ENHANCED VIDEO DEVICES

AN112 — EVD1000/1500 Color Space Conversion:
YCrCb to RGB (64...940), SMPTE 293

INTRODUCTION

The EVD1000/1500 has a very flexible digital 1/0 structure, and in-circuit applications can be
configured in a variety of fashions, utilizing different video data formats, levels of user control, etc. In
this series of Application Notes, a number of examples of color space conversion are presented, each
of which includes a complete set of conversion matrix coefficient register values as required for
operation in that particular example mode. For more complete and general application information,
please refer to the EVD1000/1500 Data Sheet. The present Application Note describes the method
of conversion from the internal YCrCb space to RGB output, e.g., as per SMPTE 293 for RGB in the
range (64...940).

Color Space Conversion

All internal processing in the EVD1000/1500 is performed in YCrCb mode. Additionally Y values are
assumed to be in the range of {64...940}. Cr and Cb values are assumed to be in the range of
{64...960}. If RGB data is sent to the EVD1000/1500 an RGB to YCrCb conversion must be
performed on the input data before it is processed. If RGB data is required to be output from the chip
then an YCrCb to RGB conversion is required to be performed on the processed data before it is sent
from the chip. Two independent converters perform the conversions. The coefficients in each
converter may be programmed to allow for different relationships between RGB and YCrCb as
required for different video standards.

YCrCb to RGB Conversion
Output color conversion from YCrCb to RGB is enabled whenever the output mode of the
EVD1000/1500 is set to RGB. See the Data Sheet for detalils.

SMPTE 293, RGB (64...940)
The fundamental relationship between Y, R, G, and B is as follows:

(21) Y =.299" R+.587" G+.114" B

Where R,G,B Y {0...1}.

From the above equation R-Y and B-Y may be calculated as follows:
(22) R-Y=.701" R- 587" G- .114" B

(23) B-Y=-.209" R- 587" G+.886" B
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Where R-Y {-.701...+.701} and B-Y {-.886...+.886}. Scaling appropriately gives the following two
eguations.

5
(24) cCr= 88—019 (R- Y)=.500" R- 418688 G- .0813124" B
a

5
25) cb=2>% (B-Y)=-.168736" R- .331264° G +.500" B
&.886

Where R,G,B {0...1} and Cr,Cb {-.5...+.5}

The RGB to YCrCb conversion matrix is as follows:

2299000 587000  .114000 ¢
M o5 10 varco :8 500000 - .418688 - .0813124-

§ 168736 -.331264 500000 g

The inverse of the Mgrgg to_vercr Matrix is the Mvercn 1o Ree Matrix, which is shown below:

23.00000  1.40200 0 5
MYCer_tO_RGB:gl.ooooo - 714136 - .344136-
&1.00000 0 1.772000 5

Thus the equations for YCrCb to RGB conversion are as follows:
(26) R=Y +1.40200" Cr
(27) G=Y-.714136" Cr - .344136" Cb
(28) B=Y+1.77200" Cb

Where Y, R, G,B{0...1}and Cr, Cb {-.5...+.5}

For 10-bit digital implementation Yp is in the range {64...940}, Crp, Cbp are in the range {64...960}
and Rp, Gp, Bp are in the range {64...940}. The above three equations are modified as follows:

a40- 640, 2940~ 640,
29 64+ Y, - 64 9140200 (Cr, - 512
@) Ro =64+ ey Yo ) Gy ey (Cro - 512)

30) R _1024" (Y, - 64)+1404" (Cr, - 512)+66048
1024

1024" Y, +1404" Cr, - 718336
(81) Ry=
1024
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G, =64+30-640 (g @40- 040 2141567 (o, - 512)
@) 940- 64 €960- 647
2940 - 640, ,
S &9 3411367 (Ch, - 512
€960- 645 (Coy - 512)
_1024" (Y, - 64)- 715" (Cr, - 512)- 345" (Cb, - 512)+ 66048
(33) Gp=
1024
(34) G, <1024 Y, - 715" Cry - 345Ch, +543232

1024

gA0- 640 ( _ g4) 1840 040 295007 (cr, - 512)

35) B,=64+ :
(33) By £940- 64 5 €960- 645
_1024" (Y, - 64)+1774" (Ch, - 512)+ 66048
(36) B, =
1024
37) B, = 1024° Y, +1774" Ch, - 907,776

1024

The EVD1000/1500 converts YCrCb to RGB using the following equations:

YCRCB2RGB_K "™ Y +YCRCB2RGB _KRCR" Cr,

+YCRCB2RGB _ KROFF

38) Ro= 1024

YCRCB2RGB_K * Y +YCRCB2RGB_KGCR’ Cr,
+YCRCB2RGB_KGCB’ Cbh,

+YCRCB2RGB_ KGOFF
1024

39) G

YCRCB2RGB_K ™ Y +YCRCB2RGB _KBCB"~ Ch,
+YCRCB2RGB _KBOFF
1024

(40) By =

The following table shows the values that must be written to the registers in the YCrCb to RGB
Converter to perform SMPTE 293 YCrCb to (limited-range) RGB Conversion. The values in the top
line of each row are signed full width register values (24-bits for registers ending in OFF and 16-bits
for other registers). The values in the bottom line of each row are 8-bit width register values. Each
full width register is implemented by concatenating two or three 8-bit registers.
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Register Assignments SMPTE 293 YCRCB to RGB Conversion Value Value
RGB in the range from 64 to 940 (decimal) (HEX)
(8-bit Registers)
YCRCB2RGB_K 1,024 0400
(YCRCB2RGB_K_HIGH:YCRCB2RGB_K_LOW) (4:0) (04:00)
YCRCB2RGB_KRCR 1,404 057C
(YCRCB2RGB_KRCR_HIGH:YCRCB2RGB_KRCR_LOW) (5:124) (05:7C)
YCRCB2RGB_KROFF -718,336 F50A00
YCRCB2RGB KROFF HIGH:YCRCB2RGB KROFF_MID:YCRCB2RGB_KROFF_LOW) (245:10:0) | (F5:0A:00)
YCRCB2RGB_KGCR -715 FD35
(YCRCB2RGB_KGCR HIGH:YCRCB2RGB KGCR_LOW) (253:53) (FD:35)
YCRCB2RGB_KGCB -345 FEA7
(YCRCB2RGB KGCB HIGH:YCRCB2RGB_KGCB_LOW) (254:167) (FE:A7)
YCRCB2RGB_KGOFF 543,232 084A00
YCRCB2RGB_KGOFF_HIGH:YCRCB2RGB_KGOFF_MID:YCRCB2RGB_KGOFF_LOW) (8:74:0) (08:4A:00)
YCRCB2RGB_KBCB 1,774 06EE
(YCRCB2RGB_KBCB_HIGH:YCRCB2RGB_KBCB_LOW) (6:238) (06:EE)
YCRCB2RGB_KBOFF -907,776 F22600
YCRCB2RGB KBOFF HIGH:YCRCB2RGB KBOFF MID:YCRCB2RGB KBOFF _LOW) (242:38:0) | (F2:26:00)
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For further questions or clarifications, contact your sales representative or the factory for additional
support.

Copyright © 2009 Enhanced Video Devices, Inc. (EVD). All rights reserved. The information contained herein is subject to change without notice in
order to improve design and/or performance. EVD products are protected under numerous U.S. and foreign patents and pending applications, maskwork
rights, and copyrights. EVD assumes no responsibility or liability for the use of any of its information, products, or services, and conveys no license or
title under any patent, copyright, or mask work right to its products, unless otherwise expressly specified and agreed in writing. Furthermore, EVD’s
products are not designed for use as critical components in life support, life saving, critical control or safety applications where a malfunction or failure
may reasonably be expected to result in significant injury or harm. The inclusion of EVD products in such applications implies that the manufacturer
assumes all risk of such use and in doing so fully indemnifies EVD against all damages resulting from such application. Any applications that are
described herein are for illustrative purposes only.

© 2009 Enhanced Video Devices, Inc. AN112 Rev NW 06/22/2009 Page 4



