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Color space conversion or color correction is a widely used technique to adapt the color characteristics of video Tetrahedral Interpolation [1] is an efficient algorithm to The computation of the Tetrahedral Interpolation requires
material to the display technology employed (e.g. CRT, LCD, projection) or to create a certain artistic look. As color interpolate the output values of a 3D-RRLUT. 250 arithmetic and logical operations for each pixel. The
correction often Is an interactive task and colorists need a direct response, state-of-the-art real-time color correction B4 real-time processing requirements for common video
systems for video are so far based on expensive dedicated hardware. N+l / formats range from 2.6 GOPS to 52.4 GOPS.
: G Image Size Format Frame or Operations
,»‘;'" T / Field Rate
Ny o2 P 720x486 486160 60 Hz interlaced 2.6 GOPS
: nG+1 ‘,"'/ 1280x720 720p50 50 Hz progressive 11.5GOPS
i 1920x1080 1080p60 60 Hz progressive 31.1 GOPS
! ﬂ/ 2048x1536  1536p25 25 Hz progressive 19.7GOPS
‘I/ 4096x2048 2048p25 25 Hz progressive 52.4 GOPS
R I |
| | TR The table below shows the performance of the
Nk Ng+1 : :
: : Tetrahedral Interpolation on the 3 different parallel
Based on the MSBs [ng;ng;ng] of an input pixel, 8 table

computing devices. Processing and transfer times are
given per frame.

entries representing a cuboid in the output color space
are addressed and read from the 3D-RRLUT.

Computing Device IBM CELL B.E. Geforce GTS250 Tesla C2050
Ng; Ng+1;ng+1 Ng+1; ng+1;ng+1
/! Host System n.a Dual Socket Dual Socket
Ng; Ng;Ngt+1 : XEON 5120 XEON W5590

: : : . |Ng+l; Neing+1
The use of Look-Up-Tables (LUTS) is a fairly simple, but T R image Size 1920x1080 1920x1080 1920x1080
. . R luti S ! : :
very powerful approach for the implementation of color e Ngi 1 2 3 Ne+1; Ng+1ing FreEEsEng Tme 16.6 ms 9 ms 1.5ms
space conversion. Depending on the requirements for the 10 bit 4GB N NNy = s e ——— e - -
conversion, either 1D- or 3D-LUTs have to be deployed. 12 bit 309 GB : . : Host to Device
: : _ This cuboid Is decomposed into 6 tetrahedrons T1 to T6. Transfer Time 2 e e . o e
Using 1D-LUTs, each component of an input pixel In order to reduce the memory requirements, a 3D- Depending on the position [fx:fs:fs] of the input pixel Device to Host
. . . . _ ) ) . h
addresses one table. This results into a simple Reduced-Resolution-Look-Up-Table (3D-RRLUT) is within the cuboid, the corresponding tetrahedron is H(i?rt‘g“ggtvice 2.4 GB/s 2 GBIs 2.7 GB/s
|mp|ementat|0n with IOW memory reqUIrementS' COmbined with a Unit interpOIa’[ing the OUtpUt ValueS [1] Chosen and the re|ated interpolation iS Calculated_ Bandwidth 2 4 GB/s 2 6 GB/s 2 7 GB/s
Device to Host ' ' '
Input Pixel (R) @ —> O Output Pixel (R Color Memor i I - - o : +Transfer Time 16.6 ms* +0-4mS Sms
nput Pixel (R) utput Pixel (R) _ y Input Pixel (RGB) T1 fofo>fs (1-Fo) [NriNg:iNel + (Fa-fe) [NaiNg+1ing] +
Resolution Space LSBs © Output Pixel (RGB) (fa-fr)-[NriNg+1;ng+1] + (f2)-[Ng+1:ng+1;ng+1] Optimization Level Very high Moderate Moderate
. . 8 bit 768 B T2 fo>fo>f (1-f5) [NgiNg:ngl + (Fa-fr) [NriNg;Ng+1] + - SRR
Input Pixel (G) @ —>-—>o Output Pixel (G) 10 bit 3 kB B~'R™'G (fR-fG)-[?lR+f;n§;n§+l] +B(fz)-fn2+1e;n§+1;n5+l] Programming Language C, many intrinsics OpenCL 1.0 OpenCL 1.0
12 bit 12 kB T3 fB>fGZfR (1'fB)'[nR;nG;nB] + (fB'fG)'[_nR;nG;nB+1] + Avg. Performance 31.2 GOPS 31.6 GOPS 69.1 GOPS
Input Pixel (B) —’-—" Uit PR (8 This approach reduces the memory requirements e (fe'(fR)f'[f;FE?”eﬂ?”B]+1](f+ (:R))-_.nR+1:ne+1;nB+1] Peak Performance 31.2 GOPS 57.6GOPS 345.6 GOPS
. . o . . T4 >f > 1-f5) [Ng;ng;ng] + (fr-f5) [Net1l;ngng] + : :
significantly. Even for 3D-RRLUTs with 12 bit color e (o) It Lo 1] + () [Nt Lonod 1eng+1] Oirchsisg‘gumfy na 820 ms 767 ms
As color correction with 1D-LUTs can only be done for resolution and 129 entries for each color component, = fo>Tr>fa U T A A T Speed-Up . " 105
. . - RT'B/J'I''RTHlIgT 4B B/'LI'RT I T+:llg : S
each color component separately, its usage Is rather only 9.7 MB of memory are required. — fof 2 (L) INenene] + (o) et Lineng] -+ Device vs. CPU only
limited to very basic tasks like log-to-lin conversion or (fa-fe) [Nr+1ing;Ng+1] + () [Nr+1ing+1ing+1] 1The Cell B.E. System supports parallel data transfer and computation
: . . Color Number of Memory Space
brightness control. For more sophisticated color -
correction tasks, 3D-LUTs have to be used instead. Here, 8 bit 9x9x9 2.2 kB
all components of a pixel together build the address for 12393X13239X31329 ;Ofl\‘i
. X X .
the LUT. Thus, each color of the input color space can be 10 bit 9x9x9 2.7 kB The Tetrahedral Interpolation was implemented on @ Tetrahedral Interpolation performs very well on GPUs
mapped to any color of the output color space. 2393x3239x3329 1:5 kB 3 different parallel computing devices (IBM Cell B.E., « High performance gain compared to CPUs
129x129x1 MB ; - : :
19 bt 00X 23 1B NVIDIA Geforce GTS250, and NVIDIA Tesla C2050). » High utilization of computational resources on GPU
Input Pixel (RGB) ’—>-—>00utput Pixel (RGB) 33x33x33 162 kB P.ara..l!ellzatl()n was done on plxel level. To avoid the gslngle low-cost GTS250 keepS pace with Cell B.E. and
e | significant performance loss caused by branches, always is sufficient for real-time color correction of 1080p60
" . . . all 6 possible interpolations are calculated. The final result - : :
This approach can be applied to almost any color space  For the additional interpolation step often the efficient s computed with 3 fast select instructions g?cl)rr]?elitirg?]huer’:g J]eesgoiéogg foliﬁ]p;trts real-time color
conversion task, but the memory requirements are and precise Tetrahedral Interpolation is used. . P P | |
extreme OpenCL 1.0 was used as programming language for the GPUs are ready to replace expensive dedicated
GPUs. The Cell B.E. was programmed in C incl. Intrinsics. hardware for real-time color space conversion

References: [1] H.-S. Lee, K.-S. Kim, D. Han, ,,A Real Time Color Gamut Mapping Using Tetrahedral Interpolation for Digital TV Color Reproduction Enhancement”,
IEEE Transactions on Consumer Electronics, Vol. 55, No. 2, May 2009


mailto:klaus.gaedke@technicolor.com

