LisAY LHist
2006 f LiBXFMITHAIBI 54

0

d

I-rl

RN

BT e K S

R TP #se 3

o E&H . th £ 4
e L . EHEREEH IR




LIS XY S H4t
2006 F LB KS$E+%

FHREASKERHRM
s R P Bse

e . BHEBERSEH IR
e ZIH. BRYHE B IF

mm -

D SEU ose72r21 .

I g e e

ﬂﬂ..:::ulll
U m ......||l
Tim "’t'wmnﬁ




B H R4 B (CIP) i

2006 4F iR 008 3. 56 2 S/ A8
Gk gn. — B . B RSE H RAE,2010. 6
ISBN 978 -7 - 81118 -513 -3

L2 ... I @t—sfnes e Elgdi—
2006 IV. G643.8

o [ AR P 1 CIP #dfE % 5 (2009) % 162510 5

2006 £ FAFHE LRI
—%28H
RS R AR AT
(LT EREK 995 HEBIARAD 200444 )
(http://www. shangdapress. com & fT#£k 66135110)
HRA: B E
*

B RS R JRA PR FIHERR
R ENRIT B AR 2
FFA 890 x 1240 1/32  Efigk 278 ¥ 7 760 T
2010 426 ASS 1 ML 2010 46 A% 1 IREPR
Ep%: 1—400
ISBN 978 -7 -81118 =513 =3/G - 514 FE#r. 880.00 Jr.(44 fif})



Shanghai University Doctoral Dissertation (2006)

Fractal Methodology Research
and IP Core Implementation for
FPD Grey Scale Controlling

Candidate: Xu Meihua
Major: Control Theory and Control Engineering
Supervisor: Fei Minrui
Ran Feng

Shanghai University Press
+ Shanghai -



b g R

ARXAEMERR2REAFTE, HIATE
ERGPNE St i e AT UiE - w0

BEHRERSLE.

FIE: AR R HER, BRITH A 200062

Zh: & & BB EAEIA¥ 200237
3 & IR LEAE 200072
% e E B, FFHk%¥ 200092
B & HIR, LEEREBRHS 200233

SUH. kR4 BIE, FEAE 200072

A % HE, FEAE 200072



WFAALE.

AFR
3
ez

FENAL &,

1815 A
6 k. 1%
#AE

ER Y]

L, BRI R 200062
i, LlRFE 200072
iz, PEBTFREERS L+ /PR
200062
R, EER¥* 201203
BiE, FHks 200072
MR G, TRk LRSS SEBERAMN
0 200050
R, FlRGERE 200030



R R 2R SO VRS

BEMERAARIREFTEARB R LERE +—
EHEBEAXNGEEM AR —  MAEAFHGA A EA
R P AR % AT FPD ) 3 AW B X 5 R & R oG 3614 9 A Ao
A, BXA A HEANFZHTREARRL , AE L F
SRR ERE T ek sk, REEBEWNEHAR,
EAEZNF R g ANIE,

WX T8 Lk AA sl LRI T RE KRIK & Fo bt
R HAHEFT AT HERE.

l. HZ FPD R ERAf T fiaih A, RET T
THEAR S RBRLFPD R EEH G RAL IR EHOHF
B AMA LB R T B RAE TR TR P, ARF
RATHOGBEMAAERBETHER, 752 £ FPD A%
BTAEEREZLTOHRTT REBLFH.

2. BA¥HHIATFEAER R THR FPD & E R
BBEH, RET AN HRBER R S LR G IH R
B, 2 G HT o BARORFER, FARFL T AL
8 H ik,

3. XML TEAB IR, HANIP &,
HFAFPGA ZXEAR TAEEBRENE P AR —FFL
MEAGERER LB LT T A,

4, B R B A FZLBE AT LED FRETEZLET.F
3T ERGBIE, AZFWEFPD R -84 4 M6t

)



2006 £ _Eig K
B B

ik B PR T Eo i K BIRIE,
BXNEF T FEZFTW.EREBEBAEZ S TE. R
B, AATHELARER O E LA ALREANY
£ 14 R AR BRI IR S .
AR Ew, LR MER, X TFEEFEY
KE,

ERERZRRER

BEARERL A LEAEALALERTOHLE
B AR, T LR 24,

EREZER2ETH: MRS
2006 4£ 6 A 10 H



W =

BEHNEARETIRERFGRZREMEATHMLLEE
BAEBRAFAERNELATIBR . AERTRETEETHRN
EEFESE MENIREFBERNKELEF S XAKKE
RO T E MFREEETRENA TV EFAETRK
FRANEAAETHBRERN FERSHEA K EHRE,
FEHREZHE LR TENGRERERN SRR EFFEAF
WP 7 B R R R 7 LB AL

43 PR 7 28 4K 45 # o o B B DU &R 1) R, K SCAL A 4
HEARTFRETBEREEF FRETEAHATT BN
RARRTFRETBNHZRABHREHNME.FRE T
BERERBEREHENN T HEARIE. 2 HEHEER G L
REMUAHESZN R REFARRTEAE ZRRFR
# 47 H # IP(Intellective Property) #Z U R N H R & Wikt 5
o, TEITEMERGEUT AT E

L NERASHMEIRRIENARNETEREERX . EX
MREAXZEERAENELS B TR L TRE YT 5
BUEFHFREEAFRETBENTHEHNELX RN EEMRT
REREFAERTRZRANAKERFLESR FTEHRAZKE
A EFE, AWZEFPD K EHH N TR AHIRH AT
BMEE, AR FARRKEAHE ST E KA E TR N HH

T ==



2006 £ Lifg K
B i

. FPDHZBRHAFEI RN T RE R 2 %%, KL 5T
HABASNRBER, NTRBEBEEBT BRERT Y
REEFRNBERT B AREFERECEHE T &, h B R
AR REEHERR BRAFAERE-FHFEE.

2. MEF BB HALE 7 i W R oI TR 0 B A
RIETTRRIRETERH A REN TR AU EM; RE
KEFHREZHEHEMH 2B REMREEH LMD B HMN
BRI ALLHEHNPREL AR ENARNER L
HEHEX UREAETE, RS FPD 2B EHF W
Hausdorff 2 &K X B AN H . ZERER KA B
BHEH RS RBRF R ZEE R T T E R E AT
BEXBHE X IRETBLARERBATESH L (FE
B EARBEEREEAHFIHEL

3. FHTERKAANZBELANEAL L, ERFRAAX
REWAHEBATFRETREEH FHRBEHIA. AEE
¥ BAAWAHBOERREM;FRAE N DH N EX LN T
R BT e R ER LI, PR E SR
BRAKBERTZEGFI, THAEFZE REAAN
TR ; BL ROM R A FERM T TR BEHEZE L
P AERER R TELEHREELAN LA E 5K
PR QTR 4 W0 T4 RF BT w IP KA 3|
THER TR SN ERBRRASHRAIH T ERE,
MEREGENRE . oW BRTETEERRBAEKE.

4. FHZRTETL2H P& FPD BHEF XA, A
LED ¥4 8 7 H & FPD # AR F & Ml K -F 6; BN &

—p2



B FRETERELHNARTERRR PHXR

GEFESBEENAE T FRER, NEWAEEFHERIT, 2
HEA#HEFHBURTFREFTF B @R ZITRIES #
. ERBEUARNLHNEEBRNEABRRELEN L2
AKEBEEE RETHREREERN T EME; £ LED H
HEH B, LI T FPGA W HHFEAEE S5 Verilog # 7 &
AMAH P RENNEFH TR ABRREABRELELTET
FE. £ LEDFREFTHRFIERF L, XA FTEGHT
BHEABRREAY e THAARER, BLE LB HHHK,
ABREBETETAZHNDIAEE., B A7 NARIE, EWAX
AEFARTUEATIRET BN TEHE . GLHAENUAE
BRET  FEENEIULARAGEICBH, BRKTFRET
BHBHRAM, BHRFT A B E L0800 H % 8T )
ERBHREESNT &,

XA TRETH HEATR HEZRA, TEELE, B4
MaHaE T &k, M EK, P&

34—



Abstract

In our country the high articulation FPD’s (Flat Panel
Display) products are the preferential topic of scientific
research and key domain of national economy development,
and the gray scale is an important parameter to judge the
display quality. The main method to control the FPD’s gray
scales nowadays is Pulse Width Modulation (PWM) one that
orderly scans the display pixel by row, column and frame to
obtain the gray scale display. The time waste produced in the
scanning process results in the bottle problem of high
articulation multimedia FPDs development.

Aiming at the time redundancy in the FPD imaging
process, the thesis thoroughly studied the some problems for
FPD gray scale controlling based on' the fractal theory,
dissertates the construction of the space-time mapping
topology architecture, the proposition of optimal scanning
structure for FPD’s gray imaging, and the creation of the
fractal theoretic model and its self-similar fractal dimension,
then discusses detailedly the designing, implementation
process and the application result of a fractal scanning IP
(Intellective Property) core for the purpose of eliminating
time redundancy and increasing the scanning availability. The

main work and achievements are listed as follows:
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1. The author introduces the transfer mechanism among
digital memory, display media and visual space, the
distributing characteristic of time redundancy in view of
theoretical analysis and experimental verifying, indicates the
bottle problem and its causation” of high articulation
multimedia FPDs development, then dissertates the
construction of the space-time mapping topology architecture
that cast gray scale matrix in space to a gray scale scanning
space-time plane. The sub-space partition strategy was
ascertained by the distributing characteristic research of time
redundancy. A sub-space scanning method by bit was
proposed to provide a novel approach of raising scanning
efficiency, which broke through the traditional imaging
method by decomposing one plane into muti-planes

2. The thesis studied the optimal scanning scheme of gray
scale imaging based on the fractal geometry, proposed the
mathematic model for fractal scanning by analyzing the
fractal characteristic of space-time mapping topology, then
deduced the Hausdorff fractal dimension and self-similar
dimension of FPD’s scanning structure by present definition,
property and calculating method for fractal dimension. The
theoretic model and its dimension control strategy have
significant meaning to solve the bottle problem of transfer
speed from memory space to display plane.

3. Studying the logic implementation of the theory model
is also an important task which is the key technique of FPD’s
gray scale control IP core. The designing content included the

—>» 2
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constitution of  blockdiagram, creation and logic
implementation of sub-space code sequences that can simplify
hardware and raise anti-interference ability by applying Gray
Code locator. There were two methods to complete the
hardware realization of sub-space code and bit code, namely
ROM table mode and logic mode. On the facts mentioned
~above, the author have designed the fractal scanning IP core
which can adapt to all kinds of gray scales, and the simulation
result indicates that the designed IP core accords with the
prearrange objective. Compared with the traditional scanning
method, the novel method can increase scanning availability
apparently, especially in the case of high gray scales.

4. The LED display systems have been designed and
accomplished to validate the fractal scanning IP core. The
system is made up of the multimedia video card, the Ethernet
video transmitter unit, the fractal scanning controller and the
LED flat panel display. Using the fast Ethernet agreement
technique to substitute the traditional difference data transfer
method obtained the advantages such as fast speed, long
distance data transmission and the high reliability of
transceiving data. The novel control mode that the fractal
scanning IP core described with Verilog language is embedded
in the FPGA hardware frame can efficiently increase the
imaging gray scales and quality in the LED scanning
controller. Adopting parallel decoding joined with fractal
scanning technique can speed up frame frequency of display
system. Serial applications and tests indicate that there is no
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need to using high-speed IC circuits in the system to realize
the high articulation and resolution display of video image,
and cost for driver is cut down also. The most important fact
is that we have achieved the IP core of creationary control
method for FPD’s gray scale controlling.

Key words flat panel display, time redundancy, space-time
mapping, subspace partition, self-Similar fractal scanning
method, fractal dimension, IP core



BB B eeeeecesssrrtissssinitiiiiiiiittttsissisitttssssssaneeasees 1
L1 BFGEAFERE  coeveeeeeserssecsmsnsnnnntisioninnnnniicssssnnenesces 2
1.2 TR TLE X ceveevercrorsecastcncetatiiiniiiiniciiciia. 15
1.3 FEBIGREB TR cooerrereressessrnssensssnssinnecenns 16
1.4 BICERHE seeesrvererserstssssssssosssnanesansuaronnssnsesssssssse 18
EF ETRSMEHAINEMEY FPD SRERR o 19
2.1 WG FIRAGIFR LI BEIF D] wveveevererevnnnnnnssssnssssnsennens 19
2.2 FPD JKEFARE AT 25 BT HRFNEAHE covvevererenennannnanns 25
2.3 T2 PSR MM R BRI BT oo 29
2.4 JNEE ceereeciieiiiiiiiiiiiiiiiiii s 38
%‘Eﬁ ﬁﬁ:ﬁﬁﬁm&ﬁ'ﬁgﬁgﬂ .................................... 40
3.1 FPD K BRI RELE Y cooerrrreeeermnerenennnnnnns 40
3.2 BRHEFGEHIGAITERIT corerrereressessssssnnnsssassasanas 46
3.3 AMEHBRETIRAMBLERL <oevveeeereessmrsnsnesssininiunes 51
3.4 JNZE ceererersiiiiiiiiiiiiiiiiiiiir s e 56
SNE SHEHE IPEPEETE G oo 58
4.1 IR DRI B oeeeeeeeerrrrriniinnini, 58
4.2 A OEDE ROM R LHL T eeeeeeeeeneees 63
4.3 SHBEHR OB A BN BRI oo 67
4.4 SBEBFT RSB TP BR i S5EL-vveveeeeseeen 81
4.5 FIHEEBEAMT B LLEE coovveeresrenreemossnsnnsassncnninneens 97



2006 F Eg R
B m

4.6 /J\?E'f ............................................................ 103
EHE ETHHEHR IP ZE FPD RFIZIH LI ooeeveeeee 104
5.1 LED/MEHHH G BR B G LEHIHER] orernreeeeceennes 104
5.2 IARPIISIRILE BT  correeesrsssrossensiosssnnsrosses 106
5.3 T IP B R E R G IS woeeeererrreeenens 111
5.4 FETFAIERE IP A FPD RGEHIN ] eoverereenerecnees 134
5.5 /J\% ............................................................ 135
WA MBI vvusceresesnassansnsssanssnsnsssnnsbassansornssssonnss 137
I TLER ovvvrevrerrsetersaciiiiiiiiiiiiiiiiiitiiiiitiitiititi st 140
BT ceeereeerrerenneeitiiiiiiiiiiiiiti it sttt st s e e 150



