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Optical flow based Frame Interpolation Model Analysis for Drone
Captured Video Sequence
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Abstract

Optical flow-based video frame interpolation is a technology that receives an actual frame as input and generates a frame
corresponding to an arbitrary time between the frames through the estimated optical flow. This video frame interpolation method
was mainly conducted on images with only flat movements, such as Vimeo90k and DAVIS, where altitude information of
photographed cameras was not largely considered, and the optical flow at this time shows a unidirectional movement. However, in
videos in which the distance to the subject changes depending on the altitude of the camera being photographed, such as drone
images, the optical flow is expected to converge and diverge as well as unidirectional movement, and experiments to analyze the
performance of frame interpolation in this optical flow are insufficient. Therefore, this paper aims to analyze the performance of
optical flow-based frame interpolation method through videos showing optical flow in the form of convergence and divergence
according to the altitude information of the camera such as drone images.

Keyword : Optical Flow, Frame Interpolation, Unidirectional movement, Drone images, Camera altitude
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(Myeounghun Oh et al.: Optical flow based Frame Interpolation Model Analysis for Drone Captured Video Sequence)

3b7] f1ElA ZeEld Nk ZE 9 N+l Atele] 57 A7t o] ol t Azt 2| [, 4 wjF 2 T3 BikeA ok ¥
et Fst 55 FAsloF al, olg FAE WAldl W A ujm waje g u)s, W u)s, A ), Ax
2 Z1¥ 13} 7] Forward warping, Backward warplng_i Ew A ujgo] gli=g] o= AmEW A S %78
EAH, Forward warping> Q¥ Z@ ol B7bg 71Zo|th AZEWA u)A L A 9)F T2 w3y WL
Zgoog Fa 52 2Asly YB =g oo DA 3 A 7 A (overlapping) FA 2 <18 A Forward warp-
W B2k 2O R v P(mapping)H = WHOE OIF o0 Al wjs) wrajo] A AmEEA w0 4G 2L
o} ™, Backward warping H7Hd Z# el & 2 Neo G4y 9t Z7he TA 7hzhe] Zlo] o} GAats
WoR % 25 FAck wAd 2Ade A St jjuoel YEYas S GoIAE ER oY AR
S 92 ZEolA rigsts WA LR o] Fo it wiE Ao 72X So] A5 B2 Tl ZHYS B
ol Forward warpingoll Al 9+ Zg|¢Jo] o] ®7be = &7 =
dlge] Aol ZAA wfgo] HAY &2 Bikd =z ¢
o 93 Zelgel Rl QA 2ok 19 19] @k 2 . Slexp(2) « huFi)
< ZA(Occlusion) 5ol LAYsH= A7 710 19 19] L= ol Fyr) = X(exp(2),Fy ) 8
(b)¢+ 72 Backward warping ®H2j0] B34 0 2 AREE Y
Atk - Slexp(2) « L, F )
Forward warping® 229 NolA| 219] N+1 AJo]e] & h=olFi) = —Seo@r.) @
8 Ak toll g B3 355 FAo on|A S BAgi:
A=, 2 0} Za Y 1 Ao] B8 55 FypolE T Backward warping T3t Z#|d 03 Z#d 1 Ale] B4
A%, B =dd 2 A0E e (0,1)9 3 Hrk A7kt WSk 38 35S FAsl ok s, olw toll gk
Z# <l 004 Bk Za o Ale] 338 S5 A (1) 2ol F3 B85 4] (5), (6)°14 YER= ukel 7ol 2 09
F71Hm, e A3t 552 ZE Y 104 BkE Y AN Zhd 129 B8t SE(Fo)d ZAY 1604 =Y
Abol Bet ZE2 4 (2)s 2ol ®71HA Hrk 0229 38 TE(F0)T 53l FHAH
F,,,=tF_, ) F_,=0-tF (5)
F,,=0-tF_, (2) F_,=—0—-t)F_, (6)
o]F oA 3 F} TFLS o] &ate] 4 (3), (4 2 HE e ol Zad 0829 et 52 4 ()F
r""-_-_--""n-. X" -h-‘\

——— =

\ X =
000 ¢ o 00 | AN BN BN _ 9 00

| AN BN BN L AN BN AN _ L N BN BN
(@) (b)

72! 1. Forward Warping % Backward Warping (a) Forward Warping and occlusion (b) Backward Warping
Fig. 1. Forward Warping and Backward Warping (a) Forward Warping and occlusion (b) Backward Warping
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4 (3), WE &M & 4 Ux°l, Forward warping} dHo A2 427 yehlo] ¥A1E 5 itk & =
Backward warping 9% 294 mzre majgiow I AHESHE DAVIS, VimeodOk, KITTISH 22 /gl
P8} 52 2R3 T o]F FA L, HykE maole] A ZEY 07 1 AR FHQle] FR X, YHOE e
A QE Zgoos B8 529 2AET AL Wl dHH o2 Yehdt
2po| 7} ZA)3He), Ty BE 93 Avdle A 293 g 30
AopiA] ggom V& Wshyb AfFFrE 5YOE <3
F,_(X)=tF_,(X) (M TdH A 22 YT o2} 3] 4 (Rotation), 5% (Conver-
gence), Y HDivergence) & TFESH o] 43 S50 2
2
Frog == U= DtFy o + 75 ® 39 5 g A, SRl IEE P FYse
A, 594 A W] A9 A7le HAF F4E
Fy=0=0F ,—t0-0F., © ~_>° e
o 719 3904 L}E}Ur* upo} Zro] Gk F4 “J

L= ayOg(ly Fro)t (1= ag)Og(h: Fry) - (100

(0)
D2l 2. dekxol WM SHAM st 52 (a) 17" =2 (b) 18™ =AY (c) THHEA HHEfo| XSt 52
Fig. 2. Optical flow in a typical planar video (a) 17" frame (b) 18" frame (c) Optical flow in undirectional form

(@) (b) (©

T8l 3. E29| 1E M5 Al &8 5E (a) 13" ZA|Y (b) 14" Z2fel (o) TRsk= el st 55

=

Fig. 3. Optical flow when the drone rise in altitude (a) 13" frame (b) 14" frame (c) Converging optical flow
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o] 3= B3t SEolA FIF ZHY BT A5 & A T B8 S-S TAkSkERAL ol & Bl 943t
Askd 4= d7Nell, & =S T A S50l F3 55 = o g BkE 2y s sk 33 55 ALt
71k GaEEE Aes 9 ¥ AFstaA gtk 3 F3t 55 BHS 918 U-Net -2 A9 513tk RIFE
a2 7 A5 TS IAME AS EA olF #AZ
el B3t 55 LA AR &2 TAE Az S8l
m. 2 2 [FNETOl2HE HIEYIE 58 57 382 AHHoz &
Abshe WS AT A4E IFNETO thakst 24
2 =Rl vk wagde] X3EHE 58 5978 AR WP JE o] Sojrt F7+ B3 50| FAHT
A 33 55 F4 oAl wet 71E dHTA B 55 m o]& B B Zy IS FAJgth BMBC REl 7|E
Hol= HolgAla A7t b2 = stk 7Hdstol, 3t F3t SR AMES RHld) 2] T g 7k AR E
S5 74 =47 vz B2 w221 Forward warp- 0] 843k F2E E-H(Cost Volume)3} & (Context) FHE
ing, Backward warping 7 7PA% F2gel wieh A o] §3k 29 & AHgATh 43 5§ FHo] FA e
©}g(Warping) 841l whe} vbrm o] § 33 5T AR £ 7Hel 7)wtsle], Eu Wizl IAE BES Ee o 43
g 2d, Fst 55 3 FA o] AAAA|(Correlation)H 5.2~ g 35t 358 A5 F E9 9 HEHe o
E E-F(Cost Volume) ¢ F7HQl AR E 483 2 2 ARESth AMT 29 ti52e] REEo] 33 555
I o] AFAQ WACRE Usrth AR fla EEFAE ARSS U-Net 28 A3t
Forward Warping®l] A}-8-3 298 Softmax Splatting™, nAge s 520 A} Huy sHAsle] AH
M2M(Many-to-Many Splatting)'?& A-8-8t%1.2.5] Back-  (Correlation) 9156, £ 917615 Ags| 57+ 43 58
ward Warpingdl] AF83F 242 Super Slomo''”, RIFE S IAbE Y o2 B ZH AL B7EkgTh
(Real-Time Intermediate Flow Estimation)”S A}&3}31t}. B =50 ol RnuE9 tuars Fat 2o 3t A
Backward WarpingZ 714l th& HJEE AR Rdl > 5 242 918 480p, 1080pe] SHAEE 7AW HTI S B
BMBC(Bilateral Motion Estimation with Bilateral Cost 8K(Segmentation)S $18] #Wl x|l ® DAVIS™ o] B4l
Volume)!"*, AMT(All-Pairs Multi-Field Transforms)'Y= o A3, el okt wiekAo] TEHE F slx &2
AH-sklE. deleAlS 53t AFor HdE9 A ﬂ‘ﬂ el
Softmax Splatting 532 Forward Warping® 4] 2 5} sheh A HA dlolE Al 100071 2] 60fps= EH-E-H 4K 3
= 34 AY 2AE WA flaf 2ZENXA RS AL JER o] Fo97 InterdK! HOTH ALY (15, 21, 75, 177,
§3te] 9 JA 9 7HFAE AL o] & 7|We R 3 215, 224, 242, 405, 555, 712) HI°|HE o] &3 43t 55
As FeHA Ik WFE I A-(feature) I E TEE o] g, Wk, 3 e FEEAA] e dukAl &2
ARGt AES BFo R 77 tE 2AYS 7H 94 dolElolH, 7 MA HolHAS B8 F94 F 3% 55
Eo] A& EA frk M2M 292 7]9] Forward warping o] 4, 34, Wit Jei7F FEHAE ALE dHolEAle]
A2 B7kE zE Qe HAS Ay vigste HoR ok A ZHzte] HolHAlS S E N WA Zgd
olg] B 23 H(hole)o] A2 < & FAE w817 N+2 A Z#H L PO 2 ato] N+l HA] ZyYdS B
8 A HAS BE ZH e oy HAel mjPAl 7kete] o]2 13} PSNR, SSIM H7HA 82 S8 v s
= ot w3 WS ARSetth U E o 4 A th oolF HEH} BZbEE ZH Q) Abe]l ZHAS Pivot
(Refine) IEHAE 53l thr9] 38 555 AFEatH o] Interval s 2 N HA Za 3 N+4 HA| Ze S 4"
£ 53ttt visgs a8k k. Super Slomo E4 O Z dto] N+2 A TS H7Iste] o] JE} v
N1EY WHES FE Ty 2y Bl 2HS 239 shet MR R, N HA 23 N+6 WA 28 S o
7] wigel, oy el BAks 517 Sl E 4 s PO sto] N3 WAl 2 Hzksich
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055

2 4 5 2 4 6
Softmax M2M Slemo RIFE e BMBC e AMT —Softmax slemo RIFE mmm BMBC = AMT
(a) (b)

T2l 4. Pivot Intervalo]l 2 DAVIS H|O[E{AIS| AJS It Z1} (a) PSNR HI7HX|E (b) SSIM TIHX|E
Fig. 4. Performance evaluation results of DAVIS dataset according to pivot interval (a) PSNR indicators (b) SSIM indicators

F 1. DAVIS CO[E{Mlol| CHEH =2 27t M= H|W
Table 1. Comparison of VFI performance for DAVIS dataset

Pivot DAVIS
Interval(2) PSNR SSIM
Softmax 21.55 0.5889
M2M 21.78 0.6679
Slomo 19.64 0.5920
RIFE 21.12 0.6369
BMBC 18.36 0.6026
AMT 19.68 0.6423
# 1= DAVIS HolHAS o2 9 BdE N
HA Z 3 N+2 Az Y

| e PHOF slo] N+ ¥
A T LS B3 A Aol Forward Warpingdll
b= M2M #H2jo] 7H -3k J A S 7)1 5383t o] %,
Softmax, RIFE, AMT, Slomo, BMBC 2.2 A0 4
3 Ao 2 Jehth o33 dAM Pivot IntervalS 2, 4,
62 % Z7HAZ 19 49Xk Y8 #EEeH, A
2 ZY g s 2y Ato] 1S 59A AES
Agsie gt M2M Edlo] 7 78k A5s 7153
=3
Z12v DAVIS "B Ale] obd A ®a) =& o] ElAl
& AHEEH A oE A3t Ut E 25 InterdK €]
HAY EE 59 s RdE0 A AFoln, Ak
#4122 DAVIS dloEjAlel] H|s] PSNR, SSIM % 7}4] 2.9
A NE s Blon, ol 9 HolElAlo] DAVIS
dlolelAlel Hla] F3t 55 FAo] §olatsirlel v 2

2 Btk PSNR %7k ol A Softmax Splatting &2
o] 7P e 54 AAE 715312 H, SSIM H7HA
oM AMT 2do] 7 38 54 AHE 7|53t
I8y 94 A3E= Pivot Interval S Z7HA S 749 A7)
o] Aot th=A 19 59 7ol PSNR ”é’ﬂﬂiioﬂﬁ A
zydd B7HE =ZH e 7HAo] AFglel  Softmax
Splatting®] 71 -F¢ AJ5& 7153t 2™, SSIM B 7}
Az AMT Ed o] 7?” e Aeg 7158t Bk
440l 622 F7td W M2M K<) 7}%
715-5}93 T, Pivot Intervalo] -7Fshw 38}
2, DAVISS] 243 Aol AMT A
A 18T W, AMT 292 %
of ZHY B Aol A Y o R Hth Eg
Kl
Al

# 3§

o
o
n{m ML oxl
rlo

lol'

I

58 71%

oﬂ
c
ok

ok DAVIS Ho|E Al A Pivot Interval =7} e}
A B E9 Adso] atghdt v, 5 HolEAlel i3

AA RdEo] AZ A=deE BE5S BT
¥ 2. A U =2 jo|EMof ChHsh =2 E7h MS Hlw
Table 2. Comparison of VFI performance for No.1 Drone dataset
Pivot Drone
Interval(2) PSNR SSIM
Softmax 34.92 0.9414
M2M 34.37 0.9475
Slomo 32.06 0.9444
RIFE 33.90 0.9433
BMBC 29.10 0.9131
AMT 34.39 0.9486
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Fig. 5. Performance evaluation results of Drone dataset No.1 according to pivot interval (a) PSNR indicator (b) SSIM indicator
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Table 3. Comparison of VFI performance for No.2 Drone dataset U Pivot Intervals 2711 A AP 7 ) stge Uﬂ, w7
Pvot Drone Yzt A Zo g Ao] o] ZA4P4E 5ol 3
imervel(@) Gl S=lb gate] 13 63 2o] B7k 7+70] 60 T u, PSNR
Softmax 34.66 0-9374 7R A Softmax Splatting, SSIM  H7}A] 3ol A
N =2 e MM 2Eo] 7H S48 45E FS e ohee, ol
Slomo 31.19 0.9321 i ’
RIFE 34.02 0.9453 A EE dloHdA #Z5EHUH Pivot Interval 57}l whE
BMBC 28.74 0.9174 B AT e B5EA @noer, B3 714 o] St
AMT 35.25 0.9502 o mel E Fdo] o] X|&Ho 7 gl BES

. _____*———‘_,_________ 087

2 4 6 2 4 6

—oftmay  —2ZM Slome RIFE =mBMBC A MT S ftrmiay  s— 20 Slomo RIFE =B BC T

(a) (b)

J2! 6. Pivot Intervaldl| [HE =2 H|0|EM 22| s It A3t (a) PSNR HIIX|E (b) SSIM TIIX| &
Fig. 6. Performance evaluation results of Drone dataset No.2 according to pivot interval (a) PSNR indicator (b) SSIM indicator
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¥ 4. F Hij =2 ojolEfAlof CHet PSNR MSA|E
Table 4. Comparison of PSNR performance for No.2 Drone dataset

Pivot Interval(2) | Convergence Divergence Rotation

Softmax 40.71 38.86 24.43
M2M 39.79 37.90 24.74
Slomo 34.07 34.99 24.53
RIFE 39.38 37.03 25.66
BMBC 29.94 31.75 24.55
AMT 417 38.38 25.67
Average 37.59 36.48 24.93

¥ 5. F HA = DIo|eAlof ChEt SSIM dSRI®
Table 5. Comparison of SSIM performance for No.2 Drone dataset

Pivot Interval(2) Rotation
Softmax 0.9855 0.9800 0.8467
M2M 0.9859 0.9807 0.8696
Slomo 0.9767 0.9757 0.8440
RIFE 0.9831 0.9765 0.8762
BMBC 0.9524 0.9573 0.8426
AMT 0.9905 0.9814 0.8789

Average 0.9790 0.9752 0.8596
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