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Scalable Video Coding using Super-Resolution based on Convolutional
Neural Networks for Video Transmission over Very
Narrow-Bandwidth Networks

Dae-Eun Kim®, Sehwan Ki”, Munchurl Kima)*, Ki Nam Jun”, Seung Ho Baek”,
Dong Hyun Kim?, and Jeung Won Choi®
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Abstract

The necessity of transmitting video data over a narrow-bandwidth exists steadily despite that video service over broadband is
common. In this paper, we propose a scalable video coding framework for low-resolution video transmission over a very
narrow-bandwidth network by super-resolution of decoded frames of a base layer using a convolutional neural network based super
resolution technique to improve the coding efficiency by using it as a prediction for the enhancement layer. In contrast to the
conventional scalable high efficiency video coding (SHVC) standard, in which upscaling is performed with a fixed filter, we
propose a scalable video coding framework that replaces the existing fixed up-scaling filter by using the trained convolutional
neural network for super-resolution. For this, we proposed a neural network structure with skip connection and residual learning
technique and trained it according to the application scenario of the video coding framework. For the application scenario where a
video whose resolution is 352x288 and frame rate is 8fps is encoded at 110kbps, the quality of the proposed scalable video
coding framework is higher than that of the SHVC framework.

Keyword : Convolutional Neural Network, Super-Resolution, Scalable Video Coding, High Efficiency Video Coding
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Fig. 1. A block diagram of a scalable video coding with spatial scalability
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Table 1. Coding performance of the conventional SHVC and the proposed deepSHVC framework

sequence Bitrate | Y-PSNR | Bitrate | Y-PSNR | Bitrate Y-PSNR Bitrate Y-PSNR
(kbps) (dB) (kbps) (dB) (kbps) (dB) (kbps) (dB)
BL 24.9358 43.0798 45.0903 46.0719 63.7136 47.9287 77.0638 48.9725
akiyo EL (SHM) 84.327 43.8570 64.4488 42.9441 44.7906 41.5143 24.8671 39.0445
EL (deep) 84.288 441635 64.9733 43.4997 446174 42.6068 25.0045 41.3146
BL 29,0545 23.9282 455223 26.6642 65.7844 29.0068 84.736 30.9134
bus EL (SHM) 84.7695 26.3697 65.0240 251711 47.6069 24.1405 29.3303 22.7313
EL (deep) 84.2834 26.9856 64.4038 26.3330 44,7345 26.1270 24.8640 25.7896
BL 26.9237 256719 45.9762 28.8066 65.0068 30.7991 85.1372 325718
Calendar | EL (SHW) 84.9225 26.8809 64.9475 25.6911 46.0020 23.9286 25.0576 21.4826
EL (deep) 84.8390 27.1844 64.7227 26.6874 448757 26.0373 24.9054 25.0666
BL 25.024 32.5017 458365 35.8586 65.2347 38.1267 85.1528 39.76
Foreman | EL (SHW) 85.0060 34.529 64.9748 33.5318 45.0068 32.2489 24,8554 29.9245
EL (deep) | 84.9647 | 34.8864 | 64.9795 | 34.6591 44.8507 34,5341 25.6983 33915
BL 25,0537 34.3653 452129 37.8991 65.3167 40.4857 84.9514 424654
Silent EL (SHM) 85.4650 36.1513 65.2433 34.9187 451138 33.359 25.1770 31.1984
EL (deep) 85.4548 36.6126 65.3643 36.316 45.0443 35.9862 25.0131 35.3174
BL 255225 28.3468 454139 31.2099 65.0844 33.0498 85.0758 34.604
tempete | EL (SHM) 85.0028 29.1757 65.1601 28.1929 45.0524 26.7871 25.0655 24.9273
EL (deep) 85.0551 29.5122 65.2503 29.0046 45.0839 28.4806 25.0465 27.7986
BL 26.6402 33.6929 46.4297 36.511 65.6883 38.5037 85.3057 39.9708
waterfall | EL (SHM) 85.0461 34.6758 65.0123 33.5599 44.65% 32.0489 24.9952 29.902
EL (deep) 85.0245 35.2398 65.6279 34.6349 454247 33.9184 24.4868 32.936
BL 26.1649 31.6552 45,6403 347173 65.1184 36.8429 83.9175 38.4654
- EL (SHM) | 84.9341 330913 | 649730 | 32.0014 454617 305753 25.6212 28,4587
EL (deep) 84.8442 33.5121 65.0460 33.0192 44,9473 32.5272 25.0027 31.7340
EL A}O| -0.0899 0.4208 0.073 1.0178 -0.5144 1.9519 -0.6185 3.2753
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(a) SHM result (PSNR-Y: 23.2133 dB) (b) proposed result (PSNR-Y: 25.3815 dB)
T2 4, bus Hako| &4 I 65 kbps T3 A S4 (41HA =Z22)
Fig. 4. Decoded frame of bus of the enhancement layer at 65 kbps (41st frame)

(a) SHM result (PSNR-Y: 23.7715 dB) (b) proposed result (PSNR-Y: 25.8363 dB)
12l 5. calendar G&o| &4t HIZ 45 kbps T2t 2t S (428 Z2f2l)
Fig. 5. Decoded frame of calendar of the enhancement layer at 45 kbps (42nd frame)

(a) SHM result (PSNR-Y: 30.0045 dB)

(b) proposed result (PSNR-Y: 31.3335 dB)
21 6. waterfall Q| St HIZ 85 kbps S5 2 QAL (B4HAY Za|2)
Fig. 6. Decoded frame of waterfall of the enhancement layer at 85 kbps (64th frame)
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