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Abstract

This paper proposes an RGB video frame rate up-conversion method that combines RGB cameras and event cameras. The
proposed method generates event frames by accumulating events acquired from the event camera through various filters, generates
frames with similar structural features to event frames from RGB frames and performs registration between transformed RGB
frames and event frames using Homography estimation. Motion estimation is performed on the registered event frames based on
optical flow estimation algorithms, and motion compensation is applied to RGB video to achieve frame rate up-conversion. The
experiments used the DSEC dataset, which contains RGB frames and events acquired in driving environments. The proposed
method showed 0.72dB higher PSNR performance compared to extrapolation methods that use only past RGB frames, and 0.28dB
lower PSNR performance compared to interpolation methods that use both past and future RGB frames. However, it has
advantages of ensuring causality.

Keyword : Event-based Vision, Frame Rate Up-Conversion, Homography Estimation, Optical Flow Estimation,
RGB-Event Image Processing
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Fig. 2. RGB Video Frame Rate Up-Conversion Method Using Inter-Event Frame Optical Flow Estimation
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(Youngwook Kim et al.: Causal RGB Video Frame Rate Up-Conversion Method Using Inter-Event Frame Optical Flow Estimation)
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Table 2. Frame rate up-conversion and registration performance comparison results by registration method

FRUC Result Registration Result
Method PSNR (dB) PSNR (dB) NCC
Homography estimation period=2 26.75 19.04 0.9155
) Homography estimation period=4 26.81 18.36 0.9010
RANSA tlier threshold=l

SAC outlier threshold=low Homography estimation period=8 26.69 18.68 0.9101
Homography estimation period=0 26.42 19.44 0.9276
Homography estimation period=2 26.56 19.00 0.9124
. . Homography estimation period=4 26.80 19.42 0.9228

RANSAC outlier threshold=high
otfier firesnolc=ig Homography estimation period=8 26.66 18.55 0.9077
Homography estimation period=0 26.42 19.44 0.9276
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Table 3. Frame rate up-conversion and optical flow estimation performance comparison results by optical flow estimation method for a single sequence

FRUC Result Optical Flow Estimation Result
Method PSNR (dB) Vi Ve | Runfing Time | Causalty
TV-L1 on Event Frame 28.61 2.04 0.17 0.1883 (6]
Modified TV-L1 on Event Frame (Proposal) 28.60 2.05 0.18 0.1782 (6]
TV-L1 on RGB Frame (Interpolation) 28.45 2.39 0.26 0.1644 X
Modified TV-L1 on RGB Frame (Interpolation) 28.27 2.36 0.27 0.1696 X
MotionPriorCM on Event Frame N/A 1.33 0.03 1.4656 (6]
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Table 4. Frame rate up-conversion performance comparison results by optical flow estimation method for all sequence

FRUC Result (PSNR (dB))
Modified TV-L1 TV-L1 TV-L1 TV-L1
Sequence on Event Frame on Event Frame on RGB Frame on RGB Frame
(Proposal) (Extrapolation) (Interpolation)
thun_00_a 28.60 28.61 27.70 28.45
zurich_city_01_a 29.20 29.23 28.12 29.36
zurich_city_02_a 27.96 27.98 27.25 28.72
zurich_city_02_c 25.92 25.93 25.42 26.35
zurich_city 02_d 26.28 26.33 25.33 26.27
zurich_city 02_e 26.94 26.99 26.09 26.97
zurich_city_03_a 29.89 29.92 29.43 30.48
zurich_city 05_a 25.63 25.66 24.68 25.83
zurich_city_05_b 25.47 25.47 24.33 25.23
zurich_city_06_a 22.64 22.68 22.94 23.82
zurich_city_08_a 26.39 26.40 26.31 27.24
zurich_city_09_a 31.52 31.62 30.82 31.93
zurich_city_10_a 30.27 30.31 29.74 30.52
zurich_city_10_b 30.41 30.46 30.27 31.17
zurich_city_11_a 30.11 30.13 28.68 29.72
zurich_city_11_b 28.22 28.24 27.25 28.23
zurich_city_11_c 27.78 27.81 26.57 27.61
Overall
(Mean/Standard Deviation) 27.83/2.23 27.86/2.23 27.11/2.15 28.11/2.17
X 4+ DSECOAM A FF77F A5t & AlEAE ¥ 5. BE A0 CHEt 2R FH d5 Hln A
Ao 2. RGB G4 =g go|E AFsF W3k o 2 3 ol Table 5. Optical flow estimation performance comparison results for all
_ sequence
glolA] oPIE ZAY 7+ 7 FA) thel $4E TV-LI S
- . plical OW Estimation Resul
7 71E TV-LL L3259 45, RGB 289 WAk 3 Modified it | e
- - 5 ] - otion
ZA3 94t FF FAo) dsl A% vw 23S Yepd VL TV on | PriorCM
Sequence on Event | on Event RGB o Bt
Foltk ol E 2HQ) A WS 7RSI 1691 T (P';';:rgseal) Frame | Frame | Frame
A o slon, 98 RGB YL 43E RGB thun_00_a 2.05 2.05 2.39 1.33
oA 0] o X »9—6’ 7 FE =3z 0L Jal=XO ~ oLy zurich_city_01_a 2.64 2.64 2.84 1.18
ZeS ARl el e JaLel S TV-L1 &3 zurich_city 02_a 1.88 184 2.61 1.22
259 7t W oA g5 £ oF RG-S 9 zurich_city_02_c 2.80 2.80 3.06 1.88
dEe] AATF e 012 ARLEIATH zurich_city_02_d 3.03 3.03 3.20 1.24
Ie1e] ARk e He-stalnt zurich_city_02_e 2.76 277 2.91 1.08
ST p 3 =L =
i 55 DSECOIA AW #77F SAlete B AELE zurich_city_03_a 1.38 1.37 1.92 2.16
EH}E:]'—C—)—E 3'61—%. _ir;g_% _"'Zﬁg ?;sj]-oﬂ 9}1\01/\1 o]‘%ﬂE Ea]?:] Zl_ zurich_city 05_a 3.32 3.32 3.35 1.38
e o - R zurich_city_05_b 2.99 2.99 3.12 152
35 74 Wsl 4% TV-L13 71€ TV-L1 &2es zurich city 06.a | 297 289 282 177
o] As¥, RGB =8¢ 7+ 37 4ol sl 71 TV-L1 Z“ffc:_cf:y_gg_a 212 21; ;-gé f%
_ _ Zurich_city a 8 g . .
o} Z0] A= ETX EA) CTE X o3 ==
a5 Ao oMERTY 54 T2 ES AYE § zurich_city_10_a 3.25 325 325 174
U-Net 9l BES 2183l 37 24 3= Wl zurich_city 10_b | 2.40 239 2.60 1.80
— ich_city 11_a 1.79 1.79 2.06 2.20
. : 9510] M= yl = 7o zurich_city_T1_i
MotionPriorCM *'#4e] /35 ¥lw A& vehd Holth zurich_city_11_b 201 201 240 2.19
o714 RGB Zd|Y 7+ 37 4 A2 U4 Ul 94 zurich_city_11_c 2.23 2.23 253 2.18
- — - Overall
Hb2lo] Eolait) oWlE 2ol A4 WS 7137} 169 (Mean/Standard 247 246/ 271/ 1.73/
B Deviation) 0.54 0.54 0.39 0.35
we R oz Sgom, ¥ RGB ZdYe



810 W33 =84 #3048 A5Z, 20259 9€ (JBE Vol.30, No.5, September 2025)

TV-L1 @2e5& AHahe Aol 2 v ojiz] &
s0] 3 o WAL A o] AW e 012 AL

Ak
TV-LI1°] 7] TV-L13%
] HolE A3 Wl Al H5S
= Zg Y
S , Al Al e =
S7gteE SAIZE AT FR FE SHAAE
ZH A AREshE WA o] o] AlE2olA T

i)
)
e
o
o
fu
i
ox!
i

2 o
"N' oo
(K ox
ME
Kl
&

z &
=
ale

%)
o
fm H
o,
%
¢
o
[N
ae)
=2
>
=
Q
o

im o

flo = o

N Co ® 5 ool
2
O~
b
o
N
>
O
A
rlo
5]
2
[o
s
38
>
rL‘I

E 6. T HO|E Ast 5 S SIA H|m 24

25 F40] Ak
AFgHTE, e ol ol

A2 M= TV-LI= AH-shs B
A= HolZl= shsith.

4. RGB ¢ =2 2i|0|E g Hat

Table 6. Image quality comparison analysis by frame rate up-conversion method
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TV-L1 on Event Frame

Generated Frame

PSNR
(dB)

19.31

17.98

23.72

Modified TV-L1 on Event Frame
(Proposal)
Sequence Ground Truth Frame S
Generated Frame P(dg$
zurich_city_02_d 19.93
zurich_city 02_e 21.27
zurich_city_03_a 25.90
zurich_city 09 _a 24.47
zurich_city_10_b 22.18

22.94

20.61
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