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A New Video Compression Encoding Algorithm Combining Frame
Rate Conversion With HEVC Standard
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Abstract Compared to the video coding standard H.264, the bit rate of HEVC can be reduced nearly by 50 % with
the same quality of reconstructed video. So HEVC can greatly save the bandwidth used for transmission. Even so, the
transmission of video is still subject to the bandwidth of some special network. In order to further enhance the performance
of HEVC, the work of further enhancing the video compression ratio is a hot issue. This paper proposes a new algorithm
for video coding that combines HEVC with the technique of frame rate conversion. First, on the encoding side, the
paper puts forward an adaptive frame-skip scheme to reduce the original video frame rate, so that the requirement for
transmitting data is reduced. Then, the low frame rate video is encoded. On the decoding side, the algorithm uses the
information of motion vector and special pattern of block for encoded video frames, which are extracted from the HEVC
transmission stream, to reconstruct the video. Moreover, this algorithm can estimate the motion vector of the missing
frames. Finally, the algorithm reconstructs the video using the proposed method based on block cover bidirectional motion
compensation interpolation. Experimental results confirm the effectiveness of the proposed algorithm.
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Fig.9 The framework of the proposed method
£ 1 AR SHRE HM16.0 153 5 PSNR XL
Table 1  The comparison of bitrate and PSNR about proposed method and HM16.0
HM16.0 gty ik K@ ERN
FFo TR QP
% (Kbps) PSNR (dB) % (Kbps) PSNR (dB)
22 153.889 46.1768 116.31 44.284
27 102.877 44.5633 77.76 43.249
Mobisode2-416 x 240 32 55.993 42.0227 42.115 41.339
37 32.224 39.5469 23.534 39.143
42 20.647 37.3411 14.99 37
22 5498.261 34.1461 3575.072 31.5
27 3432.89 32.0024 2287.624 30.084
PartyScene_832 x 480 32 1527.853 28.6774 1060.824 27.703
37 666.784 25.6876 475.32 25.263
42 303.951 23.5107 222.064 23.321
22 2787.105 42.447 2007.235 41.766
27 1488.774 41.1869 1165.056 40.699
FourPeople_1280 x 720 32 715.817 38.8563 595.181 38.57
37 387.899 36.0701 329.453 35.924
42 216.284 33.02 183.034 32.927
22 5332.273 38.1731 3736.08 36.742
27 2266.56 35.4312 1613.404 34.566
ParkScene_1920 x 1080 32 700.955 31.8568 512.072 31.449
37 291.668 29.5234 215.176 29.296
42 134.253 27.8972 98.776 27.757
22 9743.635 34.3938 6512.658 31.08
27 5535.946 31.5666 3768.415 29.343
PeopleOnStreet_2 560 x 1 600 32 3166.589 28.7697 2181.695 27.431
37 1934.102 26.4274 1343.4 25.644
42 1126.626 24.0122 785.935 23.687
2 ARUBEWESE HEVC R4
Table 2 The comparison of rate saving for proposed method and HEVC
ST %4 R Mobisode2 PartyScene FourPeople ParkScene PeopleOnStreet P
BD-rate (%) —14.8264 —12.3977 —11.5055 —15.1996 —12.0341 —13.1927
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Fig.10 The comparison of rate distortion performance
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PRI TRV AR TE. HIAT ParkScene
¥4, FEE A PSNR H— S ife T, 374k
15 % [t SRS I 91 A Sk
IR AR 13 % Akt 58, AIMTUER] T A SR
R RNE

NARWA SCAIR S AR BOARTIER LS, it —
A5 AR SN TR AR AW 45 4 B 5 9K () B 5
FRGERI R 1) 32 Bl MR T ¥4 DA CCRR (9] 42 iy
B ORI I2 B Al T MRS T SR S g 4 R AT
PO, BRI 51, FEATF R QP T, B
PSNR AP II(E LLBANER 3 .

%3 RRSEERHTY PSNR (dB)
Table 3  The average PSNR (dB) value of video

reconstructed with different methods

FEA 4k HORIBE MR SRR [9] ARSI
FourPeople 37.0147 37.3283 37.9772
ParkScene 31.125 31.4167 31.962

Mobile 26.7794 28.3065 28.6146
Tennis 30.1366 30.4844 30.7237

M3 AILAE i, ARSCRIRE# R PSNR
EAUIE T GEp B iz Sl A MR WU IE, 1530k
(9] $2 R WERIRTH AR L, L AA R p B
B PSNR. DA S50 25 5 4 oy s A A0 1 2 LY
SERNSH, AR WAR ORISR B AU AR 5
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Fig.11 The comparison of subjective effect for ParkScene

4 IR T

Table 4 The comparison of coding time
% QP (dB) fif HM16.0 ZRfigit1i] (s) ARSI (s) AT (%)
22 10717.161 5892.436 —45.02
27 7 868.587 4714.987 —40.08
PartyScene_832 x 480 32 5986.152 3403.753 —43.14
37 4875.39 2784.821 —42.88
42 4057.444 2211.079 —45.51
22 9724.638 5338.595 —45.1
27 7885.048 4838.479 —38.64
FourPeople_1 280 x 720 32 7171.39 3917.959 —45.37
37 6850.932 3673.508 —46.38
42 6492.365 3571.843 —44.98
22 36 263.066 19216.03 —47.01
27 25401.101 15042.524 —40.78
ParkScene_1 920 x 1080 32 20704.785 11547.355 —44.23
37 18175.229 9847.318 —45.82
42 16 256.87 8745.239 —46.21
22 51921.735 28433.679 —45.24
27 39493.22 23313.14 —40.97
PeopleOnStreet_2 560 x 1600 32 32649.236 17791.625 —45.51
37 28675.298 15 602.986 —45.59
42 24 987.769 13700.208 —45.17
T —44.1815




91

ERHIRSE: S5 AR S HEVC ARIE L H R s 45 4 5 3455

1635

3 REERE

A SCHY S5 A WER AR e HEVC AR #7200
O i g i SR, TR0 MR T R G L e A R R R
2% Wz 3 K8 (5 BN 0 5 B, & AT
ZR Wz a5 B e s it AR, R T g
R A28, T B p T 2 s m IR EAT T B o A
i > T A i, AL TR e,
T ARG, A K SRR AN R, AR L
SR B AU B i R LR, MERERAE
MRS R BT HEVC b 0 4 ffis 535

SR, AR SCHR A SR AR AP At — 2 3T
REAHLTT, PR %07 A A e 5 i %S AL A7 1 i
A, 22 i ) KRR S 25 At o B 2
X E KRBT B R BT, BTz 3 A
ARG T S R AN HER, it — PR THZ DT IRRT
s Zf R ZUR 5 A R, TS IR R T R SCBAE R
AT RE— 2P BB FERIRR

References

1 Lee S H, Shin Y C, Yang S, Moon H H, Park R H. Adap-
tive motion-compensated interpolation for frame rate up-
conversion. IEEE Transactions on Consumer Electronics,
2002, 48(3): 444—450

2 Hilman K, Park H W, Kim Y M. Using motion-compensated
frame-rate conversion for the correction of 3: 2 pulldown ar-
tifacts in video sequences. IEEE Transactions on Circuits
and Systems for Video Technology, 2000, 10(6): 869—877

3 Kim D, Park H. An efficient motion-compensated frame in-
terpolation method using temporal information for high-
resolution videos. Journal of Display Technology, 2015,
11(7): 580—588

4 Tsai T H, Shi A T, Huang K T. Accurate frame rate up-
conversion for advanced visual quality. IEEE Transactions
on Broadcasting, 2016, 62(2): 426—435

5 Choi B T, Lee S H, Ko S J. New frame rate up-conversion
using bi-directional motion estimation. IEEE Transactions
on Consumer Electronics, 2000, 46(3): 603—609

6 Choi B D, Han J W, Kim C S, Ko S J. Motion-compensated
frame interpolation using bilateral motion estimation and
adaptive overlapped block motion compensation. IEEE
Transactions on Circuits and Systems for Video Technol-
ogy, 2007, 17(4): 407—416

7 Kang S J, Cho K R, Kim Y H. Motion compensated frame
rate up-conversion using extended bilateral motion estima-
tion. IEEE Transactions on Consumer Electronics, 2007,
53(4): 17591767

8 Kang S J, Yoo S J, Kim Y H. Dual motion estimation for
frame rate up-conversion. IEEE Transactions on Circuits
and Systems for Video Technology, 2010, 20(12): 1909—
1914

9

10

11

12

13

14

15

16

17

18

19

20

Hu H P, Liu G Y. A novel method for frame rate up-
conversion. In: Proceedings of the 2011 International Con-
ference on Image Analysis and Signal Processing (IASP).
Wuhan, China: IEEE, 2011. 6—9

Inseo H, Ho S J, Myung H S. A new motion compensated
frame interpolation algorithm using adaptive motion estima-
tion. Journal of the Institute of Electronics and Information
Engineers, 2015, 52(6): 62—69

XuC,ChenY Q, Gao Z Y, Ye Y Z, Shan T. Frame rate up-
conversion with true motion estimation and adaptive motion
vector refinement. In: Proceedings of the 4th International
Congress on Image and Signal Processing (CISP). Shanghali,
China: IEEE, 2011. 353—356

Cao Y Z H, He X H, Teng Q Z, Wu W. Motion compen-
sated frame rate up-conversion using soft-decision motion
estimation and adaptive-weighted motion compensated in-
terpolation. Journal of Computational Information Systems,
2013, 9(14): 5789—5797

Kaviani H R, Shirani S. Frame rate upconversion using opti-
cal flow and patch-based reconstruction. IEEE Transactions
on Circuits and Systems for Video Technology, 2016, 26(9):
1581—-1594

Lee W H, Choi K, Ra J B. Frame rate up conversion based
on variational image fusion. IEEE Transactions on Image
Processing, 2014, 23(1): 399—412

Sun Yan-Yue, He Xiao-Hai, Song Hai-Ying, Chen Wei-Long.
A block-matching image registration algorithm for video
super-resolution reconstruction. Acta Automatica Sinica,
2011, 37(1): 37—43

(INBRFA, (/N RUFIE, B Te. — i T LT S % T Ay
VERC IR B HE D . A Bk, 2011, 37(1): 37—43)

Kim U S, Sunwoo M H. New frame rate up-conversion algo-
rithms with low computational complexity. IEEE Transac-
tions on Circuits and Systems for Video Technology, 2014,
24(3): 384—393

Lu Zhi-Hong, Guo Dan, Wang Meng. Motion-compensated
frame interpolation based on weighted motion estimation
and vector segmentation. Acta Automatica Sinica, 2015,
41(5): 1034—1041

(BGa, BPF, . BT IBLE IR R BN S S
WY BshbadR, 2015, 41(5): 1034—1041)

Ma Ming-Lang, He Xiao-Hai, Teng Qi-Zhi, Chen Hong-
Gang, Qing Lin-Bo. Fingerprint image compression algo-
rithm via adaptive sparse transformation. Acta Automatica
Sinica, 2016, 42(8): 1274—1284

(2R, /N, RATAE, WREEEL, WAL, BT B b A g i)
TRe g R 45, BB kAR, 2016, 42(8): 1274—1284)

Hong B, Eom M, Choe Y. Scene change detection using
edge direction based on intra prediction mode in H.264/AVC
compression domain. In: Proceedings of the 2006 IEEE Re-
gion 10 Conference. Hong Kong, China: IEEE, 2006. 1—4

Yan C G, Zhang Y D, Xu J Z, Dai F, Zhang J, Dai Q H, Wu
F. Efficient parallel framework for HEVC motion estimation
on many-core processors. IEEE Transactions on Circuits and
Systems for Video Technology, 2014, 24(12): 2077—2089



1636 H i)

e

% 444

21 Heithausen C, Vorwerk J H. Motion compensation with
higher order motion models for HEVC. In: Proceedings
of the 2015 TEEE International Conference on Acoustics,
Speech, and Signal Processing (ICASSP). South Brisbane,
QLD, Australia: IEEE, 2015. 1438—1442

22 Lee S H, Kwon O, Park R H. Weighted-adaptive motion-
compensated frame rate up-conversion. IEEE Transactions
on Consumer Electronics, 2003, 49(3): 485—492

23 Song H B, Men A D, Shi G J. A method for halo artifact
reduction in MEMC. In: Proceedings of the 2009 Digest
of Technical Papers International Conference on Consumer
Electronics. Las Vegas, NV, USA: IEEE, 2009. 1-2

e S P e R R TR R
FOAE. T RERITSE 5 1) Sy P A A A
5 1 .

E-mail: wqdlucky@163.com

(WU Qi-Da Master student at the
College of Electronics and Information

Engineering, Sichuan University. His
research interest covers image commu-
nication and video coding and transmission.)

(ORV=3 & S Pt S P S K2
Pz, EEBEE T A R G AE B, R
BRI GaEAE. A SCEE

E-mail: hxh@scu.edu.cn

(HE Xiao-Hai Ph.D., professor at
the College of Electronics and Informa-
tion Engineering, Sichuan University.

His research interest covers image pro-

cessing, pattern recognition, and image communication.
Corresponding author of this paper.)

MESE DUl K75 B B L
GEHE. T TE T 1) Ry LA 4 R R
A

E-mail: linhongwei@xbmu.edu.cn
(LIN Hong-Wei Ph.D. candidate at
the College of Electronics and Informa-
tion Engineering, Sichuan University.
His research interest covers video com-
pression and image communication.)

BEN B, )l R E R b
HIB. T 0 R A, KR
ALBE, HLaslne SHLE -]
E-mail: taoqingchuan@scu.edu.cn
(TAO Qing-Chuan Ph.D.,
ciate professor at the College of Elec-

asso-

tronics and Information Engineering,

Sichuan University. His research inter-
est covers pattern recognition, image processing, machine
vision, and machine learning.)

= B ML, hE R
(e AR Cr R RS IS
BERIA O

E-mail: wudil945@163.com

(WU Di Ph.D., associate professor
at the Officers College of PAP. His re-
search interest covers image processing
and image communication.)



