal alignment//Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition.
Seattle, USA, 2024: 25047-25057.

[96] Chen L, Chu X, Zhang X, et al. Simple baselines for image restoration//
Proceedings of the European Conference on Computer Vision. Tel
Aviv, Israel, 2022: 17-33.

[97] Teng M, Lou H, Yang Y, et al. Hybrid all-in-focus imaging from
neuromorphic focal stack. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2024, 46(12): 10124 - 10137.

[98] Duan P, Li B, Yang Y, et al. EventAid: Benchmarking event-aided
image/video enhancement algorithms with real-captured hybrid
dataset . IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2025, 47(8): 6959-6972.

[99] Li Z, Liao J, Tang C, et al. USTC-TD: A test dataset and benchmark for
image and video coding in 2020s. IEEE Transactions on Multimedia,
2025, 28: 269 - 284.

[100] Xiao Z, Lu Z, Wang X. P-BiC: Ultra-high-definition image moire
patterns removal via patch bilateral compensation//Proceedings of the
ACM International Conference on Multimedia. Melbourne, Australia,
2024: 8365-8373.

[101] Liu R, Fan X, Zhu M, et al. Real-world underwater enhancement:
Challenges, benchmarks, and solutions under natural light. IEEE
Transactions on Circuits and Systems for Video Technology, 2020,
30(12): 4861-4875.

[102] Xiao Z, Li Z, Jia W. Occlusion-embedded hybrid transformer for light
field super-resolution//Proceedings of the AAAI Conference on
Atrtificial Intelligence: Vol. 39. Philadelphia, USA, 2025: 8700-8708.

[103] Xiao Z, Xiong Z. Incorporating degradation estimation in light field
spatial super-resolution. Computer Vision and Image Understanding,
2025, 252: 104295.

[104] Li Z, Yuan Z, Li L, et al. Object segmentation-assisted inter prediction
for versatile video coding. IEEE Transactions on Broadcasting, 2024,
70(4): 1236-1253.

[105] Zhu Y, Zhang Y, Xie X, et al. An fpga accelerator for high-speed
moving objects detection and tracking with a spike camera. Neural
Computation, 2022, 34(8): 1812-1839.

[106] Li Z, Li J, Li Y, et al. In-loop filtering via trained look-up tables//IEEE
International Conference on Visual Communications and Image

Processing. Tokyo, Japan, 2024: 1-5.



24 it 5Pl E R

&

o,
'g‘ ZHAO Rui, Ph.D. His research interests include

computational photography and computer vision.
XIONG Rui-Qin, Ph.D., Professor. His research interests
include image and video processing, deep learning, and

computational imaging.

DONG Yan-Chen, Ph.D. candidate. His research
interests include computer vision, computational photography,
and image restoration.

ZHAO Jing, Ph.D. Her research interests include
computational photography and computer vision.

ZHENG Ya-Jing, Ph.D. Her research interests include
brain-inspired computation and neuromorphic vision.

HUANG Tie-Jun, Ph.D., Professor. His main research
area is visual information processing and brain-like intelligence



