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A minimal image processing system consists of an image
acquisition device,an image memory,a computer that can access
this memory and a monitor that can display the contonts of
memory.This basic system can acquire,processes and displays
momochroma images (if the monitor is RGB it is pomsible display
image memory values in color by adding output loockup tables).

The image acguisition device puts an image into the image
memory.This operation inveolves digitizing scanning a continuous
image and breaking it into an array of digital intensity values
called pixels.In general the signal from the video camara is

converter by an A/D converter into a Pizel array in the image
memory.

The acquisition device can write to the image memory,which
can be read and written to by the computer's CFU,and read by the
display device.

If the image memory stores an entire "video image,it is
called a frame buffer or frame store.For acceptable intensity and
detail resclution,an average moncchrome image must be represented
by an array of at least 25& by 2854 pixels and each pixel must
have at least & bits of value.Bray level intensities in the pixel
is a functicn of the N-bit byte.

The display device converts the processed pixels back into
spatially organized image intensities.The display device is
usually a D/A converter that drives a moncchrome or RGE TV
monitor,

A lookup table ¢ LUT ) changes a Pixel’'s value based en  the
values in a table.This hardware consists of a memory that has a
storage location for each possible pixel value.An input pixel
value,in this case,is used as an addreass into this memory,and the
output is the value at that addreas.An LUT computes an arbitrary

function of one ¢ more variables,with a domain and range limited
to the possible pizel values. :

An image processinyg sysiem can have three LUTs that map the
image memory to the display device.These LUTS output values to
the red,green,and blue channels of a color monitor,bascd on  some
input pixel value.This lets the display with different gray
levels from the monochrome image in various arbitrary colers or
pseudoculor.,

The FIP.640-B is a plug in video frame grabber-digitizer
board for the IBM PC.It has & resclution of &40XS1P pixels in
normal  (non zpom)  mode with eight bits per pixel and a powar
consumption of approximatuly 17W.The PIP.&M0-B is capable of
cparating in continucus or single frame grab mode and alsc has
built~in video keying capabilites.Frames which have been stored
in the on board frame buffaer can be loaded into the PC's memory
or onto disk.

Conversely,video data,as well as lookup table data,can be
written to the FPIP from the PC.Pixels can be individually
addressed by the PC by using the X and Y address registers or
they can be addressed sequentially using an autc—-increment
register.It has one input and three output lookup tables,cach of
which has eight maps to choose.There arae three input ports and
an IBM pin compatible RGH output as well as an internal fecdback
fur diagnostic purposocs.

Fiqure 1 shows the cperation of the FPIP.&M0~B in block
diagram.

Input signals are selected,in software,from one of three
input ports and the FIF.640-B will lock on to the input signal's
SynC as well ag use the sync signal to drive the video functions
of the board.

Data,after 1t passes the sync separator,is subject to an
adjustable DC coffset voltage and this offset adjustment,with the
gain,makes the picture brigter or darker.

The video input 18 digitized in real time in the A/D
converter,producing an eight bit number that is sent to the input
lookup table.

Figure 2 shows the input section in block diagram.

The FPIFP.640-B is assembled with IMbyte of frame buffer RAM
wnich 1s used to store frame grab data.Poth the system unit and
the CRT-controller have simultancous transparent access to the

frame buffer,

The CRT-controller sends pixel data to the output (Ul's.It
uses the SY&B4SE integrated circuit.

This gives the ability to shift the image both vertically



horizontally which is useful in the PIP.&40-B with its
X10824 storage area and &710X512 display area.

The frame buffer is accessible (read and write} from the
em unit using X,Y coordinates.The frame buffer address
sters can be set alsoc to automatically increment.

Figure 3 shows the Fframe buffer data access in blork
I am.

There are twe sources of data for output from the FIF,that
he frame buffer and the input LUT.It is possible to sclect
er video keying,or simply the output from either the frame
‘er or the input LUT.

Figure & shows the keying and output section in block
ram.

Image processing includes :

enhancement

restoration

measurement of image elements

classification of image elemonts

recognition
The knowledge level used in an algorithm can range from
iminary conception about the physics of image formation to a
ific knowledge about sections in a picture~frame and the

uate diagnostic at medical field or about pixel structures.

In these practices a set of tools will be used for image
essing as well as algorithms using the following procedures

a-POIMY FROCESSING
b-AREA PROCESSING
c~GEOMETRIC FROCESSING
d-FRAME PROCESSING

In all cases images—based algorithms transform pixel wvalues
other pizel values or locations using numarical or logical
ations.Pseudocolor will he used.

The image that will Be used in these practices (from 2 to
was obtainocd from the dual encrgy CT technigque.The obiject
ath the cross soction is the bone mineral phantom with five
bration materials:
fat equivalent material,water,50mg/cr, 10OMg/ce and
200mg/cc K HFPO sTespectivaly and a high energy (140

kVp, 100mA, 1Omm thiclkness) scan through the abdominal
region.

A. POINT PROCESSING

N point process algorithm scans through the image area and
uscs the pixel value at sach point tao compute a now value for the
point.

This method can be used to snhance or modify piuel values.

If the pinel value and its location are used then it will beo
useful to correct artifacts or smoothly change pixel values (add
or subtraction values) in an image area.

Ancther possibility with point process algerithm is the use
of the histogram since it is an example of image measurement.

An  intensity histogram performecd on a digitized image
results in a graphic interpretation of the number of occurrence
of a given pixel intensity value throughout the image.It is
possible to create a histogram of a grey scale levels in a
selected current window.This facility inveolves two steps:

~COMPUTING THE ARRAY OF VALUES FOR TIHE HISTOGRAM
—DRAWING THE HISTOGRAM OMTO THE IMAGE BEING DISPI AYED

However ,using point procvss  algorithm, there is only the
possibility that it examines a single pixel at a time without
changing the pixel's valucs.

The information provided by the histogram can be used for
image enhancement and classification.In other words the histogram
represents  the relationship botween the relative intensity (in
general with range from 0 to 255) of the pixel's values and the
number of pixels of each relative intenaity.

Fseudocoloring of a moncchrome image is a point process
algorithm.In this case it ias hecessary to map the values of
Xn{argument-the pixel wvalue is the input argument) onto
Yni{function drives-three different functions, the red, the
green and, the blue) as in a function with the abcissa (X ) asg
the index to the lookup table and the ordinate { ¥ ) as the
mapped value.In this way the information stored in the frame
buffer is manipulated by changing the values stored in a lookup
table ( LUT ).

These output functions drive the red(R),the green(G} and, the
blue(B) guns of & color monitor.



B. AREA PROCESSING

The area process algorithm uses neighbourhcod information to
modify pixel values.

These kind of algorithms are typically used for spatial
filtering and changing an image's structure.lt is possible,using
area procesa,to perform :

=AN [MAGE SHARPENING TRANSFORMATION

—A PIXEL AVFRAGING TRANSFORMATION

~A HORIZONTAL EDGE DETECTION TRANSFORMATION
—A VERTICAL FDGE DETECTION TRAMSFORMATION
-A LAPL.ACIAN EDGE DETECTION

28 well as to perform non-linear area process such as SOBEL
"filter operation.

Convolution is a classic image processing algorithm used for
spatial filtering and it is useful to remove Nnoise,smoathing the
tmage as well as to make edge detections in the inage.

The convolution cperation replaces a pixel's value with the
sun  of that pixel's value at its neighbours,each weighted by a
factor.The weighting factors are called the convolution kernel.

To convolve an image area with a kernal it ig necessary to
repeat the operation{convolution) at every pixel position in the
image.,

At gach point or pixel,it is necessary to multiply the
kernel valuecs by the image values,sum the results and replace the
Pixel at the centar of the kerncl with that value.

The general equation for the convolution operation becomes
2

pix,y)= - Kim,n)#p (x+m,y+n) 1)
m,n oo
wherea pix,y} is the image point and ki(m,n) is the kernel
BUppGsSing that the operation is using a 3 by 3 pixel

neighbourhood and kerncl.Convolving an area of size X by ¥ with a

kernel of size N by M requires X®YeNsM multiplications and
additions. ,

Ancther important possibility using area process algorithms
is that it performs spatial frequency filtering.

Spatial frequancy is the number of times per unit distance

that a pattern repeats.As with a one dimonsional signal,an image
can be represented by a saries of sine and cosine waves with the
spatial frequency and amplitudae spocified for each camponent .

Therefore,for the image, traneformation must be done both
horizontally and vertically hecause it is bi dimensional and thus
it has spatial freguencies in hoth directions.It is possible to
detect a certain band of frequencies using a selected kerncl.

In geneval ,quickly changing image intensities,arc
represented by high spatial frequencies,while slowly changing
intensities are represented by lowar Epatial frequencies and if a
high spatial frequencies kermel is selected then edges will ba
detected.On the other hand if a kernal matches lower spatial
frequencies it will blur the image.

The Sobel filter as well as the median filter are particular
case of area processes algorithms that means, they are non lincarv
area process algorithms which provide a better signal to noise
for detecting images elements or features Wwith less computation.

The Sobel filter compares the results of two convolutions to
estimate the strength and orientation of edyes in the image.For
itnstance,if the two kernels are represented by X and Y then theo
cdge strength and orientation are represanted hy:

STRFNGTH= ( X#X+Y#Y )‘é'
ORIENTATION=arctan(yY/X)

The median filter replaces the pixel at the center of a
neighbourfivod of pixels with the median of the pixel value.The
neighbourhood values,also the center pirel,are sorted into
ascanding order and the median value is used to replace the
center pixel.ln this way it is possible to remove spot noise.

C. GEOMETRIC PROCESSING

The geometric process algerithm changes the spatial
arrangement of pixels.It i possible to rotate,stretch,translate
the image position,dilate or ercde as well as to warp the image.

Geometric process algorithms can be used to improve aécuracy
a3 well as to compensate rectangular pixels by adjusting the
transformation equations.

D. FRAME FRUCESSING

All algorithms that use more than ono image are called frame
process.For differential CT-scamner analyses this method isg
useful because it can be used to subtract onc image from ancther.



g it can be used to improve image quality and to deterct
ion.

It is also useful for static image or a microscopic image
lyses ,that means,using N succesive images frames 1t is
sible to reduce noise making an average.

In order to detnct motion this algorithm is adeguate but the
ges processing hardware that can do the subtraction in real

)

70 OPERNTE THE VIDED DIGITIZER BOARD FIP.&40-B

To operate the video digitizer board a MS DOS software
rary is provided.It is possible to use this software library
h microsoft C (vers.4.00) and microsoft FORTRAM (vers.3.31) as
1 as microsoft PASCAL.INn addition to the software library an
erpreter program is provided.

The brief overview of the available commands for the video
itizer board are shown brolow:

Initialization Commands

Name | Description

init Initializes the board to a known stata

inifmt | Initializses the board to a specilied video format
inisys | Initializes system variables only

format | Selscts n video format to use

dfmi Defines a video format

Hardware Commands

Nams Description
tgrab Enables or disables continuces frame grabbing

chan Selects active input channsl

clear Clears the scraen to the current draw jndex

dquad Selects quadrans on PIP-1024 when in 512 x 512 mode
exit Resets systam unit kardware and exita library

gain Sets the gain

key Ensble or disable keying

latm | Salects active map in the LUT

mask Sets the wrile protect mesk

. mode Talls software about hardwars parsmaters
olfset Sets the offset

outv

pan
panrel
quadm
sboard
sbuf
wcroll
scrorel
setxy
snapshot
soapall
statr
stetw
syne
video
vwait
winmods
soom

Enables or disables video outpus

Sets the horizontal pan position

Moves the horizontal pan position by an offset
Sets the display mode on & PIP-1024

Selects default board

Selects between incoming video and frame buffer
Sets the vercical pan position

Moves the vertical pan position by an offset

Sets the x and y position for aulo-incrementing
Takes & snapshot

Takes & synchronized snapshot using & group of PIPs
Saves the selucted board's statun

Loads & board’s status

Selects the sync source (external or internal)
Selects video standard (American or European)
Waits for vertical blanks

Sets workapace configuration

Enables so0m mode

1/0 Commands

Nume

Description

btranafer
colr

colw
cpws
decode
encode
frdisk
frmem
igeth

inp

outp
pixr
pixw
puatbeh
rowr
roww
seiwindow
setxy
todizk
tomem
winfrdisk
winr
wintodisk
winw

Transfers dats between s PIP and the system
Reads & columa from the framae bulfer
Writes a columa to the frama buffer

copies between workapacea

Decodes » file and write it to the window
Eacodes a window and writs it to o Bl
Copies u DOS e into the frame bulfer
Copies from system memory o frame buller
Raads a byta from & buffer

Reads an 1/0 port

Writes ta sa 1/0 port

Reads & pixel

Writes a pixel

Writes a byte to a buffer

Reads & row from the frams buffer

Writes & row to the frame bulfer

Defines the current window

Sets position in frame byffer

Copies the frame buller to 2 DOS 6ile
Copies from frame buffer to aystem memory
Copies to window [rom disk

Copies the current window to a buffer
Copies from widow to disk

Copies » buffer to the crrrent window




LUT Commands

Name

Description

dhisto
histo
initlut
lutd
luts
modhist
scaling

Draws a histogram in the [rame buffer
Calculates a histogram from the current window
Initializes LUT to grey scale zamp

Initializes & LUT

Initializes & LUT to a ramp

Modifies a histogram thraugh mapping

Defines » mapping function

Imaging Commands

Name

Description

average
cond
dilate
erode
fil3
filtype
horfilter
ker2

Ipl & lp2
map
median
prewitt
shl & sh2
sobel

. | verfilter

Pixel averaging using a 3 x 3 kernel

General convolution around & 3 x 3 kernel
Diiation routine

Erosion routine

Convolution around a 3 x 3 kernel

Select the type of sormalization in filtering
Horizontal edge detection using & 3 x 3 kernel
Defines a arbitrary 3 x 3 kernel

Laplacian edge detection using a 3 x 3 kerael
Transforms the frame buffar using a software LUT
3 x 3 median filter

Prewitt edge detection using 3 x 3 kernel
Image sharpening using & 3 x $ kernel

Sobel edge detection using 3 x § kernel

Vertical edge detection using & 3 % 3 kernel

Graphic Commands

Name Deacription

border | Draws & border

eire Draws & circle

cirel Draws a filled circle

clear Cleary and sets the frame bulller to current index
elips Draws an ellipass

elipl Draws a filled ellipse

grid Draws s variable sized grid

linerel | Draws & line to & relative peoint

lineto | Drawa o line to » apecilied point

moverel | Moves the current point 1o & relative paint
movato | Moves the current point to & specilied point
rect Draws & rectangles

rectf Draws & filled rectangle

setind | Specifies the drawing index

tchar Writes & character

Lext Writes a string

tfont Selects & character font

Interpreter specifc commands

Nume Key Description
dmemory . Displays 258 bytes of memory
executs ALT Executes & macro
gethile Read date dle into memory
getmacro Reads a file to define & macro
help F5 Displays detailed help for interpreter
macro SFT Fn Creates specibed macro
mmemory Modifies memory contents
pause Waits until & key io struck
prilsg Enables/disables output to system consols
putfile Writes contents of memory to o file
print Displays & message
plime Prints the system time
quit F8 Quits the interpreter
record Sends all commaads Lo sn output Gle
repesat Executes & macro s numbaer of times
savemacio Saves & macro to s e
F1 Gives context sansitive help
F2 Lists available commands
F3 Recalls previows command
4 Recalls stored line -
F& Gives detailed command description:
F1 Gives the display work bulfer address
F9 ‘| Reads and executes a list dle
Fio Executes DOS comands
- Moves cursor right
— Movas cursor lslt
Home Moves cursor to beginning of line
End Moves cursor to ead of line
Ins Toggles insert foversicike mode
Ese Cancels current Lios
1 Recalls next stored command
! Recalls pravioys stored command

Pg Up Displays list of stored commands
CTRL Fn | Displays specified macro
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Practice i:

How is it possible to initialize the PIF board in the
system unit to a known state as well as to interface a camera
and save tha image,from the frame buffer,on disk?

Command descriptions:
al inifmt 26c 1 1 01 0

This command initializes the PIF board
in the system unit to a known state
inif(mt)base_addr,mude,speed.class,vid_type,zocm

base_addr: this parameter specifies the offset of the I/0
address used.The hexadecimal value (2&6c)H must
be entered if the board has an offset of zero
at any of the base addresses.

fe

b)

c?

mode: this parameter tells the saoftware whether the
FIF card is strapped to allow for Foom
resolution or not
0 ——% compatibility
nonf-zero --- zoom resclution allowed

spa2ed: this parameter specifies the clock speed.
0 ~=>» PIP.S12 or PIF.1024 installed
non-zero ——>» PIP,440-B installed

class: 0O-& specifies the video format
class | American Furopenn Ilesolution PIP? type
B | 5ia %480 | 512x 512 | z00m or Mull all
1 640 x 480 840 x 512 soom of full | 640 only !
2 not allowed | 512 x 578 soom or full | 640 or 1024
3 not allowed | 840 x 576 zoom or full { 840 only
4 1024 x 1024 | 1024 x 1024 | (wll only 841} or 1024
TR LT hser defined soom or full all |
[} user defined __| zoom or fult all :
I
vid_type: this parameter specifies wheter the video
format is to be a SOHz or &0Hz format
9 ——>» American standard video
non—zera -->» Euraopean
Toom: this parameter specifies whether the

format is to use full resolution or zoom
resolution
0 ==> full resolution
non—zero ~—>» zoom resclution

setwindow 0 0 511 511

this command specifies the lower laft and upper
right corners of tha window
setwlindow) x1 yl x2 y2
®1,x2: thase parameters indicate the x
coordinates of corners 1| and 2 of
the display window

wl,y2: these parameters indicate the vy
coordinates of corners | and 2 of
the display window

clear 0 7

this command clears the screen by setting one of
the unused maps of the input LUT to the currant
draw index and then taking a snapshot (taking



a snapshot in continucus grabbing maode {s
equivalent ta a NO-OR)

Claear snap umap
snap:  this parameter selects one the 8 input LUT
maps to be the active map following the
clear gperation (decimal values from O to 7)

umap: this parameter selects one of the 8 maps of
the input LUT to be set to the current draw
index (decimal values from 0 to 7)

d}  pause

this command is wused ta halt the interpreter’s
operation until a kay is strick

2) channel 2
this command selects the active video input port

ch{annel) channel

channel:selects the input channel
~=> selects channel 0
-=~* selects channel 1

~=7 selects channel 2
——* inta@rnal loopback

AR = O

) sync 1

this cammand is used to select the source of the sync
signal
sy {nc) mode

mode: 0 --: internal sSyhc
1 -~ gxternal SYRC

49)  sbuf 1
this command is used to select the videa output source

sbui{f) mode

mode: 0 --> the autput of the input LUT is
displayed,keying is disabled
1 -=> the output of the frame buffer is
displayad,keying is alliowad

h}  wintordisk 40%& image.bin S0&a -1

this command is used to topy the contents af the
current display window to disk

wint {odisk)bsizecxy filels> affixy segix’

bsize; this parameter specifies the size of ap

intermediate buffer that MS-DOg requires to

make the transfer (the optimal bhuffer gize is

4994 bytes)

filedgis

workbuffer (off{x )

S@guK 23

this parameter praovides a file name for
for the transfer

this parameter gives the offset of the
intarmediate buffer within segment

this parameter specifies the segment that
centains the intermediats buffer (use —1)



-

a;w is it possible to copy a disk file to the current
display window?

Command description:

winfrdisk 40%4 imag3.bin %0&ka-1

this command is used to copy a disk file to the
current display window

winfirdisk) bsizedx’ fileds> workbufferi{x> segix>

bsize<u>: this parameter specifies the size of an
intermediate buffer that M5-DOS requires
to make the transfer (the aptimal buffer
size is 4096 bytes)

filais*: this parametar provides a file name for the
transfer

workbuffer<x>: this parameter gives the offset of the

intermediate buffer within segment

Fractice 3:

How is it possible:

to
to
to
ta

declare and store a macro?

execute a macrao?

set a pra~defined window?

read and write the value of a pixel in the

frame buffer?

a}) to declare and store a macro:

macro macrao_number

macro_number -—=> this parameter is the indentifying number

savemacro file_nameds®
this command

file_name:

macrao_number

b) to execute a macro:

of the macro.lt is a number from O
through 19 and its purpose is to permit
future identification of a particular
sequence of commands.

macro_number
is used to store a macro in a disk file

the name of the fila in which the macro will
be stored

a nunber from 0 through 1% specifying the
macro to be saved




getmlacro) file_pame<s: macro_number

this command is used ta transfer a macro stared in a
file to the interpreter

file_name<s>: it is the name of the file which
contains the macro

macra_number: it is a number from O through 19
specifying the macro to be transferred,

exel(cute) macro_number

this command is used ta execute a sequence of coammands
defined in a macro

macro_number: this parameter specifies the macro to be
executed

c) to set a pre-defined windaw:

winrlead) workbufferix> segix>

this command is used to copy the contents of the
current display to a buffer

workbuffer x> this parametar specifies the address of
the buffar where the contents aof the
window will be stored

SeguKr: this parameter specifies the segment
portion of the memory buffer address

(this command will return the number of bytes that have
been transferred)

putfile file_nameis> address<x> count
this command is used to copy the contents of

a buffer located in the system’s mamary into
a disk file

file_name<s>: the name of the file inta which the conte
of the buffer is to be copied

; address<x>: this parameter specifies the address of t
buffer to be copied

count: this parameter specifies the number of by
toa be transfarred from the buffer to
file

cmlemory) addrass<:> count

this command is used ta clear to (O0)H the contents of
4 partion of the interpreter’s 16K buffer

address<{x>: this parameter specifiss the address of t
initial memery location to be cleared

Caunt; this parameter specifies how many memo
locations will be cleared starting at addr

getflile) file_name<s) address<{x )
this command is used to copy the contents of a file
into a specified buffer(it is too important that the
buffer contains enough space to contain the contents of

the file)
file_name{s>: the name of the file to be copied
address<{x»: this parameter specifies the address of the
buffer where the content of the file ig tot
copied

(thig command will return the number of bytes
transferred from the file)

7



winw(rite) workbuffer i) segix’

this command is used to copy the contents of a buffer
to the current display window

workhufferix:: this parameter contains the addresz of

the buffer containing the data to be

transferred to the current display window

segQiK e this parameter specifies the segment
portion of the memory buffer address

tthis command will return the number of bytes that has
been transferred)

gr{id} incx incy

this command is used to draw a grid using the current
index inside the current window

inesx: the number of pixels between the lines
of the grid in the x direction

incy: the number of pi:els between the lines
af the grid in the y direction

d) to read and write the value of a pixel in the frame buffer:

P




Practice 4:

How is it possible to calculate a histogram of the grey
. (ead) level in the current window?
pisriea FERY

Command descriptions:

this command is used to read the value of a pixel in
the frame buffer

Hayt % and y coordinates of the pixel to be read

pixwirite) % y value
this command is used tg write a pixel to the +rame

buffer
v ¥ and y coordinates of the pixel to be written
value: value to be written to the frame buffer (from O to

255,a4 decimal value)

Command descriptions:

a) hi(stogram) buffar<x>
this command is used to calculate a histogram of
the grey level in the current window

buffer<x>: this parameter specifies the array of 2!
- elements which is used to store the hisi
value

b} dh(isto) max<#> x y scale gcol tcol bufix>

this command draws a histogram in the frame
buffer

max<x»: it specifys the count of the most fraequer
occuring pixel value in the histogram
count shoud be the same as the value
by the histo function)

EERYE] these parameters are used to specifie tr
and y position of the histogram

scales this parameter specifies the height
pixels of the highest bar of the histogr
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All other values are drawn relative to this heigt

gcol ,tcol:

bufxs

these parameters specifie the index(color)
to be used to draw the bar and the labels of
the histogram.

address of the buffer wher= the histaogram
created by the histo command is stored,

Practice S:
How is

it

e

\
possible to calculate a histogram of thes, -

grey level using differents windows at the same image?

pv

Command description:

rectaingle) x1 yl =2 y2
this command is used to draw.a rectangle having
(x1,yl) and (x2,y2) as opposite corners

x1,x2:

y1,y2:

this paramater specifies the first and the second
x caordinate

this parameter specifies the first and the second
y coordinate




Fractice é&:

How is it possible to initialize a lookup table map (the
use of pseudocolor) as well as how is it possible to
combine different functions drives (R-red,G~green,B-blue}?

a) to initialize a lookup table

To calculate a histo
windows at the same time i
the setwindow command.

gram of the grey levels using different
t will be always necessary,first,to use
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Command descriptions:
scaling %1 y1 x2 y2 buffer<xy

The function scaling maps the values of Xn onta Yn with X as
the index to the LUT and Y as the mapped value.On the basis
of this command it is possible to emphasize ane part of an
image at the expense of another.By making multiple calls tao
scaling it is possible to break the LUT inte several sections.

®1,u2: the Ffirst and the last address in buf to be
scaled

yi,y2: the +irst and the last value (the law and the
upper end of the scale) to be stored at bufl:l]
and bufix2] respectively .

bufferi::: it is the address of the buffer where the
result of the scaling function is to be stored

lutd(define) map color start length buffer<x>
this command ,using the values stored in a
buffer,initializes a lookup table map.The input LUT
is load from the buffer in reverse order with respect
to the other LUTs.

map: thiz parameter specifies which of the B maps of
any one particular LUT is to be load with the data.

b} to

calor:

start:

length:

buffer:

combine

this parameter specifies the lookup tahle which
will be affected by the change of data

O input lookup table

blue lookup table

green lookup table

red lookup table

all output lookup table

BN -

it indicates which of the 254 bytes of the
;elected map will serve asz the starting point to
inicialization (from 0 to 255 inclusive) '

this’parameter indicates how many bytes will be
rewritten using the scaling function (it must
be between 1 and 256 inclusive)

this parameter contains the location of the
buffer containing the values of the initialization

different functions drives and to restore the

original image

This praograme will initialize map O of the bluye lookup table
at byte O going up to 255 (with thea scaling function

starting




stored in lacatian (S06a)H.In a similar way map 0 becomes now the
green LUT and all the blue has now turned to cyan (blue and green
together).Once again map O becomes now of the red LUT and the

initial images of a monitor is now the result of three output
signals.

It s very impartant to observe that the value in tme LUTs

determine the colar intensity while the difference between the
three values controls the color.

A white pixel of value 255 is the sum of:

one blue pixel of value 255
ane green pixel of value 25%
one red pixel of value 255

A black pixel of value O is the sum of:

ane blue pixel of value 0
one grean pixel of value 0
one red pixel of value 0

After the next steps the programe restore the original image
because it was used a inverse scaling function and all others
three LUTs.
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Practice 7:

Haw is it possible te convolve the image in the current
window with a pre-defined kernel?

Convolutions is a special class of image enhancement
technique known as spatial filtering.

Spatial filtering is typically used for edge zanhancement or
Noise reduction prior to edg® or object detection.

7.1- low pass filtering

Low pass filtering of an image produces an output image in
which high spatial frequency components have been_ attenugted.lt
ie often used as a smoothing operation to remove visual noise.

Command descriptions:
kerZ ki k2 k3 k4 kS k& k7 kB k9 bufferdixd

this command is used to generate the 3IXZ convolution kernei
used by the conI command

kle..k9: these parameters specify the values within the
kernel as below

k1 k2 &3
k=| ke kS K&
k7 k& k9

bufferix>: this parameter specifies the storage location for
the kernel

3G



con(3) source dest bufI<xy ) .
this commsnd convolves the image in the current window in
the source workspace and copies the result to an identical window

in the destinatiaon workspace. It use a kernel previously stored in
a pre-defined buffer

k1 K2 K2 PAIPB|PC
k=kd kS kb FD|PE|PF
k7 kB k9 PG| PH|PI pixels in the current
window
PE — KIPA+FLZFE#EIPC ... 4k9PI
- {kiekil 4 « ek
If k1 k2 car k9 =

O the division is not performed and con3 takes
the absolute value of the result and truncates it to 255

sources; this parameter selects the

workspace in  which the
convolution is to be performed
dest: this parameter selects the workspace into which the
convoluted image will be copied
bufl; thizs is the location of the buffer where the kernel is
storad.
7.2 High pass filtering

High pass filtering of an image produces an output image in
which high spatial frequency components are accentuated. It is
often used in the enhancement of edges,

LR

7.I Laplacian

Laplacian edge enhancement produces an output image in which

high spatial freguency components,such as edges,are highy
accentuated and low spatial frequency components are sharply
attenuated. It is wuseful for extraction of object edges or

boundaries.

A



Command descriptions

1pl source dest 1p2 source dest
These commands perform a Laplacian

tharizantal and vertical edge detection at the
the kernels below:

edges detection
same time) using

1pt

-1 -1 -1
k=1-1 B -1

-1 -1 -1

saurce; B0urse workspace for the operation

dest: destination workspace for the operation

7.4 Sobel filtering

The Sabel filter cam,

Pares the results of twg convalutions to
estimate the streagth and

orientation of edges in the image.

7.5 Horizontal and vertical edge detection

Harizontal edge enhancement pProduces an image in which the

horizontal edges are higly accentuated and tha vertical edgas are
sharply attenuated.

Vertical edge enhancement produces an image ;n which the
vertical edges are highly accentuatad and the horizontal edgas
are sharply attenuated.

Command descriptions:

scbel source dest
sQurce:

the source work
dest s space

the destination workspace

7+




Command descriptions sources It specifies the workspace in which the averaging
operation is to take place

R ) :
ha(rfilter) source dest vetrfilter)saurce dest dest: It specifies the workspace in which the results of the
These caommands perform a horizontal and a vertical edge operation will be copied
detection transformation on the current window respectively
E] : =1 rk h i ;
surce ource workspace for the operation 7.7 Median filter operation
dest: destination workspace

They use a 3X3 convalution with the kernels below:

-2 -2 -2 -2 0 2
kh={ 0 ©0 o0 kv=]-2 o 2
2 2 2 -2 0o =z

Command descriptions;
7.4 Pixel averaging transformati
9ne STormation me{dian) source dest

This command performs a 3X3 median filter operation on the
current window

source; the sgurce workspace

dest: the destination workspace

Command descriptions:

average source dest

This command performs a pixel averaging transformation on the
current window. It uses a 3IX3I convelution with the kernel below:



Practice 8:-

How is it possible to use at the same time
area process algorithms?

point

and

L
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Practice 9:
How is it possible to dilate
a pre-defined window?

or erode the contents jnto

Command descriptions:

di(late) source dest
This command performs a dilation on the contants of the

window in the source workspace. It uses a 3IX3I structuring element
to perform the dilation

SOUrCe: is the source workspace for the dilation gperation
dest: is the destinatian workspace for the dilation
operation

@r (cde) saurce dest

This command performs an  erosian operation on the
contents of the window in the saurce workspace.It uses a 3IX3
structuring element ta perform the erosion.

source: is the source workspace for erode operaticn

dest: is the destination workspace far the erode
operation



Practice 10:
How is it possible to use zoom?

)



Command descriptions:

zoom mode :

This command selects either full resolution or
resolution and allow & images to be stored in a
position of images within a
cammands.

zaom
quadrant.The
quadrant is set by the pan and scroll

mode: O ~=> standard video

non Zero ~—> zoomed video

scror{el) offset
This command is used ta shift the image relative to

its
current position on the screen.
Scrolling is done in blocks of sixteen pixels,
offset: this parameter specifies the relative scroll of
the window.Both positive and negative values are

accepted.

panr{el} offset

This command is used to shift the displayed image

) ) relative
to its current position on the screen.

Panning is performed in blocks of eight pixels.

offset: this parameter specifies the number of pixels by

which the image will mgve.Both positive and negative
values are accepted.

Y|
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