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Abstract. In the work it is built generalized description and comparison of color spaces defined by
standards for digital encoding of video sequences MPEG-2 Video, MPEG-4 Visual, MPEG-4 AVC and
MPEG-H HEVC taking into account the progress of encoding methods and corresponding MPEG standards,
happened in recent years. Description built for proposed renovation and addition the corresponding tables in
the Report ITU-R BT.2380, developed by the Rapporteur Group of the Working Group 6C of ITU-R Study
Group 6 on the basis of studies conducted by the author on behalf of the Administration of Ukraine
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AHoTauif. Y poboTi nobygoBaHO y3aranbHEHWW OMUC | 3iCTABMEHHS KOMIPHWX MpPOCTOPIB,
BM3HaYeHUX CTaHAapTamu LMEPOBOro KoayBaHHSA BigeonocnigosatensHocten MPEG-2, MPEG-4 Video,
MPEG-4 AVC ta MPEG-H HEVC 3 ypaxyBaHHsIM nporpecy MeToAiB KOAyBaHHS i BigNOBIiAHUX cTaHAapTiB
MPEG, wo cTtaBca 3a ocTaHHi poku. Onuc nobygoBaHO Ha npegMeT MPOMOHOBAHOI OHOBIIEHHS W
OOMOBHEHHsA  BignoBiaHMX Tabnuub B 3BiTi ITU-R BT.2380, po3pobneHoro rpynoto gonoeigadie Pobovoi
rpynm 6C JocnigHoi komicii 6 ITU-R Ha 6a3i gocnigxeHb, WO iX NpoBoAsaTb aBTopu y cdepi TB konopumeTpii
Bid iMeHi AgmiHicTpauii 3B'a3Ky YkpaiHu

KnrouoBi cnoBa: konipHuii npocTip, undgpose kogysaHHsa, MPEG-2 Video, MPEG-4 Visual, MPEG-4
AVC, MPEG-H HEVC

AHHoTaumAa. B pabGoTte nocTtpoeHo 060OWEHHOE oOnuUcaHMe W COMocTaBMeHWe LBETOBbIX
NPOCTPaHCTB, OnpeaenéHHbIX cTaHaapTaMy LMPoBOro KoanpoBaHus BuageonocnenopartenbHocten MPEG-
2 Video, MPEG-4 Visual, MPEG-4 AVC u MPEG-H HEVC ¢ y4éTom nporpecca MeTooB KOANPOBaHUSA U
COOTBETCTBYIOLLMX cTaHgapToB MPEG, npouvcliefwero 3a nocrnegHve roabl. OnucaHue noCTPOeHO Ha
npeameT npegnaraeMoro 06HOBMNEHUSA U JOMNONHEHNsT COOTBETCTBYOWMX Tabnuy B OT4éTte ITU-R BT.2380,
paspaboTtaHHoro rpynnow goknagqvkos Pabouen rpynnel 6C ViccnepoBatensckon komuccun 6 MC3-P Ha
6ase uccnenoBaHui, NPoOBOAMMBbIX B aBTopamu B ccepe TB konopumMeTpuu OT UMeHu AZMUHUCTpaLnm
CBS3M YKpauHbI

KnioueBble cnoBa: LBeTOBOE MPOCTPaAHCTBO, undposoe kognposaHne, MPEG-2 Video, MPEG-4
Visual, MPEG-4 AVC, MPEG-H HEVC
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Color spaces of coded video images are important part of image processing and digital
coding. Generalized description and comparison of color spaces defined by standards for digital
encoding of video sequences MPEG-2 Video [1], MPEG-4 Visual [2, 3], MPEG-4 AVC [4] and
MPEG-H HEVC [5, 6] taking into account the progress of encoding methods and corresponding
MPEG standards happened in recent years. Description built for proposed renovation and addition
the corresponding tables in the Report ITU-R BT.2380 [7], developed by the Rapporteur Group of
the Working Group 6C of ITU-R Study Group 6 on the basis of studies conducted by the authors
on behalf of the Administration of Ukraine

Digital video coding system colorimetric characteristics specified in MPEG video coding
standards are shown in the Tables 1, 2, 3, which combine according data from Tables 6-7, 6-8, 6-9
from MPEG-2 Video, Tables 6-8, 6-9, 6-10 from MPEG-4 Visual, Tables E-8, E-9, E-10 from
MPEG-4 AVC and Tables E-3, E-4, E-5 from MPEG-H HEVC.

Primaries chromaticity and reference white coordinates for given parameter values of
colour_primaries are shown it Table 1.

Opto-electronic conversion characteristics — transfer primaries channel characteristics for
given parameter values of transfer_characteristics are shown in Table 2. The table specifies:
L — image primaries tristimulus values, that are relative luminance levels, R,G, B image
components;

V —relative levels of gamma-corrected signals R,G, B — image components = Eé, Es ;

E, — normalized luminance signal normalized to 0;1;

Eis, E;B — colour-difference signals normalized to —0.5;+0.5.

Luminance signals and colour-difference signals matrixes coefficients for given parameter
values of matrix_coefficients are shown in Table 3 with exception of cases when
matrix_coefficients values are equal to 0 and 8. Value 8 in MPEG-2 Video, MPEG-4 AVC and

MPEG-H HEVC corresponds to signal coding Y, C,, C, processed by algorithms specified in these
standards where C, C; signals are in terms of C;,C,. Value 0 in IEC 61966-2-2, MPEG-4 AVC

and MPEG-H HEVC corresponds to RGB space signals E;, E., E; coding processed by
algorithms specified in these standards.

Replacement the content of the Tables 2.8, 2.9, 2.10 in new version of the Report ITU-R
BT.2380 by the content of the Tables 1,2,3 may provide latest information on color spaces of coded
video sequences used in the world for the moment of publication this work.
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TABLE 1
Colour primaries for digital video coding in MPEG-2 Video, MPEG-4 Visual, MPEG-4 AVC, and MPEG-H HEVC

colour_primaries Systems and standards Primaries and reference white chromaticity coordinates

0 Forbidden (only MPEG-2 Video and MPEG-4 Visual)

Reserved (only MPEG-4 AVC) For future use ITU-T/ISO/IEC

Recommendation ITU-R BT.709 [8]

IEC 61966-2-1 [9] (SRGB or sYCC) (only MPEG-4 AVC and MPEG-H Primary X y
HEVC) Red 0.640 0.330
IEC 61966-2-4 [10] Green 0.300 0.600
SMPTE RP 177 [11] (1993) Annex B Blue 0.150 0.060
White Dgs | 0.3127 0.3290
Unspecified Image characteristics are unknown or are determined by the application
Reserved For future use by ITU-T/ISO/IEC

Recommendation ITU-R BT.470 [12] system M (historical)

NTSC 1953 Recommendation for transmission standards for colour Primary X y
television (only MPEG-2 Video and MPEG-4 AVC and MPEG-H Red 0.67 0.33
HEVC) Green 0.21 0.71
US 47 CFR 73.682 (a) (20) (only MPEG-2 Video and MPEG-4 AVC Blue 0.14 0.08
and MPEG-H HEVC) White C | 0.310 0.316
Recommendation ITU-R BT.1700 [13] 625 PAL or 625 SECAM (only _
MPEG-2 Video and MPEG-4 AVC and MPEG-H HEVC) Primary X y
Recommendation ITU-R BT.601 [14] 625 (only MPEG-2 Video and Red 0.64 0.33
MPEG-4 AVC and MPEG-H HEVC) Green 0.29 0.60
Recommendation ITU-R BT.470 systems B, G (historical) Blue 0.15 0.06
White Dgs | 0.3127 0.3290
Recommendation ITU-R BT.1700 NTSC (only MPEG-2 Video and .
MPEG-4 AVC and MPEG-H HEVC) Primary X y
SMPTE 170 Red 0.630 0.340
Recommendation ITU-R BT.601 525 NTSC (only MPEG-2 Video and Green 0.310 0.595
MPEG-4 AVC and MPEG-H HEVC) Blue 0.155 0.070
White Dgs 0.3127 0.3290

81



TABLE 2.6 (continued)

colour_primaries

Systems and standards

Primaries and reference white chromaticity coordinates

7 SMPTE 240 [15] -
Primary X y
Red 0.630 0.340
Green 0.310 0.595
Blue 0.155 0.070
White Dgs 0.3127 0.3290
8 Reserved (only MPEG-2 Video) For future use by ITU-T | ISO/IEC
Generic film (col_our filters using standard illuminant C) Primary ” y
(only MPEG-4 Video, MPEG-4 AVC, and MPEG-H HEVC)
Red 0.681 0.319 (Wratten 25)
Green 0.243 0.692 (Wratten 58)
Blue 0.145 0.049 (Wratten 47)
White C 0.310 0.316
9 Reserved (only MPEG-2 Video and MPEG-4 Visual) For future use by ITU-T | ISO/IEC
Rec. ITU-R BT.2020 [16] (only MPEG-4 AVC and -
MPEG-H HEVC) Primary X y
Rec. ITU-R BT.2100 [17] (only MPEG-4 AVC and Red 0.708 0.292
MPEG-H HEVC) Green 0.170 0.797
Blue 0.131 0.046
White Dgs 0.3127 0.3290
10 Reserved (only MPEG-2 Video and MPEG-4 Visual For future use by ITU-T | ISO/IEC
SMPTE ST 428-1 CIE 1931 XYZ) (only MPEG-4 AVC and Primary X y
MPEG-H HEVC) X 1 0
Y 0 1
Z 0 0
White 1/3 1/3
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TABLE 2.6 (end)

colour_primaries

Systems and standards

Primaries and reference white chromaticity coordinates

11 Reserved (Only MPEG-2 Video and MPEG-4 Visual) For future use by ISO/IEC
SMPTE RP 431-2 [19] (only MPEG-4 AVC and MPEG-H HEVC) Primary X y
Red 0.680 0.320
Green 0.265 0.690
Blue 0.150 0.060
White 0.314 0.351
Reserved (Only MPEG-2 Video and MPEG-4 Visual) For future use by ISO/IEC
SMPTE EG 432-1 (only MPEG-4 AVC and MPEG-H HEVC) Primary X y
Red 0.680 0.320
12 Green 0.265 0.690
Blue 0.150 0.060
White 0.3127 0.3290
13-21 Reserved For future use by ITU-T | ISO/IEC
Reserved (Only MPEG-2 Video and MPEG-4 Visual) For future use by ITU-T | ISO/IEC
EBU Tech. 3213-E Primary X y
Red 0.630 0.340
22 Green 0.295 0.605
Blue 0.155 0.077
White 0.3127 0.3290
23-255 Reserved For future use by ISO/IEC
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TABLE 2.7
Transfer characteristics for digital video coding in MPEG-2 Video, MPEG-4 Visual, MPEG-4 AVC, MPEG HEVC V2

transfer_characteristic Systems and standards Transfer characteristic

0 Forbidden (only MPEG-2 Video and MPEG-4 Visual)
Reserved (only MPEG-4 AVC and MPEG-H HEVC) For future use by ITU-T | ISO/IEC
1 Recommendation ITU-R BT.709 V=aglL®— g-1 for g<L<1
V =4.500L for 0<L<pg
where L =R,G,B — colour primaries tristimulus values,
V =R',G',B" — colour primaries signals
2 Unspecified Image characteristics are unknown or are determined by the application
3 Reserved For future use by ITU-T | ISO/IEC
4 Recommendation ITU-R BT.470 system M Assumed displayed gamma 2.2

Recommendation ITU-R BT.1700 625 PAL or 625 SECAM
(only MPEG-4 AVC and MPEG-H HEVC)

US NTSC 1953 Recommendation for transmission standards for
colour television

US 47 CFR 73.682 (a) (20)

5 Recommendation ITU-R BT.1700 625 PAL or 625 SECAM (only | Assumed displayed gamma 2.8
MPEG-2 Video and MPEG-4 Visual and MPEG-4 AVC) Note. This value conflicts with Recommendation ITU-R BT.1700 (2007 revision)
Recommendation ITU-R BT.470 systems B, G (historical) and accordingly to this Recommendation has to be changed to 2.2

6 Recommendation ITU-R BT.1700 NTSC V=agL— -1 for pg<L<1

Recommendation ITU-R BT.601 525 or 625 (only MPEG-2 Videoand | v/ — 4.500L for 0<L<p

MPEG-4 AVC and MPEG-H HEVC)
SMPTE 170 AVC

7 SMPTE 240M [2.26] V=alL®— ag-1 for pg<L<1
V =4.0L for 0O<L<p
Linear transfer characteristic V=L
Logarithm transfer characteristic (100:1 range) V =1.0+Log,, L /2 for 0.01<L<1
V =0.0 for 0<L<0.01
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TABLE 2.7 (continued)

transfer_characteristic

Systems and standards

Transfer characteristic

10

Logarithm transfer characteristic (100-Sqrt(10) : 1 range)

V =10+Log,, L /25 for Sqgrt 10 /1000<L <1

V =0.0 for 0<L<Sqgrt 10 /1000
11 IEC 61966-2-4 V=alL- ag-1 for pB<L
V =4.500L for —B<L<p
v:—[a L a—l] for L<-p
12 Extended colour gamut system (historical) V=aol2®*- a-1 for p<L.<133
V =4.500L, for -0.0045<L.<p
v =—[a L, - a1 }/4 for —0,25<L, <-0.0045
13 Reserved (only MPEG-2 Video and MPEG-4 Visual) For future use by ITU-T | ISO-IEC
IEC 61966-2-1 (SRGB or sYCC) (only MPEG-H HEVC) V=al'® - g-1 for B<L<1
V =12.92L for O<L<p
14 Reserved (only MPEG-2 Video and MPEG-4 Visual) For future use by ITU-T | ISO-IEC
Rec. ITU-R BT.2020 for 10 bit system (only MPEG-H HEVC) V=al® - ag-1 for g<lL<1
V =45L for 0<L<p
15 Reserved (only MPEG-2 Video and MPEG-4 Visual)

Rec. ITU-R BT.2020 for 12 bit system (only MPEG-H HEVC)

For future use by ITU-T | ISO-IEC

V=al®— g-1 for p=<L<1
V =451 for 0<L<p
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TABLE 2.7 (end)

transfer_characteristic

Systems and standards

Transfer characteristic

16 Reserved (only MPEG-2 Video and MPEG-4 Visual For future use by ITU-T | ISO-IEC
AVC)
i\I\;ICP'I;EdS,\';F%gEgLZZH]g\(;SO 12, 14 and 16 bit systems (MPEG-4 V= c+oll / 1+c,Lh m for all values of L
Rec. ITU-R BT.2100 perceptual quantization (PQ) system C, =C, —C, +1=3424/4096 = 0.8359375
c, =32x2413/4096 =18.8515625
c, =32x2392/4096 =18.6875
m =128x 2523/4096 = 78.84375
n=0.25x 2610/4096 = 0.1593017578125
for which L. equal to 1 for peak white is ordinarily intended to correspond
to a display luminance level of 10 000 candelas per square metre
17 Reserved (MPEG-2 Video and MPEG-4 Visual AVC) For future use by ITU-T | ISO-IEC
SMPTE ST 428-1 (MPEG-4 AVC and MPEG-H HEVC) V = 48l /52.37 V26 £or all values of L.,
for which L. equal to 1 for peak white is ordinarily intended to correspond
to a display luminance level of 48 candelas per square metre
Reserved (MPEG-2 Video and MPEG-4 Visual and MPEG-4 AVC)) For future use by ITU-T | ISO-IEC
ARIB STD-B67 (MPEG-H HEVC) V=a-Ln 12L-b +c for 1/12<L<1
Rec. ITU-R BT.2100 Hybrid Log Gamma(MPEG-H HEVC) V =Sqrt 3 L% for 0<L<112
18 a=0.17883277
b =0.28466892
¢ =0.55991073
19-255 Reserved For future use by ITU-T | ISO-IEC

1) For transfer_characteristic =1, 6, 11, 12, 14, 15 o=1.099 296 826 809 442...; -0.018 053 968 510 807....
2) For transfer_characteristic =13 a=1.055; $=0.31308
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TABLE 2.8

Matrix coefficients for video coding in MPEG-2 Video, MPEG-4 Visual, MPEG-4 AVC, MPEG HEVC

matrix_coefficients

Systems and standards

Matrix

Forbidden (MPEG-2 Video, MPEG-4 Visual)
SRGB (IEC 61966-2-1) (only MPEG-4 AVC, MPEG-H HEVC)

Typically referred as RGB. Also may be used for XYZ

Recommendation ITU-R BT.709

IEC 61966-2-1 (sYCC) (only MPEG-2 Video and MPEG-4 AVC
and MPEG-H HEVC)

IEC 61966-2-4 xVYCCqy (only MPEG-2 Video and MPEG-4 AVC
and MPEG-H HEVC)

SMPTE RP 177 Annex B (only MPEG-2 Video and MPEG-4 AVC
and MPEG-H HEVC)

E, =0.2126E}, +0.7152E, +0.0722E,
E., = E.—E, /15748
E., = E,—E, /1.8556

Unspecified

Image characteristics are unknown or determined by the application

Reserved

For future use by ITU-T/ISO/IEC

US NTSC 1953 Recommendation for transmission standards for colour
television (only MPEG-2 Video)

US 47 CFR 73.682 (a) (20)

E, =0.30E} +0.59E,, +0.11E,
E, = E;—E, /140
E, = E,-E, /178

Recommendation ITU-R BT.1700 625 PAL and 625 SECAM
(only MPEG-2 Video and MPEG-4 AVC and MPEG-H HEVC)

IEC 61966-2-4 XvY CCgy; (0nly MPEG-2 Video, MPEG-4 AVC, MPEG-
4HEVC)

Recommendation ITU-R BT.470 systems B, G(historical)

Recommendation ITU-R BT.601 625 (only MPEG-2 Video and
MPEG-4 AVC and MPEG-H HEVC)

E, = 0.299E/ +0.587E, +0.114E]
E, = Ex-E/ /1402
E, = E,—E/ /1772

87




TABLE 2.8 (continued)

matrix_coefficients

Systems and standards

Matrix

6 Recommendation ITU-R BT.1700 NTSC E; =0.299E; +0.587E; +0.114E;
zﬁzﬁg‘;;ﬁmﬂ BT.601 525 (only MPEG-2 Video, MPEG- B, = Ex—E /1402
4 AVC, MPEG-H HEVC)) E, = Eg—E; /L772
7 SMPTE 240 (1999) E, = 0.212E/ +0.701E; +0.087E,
E.x = 0.500E; —0.445E; —0.055E;
E,s =-0.116E; —0.384E; +0.500E;
8 (only MPEG-2, MPEG-4 AVC, MPEG-H HEVC) YCgCo
where Cg and Co may be referred as Cg and Cp respectively, where
for n bit video
Y, CB and Cg are related to R, G and B as:
= round[ 0.5G +0.25 R+B |
C, =round[0.56-0.25 R+B ]+2"*
C, =round[0.5 R-B ]+2"*
9 Rec. ITU-R BT.2020 non-constant luminance system (only MPEG-4 Y'=0.2627R' +0.6780G" + 0.0593B'

AVC, MPEG-H HEVC)

, B-Y’
B 18814
, _R-Y’
R 1.4746
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TABLE 2.8 (END)

matrix_coefficients

Systems and standards

Matrix

10 Rec. ITU-R BT.2020 constant luminance system (only MPEG-4 . '
AVC, MPEG-H HEVC) Y. = 0.2627 R+0.6780 G +0.0593 B

B—Ye for _09702< B'-Y/ <0
, _ 119404
CBC - BI _Yr

¢ for 0<B'-Y'<0,7908
1.5916

R-Ye for _0.8502< B'-Y/ <0
, _ 17184
CRC - RI _Yr

——=C for 0<B’'-Y'<0,4968
0.9936

11-255 Reserved. For future use by ITU-T/ISO/IEC
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