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Abstract

JPEG-LS is an international standard for lossless and near-lossless image
compression. In this paper, a hardware implementation using Verilog HDL is proposed
for a JPEG-LS encoder. The hardware design for the JPEG-LS encoder is tested in a
Field Programmable Gate Array (FPGA).

JPEG-LS Encoders have two main data compression modules, Regular mode and
Run mode. We separate some modules such as Line Buffer, Regular mode, Run mode,
Golomb Encoder, and update parameters from each other. We also share the module
parameters to reduce the gate number. The architecture developed is a pipelined parallel

design, which can speed up 13~15% the JPEG-LS encoder compression performance.

Keyword: JPEG-LS - Parallel - Pipeline ~ SOPC ~ FPGA
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(lossless)fr4%37 & 4 Z (near-lossless) e & Hk[2,3] > 1 & # ¢ F M= A ~ K475
BRG] R HF BB R HT L QA PG R R PR RF

o

Bt A2 LB 5-6 Source Imagel f- @ 5-7 Source Imagel £ * fit #8:i&

-ET ’

73| Source Imagel # JPEG-LS %#%i& & P34 {7 7 Regular mode 7 225687

= > Run mode 3 525 = > Source Image2 % P34 {7 Regular mode 7 227826 =t >
Run mode 3 1260 = (4% 1-1 #777) °

Regular mode % 7 =t #ic Run mode #} {7 =t #&c
Source Imagel.bmp 225687 525
Source Image2.bmp 227826 1260

% 1-1: $t 8834 i JPEG-LS encoder # Regular mode = Run mode =t #ic




A HF 1R 1-1 o B 1-2 Regular mode £ Run mode :h34 {74 &) ¢ 5
Il A2%BFAT 99%%% H# {7 & Regular mode » % £_¥ 12 ¥ Regular mode i

A RE 4k PF o T %2 8 JPEG-LS encoder fi# B o

Source_Imagel.bmp

B Regular mode$ {308
B Run mod e T

] 1-1: Regular mode £2 Run mode 3% {7 +* 7|

Source_Image2.bmp

B Regular modegh T4 8
B Run modegh {30 &

B 1-2: Regular mode ¥¥ Run mode 34 {7 +* 7]



JPEG-LS~ fr”'“'ffﬁ',’\ U ke A G oA g ’%’i’ MrFARDFELC A
£1:& 40 L B »x ¥ ehASIC(application-specific integrated circuit) [4,5,6]» #— & #
Kt * 203 BAER P o R E 2 InAad W T R GSEREWIEREB L F R
RELEFHRBT) vrg PRI RE & F P AMERTE - F
813 firi it et s Ak ¥4 P R

1275 B8 TR

- R &% ¢ AP E D Regular mode #ricenpF % » A Parallel

F_&

Pipelined Implementation of LOCO-I for JPEG-LS[8]"# = ¢ - i’t‘ﬁ K2 2 B
Pixel # %] 5 X1 ~X2 4r# 3-2 #577 > v 32 B~ X1 2 X2 & BApaigeniE(C~ B~
A~D-~E)%¥ 5% sample 8> R4s@ 520 5 3 >(C~B~A D)z i sample & -
Flot eRlor 3-4 ¢ g T = BAMT 7JE 0 A W 5 Regular mode encoder 2
(Encode sample X2) ~ Regular mode encoder 1 (Encode sample X1) ~ Run-Length
mode encoder > Fiz= R A M T X F AL - €& 5 Bit stream reorder
module £ 372 £ 2N AMAT FEFF ”Lrﬂih] Ve o B (s £ BT AL E 3 Coded
bit stream % /5 £ %] d1 3] Output stream buffer » ] 5 7/ %8 =038 i» £_d (Encode

sample X1)fr(Encode sample X2) fe aid® > #7072 el (72 B F T34 2 7 927 o

Gl =

G2=B-C
G3=C-A
G4=E-D

C1 =1(Q1,Q2,Q3)
C2 =1(Q4,Q1,Q3)

Re Rb Rd Re

Ra | X1 | X2

% 1-2: The extended neighborhood for the parallel computations of pixels X1 and X2[8]
3
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$-%  JPEG-LS %mmiF &2

LOCO-I (LOw COmplexity LOssless COmpression for Images)[1] / JPEG-LS &_
ISONTU & 45th% > JPEG-LS £ 44 4 2 (Lossless){rd%iT & % E (Near-lossless)
R IR ‘{ﬁﬁ& Vo0 TP R4 B R R fendF e > 2 5 Run Mode 4+ Regular Mode =
B2 R e TR - HmE E AT A AT T @ AP e SRR TR Run
Mode 77 j2 #-H F 4l 32bit chF R E lsﬁnﬁ@‘fﬁnéﬁﬁ Do T AT AP
¢ ¢ 12 Regular Mode 517 3% » L M-F TR g Rl B2 F % B nif L @ ¥

Golomb Code[7]750#% ™ 5% XA 2t « SafG % » JL AR ™ B HFH T RIE 2 T 7
i@ 4 L Golomb Code[7] %% - & # JPEG-LS 3 ¢ R 355 o

2.1 3n7g R 12

context
image prediction [— ‘ pred. errors, -
“1bld samples [\ _errors Context code spec. Golomb
S | Modeler "I Coder
d X v [
p IJ&ELd predicted
Gradients redictor values
@[ l | Adaptive
Flat Correction :
. Region?|® T Predictor /
image = : B recular compressed
saniples p regular T bitstream
— —-
made run image run lengths, nun Y mode
samples . Run code spec. | Run
"] Counter "l Coder )
Modeler Coder

i 2-1: JPEG-LS Block Diagram

B2-1 8 % B e indz » v L BB L - 70> 383 i&Line Buffer » X {8 -
=X 3% P~ - i byte~ )‘J% %_x, 1% 1% Gradients #- 2 X ] %7 /& :& » Run mod & "ﬁ Regular
modefi i o

# % i » Run modep¥ > € 3- ¥ 4p A% T ¥ i@ 4§ 4p FF chsample B #ic » & F|sample
X* A0 & —‘F‘f e iE 7] 7] ek (& sample 0 2. {8 i€ » Run Coder module % i& {7 ik o &
» Regular Mode ¢ §1* x #p 4% 1(a,b,c,d) k #-3f B i (predicted value) » & F % (& i
oA et > & 4| * Prediction error module % i i+ > & {5 £ i& » Colomb Coder

module .57 = N lﬁ%] 4o



2.2 R 5 %

Reggenh e 18 Bk FhoT

1. 4= 4 1v

3% RANGE($#ic T &40 2-1 #7771 ):

lossless == RANGE = MAXVAL + 1

near-lossless => RANGE = | (MAXVAL+2*NEAR)/ (2*NEAR+1) |

3+ 5 %4 qbpp =[ log RANGE |

bpp = max(2, [ MAXVAL +1 ])

LIMIT = 2*( bpp + max(8, bpp) ) °

B[Q]=0; //365 counters for computing the bias

C[Q]=0; // 365 counters storing prediction correction values

N[Q]=1; //367 counters for negative prediction error for run interruption
A[Q]=4; // 367 counters for the accumulated prediction error magnitude
RUNindex=0
J[0..31]={0,0,0,0,1,1,1,1,2,2,2,2,3,3,3,3,4,4,5,5,6,6,7,7,8,
9,10,11,12,13,14,15}.

Initializes the two run interruption variables Nn[365], Nn[366] = 0

RANGE: range of prediction error representation

MAXVAL: maximum possible image sample value over all components of a scan
NEAR: difference bound for near-lossless coding

bpp: number of bits needed to represent MAXVAL, with a minimum of 2

gbpp : number of bits needed to represent a mapped error value.

LIMIT: the value of glimit for a sample encoded in regular mode.

Q: context determined from Q1, Q2, Q3

RUNindex: index for run mode order

J[0..31] 32 variables indicating order of run-length codes

% 2-1 ST &

7



2.3+ & Local gradients

B8] 2-2: Causal template used for context modeling and prediction

Index 0 l

2
"
P
A

2 0 | 68 50 43 205205
3 | 68 | 64 145 145 145|145

4 | 64 | 100 145 145 145

i8] 2-3: Example image data

D1 =Rd-Rb
D2 =Rb -Rc
D3 =Rc-Ra

3.iEp e ;N F3FE I D1~ D2~D3 %% 4% 5 0i& » Run Mode Processing P §
FI% 17 3 » 3 P& » Regular Mode /L7 — # $ {7 -
if ((D1 && D2 ==0) && (D3 ==0))
go to RunModeProcessing;
else

go to RegularModeProcessing;



4. %% = H RN DI > D2~ D3 £ 1+ (quantize)

sample x £ context.

if(Di <= -T3)

Qi = -4
elseif (DI <= -T2)
Qi = -3;
elseif(Di <= -TI1)

else if(Di <= - NEAR)

else if(Di <= NEAR)
Qi = 0;

else if(Di <= TI)
Qi =1

else if(Di <= T2)

else if(Di <= T3)
Qi=3;
else

Qi=4;

@5

Qi: one of the three quantized region numbers Q1, Q2, Q3

| vector(Q1,Q2,Q3) % £ 7+

5. vector (Q1,Q2,Q3)¢h % — B2 % & 5 § #PF > vector 7§ ~ % F 49 (-Q1,-Q2,-
Q3) > SIGN = -1 » & 2 % vector (Q1,Q2,Q3)1% — B 2% & 5 & #pF > A]# SIGN

=1c 4%} vector k-5 - BEHEQIE » v #¥-K§ 7P S Index °



6. * Ra> Rb % Rc k3 & I & pixel X e03g B & Px o

if (Rc >= max(Ra,Rb))
Px = min(Ra,Rb);
else{
if (Rc <= min(Ra,Rb))
Px = max(Ra,Rb);
else

Px= Ra+ Rb- Rc;

7.3 B & 2 & (Prediction Correction) :

% 6T ke Px E4et C[Q]2 ¥ SIGN ki3 & Px efe [l - v ehife
B 4+ [0.MAXVAL] 2 & -

if(SIGN = +1)
Px =Px + C[Q];
else

Px =Px - C[Q];

if(Px > MAXVAL)
Px=MAXVAL;

else if(Px < 0)
Px=0;

8.3+ & Fgipl:E A & (Computation of prediction error) & * Fgp| & Px » 22 p o e

sample x 48 & » % SIGN % f #c > B]#-Errval E & 4p o

Errval = Ix - Px;
if(SIGN = -1)

Errval = -Errval;

10



9.4 * samplex ~Px~ Errval X £ 372 = Rx & » j§ & 240

if(Errval > 0)
Errval = (Errval + NEAR)/(2*NEAR+1);
else

Errval = -(NEAR-Errval)/(2*NEAR+1);
Px = Px + SIGN*Errval*(2*NEAR+1);

if (Px<0)
Rx=0;

else if (Rx >MAXVAL)
Rx =MAXVAL;

Errval: prediction error (quantized or unquantized, before and after modulo reduction)

10.55 8 70 iR B 3% 4 & (prediction error)
v 4% (-|RANGE/2|..|[RANGE /2] -1)

if(Errval < 0)
Errval = Errval + RANGE;

if(Errval >= (RANGE + 1) / 2)
Errval = Errval + RANGE;

11. Golomb coding % #c:+ &
I+ 8 NQ) ~ A[Q] %3+ ¥ K i Golomb encoding p i¢ *

for (k=0;((N[Q] <<k) < A[Q] ); k++)

11



12. Error mapping
f1* B[Q] ~ N[Q] * K & *k #-3%Z & (Prediction error)i = &t &
ifl NEAR == 0) && (k ==0) && (2*B[Q] <=-N[Q])){
if(Errval >= 0)
MErrval =2 * Errval + 1;
else
MErrval = -2 * Errval + 1;
telse
if (Errval >= 0)
MErrval = 2 * Errval;
else

MErrval = -2 * Errval,;

MErrval: Errval mapped to non-negative integers in regular mode

13.1F $] 17 MErrval fie & # % 11 #71 2_ k 2 Golomb encoder

14. L #7% 8
$= B @ e prediction error & § #7F] A[Q] ~ B[Q] ~ N[Q] % % #kc -

B[Q] = B[Q] + Errval*(2*NEAR+1)

A[Q] = A[Q] + abs(Errval);

if(N[Q]==RESET)

{
A[QI=A[Q]>>1;
B[Q]=B[Q]>>1;
N[Q=N]Q[>>1;

b

N[Q=N[Q]+1;

12



15.5 ¢ 2_{ #7% # C[Q]

if(B[Q] <=-N[Q])
{
B[Q] = B[Q]+ N[Q];
if(C[Q] > MIN_C)
ClQI=C[Q]- L;
if(B[Q] <=-N[Q])
B[Q] =-N[Q] + ;
telse if (B[Q] > 0){
B[Q] = B[Q] - N[Q];
if(C[Q] < MAX_C)
CIQI=ClQ]+ I;
if(B[Q] > 0)
B[Q] = 0;

16.€ 37w E'Jﬁ% 2 3 g2 T - i sample.

17. Run mode encoder

a. 3k ©_RUNval = Ra. § (abs(Ix - RUNval) <= NEAR) RUNcnt++ ,
do% A 3 Pl E EMaE (s - B sample x, £ 3 T - B sample x,

b. 4r% RUNcnt >= 2~ JIRUNIndex] p&# ™ 7] = 4 3%, RUNIndex & + & 5 31
i.ﬁig?J - B % 1 &0 bit stream
1. RUNcent = RUNent - 2 ~ JJRUNIndex]
1i1. B3k RUNindex < 31 , RUNindex++;

C.% i I 7 ehd {8 — B sample x ,Tﬁf;“%"li
i.4~% RUNecnt > O,ﬁig?J 41— i bit 1 ] bit stream
B3] F¢ 16

*t4e 0 3| bit stream

13



RUNecnt: repetitive sample count for run mode
RUNindex: index for run mode order

RUNval: repetitive reconstructed sample value in a run

b g i AT Y 0 BT AL FE R E 4 » Golomb Code[7]en% 5 _i¢ JPEG-

LS if 3] & 45 R S R Flo - o

14



$=F JPEG-LSHMBETE L FHEAH

Ghg e o ¢ 047 JPEG-LS A %A TEH 4~ 1 5 PPM(Portable Pixel
Map)th % 1258 ~ kS A2R] 0 F BRI - TR E o

3.1 PPM(Portable Pixel Map)# & ;% 1 %

%24 PPM(Portable Pixel Map)## k- sk Bl4% % ¢ 3 B component #f %
=0 &G 2% ERGB)ES - & B component P L 8 bits» H RS 0 ~
255,% ¥ 3 1 i component B * % 5z A F# Bl » B 3-1 & %  components i< >
Bl 3-2 5 & % sample x € # i% Line 733§ P~j&_Top 2§ P~ I'| bottom £ Image e4p ¥ /&

-~
o i1

i8] 3-1: Source image with multiple components

15



Line
Samples Y
T
‘%F:*__ e
Left I Y; Right
. X; >
\ 4
Bottom

f8] 3-2: Characteristics of an image component

ppm*é?%‘ header ‘;’f‘»’ﬁg ;T\‘ Yo F g] 3_3 ,_:x.i_ﬂ_ 5

P6
240 320
255

B] 3-3: PPM header file

4o 33 ¢ 0 P6: R4 7 SR 6 MALPS: R & 7 A rE BAE[13] -
240:% & 5 240 pixels
320:% & % 320 pixels
255:% 71 B~ B H_255

16



24bit/per pixel Red Green Blue
Red(100% intensity) 11111111 00000000 00000000
Green (100% intensity) 00000000 11111111 00000000
Blue (100% intensity) 00000000 00000000 11111111

# 3-1 RGB & g »riv & ehig

Total Size: 240 * 3(24bit) * 320 +15(header) = 230415 Bytes (Image data)

17




3244  HET B

JPEG-LS % % B JF R F AL e 4p it & 1F > 7 2L L ¥ &8 L reset » I ¥
initial hardware » &R i> 23 2HBIFE R BB I RAM AR5 > FX%HBE TEREFE 4N FF
L3 Hmv o F- € 1 i Line 228 =5 &5

P B~Bts - 1% Line 1 %

Koo B 3-4 RGP B AT RGE B AR o BT - &0 A ORB RS TR~ D
% — B A %8 T B Line Buffer.

-

START

A 4

Reset and
Initial HW

\4

Set encoder
parameters

l

Input Source
Image (Line)

»
»

A 4

Output
Encode Image > data

End Line?

[ma}

B 3-4: JPEG-LS #= 41t foil 88 kg in 42

18



3.3 ﬁa’?] » {7 5 B % (Line Buffer)

fip ol & AR T g 7% 0% (Line Buffer)@h 7 2 71 B it > % - 7 el

% sample ¢ Linel E"ﬁ&»i,#ﬁé?])\'&rﬁl 35417 » - XV UFEC-B-D-A-~X %

% ehsample 2k A 4% & % Parallel Subtractor B 3-8 g & o

=
=
o
w
c
o
~+
=
w
2
o
=

Bl 3-5: Source image with multiple components

y M ——— N

BEEARR G RIE o 3R B 3-6 97 3N BF PEAURIZ R 4npF 0 P

WPtk ghAf B Pl 3 B gk[4]- ijﬁ,{«hrFﬁ B 3-7 > bb0 ~ bbl ~ bb2 47 @ 3| aal ~
aa2 ~ aa3 @ > o @ A EF %P bb0 > bbl ~ bb2 4§ @WF| aal ~ aa2 ~ aa3 iz §

(B 3-7) > 3 &30 > TR g2 2 2 ¢ Linux Buffer module %i# & 1o

X0n- | XOn- | XOn | XOn- | XOn- | XOn
0 0 /Q/ﬂm/ﬂm/«x% 2 1 2 1
pe P P X1n- | X1n- | Xl1n
XX01 | XX02 | XX03 | XX11 | XX12 | XX13 2 1
X2n- | X2n- | X2n
XX21 | XX22 | XX23 | XX21 | XX22 | XX23 2 1

B8] 3-6 extend the edges

19




ccO | ccl cc2 | bbO | bbl | bb2 | ddl1 | dd2 | dd3

aal aa2 aa3 xx1 XX2 Xx3

8] 3-7 extend the edges 2 F % Pixel ¥ &

Bt 3-8 3P 7 FEiRlE 2 i (Prediction Correction)f¥_ Memory B~ C[Q]* &
SIGN % i3 It % — B#r3t 5 9 Px & » 3 'L H & F &[0.MAXVAL]p - §3ERE
i & #& ¥ AT mapping B[Q] ~ A[Q] ~ N[Q]iz# %8s & F ¥ Memory p - ¥ %4 %

2 % JPEG Encode 1 7~14 B o

-

Pre-stage
sample

B 3-8 FERliE s & { ATHET R
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3.5 R4eA I H

B & e W F FL (W) 3-9)F i%3c »~ Line Buffer & > %2 3§ B~ sample x & < %
Gradients 2 3+ % 2 DI ~ D2 ~ D3 i, Bk ‘F’E %2 0 i > Run mode > % RJi& »
Regular mode. & 538§ % 0 x B £ FF R &t $ {5+ Prediction error 2 i+ ~ £ &7
mmﬂgi%%&&’@%demwkﬁuw%ﬁ’&&#Ubﬁmwmﬁ&’“
f# Line Buffer £ 3 BT — 1 sample x °

image
samples
-
JPEG-LS Encoder

Source -
[mage i i
3

=

—_
SN

bitstream|

B 3-9 Jit 4> JPEG-LS 4vi¢ A 4 2 = S )
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3.6 7 & e R % 4

B 3-10 ¥_ JPEG-LS “4ci# B AL A/ 18 2 1 > # Line Buffer 3§ P~ sample {5 %

% Qradients 2 3+ 35 2 DI ~D2 -~ D3 ﬁﬂfﬁ_,fﬁé{“ﬁ& % 0 i > Run mode’ F R:& »

-

Regular mode » % 8§ % e x (822 3¢ B] B * %415 L Prediction error 12 i+ ~ € #
mapping { #7% #c(update variables)¥| %715 Bfric Bt (s > :=pF iz ¥ & Run mode
£ —‘ﬁ Regular mode ﬁa?] - B 3 5% Golomb encoder 14 > ﬁ*f‘u? NEEET - B
sample B > f iz BF Golomb coder = {7 Wl > 14 bit stream ﬁg?] Ao % B aH

BT B ACE 3-11 977 o

O—> Run mode
y'y
Line Local
v A\ 4
Buffer | 4 | Cradient g Update | "| Memory
A L
v
1 » | Regular mode
; Golom
7 b
<
> b

Bl 3-10 JPEG-LS *:i¢ BA 4% #
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AR o M4 kA TR ModelSim k Rk Boi B % L HER

function 2_ & #/g 1% > 14 Altera Quartusll #5 iz DE2-70 5 § (T S4c M BkER S o

wh L e
41 T BB

A * % QuartusIl #73% & 177 it MegaFunction %k & 5 Parameter éBuffer - v &_
i * p 2= HMega Wizard Plug-In Manager % v# #*IP - MegaFunctiont P[P 3 & &
B[O~ EfE 8 H A s s RiEE o 0T H#4 Koo 1 * MegaFunction & % i®
ParametersmBuffer:

(1). Tool\Mega Wizard Plug-In Manager...

(2). Create a new custom megafunction variation, next

(3). i£ # Memory Compiler2 RAM : 2-PORT -

(4). 8-bit word of Memory:% # 1024,data bus % 32,4 ] 7+ 4-1, next

(5). Create a ‘rden’read enable signal 3= 4
(6). £ #& T - ¥ T F§l4-2.
(7). #~ 15 % # Finish > i%ﬁi]&ﬁli;’i:". A £ erbuffer+ /) o

MegaWizard Pluog-In Manager - RAM: 2-FORT [page 4 of 10]

Aabout Documentation

How mary 32-bit words of memory? 1024 e
chata[31..0
(—agd—]ﬁ- w Use different data widths on different ports
weracddress(3. \g
wren —D-D 2z Read/Write Ports
=+

robaddress{3. 0 g 2 How wide should the 'q_a' output bus be? e

How wide should the 'data_a’ input bus be? 32] v

How wide should the 'q' autput bus be? v

What should the memary black bype be?
= fuko M4k
LCs
Set the maximum block depth ko Auto | words

Resource Usage
5 Wik

| Cancel ” < Back ” Next = ” Finish ‘

B 4-1: 3 % Mega RAM size
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MegaWizard Plog-In Manager - RAM: 2-PORT [page 7 of 10]

Ahout Documentatian

RegsiCllkens/acls

Jstal31.0] 0

Mixed Port Read-During-Write For Single Input Clock RAM
wraddress[3..0]

wvren How should the g output behave when reading a memory

location that is being written From the other port?

roladdress[3..0]
den

fcp Cptp
1024 Wiard(s)
RA

# 0ld memary contents appear
Mote: M-RAM cannak be used with Ehis behaviar

clock

Block Type: AUTO

I don't care

Resource Lsage
8 MaK

| Cancel || < Back || Mext = ” FEinish |

Bl 4-2 % & @ % enjdicit 3 O RAM

4.2 ¢ * ModelSim Library

BAE 2 ¢ & * ModleSim % % function¥_% it £& o o 3t F#L S shBuffer

* 7| AlterasriMegaFunction & & # + — & #73& ! e7 Dual Port RAM » F]@ & s

ke

Z & 4v » Quartusllef-#i Library ° 4= C:\altera\81\quartus\eda\sim_lib4g # 7| & % §
oo A AP AT 4 HRAM2Port.v & iE {7 (4o Bl4-3) - %‘&? 2 4] * ModelSim %

PRTEATH Bl enrt i F R o
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Workspace —_—
'1Name |Statu4T\;|:ue |OrdeandiFied | |
;_,'j Putbits. v ( Werillog 6 07/24/09 01:39:47 PM
;_,'j ProRun.v F  Werllog 5 07124/09 09;10:10 AM
E iy FAM. " Werilog 4 07124/09 01:28:54 PM
E Edge_detecting_predickar, v ( Werilog 2 07)24/09 01:30:33 PM
[it] RAM.w W verlog 11 07/24/03 09:07:54 AM
[ut] TEST v W vwerlog 10 07j24/09 01:53:49 PM
E LineBuffer,w Werilog 3 07124/09 09:07:46 AM
E PubOne, v ( Werilog 7 07)24/09 12:52:30 AM
;_,'j TEST_Banch.w ( werilog 1 07/24/09 01:44:55 PM
;_,'j RunModeAndRegularMode.y '-r'erllng 9 07124/09 01:34:32 PM
RAMZPort. v W 2
pT—— 7 10[Z6[05 10:15:4Z &M
" PUEZero.yv v 'v'erllug 8 07(24/09 01:39:05 PM

o8]

l |ﬁ| Project

m Library ‘ @sim l
B 4-3 v » altera_mf.v v RAM2Port.v % i {7 -t

' Files ‘ B Memoties

4.3 Altera Quartus Il 4 5

Quartus 114 _Altera[14]4 %+ i eriFPAG(Field Programmable Gate Array) #7F
#® T YW B3t 1 (EDA tool) © Quartus II# #7328 chal f 4 35 3
(Hardware Description Language,HDL) > &]4-AHDL(Altera HDL) ~ Verilog HDL -
VHDL(Very High Speed Intergrated Circuit HDL) ~ RTL(Register Transistor Level) ~
Schematic % - (5 d & = (Synthesis)#& 4% = gate level netlist=n7T Faff 0 B {s £ (7

¥ %4 (Place & Route tools) » £ #-Altera 7t & 4 F& &4 (*.sof) &4 7] & &
[15,16] -

R
J‘l.

¢ %7 A4 * Quartusll #% & NetList Viewers® RTL Viewertk & & = {4
S LFEY > T N ldEA 7 % (SignalTap) » kL& LA o

N
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44 RTL &3 42
7 4-3 % RTL Design flow » o i 5 i# & 45 B 45 » # ¥ RTL &
simulation » I 7% {8 # RTL & = (Synthesis) » £ # gate level simulation » ® F|#-$t

FOEFE G L
[ Start }

Algorithm

|

RTL Design

l

Simulation ok?

RTL Synthesis

l

Gate level
Simulation ok?

B 4-4: Design Flow
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4.5 RTL Yu#g H37

-

A2 BRTLE 4 ¥ ¢ jlatch RRA 2 > W2 2FFH A RIR > 3
T REcoding styleshE £ 0 AP FEN AT BB REAET EDAER o

-3‘\:;,

AR ARIB CLK%?J ;u*#i*—OxO3 4 @B]4-5 » RTL#coding#" & B]4-6% 4-77)

T2fAR BB iE o - R E IS FA0x030p 2 0 (2 F testl.virtest2.ve ;F}](
#ra0 & 41 &k enTotal logic elements#r P &8 % F > testl.v & = ) k £ 21 Total logic
elements > test2.v & = ) %k &5 Total logic elements > testl.vi* test2.v 7 3 eiTotal
logic elements > & J* ¥ L4F B 77 L7 0 iRPF T R OE TN 0 BT 0 E

VI | el A

[ wave - default
Fe Edit View 4dd

‘me Haw

Co cusort |

0 ps to 698368 ps

@] 4-5: Source_Imagel.bmp f= Source Image2.bmp *r $-i& &
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always@(negedge rest or posedge clk)
begin
if(!rest)
begin
state <= 0;
a <=0
end
else
begin
state <=next_state;
a <=next a;
end
end
always@(*)
begin
case(state)
8'h00:begin
next state= 8'h01;
next a = a;// not change
end
8'h01:begin
next_state= 8'h02;
next a = a;// not change
end
8'h02:begin // change a in this state

always@(negedge rest or posedge clk)
begin
if(!rest)
begin
state <= 0;
a <=0
end
else
begin
state <=next_state;
a <=next a;
end
end
always@(*)
begin
case(state)
8'h00: next state= 8'h01;
8'h01: next state= 8'h02;
8'h02: next state= 8'h03;
8'h03: next state= 8'h00;
default:
next_state = 8'h00;
endcase
end
wire output_a;

next_state= 8'h03; assign output a =(state == 8'h03)?1:0;
next a = 8'h03; always@(*)
end begin
endcase if(output a)
end next a = 8'h03;
endmodule else
next a=a;
end
endmodule
Bl 4-6: testl.v ] 4-7: test2.v
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*F - I F T JPEG-LS A #84ei Bends & o 2 Altera[14] Quartusll

Development Kit Version 8.1 B 7 » fiz & ModelSim[14]4c 11 % FF o

5.1 &A%

\\'P

JPEG-LS # %8 4c ik B ' d  Altera Quartusll Synthesis {& 1% % 4o B](5-1~5-3) %1

Flow Statos
Quartuz IT Version
Revizdion Name
Top-level Entity Name
Family
Device
Timing Models
et timing requirements
Total logic elements
Total combinational functions
Dedicated logic registers
Total registers
Total ping
Total wirtual pins
Total memory bits

Total PLLz

Embedded bMultiplier 9-bit elements

Successful - Fri Jul 24 14:33:55 2009
8.1 Build 163 10/28/2008 3] Full Fersion
TERT

TERT

Caclone II

EP2CTOFR96CE

Final
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14,867 /68,416 (22 %)
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41622 (4 %)

0

183,206 /1,152,000 (16 %)
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B 5-1: JPEG-LS # %8 4v :# = 5 Flow Summary
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Analysiz & S:mthesis Status
Quartus [T Yersion
Revision Name
Top-level Entity Name
Family
Total logic elements
Total combinational functions
Dedicated logic registers
Total registers
Total pins
Total wirtual pins
Total memory bits

Total FLLs

Successful - Fri Jul 24 14:26:29 2009
8.1 Build 163 10/28/2008 37 Full Version
TEST

TERT

Cyelone II
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20,662

14,867

14867

24

0

183,206

Embedded Multiplier 9-bit elements 0

0

Bl 5-2: JPEG-LS A %8 4v :# % 57 Analysis & Synthesis Resource Usage summary
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(bt ProRun:ProRund 1418 (435) 671 (262) 0@ 0 0 0 0 0 0 0 747 (193) 44 (3)
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yHierarchy | B Files | 87 Desian Units

B 5-3: JPEG-LS # %8 4¢ :# % &9 Resource Utilization

M LineBuffer M EdgeDetectPredictor B ProRun

M Runflode_Regularidode M PutZeroigolomb coder) ™ parameter

B] 5-4: JPEG-LS Gate count distribution
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5.3 X v &
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i¢ * MegaFunction %% * Parameter 77 Buffer.

1. :# # Tool\Mega Wizard Plug-In Manager...

4, Qruartus IT - C#TEST/TEST - TEST

File Edit View Project Asigwments Processing | Tools Window Help

|[DSE@ &4 BE|o o EwEDASmion ol , @@@\@h,7%‘,@{?}‘5'@'@'&‘@‘
“Project Navigator Run EDA Timing Anslysis Tool
Enfity 8 Lounch Design Space Explorer

diy Cyelone I1: EP2CT0RI96CE

&% TimeQuest Timing Analyzer
o TEST dg

Advisors >

< Chip Plamner (Floorplan and Chip Editr)
& Design Partition Planner
Hetlist Viewers »

SigmalTap I Logic Analyzer Alm
<\ &= Tn-System Memory Content Editor

By Hiersrchy [ B Files | & Design Units B0 Logic hnelyzer Intertace Editor

Tn-8 ystem Sources and Probes Editor

Tasks P . A »
Flow: | Compilstion 7
[Conpi & Brogrmmer
Tosk & =
= W Compile Design 4 O
- B Analysis & Synthesis ) SOPC Builder
- P Fitter (Place & Roue) Tel Seripte...
k- B Assmbler (Generste 1o i
B W Clossic Timing Auslysis Customize @ View Quartus
Fh- B EDA Netlist Writer Options Informatior
8 Program Device (Open Programmer) Licenss Setup.
& - | T &  Documentati
%[ Type [Message

ages

System f, Processing Jy Extralnfo } Irfo Jy Waming J, Cilical Waming }, Emor A Suppressed ), Flag /
élMessage 4| ¥|[Cocation:

Storts the Mega Wizard Plug In Manager o+l o | Idle [

2. ¥ # Create a new custom MegaFunction variation, 3% Next

MegaWizard Flog-In Manager [page 1]

The Meagawizard Plug-In Manager helps you create ar modify
design files that contain custom wariations of megafunctions.

“Which action do you want to perform?

¥ Create a new custom megafunction variation

" Edit an existing custom megafunction variation

" Copy an existing custom megafunction wariation

Copyright 71391 -2008 Altera Corparatian

=
Cancel | <Eack{| Hest » I\ Eirizh |
\\//
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3. £ # Memory Compiler 2 RAM : 2-PORT,ix4#2 & & % F & RAM2Port

MegaWizard Flug-In Manager [page 2a]

Which megafunction would you like to customize? 'w'hi.:l; device Family will you be ||:5Jc:|0ne T ﬂ
Select a megafunction from the list below LEIng
—-[%] Installed Plug-lns Which type of output file do you want to create?
Altera SOPC Builder  AHDL
+- Anthmetl_c _ © WHDL
+- @8 Communications ]
+- &3 DSP f* enlog HOL
+- [ Gates )
7
<& 10 ‘wihat the autput file? Browse...
+- 83 Interfaces |CATEGTSRAM2Port
+- 8 JTAG-accessible Extersions

=N | temary Compilar

[ Return to thiz page for another create operation

Mate: To compile a project successfully in the Quartus I software,
your design files must be in the project directary, in the global user
libraries specified in the Options dialog box [Tools menu), or a user
libramy specified in the User Libraries page of the Settings dialog
bow [Assignments menu).

our cunent uzer library directonies are:

ROKM: 2-PORT

Global User Libraries:
71 Shift register [RAM-based) chalterah 7 2hquartushlibraries
+- 88 Storage

+ @ IP MegaStore

4. B ¥ Next

MegaWizard Flug-In Manager - RAM: 2-FORT [page 3 of 10]

Documentation

Currenthy selected device Family: e

RAMZPort

ciatal7. 0 0 | Makch projectidef ault
weraddress[4..0] n
wren = iz

HH Ex
rdaddress(4..0 & Haows will you be using the dual port ram?

= H
clock

& With one read port and one write port
Block Type: AUTO

2 YWith bwo readfwrite ports

How do wou want to specify the memory size?

# As a number of words

0 A5 a number o biks

Resource Usage /—\

1 hdh

[ Cancel || < Bac || Mext = ” IFiriish |

N
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5. i # 4% memory =+ -] {s ¥ Next

MeraWizard Plog-In Manager - RAM: 2-PORET [page 4 of 10]

Docurnentation

RAMZPor How many 32-bit words of memory? 1024 i

datal31.0
A Wr:ddrBSS[g o w ["] Use different data widths on different ports
. £
MFEnN g £ g Read/'Write Ports
=+
rdaddress[3..0] LH 5 How wide should the 'o_a' output bus be?
clock How wide should the 'data_a' input bus be’?

Block Type: AUTO How wide should the 'q' output bus be?

wthat should the memory block type be?
® Auto 0 4K

i LCs

Set the maximum block depth to

Resource U=sage

L | Cancel || {ﬁacl{'

L ¥

6.3% #_% rden fv wren 4 ] 2 1 #2441 pin

MegaWizard Plug-In Manager - RAM: 2-PORT [page 5 of 10]

idths/Blk Tvpe

RAZPaort

oata[31..0] .

wraddress[9..0]

w
NrEn ﬁ §§ ) Dual clack: use separate ‘input’ and 'output’ docks
o
rdaddres=[3..0] =
den _D_ g
= H
clock

) Create a 'rden’ read enable signat

Block Type: AUTO

What is the width of a byte for byte enables? ~ | bits

Resource Usage /\

G hidh v v
| Cancel ” <:§ack(|| Mext = ” E)‘ush |

N
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7. ¥ #4% Next

MegaWizard Plog-In Manager - RAM: 2-PORT [page 6 of 10]

RAM: 2-PORT

Documentation

[1] Parameter

Settings

Which ports should be registered?

RAM2Port
stetal31..0] 0
wraddress[3..0] ‘data’, 'wraddress', and ‘wren’
weren

roaddress(9..0]
den

‘tdaddress’ and ‘rden’

1024 Wordis)
R

o G

# Read autput pork(s)
T

clock

Block Type: AUTO

[ ] Create one clock enable signal for each

clock signal Maore Options ..

[ ] Create an 'aclt' asynchronous clear for
the registered porks (23 (GEldIEINE aoo

Resource Usage

2 ek | Zancel ” < Back (’ Mext = |‘

il

8.:% # Old memory contents appear, Next \/

MegaWirard Plog-In Manager - REAM: 2-PORT [page 7 of 10]

Documenkation

RAMZPort
Jdats(31.0 Mixed Port Fiead-During-Write For Single Input Clack RAM

weraddress[9..0] —D' o
Wren E 3 Howe should the q output behave when reading a memary

= H =3 location that is being written From the other port?
rdaddress]9..0] T §

den -

= H )

clock & Dld memory contents appear:
Moke: M-RAM cannot be used pAith this behavior
Block Type: AUTO

0 Idon't care

Resource sane /\

= M | Cancel || <§ac('< ” Next = || ainish |
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Do wou want to specify the initial content of the memory?

RAMZPart

datal31..0 .

weraddress[9..0]
MEEN

[7] Initialize mermaory content data bo KX, on power-up in simulation

) ¥es, use this file For the memary content data

{¥ou can use a Hexadecimal {Intel-format) File [.hex] or & Memory
Initialization File [ mif])

roaddress[9.0]
den

1024 Miordgs)
A

oy iy

clack

Block Type: ALTO

e

Resource Usage /\

& hidk

Docurnenkation

Simulation Libraries

Ta properly simulate the generated design Files, the Fallowing simulation madel
filefs) are needed

RAMZ2Faort

Jdlsta[31.0] %
wvraddress[9..0

AFEN

File | Description
altera_mf  Altera megafunction simulation library

roscddress[9.0]
den

1024 Wordis)
R

D Hh

clock

Block Type: AUTO

Timing and resource estimation

Generates a netlist For timing and resource estimation for this megafunction, IF
you are synthesizing your design with a third-party synthesis taol, using a
tiring and resource estimation netlist can allow For better design optimization.

Mot all third-party synthesis tools support this Feature - check with the tool
wendor For complete support information.

Mote: Metlist generation can be a time-intensive process, The size of the
design and the speed of wour system affect the time it takes For netlisk
generation to complete,

"] Generate netlist

Re=zource Usage
i Mk

X

| Cancel || <§ack(' || Next = || dnish |
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11.:% # Finish.

MegaWizard Plog-In Manager - RAM: 2-FORT [page 10 of 10] - Summary

' a RAM: 2-PORT
About Documentation
. Summary
Turn on the files you wish ko generate, & gray checkmark indicates a file that is
RAMZP ort automatically generated, and a red checkmark indicates an optional file, Click
deta3! 0 Finish ko generate the selected files. The state of each checkbox is maintained in
x._au—_u_ subsequent Megawizard Plug-In Manager sessions.,
wraddress[9..0] o
WTEn HH g
HH £3
dacdrezs(a.0 + = The Megawizard Plug-In Manager creates the selected files in the Following
Juaciresa3.0) HH = directary:
den —D—
CHTESTY
clock
Block Typea: AUTO
o e File | D escription
[ Rabd 2Part. v Wariation file
O Rak2Part.inc AHDL Include file
O Rak2Part.cmp WHDL component declaration file
O Rak2Port, bsf Quartus || symbol file
O Rék2Part_inst.v Instantiation template file
[ Rabd2Part_bb.v Verilog HDL black-box file
4 Rak2Part_waveforms. htmi Sample waveforms in summary
i RAM2Part_wawe® jpg Sarmple wavefarm file(z]
Resource Usage
& Wik
124 & #-F 340 2 B
F /
[WL]RAMZPorty I0KE  MTI verilng
[WU)RAMIPort bbw SKE MTI veriog
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