United States Patent (9

Castleman et al.

[1] 4,122,518
[45] Oct. 24, 1978

[54] AUTOMATED CLINICAL SYSTEM FOR
CHROMOSOME ANALYSIS

[75] Inventors: Kenneth R. Castleman, Glendale;
Howard J. Frieden, Pasadena; Elbert
T. Johnson, La Crescenta; Paul A,
Rennie, Pasadena; Raymond J. Wall,
Glendale, all of Calif.

[73] Assignee: The United States of America as
represented by the Administrator of
the National Aeronautics & Space
Administration, Washington, D.C.

‘[21] Appl. No.: 687,251

[22] Filed: May 17, 1976

(51] Int. CL2 ..ociimrirrnnnnineniasissseeas GOSF 15/42

[52] US. CL .convinrervirecinesirenns 364/300; 128/2 R;

364/120; 364/415; 364/900

[58] Field of Search ................... 444/1; 128/1 R, 2 R;

356/39; 235/151.3, 151; 364/200, 300, 900, 413,
415-417, 555, 496, 497, 120
[56] References Cited
U.S. PATENT DOCUMENTS
3,833,796 9/1974 Fetneretal ......cevvimenienen 444/1

OTHER PUBLICATIONS

Golab, T.J.; MACDAC - An Inexpensive and Com-
plete Biomedical Input and Output Display System;
Proc. 23rd ACEMB; Nov. 1970.

Patrick et al.; Computer Controlled Picture Scanning
with Application to Labeled Biological Cells, Comput.
Biol. Med. 1972, vol. 2, No. 1, pp. 5-14.

Primary Examiner—Charles E. Atkinson

32
yan

Assistant Examiner—Errol A. Krass
Attorney, Agent, or Firm—Monte F. Mott; John R.
Manning; Paul F. McCaul

{57 ABSTRACT

An automatic chromosome analysis system is provided
wherein a suitably prepared slide with chromosome
spreads thereon is placed on the stage of an automated
microscope. The automated microscope stage is com-
puter operated to move the slide to enable detection of
chromosome spreads on the slide. The X and Y location
of each chromosome spread that is detected is stored.
At the conclusion of this searching operation, the com-
puter directs the microscope to again sequence through
the chromosome spread locations in response to the
stored X and Y locations. At this time an operator can
view these spreads to determine which ones are worth-
while and which ones are not. He is provided with an
accept-reject switch. The microscope stage thereafter
again sequences through only the accepted chromo-
some spreads, and this time a digital photograph of each
of the chromosome spreads is made and entered into the
computer storage. The computer thereafter measures
the chromosomes in a spread, classifies them by group
or by type and also prepares a digital karyotype image.
This image is converted to analog form, displayed and
printed out and constitutes a primary output of the
system. Chromosome measurement data is filed in an
interactive data base for subsequent statistical analysis.
The computer system can also prepare a patient report
summarizing the result of the analysis and listing sus-
pected abnormalities.

15 Claims, 4 Drawing Figures
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AUTOMATED CLINICAL SYSTEM FOR
CHROMOSOME ANALYSIS

ORIGIN OF THE INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is sub-
ject to the provisions of Section 305 of the National
Aeronautics and Space Act of 1958, Public Law 85-568
(72 Stat. 435; 42 USC 2457).

BACKGROUND OF THE INVENTION

This invention relates to automated medical analysis
equipment and more particularly to improvements
therein.

Since the introduction of a method allowing micro-
scopic examination of individual human chromosomes,
‘the karyotype has emerged as a tool of increasing diag-
nostic value. Under microscopic examination, the chro-
mosomes, from a somatic cell in the metaphase stage of
cell division, appear in scattered disarray. The karyo-
type is a systematic grouping of metaphase chromo-
somes from a single cell. This grouping was conceived
to assist the geneticist in the identification of individual
chromosomes. In normal humans, the 46 chromosomes
can be reliably ordered into 24 types (seven groups).
The diagnostic value of the karyotype is predicated
upon the existence of a consistent pattern in normal
patients and the correlation of certain chromosomal
aberrations with specific clinical observations. There
are two types of chromosomal irregularities: numerical
and structural. Numerical aberrations exist when the
number of chromosomes in one or more groups differs
from the normal case. Structural aberrations manifest
themselves in many forms, some presumably unob-
served as yet. Those which presently merit nomencla-
ture, amongst others, include variations in arm length
and centromere position.

At present, manual karyotyping is so tedious and
expensive that its general application is usually limited
to those situations involving a suspected abnormality. In
these circumstances, the clinical evidence is often so
overpowering that the karyotype serves primarily as a
corroborative tool. In a addition, manual karyotyping
offers little prospect of quantitative data. It is desirable
to extend karyotype analysis to the clinically asymp-
tomatic situation. For example, screening all newborns
by karyotype may detect certain inherited disorders
long before clinical symptoms appear. As the potency
and reliability of the karyotype improves, fetal karyoty-
ping through amniocentesis may become a routine part
of prenatal care. Screening studies on large populations
offer the potential of uncovering the effects of industrial
and environmental poisons, aging, and long term low
dosage ionizing radiations. These factors may manifest
themselves in subtle structural aberrations requiring
detailed analysis of the chromosome morphology. The
ability to process cells rapidly and inexpensively would
also aid in the detection of mosaicism, in which two or
more cytogenetically distinct lines of cells exist in the
individual.

There are certain functional requirements for an auto-
mated chromosome analysis system which should be
met before widespread acceptance thereof can be antici-
pated. One of these is that the system should be compat-
ible with current practice producing results compatible
with those obtained with the present manual system of
analysis. Further, the system should provide significant
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2
time savings in processing cytogenetic specimens with-
out sacrificing accuracy. Its cost should not be prohibi-
tive and it should be accurate.

OBJECTS AND SUMMARY OF THE
INVENTION

An object of this invention is to provide a system for
automating chromosome karyotyping.

Another object of this invention is to provide an
automated chromosome analysis system which is com-
patible with current practice.

Still another object of this present invention is one
which operates rapidly without sacrificing accuracy,
and which reduces the cost.

The foregoing and other objects of the invention are
achieved in a system wherein a previously prepared
slide, which has a number of chromosome spreads is
mounted on the stage of a microscope. Under instruc-
tions of a computer, a search of the slide is undertaken
to locate the various chromosome spreads on the slide.
The spread locations are stored. At the end of the slide
search, it is again initiated with the stage of the micro-
scope being stopped at each chromosome spread loca-
tion, to enable a human observer to inspect the chromo-
some spread and determine whether it is acceptable for
the purpose of analysis or not. If it is not acceptable the
observer pushes a button whereby its location is re-
moved from the spread storage list and the microscope
stage is moved to the next location. The microscope
automatically focuses at each location.

After all of the chromosome spread locations have
been inspected, the microscope is again actuated to
move its stage so that each one of the accepted chromo-
some spreads are passed under the optics of the micro-
scope for the purpose of enabling digital pictures of the
various spreads to be generated and stored in memory.
The computer then proceeds to locate and analyze the
chromosomes in each of the chromosome spreads by
measuring the chromosomes, classifying them by group
or by type and preparing a digital karyotype image
format. This image is then converted to pictorial form
and displayed on an image display tube to enable any
corrections, if needed. A joystick control is provided so
that a cursor, which is produced on the display tube
screen can have its position moved whereby the opera-
tor an point out to the computer objects in the image
which he wants removed or chromosomes which need
repositioning. Communication with the computer is
made using a typewriter. The corrected karyotype
image is then printed out. Provision is also made for a
printout of the computer analysis of the optical image
derived from a slide.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic drawing of a chromosome anal-
ysis system, in accordance with this invention.

FIG. 2 is a schematic drawing of the apparatus used
to drive the microscope stage.

FIG. 3 is a flow chart illustrative of the searching and
detecting operation, in accordance with this invention.

FIG. 4 is a flow chart illustrating the analysis opera-
tion in accordance with this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a block schematic diagram of the configura-
tion of the system in accordance with this invention.
The preparation of glass slides containing stained meta-
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phase chromosome spreads suitable for use with this
invention is known. The slides can be prepared by dif-
ferent techniques, such as the homogeneous Giemsa
staining technique or by the Trypsin-Giemsa banding
technique. Slides are produced with patient identifica-
tion marks. A specimen slide 10 is placed on the stage 12
of a microscope 14. The stage 12 is motorized, that is it
is capable of being driven in the X, Y and Z directions
by three stage motors 16. The stage motors may either
be controlled via a motor control interface circuit ar-
rangement 18, from a computer 20, or by a stage joy-
stick 22, when it is enabled to control stage position. A
stage keyboard 24 enables an operator to select the
mode of operation desired, that is, either computer
mode or operator mode. Control of the selection is
normally with the operator; however the computer has
the option to override the operator mode and/or to
inhibit subsequent selection of the operator mode. The
mode of operation is displayed by a stage display 26. A
typewriter 27 serves to enable entry of data, instructions
or queries into the computer or to receive data from the
computer.

The configuration of the optical imaging system of
the microscope allows the specimen to be viewed simul-
taneously through a binocular eyepiece 28 and by a
television camera 30. The output of the television cam-
era is applied to a monitor 32, to an image digitizing
system, 34 and also to circuitry designated as “Spread
Detector and Auto Focus Unit” 36.

The Spread Detector and Auto Focus Unit 36 com-
prises circuitry which serves the function of detecting
the presence of a chromosome spread and also for auto-
matically focusing the television camera equipment for
performing these functions is described in an article
entitled “Metaphase Spread Detection and Focus Using
Closed Circuit Television,” by Johnson and Goforth,
published in The Journal of Histochemistry and Cyto-
chemistry in 1974, by the Histochemical Society, Inc.
The Image Digitizing System 34 serves the purpose of
digitizing the image being viewed by the television
camera which is then entered into computer memory.
The computer 20 processes each digital image, as will
be described and arranges each image in a karyotype
format. A gray level display system 37 displays a karyo-
type image the information for which is supplied by the
computer. A joystick 38 associated with the gray level
display system is used for positioning a cursor at a loca-
tion on the face of the display system for the purpose of
pointing out certain locations or objects in the display
to the computer. The computer can then be instructed
by the typewriter to correct the object designated by
the cursor, i.e. correct or erase, etc.

The hard copy printout of a karyotype image is pro-
duced in response to the corrected karyotype informa-
tion received from the computer. This is applied to the
hard copy interface circuit 40. This constitutes a circuit
for converting the corrected digital karyotype digital
signals to analog form and the associated timing re-
quired for enabling the hard copy output device 42,
wich is essentially a facsimile printer, to print out a
karyotype picture from the analog signals.

FIG. 2 is a biock schematic diagram illustrating the
circuits used in controlling movements of the motorized
stage of the microscope. The stage is driven in the X, Y
and Z directions respectively by three motors 50, 52,
and 54. The Z motor is driven in the +Z or —Z direc-
tion by signals from the computer in response to focus
drive apparatus 56 in the Spread Detector and Autofo-
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cus Unit 36 (FIG. 1). Both X and Y motors are driven
in the 4+ X or —X directions and +Y or —Y directions
in response to outputs froma +X Or gate 58, or a — X
Or gate 60 and a +Y Or gate 62, or a —Y Or gate 64.
The inputs to these Or gates, come either from the
computer 20, through logic circuits to be described or
from the joystick pulse generator 66, as determined by
whether the operation is to be in the manual mode or
the computer mode.

In the manual mode, the direction in which the joy-
stick is moved determines whether pulses are provided
ona +X,ora ~Xora+Yora—Yline +Xand -X
pulses are applied, in response to joystick motion, from
the joystick oscillator to And gates 68 and 71 respec-
tively. These And gates are enabled in response to the
output of a mode flip flop 74. When flip flop 74 is set by
means of switch 76 to its manual mode, then And gates
68 through 72 are enabled. The other output of the flip
flop indicates that the system is in its computer mode.
Flip flop 74 can be set in its computer mode by means of
a manual switch 76, or the computer can override the
switch 76 if a situation arises where computer operation
must be maintained.

When in the computer mode, the output of flip flop
74 enables an And gate 78 to transfer pulses received
from a pulse generator 81, within the computer 20, to
another And gate 80, and also to four And gates 82, 84,
86 and 88 whose outputs respectively provide pulse
inputs to the Or gates 58, 60, 62 and 64.

And gates 82 and 84 are three input And gates. One of
the inputs required to enable And gate 82 is the output
of an X direction flip flop 90. The computer determines
which direction the stage is to move, when the system
is in the computer mode,and for one direction sets flip
flop 90 with its +X output whereby And gate 82 re-
ceives one of its two required enabling inputs. The
computer sets the flip flop with its —X output high for
the opposite direction, whereby And gate 84 receives
one of its two required enabling inputs. Similarly a Y
direction flip flop 92 is provided which for one direc-
tion is set with its +Y output high thereby providing
one of the two enabling inputs required by And gate 86,
and for the opposite direction its —Y output is high
whereby And gate 88 receives one of two required
enabling inputs.

The second required enabling input to And gates 82
and 84 is provided by an inverter 94, which is driven by
the output of a zero detector 96. The zero detector
senses when an X motor drive register 98 has reached
zero at which time it supplies an output to the inverter
94 whereby And gates 82 and 84 are disenabled.

A similar function is provided by a Y motor drive
register 100. When it reaches zero, this is sensed by a
zero detector 102. The zero detector output drives an
inverter whereby And gates 86 and 88, which are other-
wise enabled becomes disenabled.

The absolute X position of the microscope stage 12 is
maintained by an X cumulative position register 106,
which can provide this information to the computer.
The X cumulative position register is a reversible
counter which can receive +X and —X pulses which
are applied to the X motor 50, whereby the X cumula-
tive position register is driven to retain the exact X
position of the microscope stage. The computer gener-
ates an X coordinate number representing the location
to which it desires the microscope stage to move in the
X direction. This number is subtracted from the number
in the X cumulative position register. The difference



4,122,518

5

represents the distance along the X axis, the microscope
stage must move and also represents the number of
pulses required to complete such a move. This number
is entered into the X motor drive register 98 by the
computer. The pulse generator 81 is then instructed to
commence supplying pulses, and if And gate 78 is en-
abled, as it should be in the computer mode, then these
pulses are applied through And gate 80 to the X motor
drive register, causing it to count down towards zero.
These pulses from the pulse generator 81 are also ap-
plied to all of the And gates 82, through 86.

Since the motor drive register is in its non-zero state,
until it has counted down to zero, the one of the two X
And gates 82, 84 which is enabled by the X direction
flip flop 90 will be able to apply pulses to the X motor
causing it to drive the microscope stage. When the X
.motor drive register reaches zero, this is detected, and
the And gate which has been applying pulses to the X
motor is disenabled.

The circuitry for driving the Y motor in the com-
puter mode is the same as the circuitry used for driving
the X motor in the computer mode. A Y cumulative
position mode register 107 retains the absolute Y posi-
tion of the microscope stage 12, It is driven in response
to the same pulses which are applied to the +Y and —Y
inputs to the Y motor 52. This cumulative position is
supplied to the computer which determines the location
along the Y axis to which it desires the microscope stage
to move. This is subtracted from the Y cumulative posi-
tion information and the difference is applied to the Y
motor drive register by the computer. Pulses from the
pulse generator 81 are applied to an And gate 110,
which is enabled when the Y motor drive register is not
in its zero position. These pulses start to drive the Y
motor drive register and are also applied to the +Y and
—Y And gates 62 and 64. The one of these two which
is enabled is determined by the output of the Y flip flop
92.

Accordingly, the Y motor is driven until it reaches
the position determined by the computer at which time
the Y motor drive register will be at zero. This is de-
tected by the zero detector with the consequent in-
verter output 104 disenabling the one of the two And
gates which was enabled by the Y flip flop 92. Also, no
further pulses are applied to the Y motor drive register.

Both the X and Y cumulative position register out-
puts are applied to an X and Y display 112 to be visually
displayed. The display comprises apparatus which con-
verts the digital information in the X and Y cumulative
position registers into visual information.

FIG. 3 is a flow chart exemplifying the search mode
of operation. When the computer starts a search the
circuitry shown in FIG. 2 is instructed to move a prede-
termined amount in the X direction. In the embodiment
of the invention which was constructed, each step of
motion in either X or Y direction is 10 microns, how-
ever each move instruction from the computer in either
the X or the Y direction is a 160 micron move. The field
of view is 200 microns square, and a cell containing
chromosomes is on the order of 80 microns in diameter.
Accordingly, the instruction by the computer to the
circuitry shown in FIG. 2 is to move the stage 160
microns in the X direction and then to institute a delay
in order to focus and to permit the spread detector to
determine if a spread is present in the field of view. If
there is a spread the X-Y coordinates of that location
are stored by the computer.
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Next, a test is made to see if a limit of X travel which
is the end of the X line has been reached. If it has not
been reached, then the computer issues an instruction to
move the next 160 microns in the X direction. If the end
of the X line has been reached then a Y move instruc-
tion is issued. At the time of issuing the Y move instruc-
tion a test is made to see whether or not a limit of Y
travel has been reached. If it has been reached, then the
search mode is terminated. If it has not been reached,
then an instruction to change the X direction is issued.
The computer then moves in the Y direction and
changes the X direction of motion by applying a signal
to drive the X flip flop 90. Thereafter the microscope
stage moves until it reaches the end of the new X line
where the foregoing routine recurs.

To clarify the foregoing, in the search mode the mi-
croscope stage is moved from the beginning to the end
of one line. It is then instructed to move in the Y direc-
tion to the end of the adjacent line, and then instructed
to move in the X direction back to the beginning of that
adjacent line. At the beginning of that adjacent line the
microscope stage is moved again in the Y direction one
line and then starts again in the X direction towards the
end of the line to which it has been moved. The micro-
scope slide is scanned in this manner from top to bottom
over the entire area to be searched.

Automatic focusing is carried out each time a chro-
mosome spread is detected.

The television camera 30 scans a spread seen through
the microscope and displays this on a monitor 32. The
spread may also be viewed through the microscope
viewing lens 28. Thus, during the editing mode, the
operator can use either or both means for editing.

After the editing mode, the system goes into its scan-
ning mode. It sequences the microscope stage to the
locations of the chromosome spreads which have been
accepted, automatically focuses the image, and digitizes
the spread image into a scan data set (SDS). The digiti-
zation is accomplished by the television camera 30 and
the image digitizing system 36. This equipment is com-
mercially available and, by way of example, in an em-
bodiment of the invention which was built, this equip-
ment, called the model 108 Computer Eye, was fur-
nished by a company called Spatial Data Systems, Inc.
The camera scanned the image at the standard televi-
sion rate (525 lines, 60 frames per second, interlace 2:1)
and produced a video signal which was monitored on
the television display. The brightness value in the scan
picture is sampled at each point of a 512 by 480 grid and
converted to a 7-bit binary number. Points anywhere in
the picture may be selected on the program control, or
the digitization can proceed through all points in se-
quence. A cursor is displayed on the monitor to show
the points to be digitized.

As soon as the computer detects the presence of a
spread image in one of the scan data sets provided by
the image digitizing apparatus, it enters into its analysis
mode. If the spread image is not to be karyotyped, the
chromosomes are located, counted and displayed to the
operator for verification. However, if the cell is to be
karyotyped, a sequence of programs are executed to
effect the karyotype analysis of the cell. These pro-
grams locate the chromosomes in a cell, orient them,
extract measurements, classify the chromosomes and
compose the digital karyotype. After the chromosomes
have been isolated, they are displayed on the gray level
display device 37 along with sequence numbers to allow
the operator to correct cases of chromosome touching



4,122,518

7

and fragmentation. The karyotype is also displayed to
allow the operator to verify correct classification. After
the karyotype has been approved by the operator, it is
formatted for output, combined with the spread image
and copied into one of the output data sets. The analysis
phase processes cell images one at a time from a raw
spread image to digital karyotype.

FIG. 4 represents a flow chart illustrating the steps in
the analysis phase of operation which have just been
described. SDS stands for scan data set. Each chromo-
some is tagged with a number. Where operator inter-
vention is required, in the case of the spread interaction
or karyotype interaction, where break ups are to be
fixed or chromosomes are touching, or other problems.
The operator moves the interactive joystick to the loca-
tion of a picture element which required correction.
The operator then, by means of the typewriter 27, types
an instruction to the computer in response to which the
computer performs the required operation.

The gray level display system presents a picture of
the chromosome spread which has been organized into
the standard karyotype format for ease of diagnosis.
Similar pairs of autosomes are collected and numbered
with homologous pairs being numbered from 1 - 22 and
similar pairs being collected into groups lettered A
through G based on similar morphology.

The gray level display device is a 1029 line television
monitor driven by a scan converter called a Hughes 639
scan converter. This is provided by the Hughes Aircraft
Co. with instructions for its use and its cperation.

Hard copy printout is achieved by converting the
digital elements into analog signals by the circuits 40,
which are applied to the hard copy output device. This
comprises essentially a facsimile recorder.

There has accordingly been shown and described
above, a novel and useful system for scanning chromo-
some spreads detecting those spreads; editing the de-
tected spreads. Thereafter digitizing the spread images,
analyzing, classifying and placing a spread in a karyo-
type format. This format is displayed on a gray scale
display for final correction. Then a hard copy printout
of the corrected karyotype image is provided.

The Appendix that follows provides a specific de-
scription of the computer programs as well as a copy of
the program, in the FORTRAN language, used on a
DEC PDP-11 computer for performing the operations
described. The computer is made by Digital Equipment
Corporation, One Iran Way, Marlborough, Mass. This
is to be considered as exemplary and not as limiting. The
program can be translated for use on other types of
general purpose computers, made by other manufactur-
ers by those skilled in the art.

The chromosome indentification technique, that is a
general description of a method of chromosome identi-
fication which was implemented by the programming is
described in a volume entitled Chromosome Identifica-
tion edited by Torbjorn, Casperson and Lore Zech,
which is a publication of Proceedings of the Twenty-
Third a Noble Symposia published by the Academic
Press in 1973. The chromosome analysis procedure
which was implemented by the programming is gener-
ally described in Perspectives in Genetics, edited by S. W.
Wright et al,, and published in 1972, by Charles C.
Thomas.

APPENDIX

The computer has a core memory and the software
fits into 64K bytes of core memory. It also has three disk
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drives each of which has two 2.5 million byte disk car-
tridges. The core memory is partitioned so that it can
simuitaneously perform three tasks; slide search, chro-
mosome spread analysis on a recorded digital picture of
a chromosome spread; and pictorial output generation
of an analyzed chromosome spread. All software runs
under a disk operating system monitor supplied by the
manufacturer, as well as maintenance and interactive
statistical analysis. Automatic keryotyping runs under a
specially written supervisor (CALMS).

CALMS

Purpose: Clinical ALMS supervisor - Controls slide
search, scanning, analysis and hardcopy output of
karyotypes or counts.

The CALMS supervisor controls the three “parti-
tions,” search, analysis, and hardcopy.

The supervisor occupies core from 30000 to 37777
and includes the hardcopy driver. The search partition
is permanently resident at locations 40000 to 46777.
System subroutines are permanently resident at loca-
tions 47000 to 57777.

Scan and analysis consist of 20 phases that residue on
disk in core-image format. One phase at a time is loaded
into locations 60000 to 156777 and called by the super-
visor. (Locations 157000 to 157775 may be used for
COMMON storage.)

Each analysis phase has a unique identifying number,
from 1-20. Scan is phase 1, binary is phase 2, etc. The
data set CALLMS.OVR is used to store the phases. Each
phase required 63 blocks. Program OVB is used to store
a phase in CALMS.OVR after it has been linked with a
bottom switch of 60000.

The following batch stream builds scan (phase 1):

$JOB [2,2]

$R LINK

#DKS:PHASE/CO,LP:/SH < CALMS,STB,-
SCAN,EXIT,FTNLIB/B:60000/E

SR OVB

*1

$FI

Similar batch streams build the other phases.

An Analysis phase is loaded into core and then called
as if it were a subroutine. The disk unit, file name and
extension of the current scan data set are passed as
parameters. The phase must return to the CALMS
supervisor when it is finished. This can be done with a
return statement in a subroutine or a call to the CALMS
EXIT subroutine from a main program.

The following symbols are used to define the scan
and hardcopy data sets.

NSDS = 3 # of scan data sets

NHDS = 2 # of hardcopy data sets

SDU = 5 scan disk unit (DKS:)

HDU = 3 hardcopy disk unit (DK3:)

The scan data sets are named S1,52,S3. The hardcopy
data sets are named H1,H2. They are stored under UIC
[2,2). Allocation of data sets is done by:

NFSDS: .WORD .-. # full scan data sets (F)

SDS: .BLKB NSDS if NFSDS contains F (F>0) the
first F bytes contain the data set numbers (1=S1,
2==82, etc) ordered by time of scan.

HDS: .BLKB NHDS each byte gives the status of a
particular data set:

0 = available
1 = in use by mask
—1 = full (ready for hardcopy output)
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When CALMS calls the MASK phase, it gives the
current hardcopy data set as a parameter, instead of the
current scan data set. When MASK returns, CALMS
calls HCOPY, unless it is already operating. Whenever
HCOPY finishes, it checks to see if another hardcopy
data set is full, and if so, it starts to process it.

HCOPY and SEARCH are interrupt-driven and
must not call any non-reentrant DOS routines, because
the routine they call might be the one that was inter-
rupted.

OPEN results in a call to the .INIT routine which is
not re-entrant because it gets buffer space for a DDB.
Therefore, HCOPY and SEARCH cannot call OPEN.

CALMS initially opens all the hardcopy data sets to
find their start block numbers and saves them in the
HSBN table.

~ The CALMS supervisor flow chart illustrates its
operation. The ‘idle loop’ starts at S10 and the program
will cycle until a spread can be scanned or analyzed, or
a special request has been made (See Flow Chart 1).
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After a spread is scanned, the program INT1 is
called. If the operator only wants to do a count, the
spread will not be placed in the analysis queue, and the
counting and masking are done at this time.

If the spread is to be karyotyped, it will be added to
the analysis queue, but if more spreads are to be scanned
(and scan data sets are available), they will be scanned
before analysis begins. When all spreads on a slide have
been scanned, a new slide can be searched while spreads
from the previous slide are karyotyped.

Flow Chart 2 details the flow of data through the
various program and data sets during the karyotyping
process.

The analysis loop begins at $75, and CALMS stays in
this loop until the MASK phase is called (or a restart or
abort is requested).

After MASK is called, CALMS starts the hard copy
partition (unless it is already running), and returns to the
“idle loop.”
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