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ABSTRACT

Transferring of medical imaging data from imaging systems, such as MRI or CT,
to a personal computer for processing can be achieved using two methods—decoding
the data format stored on MRI or CT directly, or capturing and digitizing the video
signals from imaging systems with a customarily built hardware. The first method
requires a costly UNIX-based workstation for processing of medical images, and it is
generally more time-consuming. In this thesis, | propose a novel technique for capturing
medical imaging data from MRI or CT and transform it to digital signals for use in
personal computers. VHSIC Hardware Description Language (VHDL) was used to
describe the characteristics of the designed hardware. VHDL codes were then
programmed on the Field Programmable Gate Array (FPGA) chip for performance
testing. CORE from VHDL can also be utilized for the design of Application Specific
Integrated Circuit (ASIC) in the future. The major advantage of the proposed technigue
is that it allows us to specifically choose the area where we want to store the imaging

data by selecting the position and dimensions of the desired image.
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ANNAZIBLATBINN 648H x 512V

LAUALUNUNIAUUIFN 1 1FU
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2.2.1 N15qN (Sampling)
Wiidurainisguatnnsodsuiluiaidunatinaians soudnnadiandy

& (x, ¥ )nseviniudtyuiunindeaiunsanimua lamail

jjf(x,y)é(x—xo,y—yo)dxdyzf(xo,yn)

Wardurainsguassfiinuaslsenausaiadinsuivinegiu Ax luiane x uae
donine AY luiiane ¥ fwasslugin 2.5 Tnedsidusssnmaiiy F(x,¥) uazfien

x uwer ¥ fsedles  nasguinlalaenisamiaudiad S(X,¥) pudaridunn
f(X,y)q:‘lp'{ S(le)f(xly)

S(x.y)

Vv
v vy Yy

Yl VAR VAR VAR VAR VAR VN
Y v VY
v vy Y Y L

v VY Y Y 3L

v VY Y

v Y Y L

1/1/1/1/1/1/1/

YA A VAR VAR VAR VAR VAR
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ENTITY component_name IS
Input and output ports
Physical and other parameters

END [component_name] ;

ARCHITECTURE identifier OF component_name IS
[declartion]

BEGIN
specification of the functionality of the component
in terms of its input lines and as influenced
by physical and other parameters

END [identifier] ;

P o d; '
5U% 3.3 nsnvuansdenseuaraninunssy

o ar - x 2% } 3 ° J
ludauzaansnimmuadnrus@aninunssnariusudiuA1dn ARCHITECTURE
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Fadudaunlfussonamirfinisiceeesesdlseney  Ingriininismieulasiuegn
Koyyrouduny — lenimmuazwaniiirefau #ldimunliludiuseanmadensedgli 3.3

WAZATMTUNTUTTEN MR T8989AseNoUA L FHFMAIRINAT9 BEGIN usiuly

3.4.4 nisiavuaAnisidausa

nsiuansdenselusfunugATeINITRNLLIL Tneluszavtidesiiua
wefndwiunsinseiuesdlsznaunieuenau ﬁqﬁthﬂugﬂﬁ 3.4 Safluudenlee:
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CLOCK
en ——p»{ APackaged ——» ck
Component

ENTITY clock_component IS
PORT (en: INBIT;ck: OUTBIT)
END clock_name;

- a i '
51" 3.4 uAAABTUNTHUATNITUITUIENITTENFBYRY clock_ component

3.4.2 nmsnmuagduuunisussene

wifinasinaueesesdlsznauasgnussenanisludoull Tlunisusseigainis
o ! - a 4 - < a4 T
nnuaAtzesdty ety lumentesdunnirelugdretesdlsznaudun  wsaviaaey

1 o G VvV & e [} dl dl |

atigaNniuAlA AeFnet1aN1TuITENEe clock_component Tugu#l 3.5 Bafunisussuny
Tudangsinssulaedl en WuBuwnuas ck uievinm

PROCESS uAnldlunis@usiudmiunisussanalui@anginssn waznialulls
wanmuali periodic WusaulsidaGusmuilu “0" drdryryin en HAUdY “1" [zl
Aawds periodic QnABNNALNWY (complement) uasdsA iy ck Tatludyoyinuevinm

wazdmiuAIds WAIT azidunisnimualidtyqriiaunaimingu 1 Tulasiund

ARCHITECTURE behavioral OF clock_component IS

BEGIN
PROCESS
VARIABLE periodic : BIT := '0";
BEGIN
IF en="1"' THEN
periodic := Not periodic;
END IF;

ck <= periodic; .
WAIT FOR 1 US;
END PROCESS;
END behavioral;

= - -
gﬂlﬂ 3.5 NITUITUILLTINNOANTTHUDY clock _ component
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3.4.3 WUIENISBBNUULLANLAR
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doyas1e masmaulsunsudes Midulszlamisianisasugiuuunisussey
sruvAanes ansafuliludouresuiniia Tamiaen1seenwLUANT 1Y Wiun1Tean
WU Entity Muagn1seenuuL@ningnssy viiemiaun1seeaniuuwininadu] amnsaiEun
b 3 g -‘i‘ v ‘:/ . -iln o [ < © i ]
Foyama ld1d  uenaniudsitiauinfuninAsnisingUuuunInT§uaeT v
qUnsaiAsgu (1u lednszgs 74xx dusu) wifivlilugdreawining finnauaiansm
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AnUnAudauininassutiveanitly 2 dauAs nisdssniAunnina ( Package
declaration) WardIUIBILBAWRNING (Package body ) (Hiesan uininagnaieduiiugou
wunsneneanatngluuuiindadouey  asiunisiiuininaluldiduszdesdiniadies

Toavisednduduneu TelunsideeRuesaiinsonssinladongaAnda USE

3.4.3.1 PACKAGE DECLARATION

, o o o a o Y \ o Y

douiiiadudrAyigaaesawining  (danedluwdresnininldldannny
wan) ldundaunisdszniawining ilasanifugouiilinivusdevesdeiidszniaegniely
winina g ludneuendaseawininaies diinnslszniedala udauresdiuued
winina wilignusznaalugaunistszmauining aninlduaznganesylaianunsninl
Wawludouuenld SaBaudeuldfudaissnialiludousaninlsznia Entity e 39
A; " < - nild 1/ aa i - L .'z v [ 1
\douse vie wefn nuwiiassetulannouen asiulauvialuudgouininaanisnaig
: 1 o g o [ L v ] 1 3
Iuldlaelidndusesfidiuuen uazdisunsoi i/ uangduuuneuenldidu 14
&wiusznid in (Type) Wiedyoyao Wudsaiy dauusawininafisuiuded dau

gaansUsEnauAning wiwininauagliannsoinlidangUuuuaula

PACKAGE package_name IS
Package_declarative_part
END package_name:;

< % =
sU% 3.6 lnraFialdaesdaunislsznnauining

3.4.3.2 PACKAGE BODY
TaseadntalsznaudaadnduardeildussaraWaidunisiinuees
v ' ] v
Tsunsutinavianans dediareslilsunsudeniug Ingmlsznialiudaludonsesnislsenia

L v v "
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Aananalugn 3.7

PACKAGE BODY package_name IS
declarative part

END package_name;

<l Y o
51" 3.7 Taseafaaasuasunning

3.4.4 wuq8N1TRANWLL Configuration
[ dl o v i - dl [N =3 -l [
parmsuiuudrditssuuaaneagluuuviliidiaaiueclsfinmu szarnisoimiog
] v ] ] v
N19ANLLY Entity TAmeaniladeawingu delumitaniseanuuy Entity wikwiasiianaas
danntinunssuidumiuseslduaromise Aaduazsinaiimiaanisesnuuy Configuration
uuwan muanisld Configuration v84n19Useney  Entity Aundagniseanuuu

annenssumianla Wsaaiu

COMFIGURTRION identifier OF entiry_name IS
Configuretion_declarative_part
END :

< o '
gﬂ‘ﬂ 3.8 Taseainlnevialussamisaniseanuuulaseuuy

3.4.5 Wsunsudan

nsldWaidunasinsdimeilun s iieraueansoulaiunisldlilsunsugeslunns
Geuldsunsunimdugaian I Awgndanduvidegnidasuulasiastlsunsutionanaasdl
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TYPE byte IS ARRAY (7 DOWNTO 0) OF BIT:

PROCEDURE byte_to_integer (ib : IN byte; oi : OUT INTEGER)IS
VARIABLE result: INTEGER := O;
BEGIN

FORIINOTO 7 LOOP
IF ib(i)= '1' THEN
result := result + 2**i;

END IF;
END LOOP;
oi := result;

END byte_to_integer

al s
gU% 3.9 Msldlnsdiaes

FUNCTION f (q, b, c:BIT)RETURN BIT IS
VARIABLE x:BIT;

BEGIN
x := ((NOT a) AND (NOT b) AND c) ;
RETURN x;

END f.

gﬂﬁ 3.10 N7l Waridu

3.4.6 laulasisimas
nisussEnedangAnssnlun T diesaueaimiaiiunisvrelawefisineiniae

AanuarAmaAaRfTwALaTuNgaNiwaldfagii 5.11



PREDEFIND OPERATORS

LOGICAL OPERATORS : NOT AND OR NAND NOR XOR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN

RELATIONAL OPERATORS : = /= <«=>>=
OPERAND TYPE : any type
RESULT TYPE : Boolen

ARITHMETIC OPERATORS : +-*/** MOD REM ABS
OPERAND TYPE : INTEGER REAL Physical
RESULT TYPE : INTEGER REAL Physical

CONCANTENATION OPERATOR : &
OPERAND TYPE : ARRAY of any type
RESULT TYPE : array of any type
RESULT TYPE : array of any type

ar

d o o
5% 3.11 faaufiunisluieanuea

3.4.7 LIAIUAZAMUNTRUINTEN
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gUnsalldatnagneas Mrussenunisinuiegnieludiureinisussaneanidnunssn ax
Amsvinnuinfanmissiuane  viewiuallswageiinisinaunisluiuuuusrdusngds
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Tsiaugduuuiugiuetrmnilanldlunsnmuaidudygu. Wsssszeglu

- \ ava o o o« o < i
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PROCESS

declarative part

BEGIN

statement part

END PROCESS:

=i
su 3.12 pUuuureinisussensuwuulusiag
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nsussenellnraazGuiudiadds PROCESS warausiuA1&e END PROCESS
Tugi 312 Wunsuamdaudszneusesmsussenouuulilsga Salseneusisdaused

nsuszniAsaulsifelduardausaimal i dune W lsnadnwivisieanis
3.7 msmvuaaandunisaelullsias

Fasiiunenmelullsiosd 3 afinde fauds (Variable) WA (File) uaziiansii
(Constant) #adaanfiunsveanaiaimnininssnaAlilulssalafas ¥ idanzne
ldsmatiumingy  dmsunisindefuniauendessudnelusigaamnsonnlélagld
dtucynou (Signal) visasnARnleszn A3 ludauees ARCHITECTURE 'l.ugﬂ"fi 3.13 uam
faetinansLlszmadanssinnelullsgs Gsazegszwinednds PROCESS war BEGIN
Lm:mféuﬁuﬁ'qnﬁmum'lﬁﬁ’uﬁfm'hLﬁumi‘mﬂ'luiﬂﬂ-nm:Qnﬁmﬂﬂumuféuri'iu.‘nm
nwﬂﬁu"ﬁﬁam%«ﬁﬂqwiﬂﬁ’u ﬁiwﬁ’ur-hG"uﬁuﬁfaq‘mﬂlu‘iﬂmn?mjﬂm:Qnﬁmﬂ-ﬁ’nnm%nﬁ

fnsFunldldsunsutiaeniu 9

PROCESS
FILE flush : TEXT IS IN "filename.dat";
VARIABLE var : BIT;
CONSTANT n : INTEGER := O;

BEGIN

END PROCESS;

17 3.13 firatranistlsznmasiafndiunisnis lullsa
3.8 nisniuuanisnszyinnelulsiag
nsnseinla MmeolulusaszdunsUfiRuuusisiu (Sequential) ane Tanielu

WWsmaaursoldussluadaulavianimngnAidw IF-THEN-ELSE , CASE-WHEN , FOR
LOOP uaz WHILE-LOOP masiaatinalugii 3.14 uaz 3.15
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ARCHITECTURE demo OF partial_process IS
BEGIN
PROCESS

BEGIN

b i o
IF x = '1' THEN
perform action_1
ELSE
perform action_2
END IF;

END PROCESS;
END demo;

o 4 .
5% 3.14 Qavlanienszvinlullsioa

ARCHITECTURE demo OF partial_process IS
BEGIN
PROCESS
BEGIN

x<=a AFTER 1IO0NS ;
y<=b AFTER 6 NS ;

END PROCESS;
END demo;

g1l 3.15 nsnszyinlulsig
o v & o
3.9 msnsrAuLazgutInIsnsEyinaadllsits

nsnseinmelullsaazedluanwiasaunien  waziinslfiFnusynaaniaan
lﬂlﬁl &il « - .: " o=l k% = o : o
Aunsasuulasaaaunnmsniifiaiu adnelsfiarainisonsssuvsetiudanisnszinniy
uldsimalalaanisiamuasianissesdygyiuisesnsilldsaadjimnwdedmenisad
- ‘!’ ar q' o v 1 :’/ ‘S‘ - -&’ o dl " v e 4
Waruiudyuuinmualivingu dawwsnisoile Adsaauiudyoyinilidlatmueli

=3 (= o ] -:l’ = i

Tusranisiazlidenaliiinnsnssninialuldsma  Tesraniseeadyoyinuiiizanda

Sensitivity List wazaznmuualinislunaidundanids PROCESS
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77 3.16 (a) wansiatinaluing wazgUil 3.16 (o) uAietansussuiunisien
Fau83 D-Flip Flop d2u3Lf 3.17 uamsdanisussenan@ang@nssnees D-Flip Flop aelugy
M 3.17 (a) Wumsldsinssinnioueniusiga wazgli 3.17 (b) Wunisldsianssinnelu

Wsiaa Tnefisnaniseasdyoyind (rst, set, clk) iWusianszsunisdjuimeaunie lulusis

—

R
D Q ENTITY component_name IS

Input and output ports
Physical and other parameters

—Pc Qp—
S

|
() (b)

END component_name;

51I#1 3.16 (a) Fratinaluina D-Flip Flop

(b) NTUTTENENTTENFABTB D-Flip Flop

ARCHITECTURE behavioral OF d_sr_flipflop IS
SIGNAL state : BIT:='0";
BEGIN
dff : PROCESS (rst, set, clk)
BEGIN
IF set="'1" THEN
state <= '1' AFTER sq_delay:
ELSIF rst = '1' THEN
state <= ‘0" AFTER rq_delay;
ELSIF clk = '1' AND clk ' EVENT THEN
state <= d AFTER cq_delay:
END IF;
END PROCESS dff;
q <= state;
gqb <= NOT state;
END behavioral;

(a)
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ARCHITECTURE average_dalay_ behavioral OF d_sr_flipflop IS
BEGIN
dff : PROCESS (rst, set, clk )
VARIABLE state : BIT := '0";
BEGIN
IF set='1" THEN
state <= '1';
ELSIF rst = '1' THEN
state <= ‘0" ;
ELSIF clk = '1' AND clk ' EVENT THEN
state<=d:
END IF;
q <= state AFTER (sq_delay + rq_delay + cq_delay)/3;
qb <= NOT state AFTER(sq_delay + rq_delay + cq_delay)/3:
END PROCESS dff;
END behavioral;

(b)

-l = -
U 3.17 nsusseeiTangAnssuead D-FlipFlop
(a) n1sldmansenniouenTysaa

(b) n1sldRansz e lullsaa
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System Specification & Analysis
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Modelirj: Simulation
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Logic & Test Synthesis
|
X
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LI

Physical Design & Analysis

1 ©

5.

Post-Timing Verification
LN

System Level Verification
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nesinlEnanemalulad dwiumua@ntesiuneuniseenuuumnuuasnsluusasdu
!
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3.13 nsaanuuulngldmmadunawgingsuuasansauns
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Tavav Read or Write Cycle Time 12 - ns
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library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;

entity ReglObit is

port (clk : in std_logic: -- Input for Clock
oe : in std_logic; -- Input for Enable
inl : in std_logic_vector(9 downto 0);-- Data In
outl : out std_logic_vector(9 downto 0)--Data Out

)
end Regl0bit;

architecture RTL of ReglObit is
begin
process(clk)
begin
if (clk'EVENT) and (clk = '1") then --Rise Edge Detect
if oe = '0" then
outl <= inl; --if oe = '0" Set outl = inl
else
outl «= "ZZZZZZZZZ7Z"; -- else outl = Z
end if;
end if;
end process;
end RTL:
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Tulsunsadi 1 luga Datalatch4Bit: t Yt fihiFaamaiaunn 4 O
SUBDESIGN Datalatch4Bit_t
(
d[3..0],0e.clk : INPUT = GND:
q[3..0] : OUTPUT,;

)
VARIABLE
dd[3..0] : DFF;
dtri[3..0] : TRI;
BEGIN
dd([].clk = clk;
dd(l.d = d[l;
dtri[].oe = loe;
dtrif].in = dd[].q;
a[] = dtri[].out;
END;

Tsunsadi 2 Tuga DataLatch10Bit_t viwiiiihiEAawmesaunn 10 On
SUBDESIGN Datalatch10Bit
(
d[9..0],0e,clk : INPUT = GND;
q[9..0] : OUTPUT;

)
VARIABLE
dd[9..0] : DFF;
dtri[9..0] : TRI;
BEGIN
dd[].clk = clk;
dd[].d = d[J;
dtri[].oe = loe;

dtri[].in = dd[].q;
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g[] = dtri[].out;
END;

Tusunsudi 3 Tuna Mul2To1 Vil Multiplex 2 line to 1 line
SUBDESIGN Mul2To1
(
A.B : INPUT;
A/B : INPUT;
OUT : OUTPUT
)
VARIABLE
N1 : NODE;

BEGIN

if A/B == B"1" then

N1 =A;
else

N1=B;
end if;
OUT = NT;
END;

Tsunsad 4 Tuga MuleTo3_t viwiinfiilu Multiplex 6 line to 3 line
SUBDESIGN M6103 _t
(
1A,1B,2A,2B,3A 3B, A/B : INPUT;
1Y,2Y,3Y : OUTPUT;

VARIABLE
N1,N2,N3 : NODE;
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BEGIN

if a/b == B"1" then
N1 = 1A;
N2 = 2A;
N3 = 3A,

else
N1=1B;
N2 = 2B;
N3 = 3B;

end if;

1Y = N1,

2Y = N2;

3Y = N3;

END;

Tusunsadi 5 Tuma GenAddress t ﬁﬁﬂﬂ'}ﬁﬁ'\Lﬁmﬁtytmmuﬂmumm'lﬁmifmmm%ﬂ
SUBDESIGN GenAddress_t
(
clk : INPUT,;
clr : INPUT;
address[18..0] : OUTPUT,;

)
VARIABLE

N_add[18..0] : DFF;

BEGIN

N_add[].clk = clk;
N_add[].clrn = clr;
N_add[].d = N_add[].q+1;
address[] = N_add(];

end;
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Tsunsuii 6 Tuga Comp30H Wi Foufsudtyo nidunmiuen 30H
SUBDESIGN Comp30H
(

p[6..0] : INPUT = VCC;

en : INPUT = VCC,;

equa : OUTPUT,;

)

VARIABLE

e : LATCH;

BEGIN

DEFAULTS
e.d = VCC;

END DEFAULTS;

e.ena = VCC,;

IF p[] == H"30" THEN
e.d=GND;

END IF;

equa = e.q#en,

END;

Tusunsudi 7 Tuga m_de_w_t imwhiidanwesa 10 duiudsudeya
SUBDESIGN m_de_w_t
(
A[5..0] : INPUT;
G1,G2AN,G2BN : INPUT;
Y[4..0] : OUTPUT;
)
VARIABLE
re(4..0] : NODE;
en : NODE;
BEGIN
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en=G1& !G2AN & IG2BN :

IF (A[] == H"30") & en THEN re[] = B"11110";
ELSIF (A[] == H"32") & en THEN re[] = B"11101";
ELSIF (A[] == H"34") & en THEN re[] = B"11011";
ELSIF (A[] == H"36") & en THEN re[] = B"10111";
ELSIF (A[] == H"38") & en THEN re[] = B"01111";
ELSE re[] = B"11111";

END IF;

Y[1 = re[l;

END;

Tsunanii 8 Tuga m_de_r0 imiiidenwesn 10 dmiusudaya
SUBDESIGN m_de_r0
(
A[5..0] : INPUT;
G1,G2AN,G2BN : INPUT;
YO : OUTPUT;
)
VARIABLE
re0 : NODE;

en : NODE;

BEGIN

en = G1 & !G2AN & IG2BN ;

IF (A[] == H"30") & en THEN re0 = B"0";
ELSE re0 = B"1";

END IF;

Y0 = reQ;

END;
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Wsunsait 9 Tuga BiBus10B_T iwiiiiilu Bi-directional Bus
SUBDESIGN BiBus10B_T
(
din[9..0] : INPUT = VCC;
w/r : INPUT = VCC;
dout[9..0] : OUTPUT;
i0[9..0] : BIDIR = VCC;

)

VARIABLE
inlatch[9..0] : LATCH,;
intri(9..0] : TRI;

BEGIN
intri[].in = din[];
intri[].oe = 'wi/r;

io[] = intri[].out;

inlatch[].d = io[);
inlatch(].ena = wi/r;
dout[] = inlatch[].q;
END;

Tsunsaii 10 Tuga Count10Bit vwmriiiluanmesuuy 10 dn
SUBDESIGN Count10Bit
(
clk,clr : INPUT;
c[9..0] : OUTPUT;
)
VARIABLE
count[9..0] : DFF;
BEGIN



count[].clk = clk;
count[].clrn = clr;
count[].d = count[].q + 1;
c[] = count(];

END;

Tsunsad 11 Tuga Comp10Bit N Baufisudryiumdunmawin 10 On

SUBDESIGN Comp10Bit
(

ena,p[9..0],g[9..0] : INPUT,;

equa : OUTPUT;
)
VARIABLE
a: LATCH;
BEGIN
DEFAULTS
a.d = VCC;
END DEFAULTS;
equa = a.q;

a.ena = VCC;

IF ena == B"1" THEN

IF p[] == g[] THEN

a.d = GND;
ELSE
a.d = VCC;
END IF;
ELSE
a.d = VCC,
END IF;

END;
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