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DE Data Enable T A R—=T )

FPGA Field Programmable Gate Array :/4 ;f ]]: ;zi 7¥7
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IP Intellectual Property REEPE
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& Hi
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O_doutvalid

O_doutQ
O_dout

O=do ut2>
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|_clk
Video I_dlnva||d= Gowin
Source | I_d.inO i CSCIP
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_din >
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Video
Sink

EBZEFABIIATINER T, X TOEBZERIT, RGB FH /AL

£75

RGB 1 X O YCbCr(HDTV.BT709) 2 zs [ D a2 Bl L £ 9

RGB 75 YChCr ~0 {422 [ D 25 #a
Y700 = 0.213R + 0.715G + 0.072B

Cb = -0.117R-0.394G + 0.511B + 128
Cr=0.511R-0.464G -0.047B + 128
YCbCr 7>5 RGB ~D 22 D25

R = Y700+1.540*(Cr-128)

G = Y709-0.459*(Cr-128)-0.183*(Cb-128)
B = Y700+1.816*(Cb-128)
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EZEFABAOEI I L TV o 72, AZERAR TR S

AV U GRS

dout0 = A0*din0O + BO*din1 + C0*din2 + SO
doutl = A1*din0 + B1*din1 + C1*din2 + S1
dout2 = A2*din0 + B2*dinl1 + C2*din2 + S2

Z ZTlX. AO. BO, CO, Al. Bl1, C1. A2, B2, C2 % 9 el F ‘R
¥, SO. S1. S2 X3 >?»iEH., din0. dinl, din2 X3 >2®OF ¥ /LD A
77, doutO . doutl, dout2 X3 >DOF ¥ VDO TT,

TE I A OFEME TS MM DRI T — 7 V& £ 3 LITRLET,
R 3-1 FEAZEREBRXORE

Color Model ClEnnE] | B c s
No.
. 0 0299 | 0.587 0.114 0.000
$gggr3t“d'° RGB to 1 0172 |-0339 | 0511 128.000
2 0511 | -0428 | -0.083 | 128.000
0 0257 | 0.504 0.098 16.000
\S(g'tl)'ngomputer RGBto 1y 0148 | -0291 | 0.439 128.000
2 0439 | -0.368 | -0071 | 128.000
o 1.000 | 0.000 1.371 -175.488
ggTBv YCbCrto Studio 7 1.000 |-0.336 | -0.698 | 132.352
2 1.000 | 1.732 0.000 -221.696
0 1164 | 0.000 1.596 222,912
gg;\éu\:ecrb%g’ 1 1164 | -0391 | -0813 | 135.488
2 1164 | 2.018 0.000 -276.928
_ 0 0213 | 0.715 0.072 0.000
crc)g\c/rsmduo RGB to 1 0117 |-0394 | 0511 128.000
2 0511 | -0464 | -0.047 | 128.000
0 0183 | 0.614 0.062 16.000
cgg’ngOmputer RGBto 1y 0101 |-0338 | 0.439 128.000
2 0439 | -0.399 | -0.040 | 128.000
o 1.000 | 0.000 1.540 -197.120
ggg\/ YCbCrto Studio 1y 1.000 | -0183 | -0459 | 82.176
2 1.000 | 1.816 0.000 -232.448
0 1164 | 0.000 1.793 -248.128
ggrz\gurecrb%éo 1 1.164 0213 | -0.534 76.992
2 1164 | 2.115 0.000 -289.344
0 0299 | 0.587 0.114 0.000
Computer RGB to YUV | 1 0147 |-0289 | 0.436 0.000
2 0615 | -0515 | -0.100 | 0.000
YOVt Computer RGB 2 1.000 | 0.000 1.140 0.000
1 1000 | -0395 | -0581 | 0.000
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3 HRE DL 33K —h—H

Color Model Channel | B c S

No.

2 1.000 -2.032 0.000 0.000

0 0.299 0.587 0.114 0.000
Computer RGB to YIQ 1 0.596 -0.275 -0.321 0.000

2 0.212 -0.523 0.311 0.000

0 1.000 0.956 0.621 0.000
YIQ to Computer RGB 1 1.000 -0.272 -0.647 0.000

2 1.000 -1.107 1.704 0.000
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3-2CSCIP OAR— X
— | rst n
0_doutvalid —
— |_clk
O_doutd[7:0] F=—=
—™ |_dinvalid
| |_din0[7:0]
O_dout1[7:0] [=——
=i |_din1[7:0]
O_doutZ[7:0] pee
= | din2[7:0]
Gowin CSC IP @ 10 A" — R OFffl & 3 3-2 IR LET,
# 3-2 Gowin CSCIP D R— h—&
F5 |54 | EEA =
1 |_rst.n | Vty MER., 77747 Low | T XTHOEFD
2 |lck | WS 2o s AT,
" - — CSC IP % JLE
3 |_din0 I F¥ 320 DT —H ANT] LLTWET,
RGB 04 : 1_din0=R
YCbCr O34 : 1. din0=Y
YUV DA 1 din0=Y
YIQ A 1L din0=Y
4 |_dinl | F ¥ X1 DOTF—H AT
RGB O34 : 1.dinl=G
YCbCr @334 : | _dinl=Cb
YUV D4 | dinl=U
YIQ O 1_dinl =1
5 |_din2 I F¥ XN 2 DT —HANT]
RGB 034 : 1_din2=B
YCbCr @54 : 1_din2 = Cr
YUV D55 1 1_din2 =V
YIQ DA 1 1.din2=Q
6 |_dinvalid I AT =2 BhEw
7 O_dout0 O Fx XN 0DT—XHT)
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J3 18]

B!

RGB O%;% : O_doutd =R
YCbCr ®¥;4 : O_doutd =Y
YUV O34 - O _doutd =Y
YIQ D4 O_doutd =Y

O_doutl

F X1 OF—F
RGB ®»#;4 : O_doutl =G
YCbCr @54 : O_doutl = Cb
YUV O34 0 O_doutl = U
YIQ D4 O_doutl =V

O_dout2

F X2 DT —H T
RGB 034 : O_dout2 =B
YCbCr @4 : O_dout2 = Cr
YUV O34 - O _dout2 = U
YIQ DA : O_dout2 =V

10

O_doutvalid

AT — 2 HMEH
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3 HERE DL 3.4 /37 A — X OIERK
O ‘e
34 /T A —HF DRERL
%% 3-3 Gowin CSCIP D/XT A —X
Ty | NTA—ZAL i T4V | P
fE
1 Color_Model SDTV Studio RGB to YCbCr, SDTV | SDTV M AT T,
Computer RGB to YCbCr, SDTV Studio BT601 33 L Ot
YCbCr to Studio RGB, SDTV YChCr $gt')3ct° BT709 {2 %24t -
to Computer RGB, HDTV Studio RGB ' <. EpEE S
to YCbCr, HDTV Computer RGB to WL oDty R
YCbCr, HDTV YCbCr to Studio RGB, DIGSL & T
HDTV YCbCr to Computer RGB, AXrEELET,
Computer RGB to YUV, YUV to Custom : Z#i 0
Computer RGB, Computer RGB to 1B¥ & T A T A
Y1Q, YIQ to Computer RGB, Custom B A LET,
2 Coefficient 11~18 1 FREOME, 1E > b
Width I, 2 By M
BHe, R0 INET
ﬁ—
3 Din0 Data Type | Signed, Unsigned Unsigned F v XN 0DATT
— X DEAT
4 Dinl Data Type | Signed, Unsigned Unsigned F v F1DANT
— X DEAT
5 Din2 Data Type | Signed, Unsigned Unsigned F ¥ RN 2DAST
— X DEAT
6 Input Data Width | 8/10/12 8 ANT1T—H DI
Dout0 Data Type | Signed, Unsigned Unsigned F ¥ X 0DH T
— X DEAT
8 Doutl Data Type | Signed, Unsigned Unsigned FxxNV 1O T
— X DHAT
9 Dout2 Data Type | Signed, Unsigned Unsigned Fyxn20MNhT
— X DEAT
10 Output Data 8/10/12 8 17— % Oiig
Width
11 A0 -3.0~-3.0 0.299 F ¥ L0 DE 1LI%
#
12 BO -3.0~-3.0 0.587 F v L0 DF 2%
#
13 Co -3.0~-3.0 0.114 F ¥ V0 DF 3%
P
14 Al -3.0~3.0 -0.172 F ¥ x 108 11R
%?ﬁ
15 Bl -3.0~3.0 -0.339 F v XV 1 DOF 2%
H
16 Ci -3.0~-3.0 0.511 F ¥ V1 DF 3%
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3 BERE DY

35 %4 3T DHM

EFBE | T A—EA i TN | B
&
e
17 A2 -3.0~3.0 0.511 F v L2 DE 1%
by
18 B2 -3.0~3.0 -0.428 F v R 2 DE 2 1%
19 Cc2 -3.0~3.0 -0.083 F v R 2 DE 3%
g
20 S0 -255.0~255.0 0.0 F ¥ L0 DEK
21 S1 -255.0~255.0 128.0 F v XL 1 DEK
22 S2 -255.0~255.0 128.0 F v XL 2 DEK
23 Dout0 Max -255~255 255 F v X L0DOHIIT
Value — X D KAE
24 Dout0 Min Value | -255~255 0 F ¥ XV 0DOH ST
— X D/ IME
25 Doutl Max -255~255 255 Fx XN 1OH T
Value — X D KA
26 Doutl Min Value | -255~255 0 F v V1O TIT
— X Of/IME
27 Dout2 Max -255~255 255 F v XN 20OH T
Value — & D KAl
28 Dout2 Min Value | -255~255 0 Frx N 20T
— X D/ IME

35 A I 7 DA

DOt arTiE, GowinCSCIP DX A4 I 12T LE

B

CSCHEHE%L., 7—XIiX6 /vy YA 7 /VEBELCHIISNET, T

— X HOMIRIET — 2 AR & E U T,
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3 BERE DA 3544 3T DHHA

3-35—2 AHIIA v H—T=2—ADEA IV ITH

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
I_clk S
|_dinvalid \ ) ) /\
I dino \\ 1| it -
I_din1 \\ if if N
I din2 i ) o

\veperiods

0O_doutvalid ) )
O_dout0 \\ (](, )
O_doutl \\ (](, < b
O_dout2 \\ ()() n_/
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{4y GOWIN FPGA Designer - [Design Summary] - O %
File Edit Project Tools Window Help -8 x
(] = . Start Page & |./E§ H'H ; o I“'*':d BE +
Process *%, Gowin Analyzer Oscilloscope
| | Design Summ | Schematic Viewer ,
- i . . : -
v [ User Constrai IP Core Generator ect File: D:\proj\Gowin_CSC_RefDesign\project\csc_ref_design.apri
:
Programmer hesis Tool: GowinSynthesis

v | Synthesize  « » g
.Y £.! DSim Cloud Number: GW2A-LV18PGA84CE/17
= Synthesis | X
7, Options... &3 Gwaza
Metlist File TR GW2A-18
! A Place & Route Device Version: C
= Place 8 Route Report package: PBGA484
= Timing Analysis Report Speed Grade: C8/17
= Ports 8 Pins Report Core Voltage: LV
= Power Analysis Report
‘./-.':'E Programmer
| Design Process  Hierarchy g Start Page Design Summary B
" Console & x

%

! Console Message

A

4GUI TDIERR

Gowin ¥ 7 7 =7 ® IP Core Generator Z{#H L . Gowin CSC IP
ZREOVH L - R CTE £97,

1. IP Core Generator Z B = £

Fudx 7 FAMER S 7-1%. Tools > IP Core Generator #7 U v 7
LT, Gowin @ IP a7 AR — /L& B & F9°(1X 4-1),

[X| 4-1 IP Core Generator % B <

5| #
|4f FloorPlanr
4 FloorPlanner

B 1o ol
'ming 0 Timing Constraints Editor Target Device

2.CSCIP =27 %<

Multimedia > Color Space Convertor % % 7 /v 7 Y >~ 7 LCCSCIP =
7 ORI A B & £ 97X 4-2),
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X 4-2 CSCIP =27 # i<

Ay GOWIN FPGA Designer - [IP Core Generator] - ] X
& Ele Edit Project Tools Window Help -8 %
2 = = &% ie +
Process g X -
Target Device: | GW2A-LV18PG484C8/17
Design Summar 1
i_" 9 4 Filter | ~
~ [ 4 User Constraints
— Name ~
77 FlcorPlanmer Color_Space_Convertor
S T . . BackGround Configuration - -
7% Timing Constraints Editor DSP and Mathematics
v i Synthesize Interface and Interconnect Information
= Synthesis Report Memory Control
= Netlist File Microprocessor System Type: Color_Space_Convertor
v Multimedia Vendor: GOWIN Semiconductor
~ = Place & Route . AEAWE
= Place & Route Report @i ASRC
= _, . . it Color Correction Matrix su mma rv
= Timing Analysis Report P . .
. @4 Color Filter Array Interpolation
= Ports & Pins Report £ Color Space Convertor Color Space Convertors are used to convert signals
= Power Analysis Report & DVIRX from one color space to another color space, which can
M‘i Programmer e DVITX w be used in video and image display systems. The Color «
< > < >
Design  Process  Hierarchy v Start Page B Design Summary  [] {4 IP Core Generator [£)
Console & x
%
Conscle  Message

B.CSCIParToAfF—7x—A

HER I DL IP =27 DR

X 4-3 IP =t 7 DFERRBEIE

W IP Customization

Color Space Conve

| —™ Emn
O doutvalid
— |k
O doutl)f 70
= | diwald
— | a7
O dout1[7:0
— | i [T
| O dout27:0)
|| ——t a0z

— NRITH( 4-3),

& .

IPUG902-2.0J

rtor
General
Device: GW2A-18 Device Version:
Part Number: | GW2A-1V18PG484C8/I7 | Language: Verilog -
File Name: Module Name: pr_Space_Convertor_Top
Create In: Fzroj\Gowin_CSC_RefDesign\project\src\color_space_convertor|
— .
Data Options
Coler Model .
e . B
Color Model Conversion: SDTV Studio RGB to YCbCr A
Din and dout refer to the input and output channels respectively:
—— dout0 = A0*din0 + BO*din1 + C0*din2 + SO
dout1 = A1*din0 + B1*din1 + C1*din2 + 51
dout2 = A27din0 + B27din1 + C27din2 + S2
—
Coefficient Setting
Coefficient Width:
A0: [0.299 [2] BO: [0.587 [2] co: [0.114 [2] s0: [ooo0  [2
at: [-0472[2] B1: [-0339 2] c1: [o.511 2] 51: [128.000 £
a2 (0511 [3] B2: [-04283] c2: [-0.083[2] s2: [128.000 |3
w
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4. FANFHROMERL

MR O EEITEAREROME Y 7 THY | KA~==27 /LTI,
GW2A-18 7 /34 X PBGA484 /N v 7 — T ZBllZii I L £ 97, "Module
Name"lZ, R ENDIPEY 2— L DEY 2— V4 TT, T 74/ M
"Color_Space_Convertor_Top"C. Z DO4HIIFAE T £9, "File Name"
F. ERENDIP 77 ANDT 7 AN TT, ZOARNTIEETEET,
"Create INIZIP 27 D7 4 )V H—D/RA T, ZO/XRAFEE T (X
4-4),

X 4-4 EAFROME
General
Device: |GW2A-1B | Device Version: |C |
Part Number: | GW2A-LV18PGABACE/I7 | Language: Verilog -
File Mame: | color_space convertor | Module Name: I::rr_Space_C::unuertcur_Tcup |
Create In: |;:r::|j‘\G owin_CSC RefDesign\project\src\color space convertor |

5. "Data Options" % ~

"Data Options"# 7 Tl%, CSCHREIZMEH N LA, 7—#M F—
SN2 EDINT A—Z ki 2 0WED & Y £ 9(1X4 4-5),

[ 4-5 "Data Options" ¥ 7

Diata Options

Color Model ~
Color Model Conversion: SOTV Studio RGB to YCbCr -
Din and dout refer to the input and output channels respectively:
doutld = ADin0 + BO*din1 + CO*din2 + SO
dout1 = A1*din0 + B1*din1 + C1*din2 + S1
dout?2 = A2°din0 + B2*din1 + C2*din2 + &2
Coefficient Setting
Coefficient Width: IEI
A0: [0.209 [2] Bo: [0.587 2] co: [0.114 [2] so: [0.000  [2]
At: [-0.172[2] B1: [-0339 2] c1: [0.511 [2] s1: [128.000 [2]
A2 (0511 (2] B2: |-0.42812] c2: [-0083 ]3] s2: [128.000 2]
"
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51)771/:/x--7*‘"b“‘/r‘/

T arTiE, EICCSCIPDOY 77 LR« FHA O
K& FDOFERFIECOW T LE T, FEiZ >V Tid, GOWIN Ok —
LAX—DCSCUT7 LR s TFTHALUEBRLTLI XN,

s F il

KUY 77 LA« FHA L Tld, DK-VIDEO-GW2A18-PG484 BFE R
—REHELTHEHLTWET, 20U 77 LR TV A OHEARME
Z[4-1 127 L¥ 9. DK-VIDEO-GW2A18-PG484 BHFs AR — R DZERIZ-HOUY
TIZ. https://www.gowinsemi.com/en/support/devkits/37/% M 1L TL 77 &
VY,

M-1U 77 LrR - FHPALLrOEE

Example design

Pixel Clock

g I s I
testpattern (rgb_yc444) (yc444._rgb) GPIO

DU T 7 LA THA T, video toplE by S EY 2—LT
HY, TOU—7T7a—TRO LB TT,

1. TAMRE =Y 2—)V &R L TG E 1280x720, 7 — X B
RGB888 M7 A b/ XZ — ZHER L F 9,

2. CSCIP a7 #MOHLTrgb ycEY 2—/L&ZARKL,
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RGB888-YC444 5% FIE L £9°,

3. CSCIP a7 ZMOH L Tyc rgb £ 2—/L &4k L, YC444-RGB88

EHh L £7,

4. 2[EOEHE . RGBT —ZNIEL W E 9 A ik - feid LE1,

VD77 L A FTHEALURR—RL-LDF A MNIFEHINAEA.
ErA e xra— RN FyTe@ L CHOT -2 2% L, T4 AT LA
WCH T 52 R TxET,

V77 L0 R TS U TREENAVIa2b—v a7y b
TiE, bmp BIZT A MDAT 4 I 2T AL LTHEHIN, th_top (33
alb—Yaryavel MIBIFA Ny EY 22— T, VIalb—¥
g BRI SN G LTS 2 E N TEET,

IPUG902-2.0J 17(19)




6iIRttEnNs 77 AL 6.1 R¥= Ak

61%@@%:%577/(/1/

REINL 7 7 AT FEICL, FXa A T DY —Ra—
K, BERYV 77 LR« FTHEALUBEENTOET,
61 F¥x= A b
T NV INEEIC = =T A KO PDF 7 7 A AR EFENTHET,
£61 774 N—&
Eas B
Gowin CSC IP = —#%— 741 F(IPUG902) | it K~v==27T /L
6.2 FHA DY —Ra— K(iEEAk)
ZDOIP a7y —Za— R s{bEnTnET,
£62FFA DY —Ra— F—E&

g G

color_space_convertor.v BELENTWA IPar7oky L~y
7 AN, =PI H—T = — AERE
RHE L £

6377 L VR FHAL L

Gowin_CSC_RefDesign 7 + /L #(Zi%. FEIZ Gowin CSC IP ® % v b
JARTZ 7 AN, VIZ7 LA TS HIKITZ 740, by 7T LUL
TrAN, BEOT RV 2T N7 AN R EDGFTENTNET,

# 6-3 Gowin_CSC_RefDesign 7+ V¥ D70y —K

g2y B

video_top.v V77 VLA THAL Dby 7 LU module
testpattern.v T A RNNE =T Y 22—
csc_ref_design.cst WEEHIK 7 7 A v

csc_ref_design.sdc ZA I THIRIT 7 A
color_space_convertor CSCIPO7ay=y N7 /VH

-rgb_yc_top.v EREND 1 OHDCSCIP Fy 7 L1777
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6iIRttEnNs 77 AL

4 i Wt
A (K EA1k)

-rgb_yc_top.vo ERENDH1OHDOCSCIP xy NUART 7
Iz

-yc_rgb_top.v EREib 2 2OHDCSCIP hy L7 7
A (I 51k)

-yc_rgb_top.vo ERENDH2OBDCSCIP %y hUART 7
A v

gowin_rpll PLLIPDOZ vy =2 N7 )H

key debounceN.v TN AT 2—)b

i2c_master I2C Master IP D7 =2 7 5 V4

adv7513_iic_init.v ADV7513 OUIHHLE ¥ = — L
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