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Seanning principle

Fig. B—1: Scanning principle

Fig. 8-2: Imaging geometry (fengths/mm) *}

A} ! Gll:llfv aperture, scan field = 530 mm ~ A) Focal spot

8} Patiemt . B) Limitation of the examination resion max,
C) OPT1 1561 X-ray tubs unit 8 mm

D} Detector system €) Detector system with 512 solid-state detec-

E} Direction of rotation detectors
Fq...F3}  Individual absorption profiles D) Patient positioning plane
"£) Axis of rotation of the tube unit-detector
unit
*} Schematic view: numerical data are Lpnroxi-
mate values.

A detector ty_stem connected mechanically 1o the tube rotates continuously around the object 10
be scanned {Fig. 8—1). The object to be scanned is scanned and projected with a maximum of 1440
X-ray pulses during one scan with a rotation of 360°. The intensity distribution of sach projection
— the absorption profile — is recorded with the detector systern, the 512 individual detectors of which
are arranged after one another without any gaps {Fig. B—2). This permits optimum utilization of the
pulsed fan-shaped scan beam which covers the entire cross-section at sach projection.

Layout of the tube unit-detector system

foon tEmmx 18 mm
Inherant filaration: 22 Al

l ‘ ) Lead cone with slor ealiimatos

Prefiminary collimetos

\‘\ Fitver 0.26 mm Cu

Slice collimator, adjustable by motordrive
{computer controlied)

Pleniglsss-proteciive ting
Scan lield 530 mm

-—— 35—
[t - ——  — 780

Slice collimatos, sdjusisbis by motor
[computirconiroting)

Collimator

The geometric dimensions of the tube unit-detector system are conceived 50 that with the SOMATOM
DR system the entire circutar surface (gantry aperture} ks coversd by the fan beam. In this way all
centering problems In patient positioning are svoided since the scan fisld diameter and the ganiry aper-
ture coincide.

The detector elements are distributed on an arc (Fig. 8-3) of 42°. In this way, the entire gantry aper-
ture (530 mm) is covered.

Detector

The SOMATOM DR detsctor consists of 512 image-forming, independent detector elements in addi-
tion, there are 2 reference channels close 10 the tube, Each of the 512 detector elements is associsted
with its own integrator which sums the scan signal over the duration of the X-ray radiation pulse,
These measured values are led in the pauses between pulses vis 8 multiplex circuit to an analog-digital
converter and are passed omo the image processor.

In this way, the following properties of the detactor systam sre sffsctive:

~ High sbsorption and conversion of the quanta in tha erystal.

— Effective scatiered radiation suppression through thin coflimator pistes between the detector ele-
ments.

— Optimum dose efficiency through high absorption and favorsble collimator geometry.
= Three slice thicknesses: adjustable from 2 to 8 mm, '

B3’ 8.J—[‘i



Fan beam

The SOMATOM DR unit operates according to
by 512 detectors (see Fig, §—4).

the fan-beam principle. The fan beam is measured

Scans even of Jarge patients up 1o a diameter of approx. 530 mm can be carried out because of the

large aperture angle of 42° of the fan beam.

The source-detector distance amounts to 1135 mm; .
the source-skin distance lies between 500 mm and 760 mm depending on patient dimensions.

of 360°. Approx. 40° are required for run-

The fan beam scans through the complete circular angle
detector system (see Fig. 8—5).

ning up {reaching the scan speed) and braking the tube unit

Ettaktiv-MeBwinkel 360°
Etheciva ianming angle 360°

FohusDichmurieipunki 350 mm
Focut rotanon cenier 760 mm

L

Anlsut 40°
Star) 40°

512 Mellstrahion
4 Max, 512 gerecton
Fohus-Ronsgenyirashier "‘aw“.'.-".?go'n:'n

X1y logul

Folus-Detshier-Abstand 1135 mm
Fotut—oaiecion 1125 mm

Fig.8-5

Fig. 8-4

o A 1° sector of the fan beam is shown in Fig. 8-6.
::::,' ::",-: 12 detectors are associated with each sector.
Their mutual sngulsr distance smounts 1¢ 5,

12 Detektoran pro 1°
12 detectors per degres

Fig.8-6
84’ S/' 50
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Gantry

- The gantry contains the rotating tube unit-detector system. The measurement electronics in the gantry

Fonver_t _the analog scan signals arising with each high-vohiage pulse in & linear analog-digital converter
into digilal data. These are subsequently transferred into the acquisition computer of the image pro-
Cessor. :

The 3D light localizer is also in the gantry aperturg for accurate slice positioning.

The gantry can be tilted by motor drive by 220° to the vertical axis so that scans can be made obli-
quely to the patient axis (oblique tomography).

Patient table

To increase operating convenience, the pati i i i
_ . patient table is accessible from all sides, Fold-out control
consoles with the controls for patient table and gantry are located on the longitudinai sides.

ep Lient can all!'dv be posmoned onase
“l atien cond hblﬂtnp outside the examination room and can be
then moved with the "anspﬂn ronlv

t 1 over the lomlcd p.llcﬂl €ouch uilm the ‘“Ielch.“‘eablc ub"

Corners and edges of the patient table are v ! i

d i pholsiered in soft material. The pads at the narrow sides
are coupled with s.alely switches which switch off table movement sutomatically in case of a hazerd
Please refer 1o the “Protective measures” section (see page 8—4) for details. .



Control and evaluation console

The control and evaluation consoles consist of single modular components which can be combined
according to furctional requirements, opersting convenience and equipment configuration.

Control console modules

@ System module

® Control module

¢ Window module

@ Loudspeaker module with intercom unit
® Program module

@ image and text monitor {black/white monitor 31 cm}
anpout keyboard and resistor matrix with input stylus

Evaluation console {(optional item}:

@ Window module

@ Program module

@ Loudspeaker modula

® Documentation console for MULTISPOT F and instant camers
@ tmage and text monitor {black/white monitor 31 cm)

@ Black/white monitor 44 cm

@ Color menitor

Image reconstruction in the image processor
The SOMATOM DR system can be suppfied in two different basic types:

SOMATOM DR2 with 256 matrix
SOMATOM DR3 with 512 matrix.

The image processing systemn is employed in two ¢
difference lies in the number of back projectors ani

repetition stores, see table below:

xtension stages depending on the matrix used. The
d in the size of the image reconstruction and image

Digital scan data processing is performed in
the BSP 11 array processor in normal scan-
ning mode. The image reconsiruction i
made simultaneously according to the pipe-

line principle,

The raw data resulting from correction of
the scan data is forwarded from the tempo-
rary store to the peripheral stores, to the
convolver and then on to the image recon-

struction stage,

Scandats processing  Control and

Scanning system  snd image display petiphatal siore

FOMATOM DR Image matrix= Number of back { Capacity of the Capacity of the
pixels projectors image recon- image repetition
struction store store
[Version 2 256 x 256 1 64 kW x 32 bit 64 kW x 32 bit
[Version 3 512 x 512 4 256 kW x 32 bit | 256 kW x 32 bit

The reconstructed tomogram can be recalled from the control console {NEW button) immediately af-
ter termination of scanning. During this procedure, the image is transferred from the image reconstruc:
tion processor in1o the image repetition store., -

8-6
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block disgram

Image display

The CT values are transformed into i i
| : grey steps which can be differentiated from o i
g!aymg # CT image on the 735-ine/60 Hz image frequency monitor. ne snother for dix
: rl\m the hun_un eye can fli"emminu only between 15—20 grey steps on » black /white monitor, it is
wus‘fmt possible to perceive all details simultaneously on the monitor. However, a region of th'e ab-
;p ion valu.e scale can be selected with the aid of the window technigue so that all structures of
relevant density can be displayed on the screen in high contrast,

8-7

8,5’5




The attenuation values in HU {Hounsfield units) are scaled in the image store according 10 the follo-
. wing scale:

HU Type of object
-1000 air

] " water
+3071 very dense bone

The image store has a depth of 16 bit:

12 pit {or the CT density value
4 bit for graphical marking purposes

Matrix Image store Monitor Image number
256 64 KW 256 1
512 ] 4 x 64 KW 512 1
512 4 x 64 KW 256 1
250 poom { o afl X B KW, 512. 1 x4 paraliel
266 4 x 64 KW . 512 4 x 1in series
a} Window technique

Sections of the attenuation value scale can be spread out for better differentiation by window display
°,f the CT values. A CT value or range is always associated with one grey step. The grey-step scale con-
sists of 8 maximum of 256 steps. In the case of windows with an attenuation value range of 256 HU or
less, the number of the grey steps displayed and of the CT values is the same. The position of the win-
dow center can be varied continuously from —1000 1o +3071 CT units.

«Mn

256
Gray values
-
-1
-
CTowluem scate Geay-sap sale

66 - 5,51

b} Programmable window selection

- In addition 10 the selection of asinple window of a density region in the tomogram, the SOMATOM DR

system offers further possibilities:

# Automatic setting of the window centerline ]
A 9-pixel region of inerest of the tomogram can be marked on the monitor with the electronic pen

and resistor panel. The window centerline is immediately adjusted to the mean CT value of this re-
gion. The position of a second window can be set in 2 similar manner.

# Double window
for the simultaneous display of two different
regions, e.g. heart and lungs, two windows
with different centerline and width can be se-
lected.

CT-wvalue scale Gray-step sale

@ The boundary between the two windows is displayed in black.

In case of overlapping windows A and B, Window A has priority. Window A must be assigned to the
higher CT vaiues for optimum image display.

Window within the window

A window B can be selecied inside the win-
dow A for differential display of & region in
the tissue.

CTeius xaie Gray-aap Xale

® Substitute value in the window 39
A second region B can be highlighted with one
gry step arbitrarily black, grey or whit with-
in 2 window in the region A,

-~
CTamlue scale Groy-nep nale

8o g/lgg .



¢} Programmable grey-value distribution
The transfer characteristic of the grey-value scale can be programmed by the user in any way via
graphic input. In this way, the image display is adapted to the varying contrast reproduction of the
screen or of the film in the case of documentation, or it can be individually altered.

Linesr grey-value
distribution

d) Color display (optional item)

Contrast EnNhancement i 1w
center of the grey-value scale

Tomo.grams can be displayed in color on a 735-line color monitor. The attenuation values can be
sssocisted with the colors of the spectrum from biue to red {depending upon the window setting).

¢} Relevant data for identification and evaluation are superimposed on the monitor and are stored

together with the image data.

g5k

{) Variable image display with ditfering size of the image matrix {only SOMATOM DR3}

The modular construction of the image store permits severa! possibilities for image display. Four ima-
ges of matrix size 256 can be stored in a large store by subdiving the store matrix with 512 x 512 pi-
xels into 4 matrix regions with 256 x 256 pixels each.

Display of an image with 512 x 512 pixels in # large matrix:

imepe dete Irraps metrix Maonito

The display on the monitor always takes place in full format, i.e., with animage matrix reduced insize,
the image is automatically displayed magnified 1 : 2.

811 8.,5’1



Simultaneous display of four imeges with a large matrix:

h) Data superimposed on the television yictim

1 Scanunit 11 SL:slice thickness
2 Patient’s nams 12 GT:gantry tilt in degress
3 Patientdaa 13 TP: table position
4 Date of the scan 14 Comments
. & Clock time of the scan 16 Window center
6 Image filing, store, image number 16  Window width
Image das imoge metrin - Monhor 7 Number of the slice in the slice sequencs '** ' 17 Referance scan by cm
e . 8 TI: scan time (sec) 18  Note on image viewing
@  kV:tube voltage {kV) . 19 See explanation below
10 MS: mAs-value per scan . - 18a Patiem position
H/...= HEAD FIRST/...
CINE-CT (optionsl item) ) ) ) Fl.. .= FEED FIRST/...
gymmic proc:‘sses of SERIAL or CARDIO-CT scans can be displayed on !he monitor with CINECT Explanation of number 18: 20  Hospital name
a5 a rapid image sequence. In this case, several images are stored in the large image matrix. ' £ " 3 2 5
' l I—-lmqe with balancing
Quarter hours
fsince Iast calibration)
Number of kernel
High r
Program wrsien
Irvage dara for mage matria Manitor Numbsr of lookup table
ran. 12 images 1 = linsar charactaristic (standerd)
2 = non-linesr charscteristic
3 = treely salacvatie chavacteristic (command SET/LOOK WPAGEN)
llustration of the principle for a sequence of 12 images.
8-12 % B-13 "
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Peripheral data stores

The SOMATOM DR system is equipped with various peripheral data stores with differing storage ca-
pacity. The access timas depend on function and store organization.

Processed] image data can be stored in compressed and uncompressed form as well as raw data,
The storsge spacg requirements can be reduced by compressing the image data by around 75 % com-
pared 10 the uncompressed storage. The computational effort required for data transformation

increases however, the storage and reading time.

The required capacities and access times of the data carriers are in accordance with the technical and
clinical requirements as well a5 sccording 10 the data quantities that are generated.

Function of peripheral data stores:
® Temporary storage: Data filing in stores with short transfer times and rapid access. The duration of
" data filing is restricted to a short dwell time,

@ Filing: Long-term storage of image or raw data which in contrast 10 temporary storage are not de-
signed for rapid repeated access.

The functions and sccess times of the individual stores can be read off from the following table:

Capa- Function Contents | tmages Writing, reading | Raw-dats seus
city {uncompressed image | time Number of
dats) Matrix 256/512 | projections
max, mex. “e 480 | 720 |1440
number | number
matrix | matrix
256 512
Disk store { & MB | System Store| Oparating - - - - = |-
system
Disk store H 5MB | Dota store | Arbitrary ) ] DB/2B w| 7| 3
dats
Disk s10re 67 €7 MB | Femporary | imasge, 504 128 05/ B 134 | 90 | 44
ttore tow date
Disk store 176 | 176 MB | Famporary | Image, 1206 24 LETAN] 4B 1234 114
{shernative store o data
10 67)
Floppy disk D5 MB ! Archiving fmage 3/side or [ approx. - - = |-
sore data of ap- Irsice
prox, 10 | compres-
1012 wd
compras-
wud
Magnetic tape 28 MB | Archiving Image, 195 50 Write-read speed | 50 | 35 | 17
ttora 75 store raw dats 75 nls
{optional item)
Magnetic tape 28 MB | Archiving image, 185 B0 Writeread speed | 501 35 | 17
store 125 store raw data 125 in/s
{ahternative 10
75)
B8-14
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High-voltage unit

The short scan time of approx. 1.4 sec and ‘image reconstruction during scanning are prerequisite for
8 rapid scan sequence. To achieve this, 1he high-power constant potential genarstor and the OPTI 151
CT X.ray tube sre used in the SOMATOM DR system .

The OPTI 151 CT Xray tube is an oil-cooled rotating-anode tube with 1.6 mm x 1.6 mm focal spot
{useful beam} and has been specislly developed for CT application. The sdvantage of this rotating-
anode X-say tube Is the high short-time rating, ‘which enables » rapid scan sequence to be achieved|
The X-ray tube is'¢ooled by an external oil-<ooling unit. tn this way, » uniformly rapid scanning opera-
tion with high patient throughput can take place without heating up the anpde disk beyond the
permissible limit of 1,000,000 Ws (1,350,00 HU}.

Computer-controlled anode disk thermal capacity monitoring indicates 10 the user the number of
scans which are possible without additional X-ray tube cooling when the scan program is sefected.

A built-in safety device prévents thermal overloading of the X-ray tube In the generator,

A thermal overload is signalled acoustically. Scanning is interrupied until the signal has been silenced.

Control processor PDP 11/44

Its tasks are:

— Carrying out the operating dialog with the user

= Control of the individual movement operations of the gantry

— Supplying the image processor with program and control parametars
= Temporary storage of a raw-data set

— Administration and filing the reconstructed CT images

= Evaluation of the reconstructed CT images

Tha control processor containg an extensive scan program to perform these tasks. This is activated by
the operator by means of the control keys on the control and svalustion conscle or through commands
entered in the dislog.

The standard configuration of the control processor slso lnéludn a protocol printer which is used
primarily for printing out absorption valuss or directories of filed data carciers but also for service
purposes,

The scan program documents all errors thet develop and thus permits selective arror detection and lo-
calization,

8-15.
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Dose distribution in the room

in 1he horizontal plang (parent level)
- = ~—pultide the palient level

Whole body standard scan;
. 125k V/320mAs/Bmmslice
Ime 32 pSv/Bmim slica
Ko Head and body phantom

Overload protaction
Overloading of the X-ray tube in continuous operation can only occur when to0 many scans tave
been carried out consecutively without pause {depending upon the scan mods).

When 3 cooling pause has to be made, this is monitored and output by the processor. The overal)
foad of the X-ray tube depands on

a) the scan mode with which the rapid sories was scanned
b) the previous loading of the X-ray tube.

Hear1 and Brain Examinations

it the unit is used, alone or in conjunction with other units, for brain or heart examinations, an extrs
connection must be made between the unit and a poential-equalization point such as the patient table
before connections are made 10 the patient.

Broadcast-interference suppression
Carresponds to the German regulations which are largely adapted 10 the CISPR publications.

Protection type and protection class
The product is accordence with protection type P 20 and protection class 1.

£

Technical data {continuation)

Patient positioning

- Patient table:

Table height:

Table fongitudinal travel:

Setting accuracy:

Positioning aids:

Computer system and dats stores
Control computer:

Image processor:

Disk stores:

Floppy disk stone:

Magnetic tape stoms:

Scan data
Slices per scan;

Scan time:

Number of projections:

Scan sequence:

Examination table with mobile patient interchange
sysiem

615 — 1080 {615 — 1111)* mm, adjustable by motor
drive

max, 1485 mm, motor-driven or with hand-whesl
Computer-controlled in 1-mm steps, setting speed:
1485 mm in approx. 16 sec.

Tolerance with stepwise adjustment:
max. 0.25 mm/increment

Toilerance with arbitrary slice positioning:
max. 0.6 mm

Head cradies adjustable for extreme sections
Elastic patient support and attachment  aids
Positioning aids for infants

PDP11/44 central processor unit with 256 kB MOS
store, B kB Cache store, real-time clock, LA38 proto-
col printer, parallel interfaces for process control

BSP11 array processor for simultaneous image
reconstruction

Systémn store, 5 MB

Data store, 5 MB

Image/raw-data store, 67 MB, alternatively;
tmage/raw-data store, 176 MB

2 drive, 0.5 MB

Archiving store, 28 MB for image/raw-data, write/
resd speed alternatively 75 or 125 ips

1
1.4sec; 2.1sec; 3.2sec; 4.5sec; 5.2sec; 7.0sec; 14s0c

240; 320 with 240° scan angle
480; 720, 1440 with 360 scan angle

max. 12 scans per minute with 480 projections
(SERIOCT)

8-10
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Technical data {continuation)

- Tube voltage:

mAs product:

{mage uoonmucti;:n and display
Display field:

Zooming:

Processing time for image reconstruction:

Convolution kernels:
Image matrix:

Pixel size in the object:

Text monitor:
Image monitor:

Color display for retrofitting:
CT-value scale:
Number of grey steps:

Window centerline:

Window width:

Double window:

Window within the window:

96 kV; 125kV

96 — 1036 mAs at 125 kV:
125 = 1350 mAs at 96 kV

5.3 cm to 53 cm diameter, continuously variable
Zoom factor 1 — 10
0 to 2.5 seconds depending on number of projections

Can be selected, several convolution kernels are
assigned 10 each scan mode

Version DR2: 256 x 256 pixels
Version DR3: 512 x 512 pixels

Image matrix 256: 2...0.2 mm
corresponding to zoom factor 1 — 10
Image matrix 512: 1...0.1 mm
cormresponding to zoom factor 1 — 10

735 lines, black Awhits,
31 cm screen

735 lines, black white,
31 cm screen

735-tine color monitor
—=1000 to +3071 HU {Hounsfield units)
1 - 256

—1000 10 43071 HU, continuously variable, or suto-
matic setting with electronic pen and resistor plate

2 to 4049, HU adjustable in even increments

Double grey-scale display of two CT value ranges in
one image

Double grey-scale dispiay of two CT value ranges.
Region of window B within the limits of window A

-1

56

Technical data {continuation)

- Highlighting:

Programmable grey-value distribution:

Image documentation:

Room climate:

Cooling water:

Minimum space requiremant:

Minimum transport requirements:

Power supply
Nominal generator ratings.

Accentuation of a selected CT value range for dis-
play with one grey velue from black to white

Arbitrarily programmable transfer charscteristic of
the grey value scale

— MULTISPOT F multi-format camera for B” x
10" or 11” x 14" cutfilm with 735-line monitor

— Documentation console with 24.cm monitor,
735 lines for Polaroid or 100-mm cutfilm camera
and ministure film camera, 35-mm film.

Room temperature 22°C 1+ 3°C
Temperature gradient 2° Cth
Relative sir humidity:

55 % 1 10 %, free of condensation

Water pressure min, 1,75 bar, max. 5 bar

Water flow at cooling-oil temperature 5 352 C with
1 to spprox. 3 I/min depending on water tempersturs
55 m?

Door height: 212em
Door width: 100 en

- -Elevator depth: 300 om

Elevator capacity: 1580 kg

3-phase, 50/60 Hz 380 | 420 | 440 {480 |V

Connection value 42| 46| 49 53 | kVA

internal power supply line impe- 135 | 220 | 180 | 250 | m2
dance required

Power supply ratings of units and
computer components:

Rated current connection:

300 V; 50 Hz approx. 14 kVA

Rating depending on unit configuration. With power
supplies with fluctuating voltage values and fre-
quencies, an appropriste system transformer must be
provided in the building’

Corresponds 10 the series fuse

80 A at 380/420/440/480 V {per phase)
100 A at 380 V (per phase)

9-12 - g” (9(3



M ODE MODE

Special notes:

4. Convalution kernels offered and their effects
1. The MODE command contains, apart from loading, the control parameters, loading

tables and similar scan preparations, the offset measurement as well.
Convelution kernel Provided for Identification
2. The following special points must be observed when entering the command: No.
Entry without set number is permissible only in two cases: ) 1 Phantom Mathematical normal kernel
MODE Load the last used parameter set 2 Body Routine operation (abdomen, vertebral co-
lutnn, pelvis)
MODE/SELECT Change the loading the last used parameter set
. 3 Head Routine operation
but:
MOD  n=MOD/TOM n: Load the tomogram set No. n 4 Body Very much smoothing for special applications
3. The scan parameters for the SOMATOM DR are indicated in the following table. & Body kernel 2 + _smoothing. p.articuhrly for quick
In the case of the SGMATOM DR1, scan modes No. 1 and No. 2 are inapplicabls. scan and split reconstruction
6 Head . kernel 3 + smoothing, panicularly for quick
" o . .
Scon wode [ Scan time | Projections { Scan sngle sﬁm":: Pulse enpie mAL Bkin dom (nGy) ., sean and split reconstruction
Neo. [e] [oe ) [mm ) Iwg] losav [12sev |osrv J1zsey —
7 Body Edge enhancement [cervical spine, chest)
\ 1.4 240 240 L o nl e 3 4 -
b Va8 | oo Al 8 Head Edge enhancement
2 2 a0 240 ] 20 200 | mo | w
0 M0 | a0 12 |
2 3 40 20 s ) wo | 0 5 s
» ® | 20 [ w0 | s
4 4 480 260 'l 20 es0 | 350 | w6 | 23
2 128 s20 | 820 | 24 | 35
5 B 720 250 s » 720 | 10 e | 12
] 50 | | s | 2
4 78 880 | 450 0 N
& ? 720 360 4 %0 680 | 520 | 23 | 35
2 125 0% | W | 35 | s
] " 1440 280 1 2 aso |ase | s | ;3
an 80 00 | 00 [ M | &
2 »0 1350 [1050 4 | n
T20-13 20—14
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FILTER

With the command FILTER, a subsequent image manipulation can be carried out.
Ten different selectable filter functions are available,
fn this way, the desired image appearance can be selected for the task concerned.

¢ Examples of images see page 15-5

HELP - Filter list
SMOOTH B
{F1) . Smoothing fitter (Gaussian)
MEAN )
(F2) - Averaging smoothing filter .
CONTOUR :
(F 3) - Contour filter with 3 x 3 image-point matrix *
VARIABLE
{F4) - Variable smoothing filter (Gaussian)
FS - Edge-enhancing filter
F6 =~ Edgeenhancing smoothing filter *
F7 - Shading fitter
Fg - Smoothing by averaging with 2 x 2 image-point matrix
Fa - Median filter
F10 - Contour filter with 5 x & image-point matrix *

Q2 —  Cuadrant speciication;
a3 if this is missing, the displayed image is filtered
04

15-1 %’(’1

FILTER

The filter functions F1 to F4 sre applied tﬁrough the image computer 85P11,
F5 to F10 are applied through the host computer PDP11,

The computing time required depends on:

2} the matrix used {256 or 512)
) the computer used; BSP11 or PDP11

Note:
on the evaluation console (DSC), sl filters are computed in the PDP11 {with out

"F4 1), Filter function F4 is used on DMC only |

A 3 x 3 pixe! matrix always forms the basis for the "SMOOTH, MEAN, CONTOUR”
filters; see the diagram,

%7/ KR

Because of differing weighting and combination of the individual matrix terms, the
following filter functions arige: '

SMOOTH=F1
Smoothing filter (Gaussian]
1
ExJg [A+2B+C+2D+4E+2F+G+2H+J]

MEAN=F 2
Smoothing filter via mean value formation

1
Eag [A+BACHD4+F+G+H+J)

gno



FILTER FILTER

e

CONTOUR=F3
Contour filter Fb Edge-enhancing filter
F=2- ' ((A+B+C)—(G+H+J)J2+[ (A+D+G}—(C+F+J) ]2 |
E'=12-{-2A+B—-2C4+D+6E+F-2 G+H~2J)

F6 Edge-enhancing, smoothing filter
. E'= | 2E ~fitter 1 (for 2 € — filter 1 > 30)
VARIABLE=F 4 (only DMC, noy DSC} Filter ¢ {for 2E — filter 1 <30 )
For this filter kernel, the filter range {= matrix diameter} must be determined via
the dialog. F? Shading filter

INSERT MATRIX RANGE FOR TERM 1 ({0], 3,5, 7,8): xx <CR > E'={-A-B-C+D+3E~F+G+H—J}

INSERT MATRIX RANGE FOR TERM 2 {|0),3,5,7,8): xx <CR > e
Smoothing filter via averaging with & 2 x 2 pi i
The resulting matrix point is calculated as below: " X & pixel matrix
E'=1/4-{A+B+D+E})
max (A1, R2) { 51 > + Sl? ‘]
- - _Y H il . H .
P lx, y) = —F -0 Pir} 2{R1}) 2 (R2) Fg Median filter : smoothing, howsver, with minimum edge modification
' ma (R, R2) [ 51 _s2 £ = Central value from 3 x 3 pixel matrix
.o 2mR - 2085 Note: o
. The cenzral value of 8 3 x 3 i i ;
In the formula: . : X 3 matrix Is obrained by arranging the vaives
in ascendi i .
Pix,yb=  Central point which is filtered 7% tequence and by taking over the fifth vaiuve in sach casa.
Pl =  Pixel within the stated matrix Fio Contour filter with 5 x § pixet matrix
Ri/R2= Radius of the image matrix for Term 1, Term 2 —
Matrix range designates the matrix diameter E'=Gj= 'l Gi—2, j~2~ Giz #2! 244 Gi-2, j+2- G2 j-2! 2

i = column number, consecutive

This gives:
J= Jine number, consecutive

Matrix range l R1, R2 I Number of the points used

1] 0 0

3 1 ]

5 2 21

7 3 37

9 4 61
81,82 = Weighting factor for Term 1, Term 2
r - Radius of the pixel

15-3 2l
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