PRESSHELL, 82-54-03, ERRAIN FLOW. D, 5/23/74

PRESSWELL, 82-84-88, BRAIN FLOW, D, 5/23/74
te
+

16389

GAMMA-11 F/B V2
CLINICAL DEMGNSTRATION

TOT CT=217327 CELL £T:#Fd=Z50 MIN=@ FAU=S3
ROI COUNT: A=146%4  Bx14448

& OF CELLS: A=153 3=153
fV CELL COUNT: R=% B=54

LTa5,5 UT=100,5 Ex 1 FRAME/SEC

10,2674 INDEX T PATIEWT STUDIES  PAGE 1

1 MUCCI, ANGELO: 28-94-83, CARDIRC. D, 10/25/74

2 KELLERMAN: FRANK. 14-89-04, RENOGRAM, D, 18/25/74
3 CRUTHERS, LYLE: 49-€5-92, LIVER, 5, 18/24/74

4 SMYTHE. GEORGE. 23-97-81, CARDIRC, D. 10/24/74

S RICHER, PETER. 22-76-91, CARDIRC, D, 18/23/74

€ THOMAS: RICHARD. 23-97-75, BRAIN, S, 18,2374

7 PAVO. AR 44-37-31, BONE SCAN, S, 10/17/73

& HARRIS. TIMOTHY, 33-08-71, RENOGRAM, D. 10/23/74
9 BARLOM. MARK: 26-53-04, BRAIN FLOW. D, 10/23/74
19 HILSON. MARIE. 28-99-71, BRAIN, 5, 19/23/74

11 ROBERTS. WAYNE:. 11-38-28, BRAIN FLOW, D, 108,23/74
12 FOSE. DVID, Z2-97-01, RENAL: S, 18/23./74

13 DEAN, CATHY. 29-81-82, CRARDIAC, I 108/25/74

14 WRLKER DANIEL, 24-95-43, RENOGRAM, D, 18/23/74

15 FORSYTHE GEORGE, 22-58-91. BRAIN, 5, 10,2274

16 RICHERT, DANIEL, 33-78-51, LIVER, S, 10/22/74

17 PLUNKETT, ROBERT, 12-76-41, CARDIAC, D, 10/22,74
15 SMITH,MARY, 33-76-19, LIVER, S, 10/22/74

13 JONES, CHARLES, 33-88-56, BRAIN, 5, 18/22/74

20 PAYD. RICHARD, 11-45-89, BRAIN, 5, 10/22,74

0 g A e )

o]
T

e

r

+4

+4 + +
satttae
++e o,“’"’

i COUNT RRTE US TIME

+
LA XXX

+
+ Theete
+
stt + 9’*50,.

i

PAVO, AR 44-37-

RQI R

EDHE ZCAN,

COUNT RATE VS TIME

TOT (T=432539%
TOT (T=486433
TOT (7=4808345
TOT (T=573447

COMAND: -

LT=0.5 UT=120,5

CELL (T-HRR=243
CELL CT:MAX=Z55
CELL (T:MAX=214
CELL CT:MA%=CSS




GAMMA-11 F/B V2
CLINICAL DEMONSTRATION

PRUGRAMS



CONTENTS

BASIC Programming.

EJECTS:

EJECT:

FILTER:

FUNC:

Ejection fraction calculation (static method)
Ejection fraction calculation (dynamic method)
Left to right cardiac shunt calculation

Cardiac output, stroke volume and pulmonary
transit time calculation

Cerebral blood flow analysis

Percent distribution of regional lung ventilation,
equilibration and perfusion

Renogram analysis
Rib removal of myocardial infarct scintigrams

Functional image program



1. BASIC Programming



BASIC Programming
BASIC is loaded under the control of the RT-11 monitor by typing

CTRL/C
.R BASIC (CRZ

BASIC is then loaded and prints:

BASIC V@1B-@#2
*

and awaits the specification of the optional functions available
to the system. The user should type a‘<pﬁ7’and BASIC will
print:

USER FNS LOADED
READY

and waits for a user command. (NOTE: refer to the BASIC/RT-11
Reference Manual, section 1.1 for alternate responses to

loading the user functions.)

To load and execute a GAMMA-ll clinical program, the user must
issues the OLD command (refer to the BASIC/RT-11 Reference
Manual, section 7.2) to =srase the storage area and input the
desired program. The user should type:

oLD <CR )
BASIC responds with:

OLD FILE NAME _ _

and waits for the program name and a carriage return.



B)

-2

BASIC will respond:
READY
after the program is loaded. To execute the program the
user types:
RUN {CR)
and the program begins. It is recommended that prior to re-
executing any GAMMA-1l clinical program the user re-loads the

program with the OLD command before issuing the RUN command.

Users who wish to edit the GAMMA-1l clinical programs or create
their own programs are advised to read Chapter 7 of the
BASIC/RT-11 Language Reference Manual for a complete description

of the BASIC editting commands.

Program Descriptions

The following clinical programs are listed by their program
names. These names should be used in conjunction with the OLD
command in BASIC/RT-11l to load the program into memory.

(See EXAMPLE 1)

EXAMPLE 1%
+R BASIC

BASIC VO01B-02
X

USER FNS LOADED

READY

oL
OLD FILE NAME--CURVE

READY



2. EJECTS: Ejection fraction calculation (static method)



EJECTS - ejection fraction calculation (static method)
The ejection fraction can be calculated by saving two matrices
in save areas, one matrix an image of end-diastole and the

other an end-systolic image.

In both save areas, a region of interest (ROI) corresponding

to the left ventricle must be included.

The program requests the save area number and the ROI
corresponding to end-diastole. Then the program requests the
end-systole save area number and ROI. The program will output

the patient index line and the ejection fraction computed.

The method of determining the ROI of the left ventricle in
end-diastole and the ROI in end-systole is completely up to
the user. One such method is the technique of Kurtz, Ahnberg,
Freed, TLaFarge and Treves (to be published):
1) There are two methods for acdquiring an end-diastole image,
and then an end-systole image.
a) gating the camera output to produce one end-diastole
image and one end-systole image.*
b) acquiring a fast (around 10 frames/sec) dynamic study.
Save a curve over the left ventricle and call the BASIC

program MARK. Pick the end-diastole frames (peaks) and

uch as a Brattle gate or a Riverside Bio-Engineering gate.



2)

3)

4)

5)

6)

the end-systole frames (valleys) from the curve displayed.
The frame numbers are printed on the output device. Add
the 1st coluﬁh framé numberé to create an end-diastole
image. The end-systole image is the summation of the 2nd
column. (Figure 6)
Display the-end-diastolé image, lower the upper threshold.
(recommended setting is between 45 and 65%) (e.g. UT55)
Smooth the‘data »(S9)i |
Enter irregular region of interest (IR), outline the left
ventricle and save the matrix (SMp). (Figure 1)
Display the end-systole image, lower the upper threshold
(recommended setting is around 5% lower than threshold in
step 2) (e.g. yr48) and repeat steps 3 and 4. (Figure 2)

Call program EJECTS.



FIGURE 1. ROI defined over end-diastole left
ventricle

FIGURE 2. ROI defined over end-svstole left
ventricle
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3. EJECT: Ejection fraction calculation (dynamic method)




EJECT - ejection fraction calculation (dynamic method)

The ejection fraction can be calculated from dynamic curves

stored in a GAMMA-1l save area. The two curves necessary are

curves of the left ventricle in end-diastole and end-systole.

The technique for defining the regions of interest is the methad

of Kurtz, Ahnberg, Freed; LaFarge and Treves (to be published) :

1) the method of creating end-diastole and end-systole images
is described on page 3, section 1B. (Figure 6)

2) display the end diastole frames, smooth the data and lower
the upper threshold. (See step 2 in program EJECTS)

3) enter irregular region of interest (IR) and outline the
shape of the left ventricle. (Figure 3)

4) display the end-systole frames, smooth the data and lower
the upper threshold (see step 5 in program EJECTS)

5) re-enter IR and outline the end-systole left ventricle.
(Figure 4)

6) plot the two curves and then save the curves. (Figure 5)

7) call program EJECT.

The program will request the save area number and the curves
corresponding to end-diastcle and end-systole. The end-
diastole curve is displayed and the user selects pairs of points

corresponding to end-diastole and end-systole points (Figure 6).

The ejection fractions for each pai

- 110394 (=3

H
0
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nointg 1ic rintad and
olntes 1s rinted and

m
r -

y

the average ejection fraction for all the pairs is output on

the terminal.
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QPQS:

Left to right cardiac shunt calculation



QPOS - left to right cardiac shunt calculation

The quantitation of left-to-right shunts can be calculated
from GAMMA-1ll curves stored in a save area according to the
method of Maltz and Treves. The region of interest (ROI) is
selected over either lung and free of contamination from the
heart. The curve is plotted and saved and then the program
can be executed. The curve of the lung is fit to the gamma
variate function creating a curve simulating pulmonary flow.
This curve is subtracted from the original curve to create a
third curve representing pulmonary recirculation. This curve
is fit with the gamma variate to simulate premature left-to-

right recirculation.

The original curve of the lung, the regression curve, the
recirculation curve and its regression curve are all stored in
a save area to allow visual observation of the fit. (See

Figures 9,10,11)

The program will request the save area number and the curve to
be examined and also the number of the save register to store
the resultant curves. The original lung curve can be

smoothed and have the background subtracted prior to performing
the gammé variate fit. In many cases, these two operations will
improve the statistics of the fit and are to be recommended.

The point representing 70% of the maximum on the downslope of

the data curve can be calculated either manually or automatically

by the program. The peak of the recirculation curve can be



chosen in a similar manner.

The program will print the values‘of the four curves on the
terminal and also the QP/QS and C2/Cl ratios.
1) display an image of the lungs with the heart subtracted out

2) smooth the image (S9) and enter irregular régions of interest
(IR). (Figure 7) '

3) draw regions ardund either onerr,both of the lungs, and
plot the curves. (Figure 8).

4) save the dynamic curves (SDp).
5) call program QPQS

NOTE: Program available in BASIC and FOCAL.



FIGURE 7. ROIs over left and right lungs

FIGURE 8. Dynamic curves of the two ROIs
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5. CARD: Cardiac output, stroke volume and pulmonary

transit time calculation



CARD - cardiac output, stroke volume + pulmonary transit time
calculation.

The cardiac analysis program is calculated from dynamic flow
curves saved in a GAMMA-1l1l save register. The two regions of
interest (ROI) that are required are defined over the right and
left ventricles. The curves are plotted and saved and then the

program can be executed.

The area of a curve representing the first transit of the bolus

is required. The right ventricle curve is displayed and then

the log of the curve is plotted. The user chooses the bounds

of a least squares linear fit which is performed on the log

data displayed (Figure 15). The exponential of the curve is
calculated and is combined with the original right ventricle

curve to eliminate the washout portion of the data. This resultant
curve represents the first transit and the cardiac output and

stroke volumn is now computed. (Figure 16)

The program will request the number of the cardiac save area
and the curve numbers of the right and left ventricles. The
curves that are created in the program are stored in a save

area also (Figures 16,17). The blood volumn, equilibrium counts

and heart rate are also requested in the program.



The program will print the patient index and the current data,

then return the cardiac output, stroke volumn, and pulmonary

transit time. The program returns directly to GAMMA~1l and

redisplays the last image.

1) acquire a fast (around 10 frames/sec) dynamic study

2) display an image of the heart and mark an irregular region
of interest (IR) over the right ventricle and an IR over

the left ventricle. (Figures 12,13)

3) plot the curves and save them in a save area (SDy) .
(Figure 14)

4) call program CARD
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FIGURE 12. ROI over the right ventricle FIGURE 13. ROI over the left ventricle
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FIGURE 14. Dynamic curves of the left and
right#mntricles
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6. HEAD: Cerebral blood flow analysis




HEAD - cerebral blood flow program

Dynamic brain flow studies can be analyzed quantitatively with
the program HEAD. The user should define regions of interest
on either side of the head, then plot and store the curves

in a save area.

The program asks the save area number and then whether or not
the curves should be smoothed and normalized. The first pair
of curves to be compared are requested and the ratio of the
amplitudes, ratio of the slopes, ratio of the plateaus, and the
difference in the times to peak are computed. The program asks
if there are more curves to be compared and the user must
respond with "YES", if further analysis is required.

1) acquire a dynamic brain flow study

2) display an image of the brain (AD,), smooth the image (S9),
and enter regions of interest (RI) or (IR)

3) mark regions on either side of the midline (Figure 18)

4) plot the curves (maximum of 12) and save the curves in a
save area (SD,) (Figures 19,20)

5) call program HEAD

NOTE: Program available in BASIC and FOCAL



FIGURE 18. ROIs marked over each hemisphere FIGURE 19. Dynamic curves of the ROIs

oubdIOMEL FAUL. LEFIZL. ZREDN FLOb.

FIGURE 20. Dynamic curves after program HEAD
(smoothed and normalized)
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7. XEBH: Percent distribution of regional lung ventilation,

equilibration and perfusion



XEBH - percent distribution of regional lung ventilation,
equilibration and perfusion

Xenon lung studies can be analyzed by using the program
XEBH. The user should define regions of interest over the
lungs. It is assumed that there will be an even number of
ROI's, with the first half of them over the left lung and
the second half over the right. Normally three regions (top
of lung, bottom of lung, whole lung) for each lung is
sufficient, however XEBH can support up to 6 ROI per lung
(total of 12 curves). The curves are calculated and saved

in a save area. (Figure 22)

The program requests the save area number and then displays

the last curve calculated. The user is asked to interactively
choose the ranges for perfusion, edquilibration, background

and ventilation (Figure 23). The program will print the
patient index and then the percent distribution for each of the
curves. The V/Q, V/E, and Q/E ratios are also calculated for
every curve.

1) acquire a dynamic lung study

2) display an image of the lungs, enter irregular regions of
interest (IR).

3) mark up to 6 regions over the left lung

4) mark up to 6 regions over the right lung (the number of
regions for each lung should be equal) (Figure 21).



5) plot the curves and save them in a save area (SDp) (Figure 22)
6) call program XEBH

NOTE: Program available in BASIC and FOCAL.
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FIGURE 23. Pick the ranges for perfusion,
ventila#yn, equil., andMackgrd.
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8. RENO: Renogram analysis



RENO - renogram analysis

Renal studies can be analyzed within the curve analysis program
in BASIC/RT-11. The user should define 3 regions of interest.
The first two regions are over the left and right kidneys

and the third ROI is an area representing the background.
Normally, the background ROI is chosen in a small area between
the left and right kidneys (Figure 24). The curves are

calculated and stored in a GAMMA-1ll save area.

Run the general purpose curve analysis program CURVE and
execute the macro RENO (MR RENO). The program requests the
save area number and the locations of the three essential
curves. The 'pick' function is used to mark the bounds of the
integrals to choose a point on the upslope, to choose a peak,
and to choose the half life (Figure 26).

The program will subtract a normalized background curve from
the two renograms, then print the total counts, maximum counts
per minute, time to peak, peak to half-life, slope to peak,
and slope from peak to half-life for both curves. Left-to-
right ratios for these values are also returned. Finally, a
new save area is created containing the three original curves
and the adjusted left and right renograms with the background

subtracted out (Figures 27,28).



1)

2)

3)

4)
5)

6)

acquire a dynamic renal study

display anniméée 6f tﬁé-kidhéYé.ahé éﬁiéfwiffegﬁlar region
of interest (IR).

mark irregular regions over the two kidneys and a third
region representing the background (Figure 24).

plot the curves and save them in a save area (SDn)(Figure 25).
call program CURVE.

execute the program CURVE and for the 15t command insert:

MR RENO (bR). This will execute the macro RENO which is

set up for renogram analysis.
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FIGURE 24. ROIs over the left and right
kidneys, and a background ROI

FIGURE 25. Dynamic curves of the 3 ROIs



FIGURE 26. Pick the bounds of the integral, FIGURE 27. Left renograms: original curve and

then mark the peak, a pt. on the curve with background subtracted
upslope, and the half-life.

FIGURE 28. Right renogram: original curve
and adjusted curve
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9. FILTER: Rib removal of myocardial infarct scintigrams



FILTER - Rib removed of myocardial infract scintigrams (FORTRAN)
Imaging of myocardial infracts is subject to distortion

caused by activity in the ribs overlying the heart. The ribs
appear as a series of bars running horizontally across the
image. The program will perform a band-reject digital filter
on the scintigram and an additional lag filter on every

column of the image.

The user must store the image to be filtered in a GAMMA-ll
save area. When the program begins, the user inputs the RT-11
filename of the save area (e.g. SVAR@Z1.SYS, SVAR@2.SYS, etc.).
The program also requests the centre frequency, the half-
bandwidth, and the lag constant. The centre frequency is
determined by counting the number of ribs appearing in the
scintigrams and extrapolating the number over the entire
matrix. The half-bandwidth is usually about 30-40% of the
centre fredquency and the lag constant used to smooth the data

is usually around 50.

The program is currently designed for 128 x 128 matrices.
Minor modifications can easily be made for 64 x 64 images,
but matrices with low resolution do not benefit significantly

from the filtering technique.



The digital filter program is an adaption of Stokely's program
and uses the algorithm of Otnes and McNamee.
1) Acquire a static image of the myocardium

2) rotate the image so the ribs are horizontal (RO,). (Most
scintigrams will not have to be rotated) and save the image.

3) call program FILTER. (CTRL/C
.R FILTER)

NOTE: Program in FORTRAN only.



R FILTER

IMAGE FILTER FROGRAM
INFUT SAVE AREA NAME

*¥8VARO1.58YS8

FLEASE CHOOSE CENTRE FREQUENCY (1-64)
6

FLEASE CHOOSE HALF BANDWIDTH (1-128)
4

LAG CONSTANT

1Y)

STOF =



10. FUNC: Functional image program



FUNC - functional image program (FORTRAN)

The program FUNC will create a GAMMA-ll patient file consisting
of a single image which in some way is representative of a
GAMMA-11 dynamic flow study. In this program, either maximuim
zounts or time of maximam counts are the criterion for

creation of the functional image.

The user inputs the RT-11 filename of the dynamic study and

the name of the new Ffunctional image patient file. {NOTE:
GAMMA-11 patient files are required to have extensions beginning
with an 'X' and followed by two digits {x¢@, X¢1, ...)). The
program requests which criterion the user wishes for this

image and the user responds with a 1 for tims or a 2 for
maximuam intensity. The functional image can now be examined
within the GAMMA~11l system.

1) acquire a dynamic study

2) call program FUNC (CTRL/C :
.R FUNC) (Figures 29, 30)

NOTE: Program in FORTRAN only. The name of the functional
image file must not be the name of an already existing
RT-11 file on that device.



FIGURE 29. Functional Image based on time

FIGURE 30. Functional Image based on counts



R FUNC
INFUT FATIENT FILE AND NEW FILE NAME

¥RK1ICRESSW. X00
*MAX . X00

D0 YOU WANT TIME UR’INTENﬁlTY FOR THE‘ﬁﬁTRIX?n
TYFE 1 FOR TIME»2 FOR MAX. INTENSITY )

R FUNC

INFUT FATIENT FILE AND NEW FILE NAME

¥RK1IEWINGM.X00
XTIME.X0O

0O YOU WANT TIME OR INTENSITY FOR THE MATRIXT
TYFE 1 FOR TIME»2 FOR MAX.INTENGITY

STOF -



ADDENDUM

CURVE Dynamic Curve Analysis

CURVE is a general purpose BASIC program which allows the user to
display and manipulate dynamic curves. These curves have been
saved in a save area and are directly accessible via the GAMMA-1l
BASIC subroutine calls (see Chapter 13). Addition, subtraction,
division, and multiplication of curves are possible. Normalizing

a curve with respect to another, smoothing, plotting the exponetial
or the log, and integrating are other functions immediately executed
in this program. Certain functions return a specific value (e.g.
integration,curve fitting) and these values may be stored in one of
20 parameters available to the user. CURVE allows the user to
create macro programs from the list of commands, and also allows
the user to overlay his own BASIC programs to the nucleus supplied
by CURVE.

The first command usually executed during analysis will be to
read in the save area (RS nl). Then a dynamic curve should be
displayed on the terminal (DCnl). Any curve analysis command
executed before these two commands are issued, will result in
unpredictable results and probably fatal errors.

The other alternative at the start of CURVE is to type the response
"HEIP". This will list all of the available options in the program
as well as give some general instructions in the operation of the
system.

Once the save area and the first curve have been chosen, the user
can then choose from the list of 33 possible instructions. The
parameters for these instructions (nl) can be either real values
or the storage parameters available in CURVE. They are referenced
as pg,P1,...P9 and R@,R1,...RO.

Curve Analysis Commands

1. Input/Output Operations

a) Read Save Area (RS nl) - read save area nl into the buffer.
This command must be executed before any analysis can be
performed on the curves.

b) Write Save Area (WS nl) - Write the contents of the buffer
into save area nl. This command stores the results of the
analysis into one of the nine available dynamic curve save
areas. This command is usually the last one to be executed
during analysis.



c)

Write Curve (SC nl) - Write the curve currently on the display
into the buffer as curve nl. Any curve from ¢ to 11 may be
created or changed in the buffer with this command. Curve

12 is used by CURVE as the scratch curve.

Display Curves

a)

b)

c)

Display Curve (DC nl) - plot curve nl on the display. This
command should be executed immediately after reading a save
area. Then proper analysis of the curves can be guaranteed

Display Overlaid Curve (PO nl) - plot curve nl on the
display but do not erase the previous curve. The scale for
the Y- axis remains the same for this curve as it was for the
previous one. Therefore the overlaid curves may have a

scale either too large or too small in order to accurately
view it. There is no limit to the number of overlaid curves
than can be viewed on the display terminal.

Display Normalized Curve (NO nl) - plot curve nl overlaid

on the terminal after first normalizing. This function will
adjust the counts of the curve by the ratio of the number of
cells of the area currently displayed to the number of cells
of the curve to be overlaid.

Printing Curves or Parameters

a)

b)

Print Curve (PT) - print on the output device the curve
currently being displayed. The scratch curve (12' is drawn
on the output device and the frame number and the count
rate are also listed.

Print Parameters (PR nl,n2,...,nld) - print the parameters
listed on the output device. There may be up to 10 parameters
listed with this command, and there are a total of 20 storage
parameters available for the user. The first 1@ parameters
are designated 'p¢',‘'P1l','P2',...,'P9', and the next 10
parameters are 'R¥','R1l',...,'R9', These parameters may

be used as either input or output variables in the various
commands within CURVE.



Arithmetic Operations

a)

b

c)

e)

f)

Add Curve (AD nl) -add curve nl to the scratch curve (12)
and redisplay on the display terminal. The only curve
actually changed is the scratch curve and the contents of
the original curves are not altered.

Add Constant (CA nl) -add the constant nl to the scratch
curve (12) and redisplay. The appearance of the curve will
not be altered as a result of this command.

Add Normalized Curve (AN nl) -add curve nl to the scratch
curve (12) after first normalizing the curve. Normalization
is a procedure whereby the counts of curve nl are scaled by
the ratio of the number of cells of the current curve to

the number of cells of the curve to be added.

Subtract Curve (SB nl) - subtract curve nl from the scratch
curve (12' and redisplay. The buffer curve after the
subtraction will not contain any negative numbers. All
negative numbers are set to zero.

Subtract Constant (CS nl) -~ subtract the constant nl from
the scratch curve (12) and redisplay. Negative values are
set to zero.

Subtract Normalized Curve (SN nl) ~ subtract curve nl from
the scratch curve (12) after first normalizing. Normaliza-
tion scales the counts of curve nl by the ratio of the number
of cells of the displayed curve to the number of cells of the
curve to be subtracted. Negative values are set to zero.

Multiplicative Operations

a)

by

c)

Multiply Curves (MT nl) - multiply curve nl by the scratch
curve (12) and redisplay on the terminal. The scratch curve
is the only curve altered by the command.

Multiply Constant (CM nl) - multiply the constant nl to
the scratch curve and redisplay the curve. The appearance
of the curve will not be altered as a result of this command.

Multiply Normalized Curve (MN nl) - multiply curve nl to the
scratch curve after first normalizing the curve. Normaliza-
tion scales the counts of curve nl by the ratio of the number
of cells of the displayed curve to the number of cells of the
curve to be multiplied.
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d) Divide Curves (DV nl) - divide the scratch curve (12) by
curve nl and redisplay on the scope. If either the dividend
(curve 12) or the divisor (curve nl) is zero at a particular
point, the resultant point of the curve is also set to zero.

e) Divide Constant (CD nl) - divide the scratch curve by the
constant nl and redisplay. Negative constants are not allowed.

f) Divide Normalized Curve (DN nl) - divide the scratch curve
by curve nl after it has been normalized. Normalization
scales the counts of curve nl by the ratio of the number of
cells of the displayed curve to the number of cells of the
curve that was indicated.

Curve Manipulations

a) Plot the Log (LG) - plots the log (base e' of the scratch
curve (12) on the scope. This log curve is now the scratch
curve in the buffer file.

b) Plot the Exponetial (FP) - plots the exponetial of the scratch
curve on the scope. It is very easy to exceed the bounds
of allowable counts with this function. It is recommended
that the command be issued only when the maximum count of
the scratch curve is very small. (e.g. after the log is
displayed, or after the curve has been scaled down via the
constant divide command) .

c) Smooth the Curve (SM) - smooth the scratch curve (12) and
redisplay. The curve is smoothed with a weighting of 1-2-1
for every point and then is saved in the scratch area.

d) Integrate the Curve (IN nl,n2,i) - integrates the dynamic
curve displayed over a specific designated range. The first
two parameters (nl,n2) are input variables which determine
the left and right bounds of the integral. The integral is
computed and returned in the third parameter (i). The
parameter i must be one of the storage parameters, since
it is used solely as an output wvariable.

Linear Least-Sguares Fit (FT nl,n2,s,Y)

A linear least-squares fit is performed on the scratch curve
over a given range of points. The first two parameters (nl,n2)
are input variables which determine the left and right bounds
of the fit. The fit is then computed and it returns two values,
the slope (S) and the Y-intercept (Y. Therefore, the third
and fourth parameters must be two of the storage parameters,
since they are output variables that returns a specific value.
The third parameter will contain the slope of the line computed,

Lid LU 8 A 4



and the fourth will contain the Y-intercept.
8. Point Manipulations

a) Pick an X value (PX nl) - pick a particular X value for the
curve displayed on the scope. The cursor will appear over
one of the points of the curve and the user can determine
which point should be marked. Typing an "L" moves one point
to the left, typing a "R" moves one point to the right.
Typing a "J" will move the cursor 10 points in the last
direction indicated. When the user decides upon a point,
type an "M" and that point is chosen. The parameter nl
will return the X value (frame number) of the point in the
storage parameter designated.

by Pick a Y value (PY nl' - pick a particular Y value for thse
curve displayed on the scope. The cursor will appear over
the points and the user can determine which point to mark.
The keyboard commands "L", "R", "J", and "M" move the cursor
in the same manner as the command PX. When the user marks
the given point (by typing "M"), the parameter nl stores the
Y value (count rate' of that point.

¢) Change a point (CH nl n2) - changes a point to a new value.
The point to be altered is determined by the first parameter (nl)
and the second parameter contains the new value to be stored
at that point (n2).

NOTE: The function PX is frequently used in conjunction with the
linear fit command (FT) and the integration command (IN).
By calling PX twice one can store the left and right bounds
of the following operations into the area of storage.

1) PX P1; PX Rl 2) PX P1; PX R1
IN P1,R1,P2 FT P1,R1,P2,R2

MACRO Commands

A macro program is a sequence of curve analysis commands that are
stored together under one RT-11 filename. The program CURVE can

then execute all of the commands listed in the macro via one command:
Macro Run (MR name). CURVE has all of the editing features necessary
to create, edit, append, print or execute these programs within its
system. Once a macro program has been created, it is stored as a
RT-11 file and can be used as often as necessary during any future
curve analyses.



1. Macro Create (MC name) - creates a macro program from the curve
analysis commands. All macro commands are illegal within a
macro. There is no limitation upon the number of commands
within a macro and the number of commands per line is only
limited by the number of characters allowed per line (usually
80 or 132)

2, Macro Edit (ME name) - edits the macro program designated.

The program asks the user which line is to be edited. If the
user types @, the program exits. The lines of the macro up to
the edited one are printed, and then the user inserts the new
line. After one line has been changed, the user can change
more lines if it is necessary. After exiting the program, the
remaining lines are printed on the output device and control
returns to CURVE.

3, Macro Append (MA name) - adds lines to the macro designated.
The program prints the macro out to the output device and then
requests the additional lines of commands. By typing a null
line, the program exits and returns control to CURVE.

4. Macro Print (MP name) - print the macro designated on the output
device and then return control to CURVE.

5. Macro Run (MR name) - execute the macro designated. Only curve
analysis commands and the overlay command are valid within a
macro program. If an error occurs within the macro, an error
message will appear and the macro will exit. After completion
of the macro, control returns to the program CURVE.

Overlay User Programs (OV_name)

CURVE allows user programs to be overlaid with the BASIC curve
analysis system. The overlaid program is executed immediately and
then control can return back to CURVE. The statement numbers must
begin at 1g@@ and be incremented by one. The form of the overlaid
segment should be that of a subroutine instead of a separate program.
This means that RETURN rather than STOP should be the last executable
statement.

In most overlay segments, the user will access some of the storage
parameters and system variables within the curve analysis system.
Certain system variables should not be altered in any overlay
subroutine (e.g. B9$,I9,09S%,...). The storage parameters are
readily available in the overlay by directly accessing the array S.



p4,Pl,...,P9 are stored in S(¥),S(1),...S(9), and RZ, R1l,...,R9

are stored in S{1#), sS{il),...,S{19). Therefore the overlay can

be easily used to output the results of curve analysis in the user's
own unique format.

e.g. IN 1,20,P5; ¥T 1,20,R4,R5; OV OUTPUT
1907 PRINT “INTEGRAL OF CURVE ="; S(5)
1991 PRINT "SIOPE OF LINEAR FIT ="; S(14)
1¢#2 PRINT "Y-INTERCEPT =": S(15)
1473 RETURN

CURVE System Variables

S(19) storage parameters
X(128),v(128) curve buffers

AS (28,2) subroutine name array
D9(10),KS(10) command parameter arrays
B1l{4),E1{4) curve pointer arrays

BS command string

B9S command string or macro command string
093 overlay name in core

ES, TS new overlay name

cs  command

C9s command or macro command
X9 parameter value

G parameter number

I8 character position of BS$
I9 character position of B9S$
K$ position of ";" in BS$S

K9 position of ";" in B9$

E4 error flag (E4 = 1, then ERROR)



PLEASE ENTER COMMAND: HELP

LIST OF COMMANDS

MACRO COMMANDS:

MC NaME MALCRD CREATE
ME NAME MACRO EDIT
MA NAME MATRD ADD

MR NAME MACRO RUN

MF NAME MACRO PRINT

CURVE ANALYSIS COMMANDS?
OV NAME OVERLAY USER FROGRAM

RE N1 REAL S5AVE aREA N1

WS Ni WRITE SAVE AREA NI

al Nl SAVE CURVE NI

De N1 DISFLAY CURVE NI

FO N1 DISPLAY CURVE NI (OVERLAY

ND NI DISFLAY CURVE WL (NORMALIZED)
FT FRINT CURVE ON TERMINAL

FR MLy N2y« o N1O FRINT STORAGE PARAMETERS

Al N1 AR CURVE NI

Ca Nl ALD CONGTANT NI

AN M AL NORMALTZED CURVE NI

SE N1 SUBTRACT CURVE N1

o8 Nl SUBTRACT CONSTANT NI

SNONI SURTRACT NORMALIZED CURVE NI

MT NI MULTIFLY BY CURVE NI

DMoNd MULTIFLY BY CONSTANT NI

MN NI MULTIFLY BY NORMALTZED CURVE Ml
oy N1 DIVITE BY CURVE NI

ChoNi DIVITHE RBY CONETANT Nl

ON MY DGIVINE BY NORMALIZED CURVE NI
.G FLOT LOG OF THE CURVE (RBASE ED
EF FLOT EXPONTIAL OF THE CURVE

FT MLyNEsNIeNa LIMEAR L SOUARES
PUUNP P

T

N1sLEET

FX ML I

FYNd gHN

CH NN CHANGE FOTNT NI TD N2
5 MODTH THE CURVE
TN MY ND N3 IRVE

S NE=RTGHT BOUNDs N3=INTEGRAL

STURAGE FaAaRAMETERS FOR THE USERE
FleFLe sl s PRy RO R e 2y,
THESE aRE I THE CALLING
ANDE MaY BE FRINTED WITH THE P

THERE Ak

B ML e NZe s o vy NLOY DOMMAND

THE SEMICOLON CF) MAY BE LGED TO SEFARATE LHMMﬁNDH (M
THE SAME LINE. RHNO OTHER DHARACTER I8 RECOG d
A5 & COMMAND TERMINATOR EXCERT FOR & CARRIAGE hh?“hN

SPACES AaRE REWITRED BETWEEN A MACRD COMMAND
ANIC THE MACRD FILE NAME. FOR CURVE ANALYSEIDS
COEMANTE THEY aARED DFTTONAL .

LESER PROGRAMS ARE DVERLATT AT LINE L1000 WITH

AN TNCREMENT DF 1. STORAGE FARAHETER ValUES CaAM BE
STORED AMD READ I THE MATRIX S019Y. FPOFle. . oF®
ARE STORET TH S(0)y500)r e s B{P)y AND ROsRLs. .. R

LTI VWY o [N B ol ) TSRS RL A RIT S

TOGHT BOUMIy MIE=SLOPE, Nd=Y-

UENCE OF SO0ME ROUTINESG»

INTERCERT



EXAMPLE #l: INTEGRATION OF A CURVE

FLINNH
TYFE CHELRS FOR A LIST OF COMMANDS

PLEASE ENTER COMMaAND

PRl Ly FEeRL

-2 1oy

1 3

i

[P 4 a3

| LV L 2]
SR N gy
h. ! i s Sl {..l ks

PLEASE ENTER COMMANDS

STOF AT LINE 10

RE&DY

read save area 9,display curve 1

pick left and right bounds,
then integrate

orint the values



EXAMPLE #2 :

EUPHH

FOR & LIST OQF COMMANDS

FECHELRS

SNTER COMMAND:
F¥NDL

FLEASE ENTER COMMANIDZ

a1

FLEAS

OENTER COMM&NI
TLGIFX F9

SPX R

PLEASE ENTER COMMaND:

TET Py FERY o T

FLEABE ENTER COMMANIZ
PR PO PEyRY P RE

FaRsHETER ¢ 2
FARGMETER 8 & 21
PaRaMETER 19 v LOE3241
FakamETER 18 3 H.08133

FLEASE ENTER COMMANIG
MO DEMOL

MACRO PROGRA&M DEMOL
INFLT MaCRO PROGEAM

TYFE & MNULL LINE TO EXIT
DERsNOL s AT

PLOEPX FPiFXPE
TFT F9«FPRsRPyRE

TER FOsFEyRT RS

o

PLE&SE ENTER COMMANIG

)

STOR AT LINE 10

READY

CURVE FITTING, THEN CREATING A MACR®G

read save area 8,display curve
2,plot normalized curve 1

add curve 1

plot the 1log,pick 2 x values

linear least-squares fit

print the values

create a macro



EXAMPLE #3 : MACRO COMMANDS

FLINMH
TYFE “HELFY FOR & LIST OF COMMANDS

FLEASE ENTER COMMAND? .
TME DEMO1 edit macro demo

MACRO FPROGRAM DEMOL

ERIT MACRO: (TYFE O TD EXIT?
WHICH LINE 7
7

LINE 1 RSS:DC2SNOLADL

LINE 2 LESPX FRIFXFS

LINE 3 FT POeFBsR9sRE

INSERT NEW LINE:

FTIN PPyF8sF75FT FOyFRyRBIRY new line insetted
WHICH LINE 7

+

PO

LINE 4 FR PsFP8sRYP RS

replace line 3

FLEASE ENTER COMMAND:
MR DEMOL

execute the macro

MACRO PROGRAM DEMOL
FARAMETER % ¢ 12
FARAMETER & 3 29
FARAMETER 19 S G0PTFS
FARAMETER 18 L0257111

b S

FLEASE ENTER COMMaND?

TFR OFP7 .

e A s - print parameter 7
Fﬂf\(—‘aNETLR P 1 .l.x;({)oéés (integral Of the Curve)

FLEASE ENTER DOMMAND?2 .
TMEP DEMOL . vrint the macro

MACRO PROGRASM LEMOL
LINE A REGIDCZENOLFADI
LINE 2 LGFFX PRsPXPR

LIME 3 IN P po.poer

LINE 4 PR PGy RY s RE

PLEASE ENTER COMMAND?



EXAMPLE #4 : PRINTING THE CURVE ON THE TERMINAL

?yggH’HELP‘ FOR & LIST OF COMMANDS

FLEASE ENTER COMMaNI 4
TREPINLLEFT -~ Tead save area 9;display curve -
print curve on the terminal
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EXAMPLE #5 : USE OF USER OVERLAY PROGRAM

o o e v
R&sws D02

i read save area 9,display curve 2

i ENTER COMMANDE
CEGFE O FPIIN PA&YPTAR250V DEMIZ  —dee pick 1left and right bounds of the
integral, integrate,call user
overlay vprogram !

LEFT BOUNDES DF INTEGRAL = &
RIGHT BOUNDS OF INTEGRAL = 40

FATIENT NAMEICAYER, 49-0&6-8Bly CARDIAC, Iy 117135/73
INTEGRAL = 52435

FLEASE ENTER COMMAND?

S7T0F AT LINE 10
RE&ADY

Gi.n
GL B FILE NAME--DEMIZ

REALY - list the wuser overlay program

LTETMH

TOOD FRINT SPRINT "LEFT BOUNDE OF INTEGRAL ="s804&2
LGOL PRINT "RIGHT ROUNDS OF INTEGRAL ="s&02)

1002 Call. "BEAG " (LyA3ED

FTO0E PRINT SPRINT "PATIENT NAMED " sA34E

LPOO4 PRINT "INTEGRAL ="s5{13)

OO RETURN

By



