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Displays systems and methods for dithering input image data to reduce quantization errors in a display
system are disclosed. One embodiment comprises inputting input image data to be rendered by said display
system; applying a gamma table to said input image data to create a first intermediate image data; applying
a dithering pattern, said dithering pattern comprising a checkerboard pattern, said checkerboard pattern
depending upon the subpixel layout of the display. In other embodiments, the display system comprises a
separate gamma table for each input color channel and applies these separate gamma table to perform white
point adjustments for said display system.
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Displays systems and methods for dithering input image data to reduce
quantization errors in a display system are disclosed. One embodiment
comprises inputting input image data to be rendered by said display system;
applying a gamma table to said input image data to create a first intermediate
image data; applying a dithering pattern, said dithering pattern comprising a
checkerboard pattern, said checkerboard pattern depending upon the subpixel
layout of the display. In other embodiments, the display system comprises a
separate gamma table for each input color channel and applies these separate

gamma table to perform white point adjustments for said display system.
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3t 3R B 4o T AT AR K 45t R 2 3t B A R

backlight bin i=(BL_req/maximum backlight value)*(total
number of bins)
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hist[i]=hist[i]+1
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For i=hist_size-1 down to O (hist_size is total number of
bins)
E_sum[i]=(compound_factor*E_suml[i+1])+hist[i]
(compound factor may be greater than or equal
to 1)
If E sum[i]>=THI1 then
Backlight=i/(hist size)*maximum backlight value+
fine _adjust offset
BMEE sum[i]|BBZEBEMRMETHLI L £ B R G & B
(£ L EH )P 2 £ AE sum[i+l] R ABiB L EE R A > B
T2 — AE sum[it1]Z E_sum[i]Z E sum# % 4 - 4 B 4A

¥ A7 7~ o 3% fine_adjust_offset® % L ® & £ $ X E Sum#§
P REBUEBEMRME I - B A2 fine adjust offset
A M Ao T E
fine_adjust_offset=((E_sum(i]-TH1)/(E_sum[i]-
. E_sum[i+1]))*(max backlight value/number of bins)

B4AR Fla M AE BB ZAEZ —F KM ° 00T 8
TRGEAEAARBR-—BE G R Ea i L3 E 2 FEREED
404409 R T 2 4 B — 8 THI®R £ B FR 406 R £ 2 8 —
8 0 BAEREA08Y T M £ xbh XA A Tt 83 1R #5409 -

Rm o T A % 4L X 4% X fine_adjust_offsetst H £
BRBPIPEAMBEEF LA LS RMAMA - —BTAEZH
4b"7fﬁéﬂidaE_sum[-i]-Tle?}l/"izié%%‘%i_&ﬂ%,ﬁ:ﬁ%" ¥ =
BRMRATH2(A TH2e9— @B R)lBL R - A-LBEHRT 55
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w3t B — % B b F A A& — 2 3 2 # M 2 fine_
adjust_offset :

fine adjust_offset=((E_sum[i]-TH1)/TH2*(max backlight
value/number of bins)

BA4BE T a M AL BB LR EZ X —F KB o 07T A
TRERARBAL-—Ed I EBat L3 B (vd R MBERE
e M THI R TH2/ € R )X £ 4% 4228424 R 2 X2 H R
— BE sum[i] R T 2 ¥ — 4% > B HREE4307 F & £ xib
RE R fm % P K AR #5432 o

FRZRERE AT — B25%E100%2 & H - £ E

~

A

N TE—F B FEARHFEME S MNBLEMXBLY 7 &

TEHERXZTRAEALER - ZHBGGLSEE(EH LN
50)  BlAaB R FARLADBLCH L B A0

Backlight=max (Backlight, MNBL, 25%) or 0% if the
image is completely black

Backlight=min (Backlight, MXBL, 100%)
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RAEBMERIXPAFTRIERZ X T4 T 5 FH o &
MET BS®ETF—HBBEMI08 —AFTHRH - BB EHT
B AN RS502-4 w RGBW(R R 4 4 X)F o T #F RGBA W
ANEBB(ES06E)E R L3 (Hl 4o > 8) T - 6% L34
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(£5084% )& B S RGBW/ 2 & A B4 # £ 8 ¥ 12/ 2 &
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BOARE R mw(£S512K )W — 84 & gpeakval ¥ 17 B (£ 514K)
q:o

FZREZEFHANE ABREAT ARG " TL2EEHHEZ
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2 o # — 841 7t wpeakval ¥ #5 B (££516~ S18R 522K )P -

B mwBERCGBWHEZ R ARENRTANENmM—AF B 23
B (AS20R 524K ) T B H ERIBRL AR IR BREKRE
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LEDE A XX AHBMN25% - B E AR5l 2B LEHIEFH
fr 2 —#H LR KME -
GMERABTRAE2Z-F(A—) - Relm+T » %1
FE Pz HEAR A4 T c BILAREFZIOCK
FXt4hikTE—EH T HEERAEEZHH(ELuafg X B
P ) AR B ALHF X LA A hist_ bitsz B HFE K/~ B F
GAMBITS 2 v 3B # & ¥ M L X # B (F A A L)~ A £
SBITSz # EHAF M AL XHBB)RAAARLZES B &
EPmAaxHB(I4)  WELHLARBIE-—HETE RS
ST AHEREMA KD
function dohisto(x,y)--scan one pixel and accumulate
statistics
local r,g,b,w=spr.fetch(pipeline,x,y) --fetch the post GMA data
--OR all the bits in all the primaries in all the pixels
black detect=spr.bor(black_detect,r,g,b,w)
r=math.floor(r/(2*"(GAMBITS+1-SBITS))) --hack out the
upper 8 bits only
g=math.floor(g/(2*"(GAMBITS+1-SBITS)))
b=math.floor(b/(2*"(GAMBITS+1-SBITS)))
w=math.floor(w/(2*"(GAMBITS+1-SBITS)))
local peak=math.max(r,g,b,w)
gpeakval=math.max(gpeakval,peak) --record global maximum

if weighted color==1 then-- weighting formula:

--Rweight increases to affect yellow
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local Xweight=Rweight+((Yweight-Rweight)*g/(2ASBITS))
r=math.floor(r*Xweight/256)
g=math.floor(g*Gweight/256)
b=math.floor(b*Bweight/256)
w=math.floor(w*Wweight/256)
end
local maxp=math.max(r,g,b,w)
wpeakval=math.max(wpeakval,maxp) --record weighted maximum
--build a histogram of maxp values
--upper hist_bits of maxp is index
local i=math.floor(maxp/(2~(SBITS-hist_bits)))
hist[i]J=math.min(cutoff,hist[i]+1) --count them but clamp
end --function dohisto

3t ELEDR 3 % # f@

A —EH AR TG T > 3 ELEDR ¥ 54 4110
6T )E —BRENMERGRAK AR EZHIT LA
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BERMR-—BHBIO0OZPIHEHASBR - — R 8CMPE £
BRIIPABEZB>HTANRZREILELSEAF - Z— @M
AHF AL RUNIORISISZ B eh A B E -

ZEITEB T XA BB TEABDTHB 24 4@ ¥ 148)
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EE -BBRFAEARGTOARSEN - — 2 HFAATHLEH
FABREZEAME -
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(Bl %o THH) R F) Z B& RE (#l 4 » THL)T 4 A # - & & ¢
BREBE LT RRAS B %3 ESE > T4 A% HTHHL &
THH2 - 2 #THLIRTHL2 4 AN Z TR B FTHZEFB &4
AP - BLF M2 Luafg X 45 1% 4 F docalck # = — 2

>

£ % 4 K/ (SBITS)%¥ »LEDE / % £ X s (LEDBITS) %=
Wy MEEEATERAMHMLEDE h R E -

B -—BHRE®H CHEAEE—HBLEDE /3% b

® — B REXT & - FHBTRAPREBARKXSIANELRE
22EAAHAEMLE -

HLEDEAMRAM W 52— BTHEAZOZEw oy
—HBRE - FERHRAEELERT wd R ARAKEZ
black_detectfir L AT 35 7% * LEDE A/ T %ia A1 o

function docalc() --Calculate LEDy and gain during

vertical retrace

. function docalc() --Calculate LEDy and gain during
vertical retrace
local hpeakval=wpeakval --default if hist ena==0
if hist_ena==1 then --Use the histogram to decrease
power farther
local sum=0
local hist_threshl,hist thresh2=THH1*1024+63,2*
(THH2+4)

for i=HISTSIZE-1,0,-1 do
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--sum up the bins, compounding the
previous ones
éum=sum+math.floor(sum*(CMP+8)/8)+hist[i]
if sum>=hist threshl then --if it crosses the
threshold
--new peakval is index plus

lower bits

hpeakval=i*27(SBITS-HISTBITS) --index is upper

. bits ‘

--lower bits are built from the sum excess
local lower=math.floor((sum-hist_thresh1)/hist_
thresh2)
lower=math.min((2~"(SBITS-HISTBITS))-1,lower)
hpeakval=hpeakval+lower

break

end --if the sum exceeds the threshold

if i==(2"(HISTBITS-1)) then --switch to the

lower threshold values
hist_threshl,hist_thresh2=THL1*1024+63,2"
(THL2+4)

end

end --for all histogram bins, top to bottom

end --end hist_ena

--convert peak value into LED
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power level
LEDy=hpeakval --the LED value is just the hpeakval
LEDy=math.max(MNBL,LEDy) --clamp at 25% (default)
power level
LEDy=math.min(MXBL,LEDy) --and at maximum level
if (black_detect==0) then --use special black detector
LEDy=1 --almost zero if the image is black
end
if DBLC==0 then --allow forcing power to a fixed level
LEDy=FXBL
end
end —docalc
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if next>previous then

round=WMUL-1

else
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var_gmin=256-math.floor(128*(vpeakval-SMAX-1)/
(SMAX+1))

var_gmin=math.floor(255*(SMAX+1)/vpeakval)
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B F % #& KX &4 : Pre_reduce=min(1,1-((Saturation-0.25)/
(1-0.25))) »

Rk THEALE HEREEMASES AR Awd UL
Eopl ¥ 24— % &% 2 b—Pre_reduceds :

R=R* Pre_reduce
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function dopost(x,y)

local sat_gain=256 --I start by calculating saturation
gain
local scale _sat=0 --flag indicating what scaling was
done

local scale_clamp=0

--Perform saturation-scale gain calc
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if sat_scale==1 then

local gmin=GMIN+1 --default to fixed GMIN

if VGE==1 then --perform variable post-scaling
gmin=var_gmin --if requested, use calculated gmin
end

--satuation calculated from RGB just after input gamma
local r,g,b=spr.fetch(ingam,Xx,y)
local max_rgb=math.max(1l,r,g,b)
local min_rgb=math.min(r,g,b)

--inv_max_rgb is aLUT in hardware versions
local inv_max_rgb_lut=math.floor((plus4bit/max_rgb)
+0.5)
local sinv=math.floor(inv_max_rgb_lut*min_rgb)
sat_gain=math.floor(REG_SLOPE*sinv/plus4bit+
gmin)
sat_gain=math.min(256,sat_gain,GMAX+1)
--turn saturation into an 4bit number for
thresholding
sinv=math.floor(16*sinv/plus4bit)

--if this is a saturated pixel
if sinv<(STH+1) and not (math.max(r,g,b)==0) then

sinv=1 --set the threshold bit

else

sinv=0
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end
spr.store("sinv",x,y,sinv) --save this for the SPR
module
nl_gain=sat_gain
--Tony's non-linear gain term
if INVy<256 then --does not work on dark
images
local nl_off=math.floor((N*16+16)* (MAXCOL-
math.max(r,g,b))/(MAXCOL+1))
nl_gain=math.min(256,sat_gain+nl_off)
end

if sat_gain<256 then

scale sat=1 --record that sat gain was
dominant
end
. end --END OF saturation-SCALING

--combine the X/XIl scaling with the saturation
based scaling
XS_gain=math.floor(nl_gain*INVy/256)
--fetch the values after GMA
local Rw,Gw,Bw,Ww,Lw,Ow=spr.fetch(pipeline,x,y)
--always calculte the Gamut Clamp gain and
-- use that if other algorithms leave a color OOG

local maxp=math.max(Rw,Gw,Bw,Ww) --find the maximum
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primary
--predict how far OOG after sat and X/XL
maxp=math.floor(maxp*XS gain/256)
local clamp gain=256 --default to 1.0, no clamping
if maxp>MAXCOL then --if this color would go OOG
local Ow=spr.band(maxp,MAXCOL) --calc distance
000G

--results of the INV LUT for gamma claming

clamp_gain=math.floor((256*( MAXCOL+1))/
(maxp+1
rd=OutGamma((256-clamp gain)*MAXCOL*
2/256) ))
if clamp gain<256 then

scale _clamp=1 --if gain is still needed, set flag bit
end

end -- out of gamut color

--combine X/XL, sat and clamping to one constant
XSC gain=math.floor(XS_gain*clamp gain/256)
--the INVy X/XI1 scaling value can be >1.0 so
--the scale value is 9bits now
--with one bit above the binary point and 8 below.
Rw=math.floor((Rw*XSC gain+ 128)/256) --12*9=
iZbit

Gw=math.floor((Gw*XSC gain+ 128)/256)
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Bw=math.floor((Bw*XSC_gain+128)/256)
Ww=math.floor((Ww*XSC_gain+128)/256)--clamp to
black value for W
Lw=math.floor((LW*INVy+128)/256) --X/XI
processing alone for L

Rw=math.min(Rw,MAXCOL) --hard clamp
Gw=math.min(Gw,MAXCOL) -- (happens if WR>1.0)
Bw=math.min(Bw,MAXCOL) -- and from quantization
error in LUTs.

Ww=math.min(Ww,MAXCOL)

Lw=math.min(Lw,MAXCOL)
spr.store( " flags ; ,x,y,bd,gd,rd) --diagnostic image

— - % %k ok ok ok sk ok ok 3k sk %k ok ok sk sk sk %k sk kK ok sk sk %k %k ok sk ok ok ok ok

--CLAMP diagonal options

if CLE==1 and (scale_clamp or (scale_sat and sat_diag))

then

local WI --calculate the W that produces the correct
luminance
Wil=math.floor((Lw*M1_inv-math.floor((2*Rw+5*Gw+
Bw)*M2 _inv/8))/32)

Wl=math.min(Wl,MAXCOL)--do not exceed the max!

--mix the two together

Ww=math.floor((W1*(2~(DIAG+4))+Ww*(1 28-(2~
(DIAG+4))))/128)
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end --camp diag
spr.store( " post | ,X,y,Rw,Gw,Bw,Ww,Lw,0) --store
them in output
end --function dopost
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