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Motion Estimation Algorithm Using Variance and Adaptive Search
Range for Frame Rate Up-Conversion
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Abstract

In this paper, we propose a new motion estimation algorithm for frame rate up-conversion. The proposed algorithm uses the
variance of errors in addition to SAD in motion estimation to find more accurate motion vectors. Then, it decides which motion
vectors are wrong using the variance of neighbor motion vectors and the variance between current motion vector and neighbor’s
average motion vector. Next, incorrect motion vectors are corrected by weighted sum of eight neighbor motion vectors.
Additionally, we propose adaptive search range algorithm, so we can find more accurate motion vectors and reduce computational
complexity at the same time. As a result, proposed algorithm improves the average peak signal-to-noise ratio and structural
similarity up to 1.44 dB and 0.129, respectively, compared with previous algorithms
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FA9 F4e 57 A8l ZedE Ateledl A ZH e A + ME €43 855 Algreth w3k BEJEE Foli Bt
Aete] el &5 7] fleiA G AT FA S Aes £49 WEHE 7] 8 424 g4 oo x4
A AR EE Zlgelth Anels 92 Zalds sl & 9y RS ASy 25 24 WEHE vt Y3t
Abetel A Zelge ST 2Eu Aol 49 B AZe] A8 AZE MVS ST ES At
2} FRUC (MC-FRUC: motion compensated FRUC) &2 o] fo] YA the3} 7ro] A E o)tk 2 Aol A
Fol A PP MC-FRUCE €4 % (ME: = Al}E sk garelEol el pAs] Arg gttt 3%l A=
motion estimation), =2 ME 44 (MVS: motion vector 7120 7B EEF U 3 A ARE HAFET) nlx
smoothing), &2 B4} Z#| ¢ E7F (MCI: motion- com- Tog AFA B =g AEAEH
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Z5E A e s B | 2y s AskE 7t
A 271 Witoll MC-FRUCS] A5 el A7 I8 12 Ak ete g A4 S85E veRith
o|Egt). tfe ME & gl| FollA dWHE o R F 714 Atehs delEe T FAY F4, 249 UH &
GV E, § P MES Wiak MEZE ARSETE g 4, Z(hole) B7+F 45 xFeteh A st G
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Soll o8l Aok L EYe G A WEHE F MCIelA =8 5L ek 24 WEE ARgste] H7E
71 9138 &4 <Y 54 249l side matching distortion (SMD)
S F718k91, Kang 5ol 98 #lekel FRUC €z Framen — 1,n
< 24U FHE T W ¥ A2 E5& ARESt Y ; .
%k ME% O] oc>h:]o]—{§3k MEO“ é?ﬂ]—a‘]’&} @QE%‘ l:'f()aq Obtain vr Obtain vy,
Kwon 5o oJa] A|ete Lae)glle o] Ale) 28 % No _—
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ofslth. whikg MEE Q12 Tal9e) BN $49 W mr i
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AA LR E= g 4 o)l gy = MyS THA) Fig. 1. Overall flowchart of proposed algorithm
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H 1. PSNRZ} H|w
Table 1. comparison of PSNR values

m. A

1

23

B7HE 299 s BluE A AAA VEe R
7h G Euith et o) A% o) F H] (PSNR: peak
signal-to-noise ratio)9} T3] %/\}E (SSIM: structural
similarity), ZL2] 3L A4 AI7HS S48 A A%
NAXRZE CIF 5 H2E AF2E53} HEVC X5 ¥
2E ANAX F AT G4 NE AR ST B

_E

A7) 8X8 FAE AL AL B4 Jo H-zéoﬂﬁ

At xol AHos ettt £16, £323k4
AL T B Y I8 E S 25 dual motion estimation

) Test sequence DMEP DS-ME Proposed
Resolution
(# of frames) PSNR A PSNR A PSNR A
Foreman (300) 31.58 0.77 30.37 -0.43 30.81
Mobile (300) 25.00 0.56 2418 -0.25 24.43
Crew (300) 29.21 -0.65 28.90 -0.96 29.86
Akiyo (300) 45.61 1.25 40.69 -3.66 44.36
362 288 Mother & Daughter (300) 42.31 1.44 39.41 -1.45 40.86
Soccer (300) 24.27 -1.44 24.55 -1.16 25.71
News (90) 35.78 -1.40 35.65 -1.53 37.18
Football (90) 23.57 -0.57 23.20 -0.95 24.15
Traffic (150) 37.34 -0.34 37.03 -0.65 37.68
25601600 PeopleOnStreet (150) 26.69 -1.34 27.88 -0.15 28.03
1920°< 1080 BQTerrace (600) 31.75 -0.22 31.22 -0.75 31.97
Average [dB] 32.10 -0.18 31.19 -1.09 32.28
H 2. SSIMZ Bl
Table 2. comparison of SSIM values
Resolution Test sequence DMEP! DS-ME"! Proposed
(# of frames) SSIM A SSIM A SSIM A
Foreman (300) 0.992 0.002 0.980 -0.010 0.990
Mobile (300) 0.986 0.009 0.965 -0.012 0.977
Crew (300) 0.959 -0.004 0.939 -0.024 0.963
352 288 Akiyo (300) 0.999 0.001 0.999 0.000 0.999
Mother & Daughter (300) 0.998 0.000 0.997 -0.001 0.998
Soccer (300) 0.957 0.004 0.897 -0.056 0.953
News (90) 0.997 -0.001 0.996 -0.002 0.998
Football (90) 0.842 -0.017 0.730 -0.129 0.859
Traffic (150) 0.997 0.000 0.997 0.000 0.997
25601600 PeopleOnStreet (150) 0.980 -0.005 0.984 -0.001 0.985
1920 < 1080 BQTerrace (600) 0.993 -0.001 0.994 0.000 0.994
Average 0.973 -0.001 0.953 -0.021 0.974
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E 3. ALHAIZE U (1= deshed 2Bl AlZH ()
Table 3. comparison of computation time (Time to generate 1 frame (seconds))

- Test sequence DME®! DS-ME"! Proposed
(# of frames) TIME A TIME A TIME A
Foreman (300) 0.24 +0.06 0.09 -0.09 0.18
Mobile (300) 0.27 +0.17 0.07 -0.03 0.10
Crew (300) 0.31 +0.13 0.10 -0.08 0.18
Akiyo (300) 0.09 +0.04 0.05 -0.01 0.05
352268 Mother & Daughter (300) 0.19 +0.07 0.09 -0.03 0.12
Soccer (300) 0.33 +0.00 0.10 -0.23 0.33
News (90) 0.11 +0.05 0.05 -0.01 0.07
Football (90) 0.40 -0.12 0.12 -0.40 0.52
Average 0.24 +0.05 0.08 -0.11 0.19
Traffic (150) 9.04 +3.17 4.33 -1.53 5.87
2560 1600 PeopleOnStreet (150) 15.15 +4.65 6.52 -3.98 10.50
1920 X 1080 BQTerrace (600) 9.81 +4.87 413 -0.81 494
Average 11.33 +4.23 4.99 -2.11 7.10
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(@) (b) ()

T2l 5. Traffic Alf22] 21t 22 =8|l (a) DME[5], (b) DS-ME[7], (c) Motsh= 2125
Fig. 5. results images of Traffic (a) DME[5], (b) DS-ME[7], (c) proposed
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