
1 Ñòàíäàðòû òåëåâèçèîííîãî âåùàíèÿ

1. Ñòàíäàðòíàÿ ÷åòêîñòü
Îáîçíà÷åíèå SD (PAL) SD (NTSC)
Øèðèíà*Âûñîòà 720*576 720*480
Ñîîòíîøåíèå ñòîðîí (Ø:Â, (Â/Ø)*100%) 4:3, 75% 4:3, 75%
×èñëî êàäðîâ â ñåêóíäó (fps) (Progressive) 25 30
×èñëî òî÷åê â îäíîì êàäðå 414720 345600
×èñëî òî÷åê íà ýêðàíå çà ñåêóíäó 10368000 10368000

2. Âûñîêàÿ ÷åòêîñòü HD (ïðîìåæóòî÷íûå ñòàíäàðòû)
Îáîçíà÷åíèå 720p 25 fps 1080p 25 fps
Øèðèíà*Âûñîòà 1280*720 1920*1080
Ñîîòíîøåíèå ñòîðîí (Ø:Â, (Â/Ø)*100%) 16:9, 56,25% 16:9, 56,25%
×èñëî êàäðîâ â ñåêóíäó (fps) (Progressive) 25 25
×èñëî òî÷åê â îäíîì êàäðå 921600 2073600
×èñëî òî÷åê íà ýêðàíå çà ñåêóíäó 23040000 51840000

2. Âûñîêàÿ ÷åòêîñòü FullHD (ñîâðåìåííûå ñòàíäàðòû)
Îáîçíà÷åíèå 1080p 50 fps 1080p 60 fps
Øèðèíà*Âûñîòà 1920*1080 1920*1080
Ñîîòíîøåíèå ñòîðîí (Ø:Â, (Â/Ø)*100%) 16:9, 56,25% 16:9, 56,25%
×èñëî êàäðîâ â ñåêóíäó (fps) (Progressive) 50 60
×èñëî òî÷åê â îäíîì êàäðå 2073600 2073600
×èñëî òî÷åê íà ýêðàíå çà ñåêóíäó 103680000 124416000

2 Öèôðîâîå ïðåäñòàâëåíèå ïîòîêà

CS � còðóêòóðà äåñêðèòèçàöèè (Chroma subsampling),
BD � ãëóáèíà êâàíòîâàíèÿ (Bit depth),
BR � ñêîðîñòü ïîòîêà (Bit rate).

Äëÿ SD ïðè ÷àñòîòå äèñêðåòèçàöèè 13,5 MHz
CS BD BR Bits/(Pixel*Frame) Ñòåïåíü êîìïðåññèè
4:4:4 8 249,0 Mbps 24 100%
4:2:2 8 166,0 Mbps 16 66,7%
4:2:0 8 124,5 12 50%
Äëÿ 1080p 50 fps ïðè ÷àñòîòå äèñêðåòèçàöèè 135 MHz

CS BD BR Bits/(Pixel*Frame) Ñòåïåíü êîìïðåññèè
4:4:4 8 3,564 Gbps 24 100%
4:2:2 8 2,376 Gbps 16 66,7%
4:2:0 8 1,782 Gbps 12 50%
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3 Ñòàíäàðòû ñæàòèÿ âèäåîïîòîêà

Ëó÷øèé íà 2010 ã. ýòî ñòàíäàðò AVC/H.264. Ïðè Bits/(Pixel*Frame)=0,119
(max) (0,4958% èëè â 202 ðàçà), ìåòðèêà SSIM(fast) = 97,312%. Ìèíèìóì
Bits/(Pixel*Frame)=0,138 (0,575% èëè â 174 ðàçà).

Åñëè ñ÷èòàòü ñîáñòâåííóþ ýôôåêòèâíîñòü êîäåêà, òî îíà ðàâíà: min
0,138/12=1,15% (â 87 ðàç), max 0,119/12=0,99% (â 101 ðàç).

3.1 Ðåêîìåíäàöèè ê ïëîòíîñòè öèôðîâîãî ïîòîêà äëÿ

õ264

Ñòàíäàðò kbps bit
p∗f (max) 1 MiB/ìèí (ìèí) 1 MiB/÷àñ (ìèí)

SD 1200 0,119 8,8 (6,0) 527 (352)
720p 25 fps 3000 0,133 22,0 (13,0) 1318 (784)
1080p 25 fps 7000 0,138 51,3 (29,0) 3076 (1762)
1080p 50 fps 14000 0,138 102,5 (58,7) 6152 (3520)
1080p 60 fps 16000 0,132 117,2 (61,4) 7032 (3682)

4 Ïðîãðàììíîå îáåñïå÷åíèå

(i) Ïëååð: MPCHC (Media Player Classic - Home Cinema), free.

(ii) Êîíâåðòîð: AVC (Any Video Converter), free.

(iii) Ðàáîòà ñ êîíòåéíåðîì mkv: mkvmerge GUI, free.

(iv) Îáúåêòèâíûå ìåòðèêè âèäåî: MSU Video Quality Measurement Tool,
free.

(v) Íàáîð êîäåêîâ: K-Lite Codec Pack xxx Mega, free.

(vi) Èíôîðìàöèÿ î âèäåîïîòîêå: Media Info, free.

(vii) Îáðàáîòêà âèäåî: Media Coder (Best), Virtual Dub, AviSynth, Smooth
Video Pack, free.

5 Íàñòðîéêè êîäåêà x264

5.1 Ïàðàìåòðû

Ïàðàìåòð 1. Bitstream pro�le � Hight 2. Bitstream level � 5.1 3. P-frame
Quantitizer � 26 4. Maximum interval betveen IDR-frames � 250 (keyint=250)
5. Minimum interval betveen IDR-frames � 25 6. Frames used as predictors in B
and P frames � 1 7. Maximum B-frames between B and P frames � 4 8. Adap-
tive B-frames decision method � Fast 9. B-frames used as for predicting � false
10. Alpha parameter of deblocking �lter � 0 11. Beta parameter of deblocking
�lter � 0 12. Use CABAC � true 13. Minimum quantizer � 10 (qpmin=10)
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14. Maximum quantizer � 51 (qpmax=51) 15. Quantizer step � 4 (qpstep=4)
16. Maximum local bitrate � 0 17. Averaging period for maximum local bi-
trate � 0 18. Initial bu�er occupancy � 0.900000 19. Quantizer compression
percentage � 60 20. Direct macroblocks prediction � Auto 21. Use weighted
prediction for B-frames � true Îïöèÿ âêëþ÷àåò âçâåøåííîå ïðåäñêàçàíèå B-
ôðåéìîâ, ÷òî ïðèâîäèò ê óëó÷øåííîé òî÷íîñòè ïðåäñêàçàíèé. 22. Enable all
macroblock type � false 23. Adaptive spatial transform size � false 24. Fullpix-
el motion estimation algorithm � Uneven Multi-Hexagon Îöåíêà äâèæåíèÿ
(me=umh) � âûáîð ñïîñîáà îáíàðóæåíèÿ äâèæåíèÿ: 1. Diamond (me=dia)
êà÷åñòâî: ñàìîå íèçêîå, ñêîðîñòü: ñàìàÿ âûñîêàÿ 2. Hexagonal (me=hex) 3.
Uneven Multi-Hexagon (me=umh) 4. Exhaustive (me=esa) 5. 6. 7. Hadamard
exhaustive êà÷åñòâî: ñàìîå âûñîêîå, ñêîðîñòü: ñàìàÿ íèçêàÿ 25. Motion search
radius � 16 Äèàïàçîí îöåíêè (me range=16) 26. Ignore chroma in motion esti-
mation � false 27. Subpel re�nement quality � 6 28. Psychovisual optimization
strength for RDO � 1.000000 29. Psychovisual optimization strength for Trellis
� 0.000000 30. Mixed reference frame � false îïöèÿ, äëÿ ëó÷øåãî óïðàâëåíèÿ
êàäðàìè-ññûëêàìè (Â-frames). Îíà äîñòóïíà, êîãäà óñòàíîâëåííî íå ìåíåå
äâóõ B-ôðåéìîâ. 31. Rate-distortion optimal quantization (trellis) � Enubled
only for the �nal encode (trellis=) 32. How AQ distributes bits � Variance AQ
33. Reduce blocking and blurring in �at and texture areas � Normal 34. Intra
luma quantization deadzone � 11 35. Inter luma quantization deadzone � 21 36.
Performs early skip detection in P-frames � true 37. Eliminate DCT block with
small coe�cient � true 38. Noise reduction � 0 39. Interlaced video content �
false (interlaced=0) 40. Global header � false 41. Use access unit delimiters �
false 42. Enable picture timing data � false 43. Set SPS and PPS id numbers
� 0 44. Threads (0 for auto) � 0 45. Non-deterministic � true 46. Crop over-
scan setting �- Unde�ned 47. Video format � Unde�ned 48. Full range samples
setting � false 49. bitrate=1200

5.2 Àíàëèç îïöèé êîäåêà õ264

Çàìåòèì ñíà÷àëî, ÷òî îïòèìàëüíûé ïîêàçàòåëü äëÿ êèíî êîòîðîãî ÿ äîáèë-
ñÿ 03.01.20011: SSIMM=97,315% (b/(p*f)=0.116).

Â 2006 ãîäó åãî äîáèëèñü äëÿ "ðàí÷î"(704x288 24 fps) ïðè 1050 kbps
(b/(p*f)=1050*0,00021=0,221)

Ïðèâåäåì ýòè íàñòðîéêè: cabac=0 / ref=2 / deblock=1:0:0 / analyse=0x3:0x3
/ me=umh / subme=6 / psy=1 / psy rd=1.00:0.00 / mixed ref=1 / me range=16
/ chroma me=1 / trellis=0 / 8x8dct=1 / cqm=0 / deadzone=21,11 / fast
pskip=1 / chroma qp o�set=-2 / threads=3 / sliced threads=0 / nr=0 / dec-
imate=1 / interlaced=0 / constrained intra=0 / bframes=0 / weightp=2 /
keyint=250 / keyint min=25 / scenecut=40 / intra refresh=0 / rc lookahead=40
/ rc=2pass / mbtree=1 / bitrate=1200 / ratetol=1.0 / qcomp=0.60 / qp-
min=10 / qpmax=51 / qpstep=4 / cplxblur=20.0 / qblur=0.5 / ip ratio=1.40
/ aq=1:1.00
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� îïöèÿ îïòèìàëüíî ïåðåâîä
ïàðàìåòð â VD

1 cabac 0
�no-cabac

2. ref 2
�ref 2

3. deblock 1:0:0
�

4. analyse 0x3:0x3
�partitions i8x8,i4x4

5. me umh Îöåíêà äâèæåíèÿ
�me umh � âûáîð ñïîñîáà îáíàðóæåíèÿ äâèæåíèÿ:

1. Diamond (me=dia)
êà÷åñòâî: -, ñêîðîñòü: +
2. Hexagonal (me=hex)
3. Uneven Multi-Hexagon (me=umh)
4. Exhaustive (me=esa)
5. Hadamard exhaustive (me=tesa)
êà÷åñòâî: +, ñêîðîñòü: -

6. subme 6 Äåòàëèçàöèÿ ïèêñåëåé
�subme 6

7. psy 1
�

8. psy rd 1.00:0.00
�

9. mixed ref 1
�

10. me range 16
�

11. chroma me 1
�

12. trellis 0
�

13. 8x8dct 1
�

14. cqm 0
�

15. deadzone 21,11
�
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� îïöèÿ îïòèìàëüíî ïåðåâîä
ïàðàìåòð â VD

16. fast pskip 1
�

17. chroma qp o�set −2
�

18. threads 3

19. sliced threads 0
�

20. nr 0
�

21. decimate 1
�

22. interlaced 0
�

23. constrained intra 0

24. bframes 0
�bframes 0

25. weightp 2
�

26. keyint 250
�

27. keyint min 25
�

28. scenecut 40
�

29. intra refresh 40
�

30. rc lookahead 40
�

31. rc 2pass ×èñëî ïðîõîäîâ
�

32. mbtree 1
�

33. bitrate 1200 Áèòðåéò
�

34. ratetol 1.0
�

35. qcomp 0.60
�

36. qpmin 10
�

37. qpmax 51

38. qpstep 4
�

39. cplxblur 20.0
�

40. qblur 0.5
�

41. ip ratio 1.40

42. aq 1:1.00
�
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Çàìå÷àíèÿ: - � ïëîõîå êà÷åñòâî èëè ñêîðîñòü, + � õîðîøåå êà÷åñòâî èëè
ñêîðîñòü

Äëÿ ñðàâíåíèÿ èçìåíèåíèÿ ñêîðîñòè êîäèðîâàíèÿ(t) � êà÷åñòâà (SSIM)
ïðèìåì â êà÷åñòâå áàçîâûõ íàñòðîåê, íàñòðîéêè ïðèâåäåííûå âûøå. Ïîñòî-
ÿííûì ïîêàçàòåëåì ÿâëÿåòñÿ áèòðåéò (0,116 b/(p*f)).

Èòàê ñèëüíî âëèÿþò íà êà÷åñòâî: 1. áèòðåéò äî 0.135 b/(p*f) � îïòèìàëüíî
2. ÷èñëî ïðîõîäîâ: 2 � îïòèìàëüíî 3. ñïîñîá îöåíêè äâèæåíèÿ me=umh �
îïòèìàëüíî

Ñðàâíèì òåïåðü êà÷åñòâî SSIM è âðåìÿ îáðàáîòêè ïðè ïîñòîÿííîì áèòðåéòå
0.135 b/(p*f), ïðè èçìåíåíèè ðàçëè÷íûõ îïöèé:

Ïðèåìëåìîå âðåìÿ îáðàáîòêè 3:1, Èçìåíåíèå êà÷åñòâà: 0,1% � ñóùåñòâåííî,
0,01% � íå ñóùåñòâåííî.

0. Èñõîäíèê (me=umh, Preset=Medium):
SSIM=97,211%
t=9 (1,8:1)

1. Åñëè ñðàâíèâàòü 2-ïðîõîä ñ 1-ïðîõîä,
SSIM=97,315%
t=14 (2,6:1)
SSIM ïàäàåò íà 0,104% (ñóùåñòâåííî), âðåìÿ îáðàáîòêè óìåíüøàåòñÿ íà 1
(ñóùåñòâåííî).

2. Åñëè çàìåíèòü îöåíêó äâèæåíèÿ íà me=tesa (�me tesa), òî
SSIM=97,244%
t=12 (2,4:1)
SSIM âîçðàñòàåò íà 0,033% (íîðìàëüíî), âðåìÿ îáðàáîòêè óâåëè÷èâàåòñÿ íà
0,6 (íîðìàëüíî).

3. Åñëè ïîìåíÿòü ïðåäóñòàíîâêó ñ Preset=Medium íà Preset=Placebo
SSIM=97,253%
t=16 (3,2:1)
SSIM âîçðàñòàåò íà 0,042% (íîðìàëüíî), âðåìÿ îáðàáîòêè óâåëè÷èâàåòñÿ íà
1,4 (ñóùåñòâåííî).

4. Åñëè ñíà÷àëà ñäåëàòü áûñòðûé ïðîõîä, à ïîòîì íîðìàëüíûé: (âèäåîôàéë
ïðè ýòîì íå áûë ñîçäàí!!!) SSIM=97,278%
t=4+7=12 (2,4:1) Ïî ñð. ñ ï. 1 (2 ïîëíûõ ïðîõîäà)

5. Åñëè ñíà÷àëà ñäåëàòü íîðìàëüíûé ïðîõîä, è ïîòîì íîðìàëüíûé (ïîëó÷èëè
ï.2): SSIM=97,315%
t=8+7=15 (3:1)

6. Îäèí íîðìàëüíûé ïðîõîä: (èñõîäíèê) SSIM=97,211%
t=8 (1,6:1)

Âûâîä: Ëó÷øå íå ýêîíîìèòü íà áûñòðûõ ïðîãîíàõ.
Ïëàíû: 1. Èñïðîáîâàòü òî æå íà äðóãèõ ïîñëåäîâàòåëüíîñòÿõ.
Çàìå÷àíèå: â ïðîãå MC

6



6 Îáùèå âûâîäû

1. Ëó÷øèé êîäåê: õ264
áèòðåéò: 0.135 b/(p*f) (1200 kbps äëÿ SD),
ïðîôèëü High@L5.1
îöåíêà äâèæåíèÿ: me=umh
äèàïàçîí îöåíêè: 16
B-frames: 4
Ðåêîìåíäàöèè: (i) Íå èñïîëüçîâàòü áûñòðóþ ïðîãîíêó, (ii) Íå èñïîëüçîâàòü
òîòàëüíóþ îöåíêó äâèæåíèÿ.

2. Ëó÷øàÿ îáúåêòèâíàÿ ìåòðèêà êà÷åñòâà: SSIM
3. Ëó÷øàÿ ïðîãðàììà äëÿ êîíâåðòàöèè: Media Coder
4. Ïîðîã êà÷åñòâà SSIM: 97,3%
Ëó÷øèå íàñòðîéêè âèäåî äëÿ êèíî (SSIM=97,315%):

cabac=0 / ref=2 / deblock=1:0:0 / analyse=0x3:0x3 / me=umh / subme=6
/ psy=1 / psy rd=1.00:0.00 / mixed ref=1 / me range=16 / chroma me=1 /
trellis=0 / 8x8dct=1 / cqm=0 / deadzone=21,11 / fast pskip=1 / chroma qp
o�set=-2 / threads=3 / sliced threads=0 / nr=0 / decimate=1 / interlaced=0
/ constrained intra=0 / bframes=0 / weightp=2 / keyint=250 / keyint min=25
/ scenecut=40 / intra refresh=0 / rc lookahead=40 / rc=2pass / mbtree=1 /
bitrate=1200 / ratetol=1.0 / qcomp=0.60 / qpmin=10 / qpmax=51 / qpstep=4
/ cplxblur=20.0 / qblur=0.5 / ip ratio=1.40 / aq=1:1.00

Â ïðîãå VD äëÿ ýòèõ íàñòðîåê íåîáõîäèìî
1. Preset: Medium,
2. Tuning: None,
3. Pro�le: Hight,
4. Level: 5.1
5. Äîïîëíèòåëüíî: �no-cabac �ref 2 �trellis 0 �me umh �subme 6 �partitions
i8x8,i4x4 �bframes 0
6. Âûïîëíèòü 2 ïðîõîäà
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