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1 
ANALYSIS METHOD AND APPARATUS 

UTILIZING COLOR ALGEBRA AND IMAGE 
PROCESSING TECHNIQUES ‘ 

BACKGROUND OF THE INVENTION 

The present invention relates to subject analysis 
methods and systems in general and, more particularly, 
to a method and. apparatus for particle analysis which 
utilizes color algebra and image processing techniques. 

The need for an accurate, fast and relatively inexpen 
sive system for analyzing particulate matter entrained 
in a gas or liquid exists in many fields of current tech 
nology. For example, recent activities in the are of pol 
lution analysis and control have emphasized the need 
for a means for particle identi?cation, classi?cation 

‘ - and morphology analysis. A similar need also exists in 
the field of medical technology for automating labor 
intensive medical laboratory procedures, such as‘ blood 
analysis. 
The recent spiraling rise of medical care cost have 

raised the hope that these costs could be reduced by 
the application of automation technology to the labor. 
intensive procedures used in the medical ?eld. One of 
the most fundamental tests performed in the most cur 
sory examination or treatment of a patient is blood 
analysis. Blood has three ‘major particle components: 
red blood cells (RBC), white blood cells (WBC) and 
platelets, suspended in a ?uid (plasma). An analysis of 
the relative and absolute quantities of these particles, 
and additional information regarding theirmorphology 
‘(form and structure) provide considerable insight into 
the state of health of the patient. 
At the present time, several companies have success 

fully developed and marketed instruments for auto 
mated blood analysis. Technion’s SMA system for 
plasma‘analysis and I-Iemalog System for cell analysis, 
and Coulter Electronic’s ModelS cell counter are well 
known examples. Using different technologies, the 
Hemalog and Coulter S generally provide ‘a cost 
competitive count of the various particle constituents 
present in a blood sample. Thebasic concept, common 
to both techniques, involves ?owing a‘thin column of 
diluted blood past a sensor which detects whether a 
solid particle is present in the liquid medium. This con 
cept, commonly called “?ow-through”, provides a 
count of the particles present, but does not provide any 
qualitative information regarding the identity of these 
particles or of their morphology. 
Therefore, it is necessary to pre-segregate the sample 

to determine whether the instrument is counting a RBC 
or a WBC. These two types of cells have signi?cantly 
different chemical properties, so they can be separated 
relatively easily. However, it is not possible to further 
automatically differentiate these cells according to 

' their individual morphological differences using cur 
rently available commercial technology. 
Nevertheless, such a differentiation is extremely im 

portant in about 25 percent of all hospital patients, and 
it is highly desirable in 50 percent of the patients. This 
is particularly true of the numerous types of WBC’s 
whose relative concentration and individual morphol 

' ogy are extremely important. Of lesser importance, but 
still signi?cant isthe detection of abnormal red cell 
morphology..These measurements, commonly known 
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as the “Differential” count, are currently performed by 
manual labor. 
There are two basic approaches; to differentiating a 

single cell by morphology; a direct or pattern recogni 
tion approach and, an indirect approach. The latter re 
lies on there being indirect signatures of chemical dif 
ferences which have a high degree of correlation with 

. the direct signature of morphological differences in the 
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basic WBC’s types. Technion’s Hemalog-D, the only‘ 
commercially announced differential measurement sys 
tem, employs this approach, using enzymatic stains as 
the chemical signature to separate ?ve basic WBC 
types. 
As in all indirect techniques, there are both theoreti 

cal and practical sources of error. For example, abnor 
mal variations within any of the ?ve basic WBC groups 
cannot be detected. In a high risk hospital population, 
10 percent to 20 percent of the patients may have rela 
tively normal distribution among; the ?ve chemical 
groups, but still have morphological abnormalities in 
dicative of a pathology. In other words, the mor 
phological/chemical‘ correlation is incomplete, result~ 
ing in false negatives, the most serious type of error. 
Furthermore, a percentage of any healthy population 
will have unusually low enzyme levels with no accom 
panying morphological abnormalities or clinical symp 
toms thus resulting in uneconomical false positives. In 
addition, the important RBC morphology is not pro 
vided by the indirect technique. 

In the direct approach, the morphology of the parti 
cles or cells is examined directly using computer pat 
tern recognition techniques, Performing the blood cell 
differential measurement using pattern recognition 
techniques is within the current state of the scienti?c 
art. To date, the problem has been economic; speci?— 
cally, the instruments which employed current technol 
ogy required high capacity computer equipment which 
was too costly for this particular commercial applica 
tion. The same general problems exist in other?elds of 
technology employing particle analysis techniques. 

It is, accordingly, a general object of the invention to 
provide an improved system for subject analysis. 

It is a speci?c object of the invention to provide a 
particle analysis system which utilizes color algebra 
and, in the preferred embodiment, employs color alge 
bra in conjunction with imageprocessing techniques. 

It is another speci?c object of the present invention 
to provide, as one embodiment thereof, a commercially 
feasible automated blood differential measurement sys 
tem. 

It is still another speci?c object of the present inven 
tion to provide an automated blood differential meas 
urement system which utilizes pattem recognition tech 
niques in conjunction with chemical/optical signatures 
to achieve a commercially feasible system. 

It is a further object of the present invention to cm 
ploy color algebra techniques which permit the use‘ of 
simpli?ed algorithms. ‘. 

It is still a further object of the present invention to 
provide an automated blooddifferential system which 
employs scanning and data processing components 
which, in conjunction, with color algebra techniques, 
drastically reduce both the computer capacity require 
ment and the processing time. 

It is a feature of the present invention that the auto 
mated blood differential measurement system embodi 
ment provides increased accuracy over existing systems 
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due to the inherent superiority of a direct measurement 
technique over an indirect measurement technique to 
gether with the additional ability to make finer distinc 
tions between WBC’s in any one of the live basic types, 
the ability to recognize abnormal v. normal morphol 
ogy; and the ability to provide RBC measurements. 

It is still another feature of the blood analysis em 
bodiment of the present invention that conventional 
blood staining procedures can be employed with the 
color algebra technique of the invention. 
These objects and other objects and features of the 

present invention will best be understood from a de 
tailed description of a preferred embodiment thereof, 
selected for purposes of illustration, and shown in the 
accompanying drawings, in which: . 
FIG. 1A is a functional block diagram of the blood 

analysis embodiment of the invention; 
FIG. 1B is a more detailed functional block diagram 

of the invention showing data ?ow; 
FIGS. 2A through 2C are representative histograms 

of a blood sample; and, ' 
FIGS. 3 through 9 depict a partial block and diagram 

matic form the blood analysis embodiment of the in 
vention. 
The particulate matter analysis system of the present 

invention can be used for analyzing many different 
types of particular matter. However, for purposes of il 
lustration and ease of description, the following discus 
sion will be directed to the blood analysis embodiment 
of the particulate matter analysis system as shown in 
functional block diagram form in FIG. 1. 
The present invention utilizes color algebra tech 

niques to reduce both the computer capacity require 
ment and the processing time. Before proceeding with 
the detailed description of the present invention, it will 
be helpful to brie?y review some basic information 
with respect to “color”. 
The perception of color is a complex physiological 

phenomenon which occurs in response to variations of 
the spectral components of visible light impinging upon 
the retina. The quantitative description of color is com~ 
plicated by the fact that the same perceived color can 
be produced by numerous combinations of different 
spectral components. 

In order to standardize the description of colors in 
scientific work, a system of “chromaticity” measure 
ments was developed by the CH2. (Commision Inter 
nationale de l Eclairage) in 1931. The chromaticity 
measurements are obtained by convolving the spectral 
components of the illumination with three specific 
spectral distributions to produce “Red”, “Green”, 
“Blue” intensities. The percent fraction of each of 
thesevintensities is expressed as X, Y, and Z coordi 
nates, respectively, where: 

Y: G/(R + G + B) 

The three spectral distributions have been established 
so that any combination of wavelengths which pro 
duces the same subjective color will also produce the 
same chromaticity coordinates. 
The three components X, Y, and Z, generally corre 

sponding to the fraction of Red, Green and Blue light 
in the illumination, can be plotted on a two dimensional 
graph. Chromaticity coordinates have been used in the 
past as one or more features in multi-dimensional fea 
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4 
ture space pattern recognition systems to recognize and 
classify, among other things, blood cells. 

Biological specimens are stained to improve contrast 
of the normally transparent tissues, and render various 
structures more recognizable. Blood cells are normally 
stained with a Romanovsky type stain, e.g., Wright’s 
stain, a two component stain system comprising a red 
and blue dye. The blue stain component stains cell nu 
clei, the cytoplasm of lymphocytes, and certain gran 
ules in the cytoplasm of some of the other cells, in par~ 
ticular the basophilic granules of the basophils. The red 
stain component is absorbed by the red cells, lightly by. 
the cytoplasm of most white cells, by eosinophil gran 
ules and to some extent cell nuclei. These staining pat 
terns are not absolute or mutually exclusive because 
almost every cell part absorbs both stain components 
to some extent. However, usually one or the other stain 
component is predominent and this predominance 
forms the basis of a functional analysis system utilizing 
the color differences. Thus, the cytoplasm of most 
cells, with the exception of lymphocytes, is stained light 
violet to red-orange, the cytoplasm of lymphocytes is 
stained a pale blue, the nucleus of the cells is stained 
a deep purple, the eosinophil granules are stained a 
deep red to orange, and the basophil granules are 
stained deeply blue. 
For blood cells that have been stained with Wright’s 

stain, the “red” absorption peak of methylene blue and 
its derivatives occurs at about 570-600 n.m., the 
“blue”absorption peak of the Eosin-Y stain component 
occurs at about 500-530 n.m. and finally, the “blue 
violet” natural absorption peak of hemoglobin occurs 
at about 400-420 n.m. 
The present invention utilizes this color information 

to generate information with respect to the “differen 
tial contrast” between and/or among various points or 
regions in the cell. The color information is reduced to 
differential-contrast information by illuminating the 
sample with white light with subsequent ?ltration by 
narrow wavelength band ?lters. Alternatively, the 
differential-contrast information can be produced by 
illuminating the blood sample with selected narrow 
wavelength bands of light. 
Each point or region in the cell will modify the light 

in accordance with its absorption, transmission and re 
?ectivity characteristics. The term “contrast” refers to 
a substantial difference in the modi?cation of the light 
by two or more cell points or regions at one wavelength 
band. The term “differential contrast” refers to a dis 
similar pattern of contrasts at two or more wavelength 
bands. 
The appropriate wavelength bands are selected with 

respect to the spectral content of the stain or dye sys 
tems’s light modifying characteristics and/or with re 
spect to the light modifying characteristics of the natu 
ral material, e.g. hemoglobin. With appropriately se 
lected wavelength bands, the desired “differential con 
trast” of the various cell points or regions to be recog 
nized is established by their'marked density and/or re 
?ectivity differences. Thus, when the wavelength bands 
are properly chosen, a particular cell region, such as 
WBC cytoplasm will be very dense at one wavelength 
band and relatively transparent at another. Another re 
gion such as, RBC cytoplasm will display a different 
contrast pattern at the same wavelength bands. The dif 
ferential contrast of the cell components established by 
the choice of the various wavelength bands permits the 



5 
identification and classi?cation of cell components or 
regions by means of a “color algebra” illustrated be 
low. 
The color algebra can be implemented by sampling 

and digitizing the signal representing the sample modi 
tied illumination at each of the wavelength bands to 
produce a digitized serial data stream, and then histo 
gramming the digitized values as shown in FIG. 2. 
Characteristically, the histograms of the points in the 
scanned blood sample exhibit two or more groups of 
points, or peaks at different density levels. For exam— 
ple, as shown in FIG. 2, the peaks may correspond to 
a group of background points at about the same den 
‘sity, or to another group of somewhat denser cell cyto 
plasm points or possibly to 'a third group of very dense 
cell nucleus points. Several types of cellular compo 
nents may be combined into a peak at one wavelength, 
but will be separated at another wavelength. For exam 
ple, in FIG. 2, WBC and RBC nuclei, basophil granules 
and lymphocytecytoplasm are combined in peak 3 of 
histogram A, but are separated into peaks 5, 6 and 7 of 
histogram B. 

In practice,histogramming has proved to be a feasi_ 
ble method for establishing thresholds. However, it 
should be understood that the color algebra also can be 
implemented by arbitrarily establishing the thresholds 
without sampling, digitizing or histogramming. For ex 
ample, asuitable color algebra can be used to detect 
sample regions of blood cells ?owing in a liquid stream 
past a sensor. In this situation, no scanning, sampling, 
digitizing or histogramming is employed. 
Thresholds are established to Separate the peaks of 

the histograms. The thresholds are shown as T,,, TB, 
and TC with T’ B illustrating the use of multiple'thresh 
olds. Any point in the digitized data stream can then be 
characterized as a thresholded signal in binary form ‘as 
exceeding or not exceedingthe various thresholds. 
The thresholded signals can be combined to produce 

the following color algebra: 

> W 

Background 
RBC Cytoplasm 
RBC Neucleus 
WBC Neucleus 
Monocyte 

cytoplasm 0 
Ncutrophil 
Eosinophil Granules Y O l 0 

I l O 
l O 0 

Basophil Granules 
Lymphocyte Cytoplasm 

This color algebra is applicable for the previously dis 
cussed example of a Wright’s stained blood sample and 
the wavelength bands set forth above. Other color alge 
bra can be employed to classify cell components 
stained with other dye systems or using the characteris 
tic absorption of other natural cellular constituents, the 
wavelength bands again being selected to provide dif~ 
ferential contrast between at least two different regions 
in the sample. 

It can be seen from the table that the color algebra 
characterizes a particular point or region as being in 
one of a number of cell component classi?cations. In 
addition, the color algebra also permits differentiation 
between cell components and background area in the 
blood sample. Thus, the thresholded signals can be al 
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6 
gebraically combined to ‘produce sample region classi 
?cation signals. ‘ 

The preceding example of a color algebra illustrates‘ 
the classification of the cell components and back 
ground by algebraic combination of thresholded sig- 7 
nals. Alternatively, the signalscan be algebraically 
combined and then thresholded with or without further 
algebraic combination to produce the Sample Region 
Classi?cation Signals. , 

From the preceding description, it will be appreci 
ated that the use of color algebra in the present inven 
tion permits the separation of an image into a number 
of categories of cell components or background with 
out requiring the normal procedure of chromaticity co 
ordinate calculationsand subsequent complicated pat-‘ 
tern recognition data processing. It also will be appreci 
ated that it is not necessary to stain the cells to use the 
differential contrast and color algebra features of the 
present invention. Alternatively, native constituents of 
the cells may be utilized to provide the necessary con 
trast patterns. For instance, in addition to the natural 
absorption of hemoglobin near 400 n.m., the absorp 
tion peak of DNA (normally found in cell nuclei) at 
258 um. and the absorption peak of proteins (normally 
found predominently in the cell cytoplasm) at 280 n.m. 
can be used as the wavelength bands. Because of the 
partial overlap of absorption waves of these two cellu 
lar constituents and the presence of some other constit 
uents which also absorb at these wavelengths, the re 
sulting color algebra is somewhat. more complicated 
than that employed with Wright’s stain. Furthermore, 
in using these three‘ wavelength bands, the long experi 
ence of the medical community with Wright’s blood 
stain would be lost. For this reason, the Wright’s stain 
system is the one of choice. 

It will further be appreciated that the color algebra 
feature of the present invention is not limited to three 
wavelength bands of the preferred embodiment. Any 
two or more wavelength bands which will produce dif 
ferential contrast between at least two regions in the 
subject of interest can be utilized to produce an appro 
priate color algebra. 
Having described the differential contrast and color 

algebra concepts as they relate to the present inven 
tion, I will now proceed with a description of the gen 
eral systems concept of the preferred embodiment. 
Returning now to FIGS. 1A and 18, there is shown 

in block form the general systems concept, the princi 
ples of operation and the data flow of the blood analysis 
embodiment. 

In FIG. 1A, the blood sample is prepared for analysis 
by being spread in a thin layer on a glass slide or other 
suitable surface and stained with a suitable blood stain. 
Normally, the prepared slide is magnified by an optical 
‘system (microscope) and a portion of themagni?ed 
image is scanned and digitized at several wavelength 
bands. Details of this process will be presented in FIG. 
3.‘The magnified image is then embodied in two or 
more‘streams of numbers (the digitized serial data sig 
nals) which represent the transmission or density of the 
image over the raster of points. 
There are three basic stages in the process of analysis 

of the scanned and digitized image: (I) the cells are lo 
cated or localized; (2) quantitative “features” which 
characterize the cells in some desirable way are ex 
tracted from the localized cell images; and, (3) using 
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these features the cells are classi?ed as normal, abnor 
mal, neutrophil, lymphocyte, etc. 
The previous state of the art method for performing 

these tasks was to store the stream of numbers repre 
senting the image density at various points in a com 
puter memory. Then, algorithms stored in the com 
puter would localize the cells, extract the features and 
classify the cells. As an image contains a large number 
of points, a large memory was required to store it. Also, 
since all three stages of the analysis were performed by 
the computer processor, it was of necessity fast and 
powerful. Both of these factors required the use of a 
computer so costly that to actually analyze blood 
smears in this way would be prohibitively expensive. 
The preferred embodiment does not use storage of 

any of the stream of digitized image points in a com 
puter memory. It makes use of a combination of color 
algebra and simple preprocessing circuitry to reduce 
computer memory requirements to that just suf?cient 
to store only the compiled features of the cells in the 
image. At the same time, the work the computer must 
perform is reduced to classi?cation of the cells using 
the compiled features. Both of these characteristics 
permit the use of a relatively simple and inexpensive 
computer. Even so, by relieving the computer of the te 
dious localizing and feature extraction tasks, the pres 
ent embodiment is able to operate much faster with a 
small inexpensive computer than a previous state of the 
art design which used a large expensive computer. 
This combination of color algebra and preprocessing 

of the stream of sampled and digitized points is further 
illustrated in the block diagram in FIGS. 1A and 1B. 
The points of each color representation of the digitized 
image (the Digitized Serial Data Signals) are histo 
grammed and thresholded to produce Thresholded Sig 
nals. The background density is subtracted from the 
image density to produce a “Data” signal. Using color 
algebra, each image point is then classi?ed as either 
background, neucleus, WBC cytoplasm or RBC to pro 
duce Sample Region Classi?cation Signals. In the pre 
ferred embodiment, a line delay is employed to re 
establish the vertical connection of two adjacent image 
lines. The Sample Region Classi?cation Signals are 
then used to derive Control Signals for identifying all 
segments on each scan line and for compiling the cell 
features for each cell segment on a line-by-line basis. 
Details of these Control Signals will be discussed and 
elaborated in FIG. 5. 
To keep the features for each encountered cell sepa~ 

rate, each cell in the ?eld if given a cell number or 
“tag”. Circuitry to assign these tags, and correct errors 
which might occur, are discussed and elaborated upon 
in FIGS. 6 and 7. 
The actual compilation of the partial features for 

each cell segment on a line-by-line basis is performed 
by the special circuitry shown in FIGS. 8 and 9. Using 
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the FIG. 5 Control Signals, this circuitry operates on ' 
the Data Signals and produces the proper measures of 
size, shape, density and color of the individual cells. 
The complete cell features are stored in a section of the 
computer memory reserved for each tagged cell num 
her. 
At the end of the scan of the image, the pre~processor 

has completed the compilation of the complete cell fea 
tures for each cell encountered in the image and these 
features are stored under appropriate cell numbers or 
tags in the main memory. The computer then has only 
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8 
-to further classify the cells, usually by multi 
dimensional feature space analysis familiar to the art, 
to produce the differential count data output. The in 
structions which perform this further classi?cation and 
perform overall system monitoring are shown residing 
in a separate “control memory”. System monitoring 
functions include monitoring the histograms and the 
compiled features to insure that the sample has been 
properly stained and that the system is performing 
within predetermined operating parameters, keeping 
track of the patient’s identi?cation, monitoring the 
focus control, summarizing data over a large number of 
cells, and averaging and outputting the summarized 
data. 

It will be appreciated from the foregoing and follow 
ing description that the preferred embodiment is one 
speci?c example of a more general method and appara 
tus for subject analysis characterized by the compila 
tion of partial cell features from a scanned signal repre 
senting the sample. The preferred embodiment com 
prises a sophisticated analysis system which isolates 
and analyzes each cell in scene containing many blood 
cells. In order to accomplish this sophisticated analysis 
of a complex scene, a number of types of control sig 
nals are generated from both normal and delayed sig 
nals, the partial cell features are compiled from identi 
?ed cell segments in each scan line and then the com 
plete cell features are compiled from the partial fea~ 
tures utilizing cell tags which have been assigned to 
each cell in the scene. However, a less complex version 
of the invention can be employed to analyze a scene 
containing only one complete cell (or one cell of a par 
ticular type, such as a WBC). In this case, a single ‘type 
of control signal is derived from undelayed signals and 
are used to compile the partial and complete cell fea 
tures from the single cell without using cell tags. 
Having described the overall systems concept and 

general operating principles of the preferred embodi 
ment, I will now discuss in detail the speci?c circuitry 
of the embodiment. 
Referring to FIG. 3, there is shown in diagrammatic 

and partial block form an optical-to-electrical input 
stage for the blood cell analysis system which is indi 
cated generally by the reference numeral 10. An opti 
cal- scanner 12 scans in raster fashion a ?eld 14 which 
contains a blood cell sample 16. The sample 16 com 
prises a blood ?lm composed of red cells, white cells 
and platelets spread on a monolayer 18 on a standard 
glass slide 20. 
The blood layer 18 is stained with a suitable stain 

which enhances the morphological components of the 
blood cells. A typical example of such a stain is the pre 
viously mentioned Wright’s stain. The stained blood 
layer 18 is scanned within ?eld 14 by means of the opti 
cal scanner 12. For purposes of illustration, the spacing 
between the scan lines shown in FIG. 3 has been greatly 
exaggerated and the relative movement of the ?eld 14 
across the blood sample 16 has been indicated by rela 
tive movement arrows 22. Furthermore, the optical sys 
tem within scanner 12 has been generalized in the 
drawings. It will be appreciated that suitable magni?ca 
tion stages and focusing control systems, e.g., a micro 
scope input to scanner 12 can be and normally would 
be, employed in the blood analysis embodiment of the 
invention. 
The blood sample 16 is illuminated by light from an 

illumination source 11. the sample can be illuminated 
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directly to provide re?ective modification of the light - 
by the blood sample or from beneath to provide trans~ 
missive modi?cation of the light. It will be appreciated 
that a ?uorescent stain can be employed to provide the 
desired modi?cation of the illumination. 
The scanned output beam 24 from scanner 12 is‘ 

passed through a beam splitting prism 26 which divides 
the output beam 24 into three separate beams 28a, 28b, 
and 280. Each beam 28 passes through the previously 
mentioned color filters 30a, 30b, and 300 and impinges 
upon photo tubes 32a, 32b, and 320. Alternatively, di 
chroic coatings can be used on the beam splitting prism 
26 to achieve the desired color separation. The electri 
cal signal from the photo tube 32 on output lines 34a, 
34b, and 34crepresents in electrical form the optical 
transmission of each segment of the scanned ?eld 14. 
The optical transmission (linear) is converted to opti 
cal density (logaritmic) he means of log-converters 
36a, 36b, and 36c. The analog output of the log 
converters 36 is converted into a Digitized Serial Data 
Signal at a speci?ed sampling interval by means of A/D 
converters 38a, 38b, and 380. The outputs from A/D 
converters 38a, 38b, and 38c are identi?ed in FIG. I 
as Digitized Serial Data Signals labeled A’, B', and C’. 

Looking now to FIG. 4, the three channel data A’, B’ 
and C’ is applied as an input to a histogrammer 40 and 
to corresponding signal level comparators ‘42a, 42b, 
and 420. During the ?rst pass of scanner 12 through 
?eld 14, the histogrammer 40 collects the histographic 
information within the ?eld for each signal, i.e., the 
density distribution of the points within the ?eld 14. 
The three histograms are thresholded and during the 
second scan of the ?eld the thresholded outputs TA, TB, 
and TC are applied to output lines 44a, 44b, and 440 as 
the second input to the corresponding comparators 
42a, 42b and 42c. The magnitude of the optical density 
data A’, B’, and C; is thus compared with the preset 
thresholds TA, TB, and TC to produce thresholdedsig 
nals. The potential for thresholding a data signal more 
than once is illustrated in FIG. 2 by the label T’C and 
comparator 42c’. ‘ 

The output from each of the comparators 42a, 42b, 
and 42c is a ONE if the corresponding input is equal to 
or greater than the preset threshold'TA, T8, or 'Tb (an 
“over-threshold" signal) and ZERO if less than the 
threshold (an “under-threshold“ signal). The thre 
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The timing of the 3 X3 array and the line delays 50a 

> and 52a is designed to provide a total delay of two scan 
y‘ lines through ?eld 14 plus the time delay represented 
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by shifting. the one bit data signal through three of the 
blocks in the 3 X 3 array 48a. Thus, a one line delay for 
?eld 14 corresponds to the delay produced by A9, A8, 
A7 and line delay 50a. _ 
Given this delay con?guration for the 3 X 3 array 48a 

and the corresponding line delays 50a and 52a, it will 
be appreciated that the 3 X 3 array 480 restores the ver 
tical connection of points in three adjacent lines within _ 
the scanned ?eld by delaying two lines. The signals 
within the 3 X 3 array blocks A, through A, are applied 
to corresponding input lines identi?ed collectively by 
the reference numeral 54a to a logic circuit shown in 
block form in FIG. 4 and identi?ed by the reference nu-, 
meral 56a. The logic circuit 56a performs a spatial fil 
tering function with respect to the center element A5 in 
the 3 X 3 array. Normally, the output signal A from 
logic circuit 56a is the same as the center element A5 
in the 3 X 3 array 48a. However, if the center element 
A, is ZERO and all or most of the surrounding elements 
A, through A, and A6 through A9 are ONE, the logic 
circuit 56a will change the value of the output signal A 
to a ONE. Conversely, if all or most of the elements 
surrounding a ONE‘ center element are ZEROS, then 
the value of the center element A, is changed to ZERO 

_ for the output signal A from logic circuit 56a. The same 
30 
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sholded signal output from each of the three channel ‘ 
comparators on output lines 46a, 46b, and 46c is a one 
bit datum representing the presence or absence of an 
over-threshold signal. 
For purposes of clarity in the drawings, relative shad 

ing has been used on input and output lines to designate 
the type of signals thereon. Thus, looking at FIG. 4, a 
multiple number of bits is indicated by a heavy line, 
such as, the output lines 44 from the histogrammer 40' 
while a one bit data line is indicated by a relatively light 
line such as lines 46a, 46b, and 460. A 
The thresholded signals on comparator output line 

46a is applied to a 3 X 3 shift register array 48a. Se 
lected outputs from the 3 X 3 array are inputted to line 
delays 50a and 52a. The line delays can be imple 
mented in a variety of ways including delay lines, shift 
registers, etc. The outputs from the line delays 50a and 
52a are fed back to the 3 X 3 shift register array 48. The 
separate sections within the 3 X 3 array are identi?ed 
by the letter “A” with suitable subscripts 1 through 9. 
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?ltering is performed for the signals on input lines 46b 
and 46c. For‘purposes of clarity, the same reference 
numerals have been used in FIG. 4 with the corre~v 
spending small letter designations for the b and c chan 
nels. An example of such ?ltering follows: 

NUMBER OF SURROUNDING O‘s 

Valueof' 012 3 4- 5 6 8' 
Element 5 
0 111000000 
I 1llllll000 

The A, B, and C outputs from the corresponding cir 
cuits 56a, 56b, and 560 are ?ltered versions of the data 
in array blocks A5, B5 and C5, respectively. ‘ 
The spatial ?ltering provided by the 3 X 3 array 48a, 

its corresponding line delays 50a and 52a and the logic 
circuit 56a is optional in the present invention. If a very 
clean signal with no noise is available, ?ltering is not 
necessary. However, since most practical electronic 
systems are noisy, the preferred embodiment of the 
present invention includes the ?ltering circuit just de 
scribed. ' 

Referring now to FIG. 5, the thresholded and spa 
tially ?ltered signals A, B, and C‘from the three logic 
circuits shown in FIG. 4 are applied as inputs to a color 
logic‘circuit 58 shown in block form in FIG. 5. The 
color logic circuit 58 processes the A, B, and C signals 
to produce sample region classigication signals. In the 
preferred embodiment, these signals represent points in 

I the nuclei, white cell cytoplasm, and red cells in the 

65. 

scanned image. 
The color algebra performed by color logic circuit 58 

is not as complicated as the generalized color algebra 
described previously. The logic circuit 58 performs the 
following color algebra: 
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CcII Component Type A B C 

Nucleus (N) l I 11> 
WBC Cytoplasm (WC) I 0 0 

‘ 0 I 0 

RBC (R) Cytoplasm O 4) I 

4) = don't care 

The color logic circuit 58 produces three output or 
“sample region classi?cation” signals which indicate 
when a point is part of a ceIl’s nucleus, white ceII’s cy 
toplasm or a red cell. These three outputs appear, re 
spectively, on output lines 60, 62, and 64, and are in 
putted to corresponding five block arrays 66, 68, and 
70. Each array is provided with a line delay 72. The 
purpose of the line delay is to delay the signal and 
thereby re-establish the vertical connection of the 
points within the array. Note that a delay of a single line 
was produced by the signal transition in the 3 X 3 array 
48a shown in FIG. 4 as the signal progressed from 
block A9 to A5. The line delay 72 shown in FIG. 5 then 
produces another single line of delay. It also should be 
noted that the point A5 in the 3 X 3 array shown in FIG. 
4 and the point N5 shown in the five block array in F IG. 
5 correspond to the same point in the scanned field 14. 

The output from the four array blocks N1, N2, N4 and 
N, are applied as inputs, on leads identi?ed collectively 
by the reference numeral 74, to a nucleus perimeter 
control logic circuit 76. 
The control logic circuit 76 is designed to produce 

control signals for the system with respect to the perim 
eters of each detected nucleus. The control circuit 76 
generates four control signals: straight perimeter, nu 
cleus (SPN); diagonal perimeter, nucleus (DPN),'pre 
vious row perimeter, nucleus (PRN); and, store previ 
ous row, nucleus (SPRN). The truth table for generat 
ing these four control signals is: 

4 INPUT ELEMENTS OF LOGIC 76, 82, & 84 USING 
ARRAY 66 AS AN EXAMPLE 

CONTENTS OF 4 ELEMENTS OF 5 BLOCK ARRAY 

0 1 2 3 4 

0 0 0 0 I I 0 0 0 0 0 1 

0 0 0 1 I L1 0 1 1 0 n 

5 s 7 s 9 

0 1 0 1 0 1 1 0 1 0 

0 1 1 0 1 1 0 0 o 1 

10 11 1a 13 14 

1 0 1 0 1 1 1 1 1 1 

1 0 1 1 0 0 0 1 1 0 

15 

12 
Output of logic 76, 82, & 84: 

' 0: 0, l, 2, 4, 8, 15, (6, excepting logic 76) 
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STRAIGHT PERIMETER: 3, 5, I0 
DIAGONAL PERIMETER: 7, II, I3, I4, (6, >9, logic 
76 only) 
ALTERNATE PERIMETER: I2 
STORE ALTERNATE PERIMETER: 8, (9, excepting 
logic 76) 

Similar logic is also applied with respect to the out 
puts from the white cell cytoplasm ?ve block array 68 
and the red call ?ve block array 70. The respective out 
puts from these arrays are applied through input lines 
78 and 80, respectively. to corresponding control logic 
circuits 82 and 84. The white cell cytoplasm control 
logic circuit 82 generates four output signals: straignt 
perimeter, white cytoplasm (SPWC); diagonal perime 
ter, white cytoplasm (DPWC); previous row, white cy 
toplasm (PRWC); and, store previous row, white cyto 
plasm (SPRWC). Similarly, the red cell control logic 
84 also produces four outputs namely, straight perime 
ter, red cell (SPR); diagonal perimeter, red cell (DPR); 
previous row, red cell (PRR); and, store previous row, 
red cell (SPRR). 

‘An additional control logic circuit 86 develops con 
trol signals based upon input signals from the nucleus, 
white cytoplasm and red cell ?ve block arrays 66, 68 
and 70, respectively. The input signals to logic array 86 
on input leads 88 comprise the signals from‘ the N, and 
N5 blocks of the nucleus array 66; signals from the WC4 
and WC, blocks of the white cell cytoplasm array 68 
and, ?nally signals from the R4 and R5 blocks of the red 
cell array 70. The control logic circuit 86 generates 
seven output signals in accordance with the truth table 
as follows: 

_ INPUT _ ___ _.__ 

INTERMEDIATE ‘ 

CLASSIFICATIONS N WC R 

WBC Nucleus (WN) I O 0 
WBC Cytoplasm (WC) 0 I 0 
RBC Nucleus (RN) I (I I 
RBC Cytoplasm (RC) 0 0 I 

TRANSITION OF INTERMEDIATE CLASSIFICATIONS IN 
ELEMENTS 

NO. 4 AND NO. 5 IN ARRAYS NOS, 66, 68, and 7() 
Transition Count Store 

5 N WC R LINK PINH 

0 O 0 0 0 0 O O 0 
WN WN I 
WC WC I 
RN RN I 

RC RC I 
0 WN I 
0 WC I 
0 RN I I 

0 RC I 
WN 0 I 
WC 0 I 
RN 0 I 

RC 0 I 
WC RC I I 
RC WC I I 
WN WC I I 

WC WN I I 
RC RN I I I 
RN RC I I 
RC WN I l 
WN RC I I 
RN WN I 

WN RN I 



-Continued 
TRANSITION OF INTERMEDIATE CLASSIFICATIONS IN 

' ‘ ELEMENTS 

NO. 4 AND NO. 5 IN ARRAYS NOS. 66. 68 and 70 
Transition Count Store 
4 _ 5 ‘ N WC R W R LINK PINH 

RN WC 1 
WC RN 1 l 

The “count” (or “compile partial features") output 
control signals from logic circuit 86 for the nucleus, cy 
toplasm and red cells are identi?ed in FIG. 5 by the re 
spective abbreviations CNTN, CNTC and CNTR. 
Two “store” control signals are generated to control 

the storage of partial white cell feature data (STW) and 
the storage of the partial red cell feature data (STR). 
The ?nal two output signals from the control logic cir 
cuit 86 are a “link” signal (LINK) and a perimeter in 
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hibit signal (PINH). The purpose of these two signals '. 
will be explained subsequently. The count nucleus sig 
nal (CNTN) and the count cytoplasm signal (CNTC) 
are applied to an OR gate 90 which produces an output 
signal for indicating that white cell partial features are 
being compiled (CNTW). . 

It can be seen from FIG. 5 that the Perimeter Control 
Signals from logic circuits 76, 82 and 84 are derived, 
inter alia, from signals which are delayed by means of 
line delays 72. However, in a simpler embodiment of 
the invention, the line delays 72 can be omitted if the 
sample analysis does not require perimeter information 
and the concomitant use of perimeter control signals. 
In such a simpler embodiment, there is also a reduction 
in the complexity of the cell tagging logic which will be 
discussed below in connection with FIGS. 6 and 7. 
The control signals generated by the logic circuits 

shown in FIG. 5 are employed to identify an encoun 
tered cell segment and to control the compilation of the 
partial and complete‘ features of the various compo 
nents of the cells. The partial cell features, such as size, 
density, shape, perimeter, length, etc., are compiled on 
a line-by-Iine basis for each identi?ed cell segment. 
Each ell is assigned an appropriate number or tag in 
order to properly control the compilation of the com 
plete features from the partial features for a particular 
cell segment. The cell identi?cation number or tag is 

‘ passed from one row to the next when there are verti 
cally connected points in a cell. 
The circuitry shown in FIGS. 6 and 7 is employed to 

generate and assign the appropriate cell number or tag 
to the cell. From a functional standpoint, the circuitry 
must assign a new cell number to the cell if the cell has 
not been encountered previously in the scan of the ?eld 
14. Conversely, the circuitry must assign the appropri 
ate old cell number if the cell has been encountered 
previously. In some situations, the initial data mayindi 
cate that a cell segment from a new cell has been en 
countered when in fact the cell segment actually is part 
of a previously encountered ‘and identified cell. When 
this situation is recognized, the new cell number must 
be removed from the cell segment and the segment 
tagged with the appropriate old cell number. 
The circuitry which accomplishes the cell identi? 

cation or tagging function is shown in partial block and 
. schematic form in FIG. 6 and in block form in FIG. 7.‘ 
‘Referring now to FIG. 6, there is shown a ?ve block tag 
array 92 and a line delay 94. The ?ve blocks of the tag 
array are identi?ed as T, through T5. These blocks cor~ 
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14 
respond to the same portion of thescanned image as 
A,—A5, B,—B5 and C1—C5 in FIG. 4; From a functional 
standpoint, the purpose of the tag array 92 and its asso 
ciated circuitry is to determine if there is any point in 
the scanned picture of the same cell type as point T5 
which has previously been assigned a cell number and 
which is touching point T5. If this is the case, then the 
point in T5 should be assigned the same cell number. 
The red and white blood cell numbers or tags are ob» 

tained from corresponding UP-DOWN White and Red 
Blood cell counters 95 and 97, respectively. The opera 
tion of these counters will be described below. 
Looking at FIGS. 5 and 6, the outputs from N3, WC, 

and R of the arrays 66, 68, and 70, respectively, are ap 
plied as inputs to a logic circuit 96 which is also identi 
fied in FIG. 6 by the designation “S3”. The logic cir 
cuitry shown in S3 is‘ duplicated in logic circuits 98, ‘ 
100, and 102, which are designated respectively as 
“S1”, “S2”, and “S4”. These four logic circuits SI—S4 
determine whether ‘each of the points represented by T1 
through T4 are of the same cell type as the point repre 
sented by T5. The inputs to the logic circuits Sl~S4 cor 
respond to the same numbered blocks in the nucleus, 
white cell cytoplasm and red cell arrays 66, 68, and 70, 
respectively, shown in FIG. 5. Thus. for the S3 logic cir 
cuit the inputs comprise the signals from the N3, WC;, 
and R3 blocks of the corresponding arrays and the 
count red (CNTR) and count white (CNTW) signals. 
For purposes of clarity, the count red and count white 
signals input lines have been omitted from S1, S2 and 
S4. 

In each of the logic circuits S1—S4, and as shown in 
detail in S3, the nucleus and white: cell cytoplasm sig 
nals are ORed by OR gate 104 to produce a white cell 
output. The output of OR gate 104' is ANDed with the 
signal count white (CNTW, FIG. 5) in AND gate 106 
to indicate that T5 and T3 are both white cell points. 
The R3 and count red cell signal (CNTR, FIG. 5) are 
also ANDed by an AND gate 108 to indicate that T, 
and T3 areboth red cell points. If either “both" red cell 
points or “both” white cell points are indicated, OR 
gate 110 will produce a high output. 
The same basic logic is performed by logic circuit S1, 

S2, and S4. A high output from any one of the logic cir 
cuits S1 through S4 indicates that: the corresponding 
pointin the tag array 92 Le, points T, through T, are 
of the same cell type as T5. Assuming that one or more 
of the points Tl through T4 are of the same typeas T5, 
the precedence of the point or points must be deter 
mined. A precedence logic circuit shown by the dashed 
lines in FIG. 6 and identified by the reference numeral 
112 determines the precedence of the points in the tag 
array in the following order: T, (from the‘present cell 
segment), T1, T2 and T3 (from the previous cell seg 

- ment). 

The precedence logic shown within block 112 is em 
ployed to handle the speci?c situation in which more 
than one of the outputs from the logic circuits S1 
through S4 is high. In this situation, it is necessary to 
determine the ?rst one in precedence. 
The output from the precedence logic circuit 112 on 

output line 114 is ONE (high) if there is no point in T4, 
T1, T2, or T3 which is of the same cell type as that of T5 
and ZERO (low) if there is a point which is the same . 
as T5. However, if T, is the ?rst point which is the same 
type as T5, the precedence logic circuit 112 produces 
a high ONE output on output lead 116 which actuates 



3,851,156 
15 

a corresponding gate 118. With gate 118 actuated, the 
particular tag or number in T4 is gated onto bus 120 
and back into point T5 in the tag array. 

If the particular point in T4 was not the same as that 
in T5, the precedence logic circuit 112 next examines 
the cell type of the point in T,. A corresponding circuit 
is provided for the T1 point in the tag array with gate 
122 being actuated by the output from the precedence 
logic circuit 112 on output line 124. Thus, if the points 
T1 and T5 are of the same type, and T1 and T4 are not 
of the same type, the cell number of particular tag in 
T1 is gated through gate 122 onto bus 120 and then into 
T5. A similar arrangement is also provided for the tag 
array point T2 through output line 126 and gate 128 
and for tag array point T3 through output line 1311 and 
gate 132. 

If there is no point in the tag array which is of the 
same type as T5, the output on lead 114 from the prece 
dence logic circuit will be high and this output is fed to 
red and white cell counter AND gates 134 and 136, re 
spectively. The second input for each AND gate is the 
corresponding count red signal or count white signal 
obtained from the circuitry shown in FIG. 5. If the 
count red signal is present, AND gate 134 produces a 
ONE output on line 138 which is used to increment the. 
red blood cell counter to the next number. The output 
from AND gate 134 is also used to actuate a gate 140 
which gates this next red blood cell number from 
counter 97 onto bus 120 and thus into tag array point 
T5. A similar arrangement is provided for the white 
blood cell counter 95 through AND gate output line 
142 and gate 144. 
The output from the precedence logic circuit 112 on 

line 114 is also applied to a NEW number logic circuit 
shown by the dashed lines in FIG. 6 and identi?ed by 
the reference numeral 146. The NEW number logic 
circuit 146 maintains a record of the assignment of a 
new number to a string of points on the “present” line 
of analysis. The present line is represented in part 
within the tag array by points T5 and T4 while the “pre 
vious” line appears in part in the tag array points T3, T2 
and T1. 
The NEW logic circuit 146 is used to distinguish be 

tween two cases in which points in the same object 
have been assigned different numbers. The two cases 
can be thought of in general terms as the “sloping line” 
case the “U-shaped” case. 

In the ?rst case, a portion of the particular object 
under analysis slopes gently ‘upwardly in the direction 
of the scan. The slope is gradual enough so that three 
or more points are encountered which are not contigu 
ous to any point in the previously scanned line. Since 
the present line points (at least three or more) are not 
contiguous with the points in the previous line, the pre 
cedence logic, tag array, and the appropriate red or 
white cell counters will assign a “new number” to the 
present line points. However, the present line points 
are a part of the same object as the previous line points. 
Thus, we have a situation in which the previous line 
points have been assigned one number while the pres 
ent line points have been assigned another number al 
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though in fact all of the points are part of the same ob- ~ 
ject. 

In the second or U-shaped case, the first encountered 
upstanding leg portion of the U-shaped cell or object is 
assigned one number and the second encountered up 
standing leg of the U-shaped object is assigned another 
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number. Upon subsequent scans, the system will recog 
nize that the two upstanding legs which have been as 
signed individual numbers are in fact all part of the one 
particular object. 

In both cases recognition occurs when points of the 
same cell type but having different numbers appear in 
points T3 and T5 in tag array 92. Although the sloping 
line and U-shaped cases appear the same to the tag 
array 92, they must be distinguished and treated differ-. 
ently. In the case of the sloping-line object, the present 
line tag or number will be changed to the previous line 
tag or number by means of the circuitry shown in FIG. 
7 and the appropriate red or white cell counter will be 
decremented. In the case of the U-shaped object, the 
two tags or cell numbers will be associated with each 
other for purposes of subsequent identi?cation and in 
corporation of the features stored ‘under each tag or 
cell number. 
These two cases are distinguished by means of the 

NEW number logic circuit 146 which comprises OR 
gates 148 and 150, AND gates 152, 154, and 156, and 
Flip-Flop 158. The inputs to the NEW number logic 
circuit 146 are: count red (CNTR) on line 166; count 
white (CNTW) on input line 162; the output from the 
precedence logic circuit on line 114 which represents 
an “Assign-New-Number" signal; and, ?nally, a 
“change” signal (CI-IG) on line 164. The change signal 
is derived from the logic circuit 166 shown in FIG. 7 in 
accordance with the following truth table: 

INPUTS OUTPUTS 
Same Same T, > T3 NEW CHG PUSH DCNT 
Type No. ' 

l 0 0 0 l O 
l O l 0 l l 0 
l 0 d) l l O l 

The NEW Flip-Flop 158 is set whenever the Assign 
New-Number signal on the precedence output line 114 
is ONE or high. The Assign-New-Number signal is ap 
plied as one input to AND gate 152. The second input 
to the AND gate 152 is provided by the output from 
OR gate 148. This input is ONE (high) whenever a new 
number is assigned because either the count red signal 
or count white signal on OR gate input lines 160 and 
162, respectively, is also high. The output from AND 
gate 152 is applied as one input to OR gate 150. Thus, 
if the output from AND gate 152 is high the output 
from OR gate 150 will also be high. The outputs from 
OR gate 148 and 150 are ANDed by AND gate 154 
thereby producing a high output on line 168 which sets 
the NEW Flip-Flop 158. 
The Flip-Flop 158 maintains itself in the set condi 

tion as long as either a count red or a count white signal 
is present on lines 160 and 162. If an object-to 
background (or cell-to-background) transition occurs, 
it can be seen that both the count red and count white 
signals will be low on OR gate input lines 160 and 162 
thereby allowing the NEW Flip-Flop 158 to reset. The 
Flip-Flop 158 also can be reset by a change signal 
-(CI-IG) on line 164. 

Referring now to FIG. 7 there is shown in block form 
additional circuitry that operates in conjunction with 
the tag array 92 and line delay 94. For purposes of-clar 
ity, this circuitry was omitted from FIG. 6 and is shown 
in FIG. 7. Note that the tag array and line delays 92 and 
94, respectively, have been duplicated in FIG. 7. 
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For the sloping-line case, the circuitry shown in FIG. 
7 (including the previously discussed logic circuit 166) 
performs the following operations: (1) changes the tag 
or cell number in T5 to the tag or cell number in T3; (2) 
decrements the appropriate red or white blood cell 
counter; and, (3) when appropriate, changes the tag or 
cell numbers in T4 and in the line delay 94 to the tag 
or cell number in T3. ’ 

In the case of the U-shaped cell or object, the logic 
circuit 166 produces a “Push Numbers” signal identi 
fied in FIG. 5 by the abbreviation PUSH and, when ap 
propriate, changes tag or cell numbers in T5, T4, and 
the line delay 94 to the tag or cell number in T3. The 
PUSH signal causes the cell tags in T3 and T5 to be 
pushed onto a push down stack (not shown) in the 
main memory (FIG. 9). The change signal (CHG) from 
logic circuit 166 on line 170 gates the T3 tag or cell 
number on bus 172 through gate 176 onto T5. The tag 
or cell number on T3 bus 172 is also gated into T4 

' through gate 178. Operation of gate 178 is controlled 
by means of a logic circuit 180. The truth table for logic 
circuit 180 is as follows: ' 

IN PUTS 
T5 = T4 CHG OUTPUT 

l 
0 0 
¢ ' o 0 

It can be seen from the truth table that if T5 is equal 
to T4, the T3 number on bus 172 is gated through gate 
178 into T4. A similar logic circuit 182 controls another 
gate 184 which gates the T3 number on bus 172 into the 
?rst element of the line delay 94. Since the line delay 
94 comprises a shift register having a predetermined 
number of storage elements, the logic 182 and gate 184 
is duplicated for a predetermined number of adjacent 
storage elements in the shift register 94. This additional 
circuitry is represented in FIG. 7 by the continuing 
three dots. The purpose of the logic associated with the 
shift register line delay 94 is to correct the improperly 
numbered present line points in T5, T4, and the line 
delay 94. Note that these present points actually should 
have the same number as the previous line point in T3. 

The logic circuit 166 also generates a “down count” 
or counter decrement signal (DCNT) in accordance 
with the truth table set forth above. The down-count 
signal is applied as one input to two AND gates 186 and 
188 shown in FIG. 6. AND gate 186 controls the opera 
tion of the red blood cell counter 97. The second input 
to AND gate 186 is the count red signal (CNTR). In a 
similar manner AND gate 188 decrements the white 
blood cell counter 95. 
There remains one special case which should be pro 

vided for the case when one or more cells is touching 
or overlapping an edge of the ?eld. A cell which over 
laps the edge of the ?eld will be incomplete and thus 
not suitable for analysis. This case is provided for by 
causing the scan and digitize circuitry to output black 
points during its horizontal and vertical retrace inter 
vals. These points are the ?rst that are encountered at 
the beginning of a scan of the ?eld, and being black, 
they look like an object. These points are given the tag 
number ZERO. Any cell touching the ?eld edge will 
appear to be part of the same object, and thus will also 
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be assigned tag number ZERO. To simplify data han 
dling, special circuitry (not shown) prevents the stor~ 

' age of any data in main memory when the tag number 
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is ZERO. Thus, all objects overlapping the ?eld’s edge 
are ignored. 
Having described in detail the operation of the cir 

cuitry which assigns a cell tag to each of the identi?ed 
cell segments in response to the control signals and 
sample region classi?cation signals as shown in FIGS. 
6 and 7, I will now discuss the utilization of these identi 
fication numbers with respect to the scanned image 
data. Referring back to FIG. 4 for a moment, the Digi 
tized Serial Data Signals A’, B’, and C' is applied to 
corresponding storage shift registers 1900, 190b, and 
190C. Each shift register has a corrcsponding line delay 
192a, 19% and 192a‘. The output from each delay is fed 
back into the corresponding shift register. The delay 
provided by the signal transit through the lower por 
tion, as viewed in the drawing of shift registers 190 and 
the line delays 192 correspond to one line width of the 
scanned image 14. This delay is employed to synchro 
nize the image data signal with the previously discussed 
control signals. 
The output from each shift register on lines 194a, 

1194b, and 1940 is applied as one input to a background 
subtract circuit 196a, 196b, and 1196c. The second 
input to the background circuit is the associated back 
ground density output from histogrammer 40. The out 
put from each of the background subtract circuits 196 
is a six-bit digitized signal representing the scanned 
image data with the background density subtracted 
therefrom. These outputs are identi?ed as DATA-A. 
DATA-B and DATA-C. 

' Referring now to FIG. 8, the partial cell features are 
compiled for each of the identi?ed and tagged cell seg 
ments. The full data signals DATA-A, DATA-B, and 
DATA-C are inputted to white and red blood cell den 
sity summing circuits. As shownv in FIG. 8, a separate 
accumulator 198a, 198b, and 1980 is provided for each ‘ 
data channel to sum the densities of the white blood 
cell nucleus DATA-A, DATA-B, and DATA-C. Corre 
sponding accumulators 200a, 200b, and 2006‘ are pro 
vided for the white blood cell cytoplasm data. Red 
blood cell density summation is provided for data chan 
nels A and C by accumulators 202a. and 2020. The 
DATA-A, DATA-B, and DATA-C information is gated 
into the appropriate accumulators in accordance with 
the gating control signal count nucleus (CNTN), count 
cytoplasm (CNTC) and count red (CNTR). These sig' 
nals are derived from the control logic circuit 86 shown 
in FIG. 5. 
The control signals are also used to gate either the 

appropriate, tag number from the tag array block T5 
into white blood cell tag register 204 or red blood cell 
tag cell register 206. In addition, these control signals 
are also used to increment either nucleus, cytoplasm or 
red blood cell size counters 208, 210, and 212,‘ respec 
tively. . 

Looking now at the bottom portion of FIG. 8 there 
are shown three dual perimeter counters 214, 216, and 
218 for the white blood cell nucleus perimeter, white 
blood cell cytoplasm perimeter, and red blood cell pe 
rimeter, respectively. Each counter sums the number of 
straight and diagonal perimeter signals in each cell 
component type. The dual white blood cell nucleus pe 
rimeter counter 214 is incremented by the straight pe 
rimeter control signal (STN) and by the diagonal pe 
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rimeter nucleus control signal (DPB) which are ob~ 
tained from control logic circuit 76 shown in ‘FIG. 5. 
The dual cytoplasm perimeter counter 216 is incre 

mented by the output from two AND gates 218 and 
220. AND gate 218 has as its input the straight perime 
ter, white cytoplasm signal (STWC) which is derived 
from control logic 82 shown in FIG. 5 and the inverted 
perimeter inhibit signal (PINI-I) which is derived from 
control logic circuit 86 shown in FIG. 5. 
Referring back to the truth table for control logic cir 

cuit 86, it can be seen that when the perimeter inhibit 
signal is low or ZERO and the straight perimeter white 
cytoplasm signal is present, AND gate 218 will produce 
an output which increments the straight perimeter seg 
ment counting portion of the dual cytoplasm perimeter 
counter 216. AND 220 also utilizes the perimeter in 
hibit signal together with the diagonal perimeter, white 
cytoplasm control signal (DPWC) which is derived 
from the control logic circuit 82 shown in FIG. 5. Simi 
lar circuitry is also used for the dual red perimeter 
counter 218 through AND gates 222 and 224. The cor 
responding control signals straight'perimeter red (SPR) 
and diagonal perimeter red (DPR) are obtained from 
control logic circuit 84 shown in FIG. 5. 
Referring back for a moment to the tag array shown 

in FIGS. 6 and 7, if there are no cell points in the tag 
array blocks T4 and T5 (including a background situa 
tion) and there are cell points in tag array T1 and T2, 
the con?guration re?ects the existence of a perimeter 
segment from a previous cell on a previous line that was 
not detected by the system. This situation is handled by 
the circuitry shown at the very bottom of FIG. 8. The 
cell tag or number from the T2 block of the tag array 
92 is gated into an appropriate nucleus alternate num 
ber register 226, a cytoplasm alternate number register 
228 or a red blood cell alternate number register 230. 
The gating signals for the nucleus and cytoplasm alter 
nate number register 226 and 228 comprise the control 
signals previous row perimeter, nucleus (PRN) and 
previous row, white cytoplasm (PRWC) which are ob 
tained from control logic circuits 76 and 82, respec 
tively, shown in FIG. 5. 
The red blood cell alternate number register number 

230 is controlled by the gating signals previous row, red 
cell (PRR) which is derived from control logic circuit 
84 shown in FIG. 5. These control signals are also used 
to increment corresponding alternate perimeter count 
ers 232, 234, and 236. 
Looking now at FIG. 9, the white blood cell portion 

of the nucleus and cytoplasm counters, accumulators 
and registers have been duplicated in FIG. 9 with the 
same reference numerals being used to identify like 
components. FIG. 9 illustrates the outputs from each of 
these circuit components. Note that the inputs shown 
in FIG. 8 have been omitted from FIG. 9. Furthermore, 
the entire red blood cell portion has been omitted from 
FIG. 9. However, it should be understood that the same 
basic circuitry is employed for the handling of the red 
blood cell data. . 

FIG. 9 illustrates the use of each cell tag to sequen 
tially compile complete cell features from the partial 
cell features of each identi?ed cell segment having the 
same cell tag. The outputs from the white blood cell nu 
cleus size counter 208, cytoplasm size counter 210, 
density accumulators 198a through 1980 and 200a 
through 2000, nucleus and cytoplasm perimeter count 
ers 214 and 216, respectively, are shifted into a buffer 

20 

25 

30 

35 

45 

55 

65 

28 
memory 238 in response to a store white cell signal 
(STW). The appropriate tag or cell number from the 
white blood cell register 204 is also shifted into the buf 
fer memory at the same time. The contents of the buf 
fer memory are added into a main memory 240 (which 
includes a controller) in locations determined by the 
cell tag. In this way all the partial features having the 
same cell tag are added to the same locations to pro 
duce the complete features for the tagged cell. The 
main memory controller controls the gating of the buf 
fer memory data into the main memory and adds the 
buffer contents to the previous contents in the main 
memory. After a short delay the WBC counters and ac 
cumulators are cleared by a “clear" signal produced by 
delay circuit 242. 

It should be noted at this point that the red blood cell 
information is processed in the same manner through 
a buffer memory (not shown) into the main memory 
and controller 240. ' ' 

The contents of the alternate perimeter counters 232 
and 234 for the nucleus and cytoplasm, respectively, 
are also shifted into another buffer memory 244. In a 
similar manner, the tag or cell numbers contained in 
the alternate number registers 226 and 228 are shifted 
into the buffer memory 244. The alternate perimeter 
and alternate number data is shifted into the buffer 
memory 244 in response to the store previous row, nu 
cleus (SPRN) signal or the store previous row, white 
cytoplasm (SRWC) signal which are obtained from the 
FIG. 3 logic‘circuits 76 and 82, respectively. These two 
signals are applied as one input to an AND gate 246 
whose output controls the shifting of the alternate pe 
rimeter and alternate number data into the buffer 
memory 244. The second input to AND gate 246 is 
provided by the output of an OR gate 248 whose inputs 
comprise the outputs of the nucleus alternate number 
register 226 and the cytoplasm alternate number regis 
ter 228. 
The operation of the alternate perimeter circuitry 

shown in the bottom of FIG. 9 can best be understood 
by looking back for a moment at FIGS. 5 and 6. As 
sume that the ?ve block delay arrays 66, 68, and 70 in 
FIG. 5 and the tag array 92 shown in FIG. 6 contain nu‘ 
clear points in blocks numbers 4 and 5, e.g. T, and T5, 
while the block numbers 1, 2, and 3 contain no nuclear 
points. In this situation, it is clear that a perimeter seg 
ment has been encountered. I-Iowever, let us assume 
that all five blocks have nuclear points, but the points 
in the scanned image just below points 4 and 5 have 
background points (this will be recognized on the next 
line scan). The perimeter segment will be recognized 
only when the points in T5 and T4 are shifted through 
to the tag array T3 and T2 and T, and the background 
points just below points T5 and T4 are placed in T5 and 
T4. It will be appreciated that at this time it is too late 
to recognize this special case for the perimeter segment 
by means of the regular circuitry. The additional alter 
nate perimeter circuitry shown in FIGS. 8 and 9 is em 
ployed to determine and compile the extra perimeter 
segments produced in this specific situation. 

Referring back to FIG. 9, the contents of the buffer 
memory are added into the main memory in response 
to the main memory controller. After a suitable delay 
produced by delay circuit 250, the alternate perimeter 
counters are cleared by the "clear-A” signal. 

It remains to describe the operation of a one-bit 
LINK register 252 in FIG. 8. The LINK is set by logic 










































