
Âèäåîêîäåê ñ ìåæêàäðîâûì äåêîäèðîâàíèåì è

áûñòðûì ïîêàäðîâûì êîäèðîâàíèåì

Áåëÿåâ Åâãåíèé Àëåêñàíäðîâè÷
eabelyaev@itmo.ru

Videotech 2023



1. Íåäîñòàòêè ãèáðèäíûõ êîäåêîâ
Âûñîêàÿ ñëîæíîñòü êîäèðîâàíèÿ

▶ Êîäåð îñóùåñòâëÿåò âûáîð

ïàðàìåòðîâ êîäèðîâàíèÿ, à äåêîäåð

ëèøü èõ èñïîëüçóåò.

▶ Âû÷èñëèòåëüíàÿ ñëîæíîñòü êîäåðà

çíà÷èòåëüíî âûøå ñëîæíîñòè

äåêîäåðà.

▶ Ñëîæíîñòü êîäåðà:

C (H.264) < C (H.265) < C (H.266).
Ðèñ.: Êîäåð H.264/AVC

▶ ×òî äåëàòü, åñëè ñëîæíîñòü êîäåðà ÿâëÿåòñÿ êðèòè÷íîé?
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1. Íåäîñòàòêè ãèáðèäíûõ êîäåêîâ
Âûñîêàÿ ÷óâñòâèòåëüíîñòü ê ïîòåðÿì ïàêåòîâ

▶ Äîïóñòèì, ÷òî êàäð 21 íå áûë äîñòàâëåí äåêîäåðó (ïîòåðÿí).
▶ Âìåñòî êàäðà 21 äåêîäåð ïîêàæåò êàäð 20.
▶ Ïîñêîëüêó êîäåð è äåêîäåð ññûëàþòñÿ íà ðàçíûå êàäðû, âîçíèêàåò

ðàñïðîñòðàíåíèå îøèáêè îò êàäðà ê êàäðó.
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FIGURE 4.2: Example of error propagation.
▶ ×òî äåëàòü, åñëè òðåáóåòñÿ ïåðåäà÷à ïî íåíàä¼æíîìó êàíàëó ñâÿçè, è

ïåðåïîñûëêè íåâîçìîæíû?2



2. Ãäå ýòî ìîæåò èñïîëüçîâàòüñÿ?

▶ Â ìèêðîóéñòðîéñòâàõ ñæàòèÿ è

ïåðåäà÷è âèäåî (áåñïðîâîäíàÿ

ýíäîêàïñóëà è ò.ä.).

▶ Â êà÷åñòâå ðåçåðâíîãî êîäåêà, åñëè

äëèòåëüíîñòü ðàáîòû óñòðîéñòâà îò

áàòàðåè ïðèîðèòåòíåå.

▶ Åñëè êàíàë ïåðåäà÷è î÷åíü

íåíàä¼æíûé.

3



3. ×òî òàêîå Compressive Sensing.
Ëèíåéíàÿ ìîäåëü èçìåðåíèé

(a) X (b) F = dct2(X ) (c) F̂ (d) X̂ = idct2(F̂ )

▶ Âû÷èñëÿåì 2-D DCT äëÿ èçîáðàæåíèÿ X , ðàçìåðîì 256×256.
▶ Áåðåì ïåðâûå 21000 (33%) êîýôôèöèåíòîâ ïî çèãçàãó (êàê â JPEG) è

âû÷èñëÿåì îáðàòíîå 2-D DCT.

▶ Ìîæíî ëè âçÿòü 21000 êîýôôèöèåíòîâ òàê, ÷òîáû êà÷åñòâî áûëî ëó÷øå?1

1Romberg, J. Imaging via Compressive Sampling, IEEE Signal Processing Magazine, 2008.
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3. ×òî òàêîå Compressive Sensing.
Ñëó÷àéíàÿ ìîäåëü èçìåðåíèé

(a) X (b) F = dct2(X ) (c) F̂0 (d) X̂0 = idct2(F̂0)

▶ Âû÷èñëÿåì 2-D DCT äëÿ èçîáðàæåíèÿ X .

▶ Áåðåì ïåðâûå 1000 êîýôôèöèåíòîâ ïî çèãçàãó, îñòàëüíûå 20000 íà

ñëó÷àéíûõ ïîçèöèÿõ.
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3. ×òî òàêîå Compressive Sensing.
Èòåðàòèâíîå âîññòàíîâëåíèå ïîðîãîâîé ôóíêöèåé (ISTA)

1. Âûïîëíÿåì ïîðîãîâóþ ôóíêöèþ äëÿ X̂0 (èñïîëüçóåì ôèëüòð BM3D2).

2. Äëÿ ïîëó÷åííîãî èçîáðàæåíèÿ Xf âû÷èñëÿåì ñïåêòð F è â íåãî 'âñòàâëÿåì'

íåíóëåâûå êîýôôèöèåíòû èç èçíà÷àëüíîãî ñïåêòðà F̂0.
3. Âû÷èñëÿåì èçîáðàæåíèå X̂1 = idct2(F ) è ïîâòîðÿåì øàãè 1-2.

(a) X̂0 (b) Xf=BM3D(X̂0) (c) F̂1 = dct2(Xf ) (d) X̂1 = idct2(F̂1)

2K. Dabov, A. Foi, V. Katkovnik and K. Egiazarian, Image Denoising by Sparse 3-D
Transform-Domain Collaborative Filtering, IEEE Transactions on Image Processing, 2007.
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3. ×òî òàêîå Compressive Sensing.
Èòåðàòèâíîå âîññòàíîâëåíèå ïîðîãîâîé ôóíêöèåé (ISTA)

(a) X̂0
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Âêëþ÷èòü äåìîðîëèê: ISTA_demo.avi
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3. ×òî òàêîå Compressive Sensing.
Ñðàâíåíèå ìîäåëåé èçìåðåíèÿ
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▶ Ñëó÷àéíûå èçìåðåíèÿ ëó÷øå

ëèíåéíûõ.

▶ Äëÿ íåñëó÷àéíûõ èçìåðåíèé òîæå
ìîæíî èñïîëüçîâàòü ISTA:
▶ Äëÿ superresolution3.
▶ Äëÿ ìÿãêîãî äåêîäèðîâàíèÿ JPEG

è MJPEG4 è wavelet-êîäåêîâ5.

3K. Egiazarian et al., Single Image Super-resolution via BM3D Sparse Coding, EUSIPCO, 2015.
4E. Belyaev et al., Motion JPEG Decoding via Iterative Thresholding and Motion-Compensated

De�ickering, MMSP, 2020
5E. Belyaev et al., Error Concealment for 3-D DWT based Video Codec using Iterative

Thresholding, IEEE Communications Letters, 2017
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4. Êàê èç Compressive Sensing ñäåëàòü âèäåîêîäåê.

Íóæíî îòâåòèòü íà ñëåäóþùèå âîïðîñû6:

▶ Êàêóþ ìîäåëü âçÿòèÿ èçìåðåíèé âûáðàòü?

▶ Êàê ïåðåäàâàòü ñëó÷àéíûå ïîçèöèè êîýôôèöèåíòîâ äåêîäåðó?

▶ Êàê ñæèìàòü èçìåðåíèÿ?

▶ Êàê âîññòàíàâëèâàòü âèäåî â äåêîäåðå?

6E.Belyaev, An E�cient Compressive Sensed Video Codec with Inter-Frame Decoding and
Low-Complexity Intra-Frame Encoding, Sensors, 2023.
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4. Êàê èç Compressive Sensing ñäåëàòü âèäåîêîäåê.
Ñëó÷àéíàÿ ìîäåëü íà îñíîâå noiselet-ïðåîáðàçîâàíèÿ

▶ Â îáùåì ñëó÷àå ìàòðèöà

èçìåðåíèé íå äîëæíà áûòü õîðîøà

äëÿ ñæàòèÿ (DCT èëè wavelet).

▶ Ìîæíî èñïîëüçîâàòü noiselet.
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Noiselet transform

Input: x1, x2, ..., xN

1: c ← N2 − 1

2: for j = 0, ..., N
2

2
do

3: k ← j ⊕ c
4: yj ← xj + xk
5: yk ← xj − xk
6: end for
7: for d =

⌊
c
2

⌋
,
⌊
c
4

⌋
..., 1 do

8: for j = 0, ..., N
2

2
do

9: k ← j ⊕ c ⊕ d
10: t ← yj
11: yj ← yj − yk
12: yk ← t + yk
13: end for
14: end for10



4. Êàê èç Compressive Sensing ñäåëàòü âèäåîêîäåê.
Ñõåìà èíòðà-êîäåðà CS-JPEG

L-level Haar 
downsampling
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encoder
L-level Haar 
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Input 
frame

-
Noiselet transform 
and quantization 

Subsampling and 
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Rate 
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D
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L

▶ Âõîäíîé êàäð óìåíüøàåòñÿ â L ðàç è ñæèìàåòñÿ JPEG íà QF=100.
▶ Óìåíüøåííûé êàäð óâåëè÷èâàåòñÿ è âû÷èòàåòñÿ èç èñõîäíîãî êàäðà.
▶ Âûïîëíÿåòñÿ noiselet äëÿ ðàçíîñòíîãî êàäðà.
▶ Áåðóòñÿ êîýôôèöèåíòû íà ïñåâäîñëó÷àéíûõ ïîçèöèÿõ.
▶ Âûáðàííûå êîýôôèöèåíòû êâàíòóþòñÿ (ñòåïåíüþ äâîéêè), ñæèìàþòñÿ

àðèôìåòè÷åñêèì êîäåðîì è ïàêåòèðóþòñÿ.
▶ Ïàêåòû ñîõðàíÿþòñÿ â çàãîëîâîê JPEG ôàéëà.11



4. Êàê èç Compressive Sensing ñäåëàòü âèäåîêîäåê.
Ãèáêàÿ ñòðóêòóðà áèòîâîãî ïîòîêà
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Ðèñ.: Äåêîäèðîâàíèå ïðè óäàëåíèè ÷àñòè ïàêåòîâ èç áèòîâîãî ïîòîêà

▶ Òàê êàê èçìåðåíèÿ êîäèðóþòñÿ íåçàâèñèìî, êà÷åñòâî âîññòàíîâëåíèÿ çàâèñèò

òîëüêî îò ÷èñëà èçìåðåíèé, êîòîðûå äîøëè äî äåêîäåðà.
▶ Ïîýòîìó áèòîâûé ïîòîê óñòîé÷èâ ê ïîòåðÿì ïàêåòîâ (ðàñïðîñòðàíåíèÿ

îøèáêè íå ïðîèñõîäèò).
▶ Ïóò¼ì îòêèäûâàíèÿ ëèøíèõ ïàêåòîâ ìîæíî ïîëó÷èòü íóæíûé áèòðåéò.12



4. Êàê èç Compressive Sensing ñäåëàòü âèäåîêîäåê.
Ïåðåäà÷à ñëó÷àéíûõ ïîçèöèé äåêîäåðó

▶ Èñïîëüçóþòñÿ ïñåâåäîñëó÷àéíûå âåêòîðû, â êîòîðûõ õðàíèòñÿ ðàññòîÿíèå

ìåæäó êîýôôèöèåíòàìè.

▶ Íàïðèìåð, äëÿ âçÿòèÿ 10% èçìåðåíèé ìîæíî èñïîëüçîâàòü âåêòîð

v = {19, 9, 11, 17, 12, 6, 7, 5, 12, 2},

ò.å. ïåðåäàþòñÿ êîýôôöèåíòû y1, y20, y29, y40, ....
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4. Êàê èç Compressive Sensing ñäåëàòü âèäåîêîäåê.
Ìåæêàäðîâîå äåêîäèðîâàíèå

▶ Äåêîäèðîâàíèå îñóùåñòâëÿåòñÿ èòåðàòèâíî äëÿ ãðóïïû èç 16 êàäðîâ. Â
êà÷åñòâå ïîðîãîâîé ôóíêöèè ìîæíî èñïîëüçîâàòü ôèëüòð VBM3D7.
▶ Step 1. Äëÿ áëîêà â òåêóùåì êàäðå âûïîëíÿåòñÿ ïîèñê ïîõîæèõ áëîêîâ, èç

íàéäåííûõ áëîêîâ ôîðìèðóåòñÿ 3D áëîê, äëÿ êîòîðîãî âûïîëíÿåòñÿ
ôèëüòðàöèÿ â îáëàñòè ÄÊÏ.

▶ Step 2. Â ïðåäâàðèòåëüíî îòôèëüòðîâàííîì âèäåî ñíîâà âûïîëíÿåòñÿ ïîèñê
ïîõîæèõ áëîêîâ è ò.ä.

7K. Dabov, A. Foi, and K. Egiazarian. Video denoising by sparse 3D transform-domain collaborative
�ltering, EUSIPCO, 2007
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4. Êàê èç Compressive Sensing ñäåëàòü âèäåîêîäåê.
Ìåæêàäðîâîå äåêîäèðîâàíèå

▶ Âìåñòî VBM3D áûëà ðåàëèçîâàí ôèëüòð, êîòîðûé:
▶ Èñïîëüçóåò âåêòîðû äâèæåíèÿ èç ïðåäûäóùåé èòåðàöèè êàê ñòàðòîâûå âåêòîðû.
▶ Èñïîëüçóåò ôèëüòðàöèþ ñî ïñåâäîñëó÷àéíûì âûáîðîì ðàçìåðà 3D áëîêà íà

êàæäîé èòåðàöèèè.
▶ Ðàáîòàåò â 20 ðàç áûñòðåå (0.07 fps íà CPU 2.8 GHz íà ðàçðåøåíèè 352× 288).
▶ Ëó÷øå íà 0.76 äÁ ïî PSNR.
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5. Ñðàâíåíèå ñ èíòðà-êîäåêàìè.
Ñêîðîñòü êîäèðîâàíèÿ

Òàáëèöà: Êîëè÷åñòâî êàäðîâ, ñæèìàåìûõ â ñåêóíäó íà âèäåî 'Foreman', ðàçðåøåíèå
352× 288 íà CPU 2.8 GHz

MJPEG MJPEG2000
x264-intra x265-intra

CS-JPEG
RT , kbps ultrafast veryslow ultrafast

600 223 12 347 24 17 552

1000 221 12 271 19 16 517

1500 213 12 217 16 15 444

2000 199 12 177 14 14 381

Â ñðåäíåì 214 12 253 18 16 474

% 100 6 118 8 7 221
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5. Ñðàâíåíèå ñ MJPEG, H.264-Intra, H.265-Intra

(a) x264-intra (ultrafast) (b) x265-intra (ultrafast) (c) CS-JPEG

Ðèñ.: Êàäð 150 âèäåî 'Hall' íà 600 kbps

Âêëþ÷èòü äåìîðîëèê: csjpeg_demo.mp4
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6. ×òî ìîæíî ñäåëàòü åùå?

▶ Âçÿòèå èçìåðåíèé è âîññòàíîâëåíèå âèäåî ìîæíî îñóùåñòâëÿòü ïðè ïîìîùè

íåéðîííûõ ñåòåé.

▶ Âîññòàíîâëåíèå ìîæíî ðåàëèçîâàòü ãîðàçäî áûñòðåå íà áàçå íåéðîííûõ
ñåòåé, àïïðîêñèìèðóþùèõ èòåðàòèâíûé àëãîðèòì (ISTA). Íàïðèìåð, äëÿ
ðàçðåøåíèÿ 352× 288 äîñòèãíóòû ñëåäóþùèå ðåçóëüòàòû:
▶ ISTA-Net8 îñóùåñòâëÿåò äåêîäèðîâàíèå èçîáðàæåíèé ñî ñêîðîñòüþ 0.47 è

13.8 fps íà CPU è GPU, ñîîòâåòñòâåííî.
▶ CSRN9 âîññòàíàâëèâàåò èçîáðàæåíèÿ ñî ñêîðîñòüþ 293 fps íà GPU (14.32 fps

äëÿ HD ðàçðåøåíèÿ).

8Jian Zhang and Bernard Ghanem, ISTA-Net: Interpretable Optimization-Inspired Deep Network for
Image Compressive Sensing, CVPR, 2018.

9Y. Zhou et al., A Lightweight Recurrent Learning Network for Sustainable Compressed Sensing,
IEEE Transactions on Emerging Topics in Computational Intelligence, 2023
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Ñïàñèáî çà âíèìàíèå!

Videotech 2023


