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A PC-Based Imaging System for Automated Platelet
Identification

J.-S. Lin, C.-C. Tai, C.-W. Mao, C.-J. Jen, and K.-S. Cheng

Abstract—In this communication, a PC-based imaging system was
developed for automatically identifying fluroscence-labeled individual
platelets adherent to protein-coated surface under flow conditions. It
is to eliminate the laborious and time-consuming task, and the subjec-
tive error of manual measurements. Based upon the features of adher-
ent platelets, three passes of the image processing were developed for
platelet identification. From the results, 90-95% accuracy could be
routinely obtained. The platelet distribution and other related param-
eters could be easily extracted and investigated.

INTRODUCTION

With the advance of the digital imaging microscopic technique,
the studies of complex cellular functions and higher order structure
analysis become easier, more objective, and more accurate [1]. A
good survey of the objectives of microscopic image analysis ap-
peared previously [2]. Most systems in the past were implemented
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with the minicomputers. Nowadays. with the rapid developments
in VLSI and computer technologies. the PC-based imaging systems
are available with low cost.

The microscopic visual inspection process using digital image
processing plays an important role in hematological investigations,
such as the tracking, counting, classification, and analysis of the
white blood cells [3]-[5]. Other applications include the template
matching for analyzing the intramembraneous particle distribution
[6]. and the interactive tracking of the platelets and polymorpho-
nuclear leukocytes on biomaterial surfaces [5]. [7]. Epifluores-
cence video microscopy, in particular, is a necessary tool for in-
vestigating the characteristics of adherent platelets in mural thrombo-
genesis [8]-[10}. In the study of the aggregation of platelets [9].
the off-line digital image processing technique was developed for
local measurements of the multiplatelet thrombi growth and distri-
bution. However. due to the lack of the morphological informa-
tion, there is only very limited success in automated identification
of the fluorescence image of individual platelets. For all the anal-
ysis of platelet images, the identification is inevitably the first and
most important step in digital image processing.

In this communication, a PC-based imaging system is employcd
for automated platelet identification using the image processing and
pattern recognition techniques. The platelets adhered to the pro-
tein-coated surface under flow conditions could be identified and
tracked dynamically. The interesting parameters, such as number
of platelets per unit area, accumulation rate, adhesion status. and
sustaining period, could also be extracted automatically.

SysTEM DESCRIPTION

An imaging system with a 80286-based personal computer (ARC
Turbo-12) is used for automated platelet identification. The block-
diagram of the whole experimental setup is shown in Fig. 1, which
is similar to the one described by Hubble and Mclntire [9]. A typ-
ical image grabbed from the tape of this imaging system is shown
in Fig. 2. The flow direction is from right to left. The imaging card
used for grabbing the image from either the video camera or video
cassette recorder has the resolution of 512 X 512 with 256 gray
levels (VFG-512, Visionetics, Taiwan, ROC). Other instruments
included in the system are an epi-fluorescence microscope of
Olympus (BH-2RFL). a video camera of Hamamatsu (C-2400-08).
a flow chamber, a syringe pump, a dynamic image tracing system
of Sony (BNU-820). and a time base corrector of Sony (BVT-800).

In this study. all the identification algorithms and subsequent
analysis programs were implemented using the C language, and
easily run on an IBM compatible microcomputer.

The whole blood drawn from a nonsmoking, nonmedicated
healthy subject was used as the sample. In which, the fluorescent
dye of acridine red (2 uM) and the anticoagulant of sodium cirate
(0.32%) were added for specifically labeling the platelets and pre-
venting it from clotting. The flow rate controlled by the syringe
pump was set at 0.9 ML /min, with a corresponding surface shear
rate of 445 s~ to simulate arterial blood flow conditions.

AUTOMATED PLATELET IDENTIFICATION

From the grabbed fluorescence image of platelets. most platelets
identifiable by human cyes had their gray-level values higher than
the neighborhood background by at least 20. As flow time in-
creased, more and more platelets adhered to the protein-coated re-
gion but not to the uncoated portion of the glass. Therefore, the
coating boundary became more and more distinguishable.
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Fig. 1. Block diagram of system configuration.
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Fig. 2. Fluorescence micrograph of adherent platelets.

In practice, since the quality of the pictures, such as shown in
Fig. 2, was good enough for the direct platelet identification with-
out any preprocessing, both computation time and memory space
for the PC-based imaging system were saved. To identify the lo-
cations of the center of adherent platelets, the algorithms of three
passes were developed based upon the features of the fluorescent
platelet image.

The histograms of the gray level in our pictures were nearly bi-
modal. Those pixels with high gray level values were mostly the
platelets, and those with low values corresponding to the back-
ground. The method developed by Otsu [11] was adapted to per-
form automatic bilevel thresholding for later use. From this pro-
cedure, a background threshold was determined automatically. By
carefully examining the gray level values of pixels for the individ-
ual platelets, the following information was obtained:

1) Most platelets had a diameter ranging from D, to D, pixels,
which depending upon the amplification of the microscope.

2) Most platelets had a brighter central zone and a dimmer pe-
ripheral zone.

3) Most of the gray-level value differences between the central
zone and the background threshold were larger than C;.

4) Most of the gray-level value differences between the periph-
eral zone and the background threshold were larger than C,(C,
< C)).

Based upon the above information, ‘*Pass 1' algorithm (Fig. 3)
was developed for platelet identification. At least 80% of the ad-

Automatic thresholding for
background threshold: TH

Define the gray-level difference:
C1,C2,and C3

Determine the maximum &
minimum diameter of platelet:
D1and D2

Have all
the pixels been

Yes
>—»{(_ Ead of Pass |
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?
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b)
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Glxtjy < TH+C2 o No a solid biack circle of diameter D1

G(x,y+j)<TH+C2
for D1/2<j<D2/2+],
9

Increase the count
Yes of plaielet by 1

Fig. 3. Algorithm for platelet identification PASS 1.

herent platelets could be detected using this algorithm. For the de-
tection of smaller and dimmer platelets, a ‘‘Pass 2'" algorithm was
applied subsequently. ‘‘Pass 2°° was similar to **Pass 1I'" except
that it had a reduced diameter value and a reduced gray-level range
of platelet. After being processed by the “‘Pass 1'* and **Pass 2"
algorithms, the leftover platelets could be identified by taking their
radial properties into consideration—‘‘Pass 3" algorithm (Fig. 4).
Since these platelets were the dimmest among all, the *‘Pass 3"
algorithm would search the pixels having the gray level greater
than the background threshold by Cy(Cy < C,). When necessary,
based upon the histogram of platelets identified during the first
round, the refined threshold could be obtained automatically and
adapted for the second round identification process. The final result
of the identified platelets were marked on the original picture for
comparison in Fig. 5. The values of platelet diameter for D1 and
D2, and the gray-level differences above the background threshold
for C,, C,, and Cs, could be experimentally determined with iter-
ative local histogram processing for each frame. However, in the
same set of experiments, satisfactory results could be obtained using
the same values for analyzing any frame.

DISCUSSION AND APPLICATION

Using the described procedures, 90-95% of identification accu-
racy could be routinely obtained. Moreover, excluding the prepro-
cessing, as many as 1000 platelets could be easily identified within
1 min. In comparison, it usually took about 6 min for a person to
count this many platelets, and the variation of results from person
to person might be up to 20% (Table I). Although, the results from
repeated counting by the same person was more reproducible, it is
very tiresome for human to count more than five frames continu-
ously without any break. Moreover, in our method not only the
number of adherent platelets but also their respective locations
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Fig. 5. Platelets identified on the original picture.

could be obtained for analysis. A location file for each processed
frame was saved for analyzing the adherent platelet distribution.
Interesting parameters, such as number of adherent platelets per
unit area, accumulation rate, adhesion status, sustaining period,
could also be extracted automatically.

Table Il represents the analysis of a typical set of results obtained
from exposing the whole blood with fibrin coated surface. In this
experiment, the D, and D, were set at 8 and 6 pixels, respectively.
The parameters for Cy, C,, and C; of three passes were 25, 20, and
15 in gray levels. The neighboring distance was defined as 8 pixels.
The platelets identified by this automatic procedure was in good
agreement with the manual measurements. Up to 3 min of blood
exposure time, there were about 600 platelets adhered onto an area
of 20 000 um®. Almost half of them had immediately adjacent

neighbor(s). In addition, based upon the statistical analysis [12], it
is also shown that the platelets initially adhered randomly but fi-
nally became uniformly distributed. This analysis indicates that the
deposition of each platelet was an independent process, i.e., the
adhered platelets did not influence the adhesion of incoming plate-
lets. Therefore, we can provide this important information for blood
physiologists regarding the dynamic behavior of platelet-fibrin in-
teraction under flow.

Besides the single frame analysis, the frame-to-frame compari-
son could also be carried out in time sequence along the same ex-
periment. Three types of adhesion status could be obtained: 1)
newly attached platelets were the ones appearing on the location
file 12 but not on the location file t1 (¢1 and 2 were blood-surface
contact times of the same experiment, and t1 < r2); 2) just de-
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TABLE 1
MANUAL MEASUREMENTS OF THE PLATELETS FOR THE FRAME SHOWN IN FIG. 2 BY Six DIFFERENT PERSONS

Person Meas. #1 Meas. #2 Meas. #3 Meas. #4 Meas. #5 Mean + SD Time
A 810 926 1130 1360 1196 1084 + 218 528"
B 689 740 721 724 779 731 + 33 508"
C 668 609 631 656 692 651 + 32 3725”7
D 766 767 828 915 948 845 + 84 334"
E 673 680 728 726 641 690 + 37 302"
F 616 584 576 574 554 581 + 23 4'06"

1) Count by the computer = 653 platelets/frame, time = 55 s.

2) The mean and standard deviation of all the measurements are 764 + 190 platelets/frame.

3) The values shown in the last column **Time™" are the mean time for five consecutive measurements.

Since practically each frame is counted only once by manual measurement, we take the average of the
first count from each person as the ‘‘gold standard.”” The mean and the standard deviation for the first
count of six persons are 704 + 71 platelets/trame.

TABLE 11

SINGLE FRAME ANALYSIS OF PLATELET ADHESION ONTO FIBRIN-COATED

SURFACE AT 445 s ' SURFACE SHEAR RATE

Time Platelet per Platelets with
(sec) 20,000 pm** Neighbors** Distribution
10 18 0 Random
20 44 6 Random
30 78 12 Random
40 119 24 Random
50 156 29 Random
60 209 44 Random
70 266 79 Random
80 308 85 Random
90 353 116 Random
100 377 135 Clustering
110 419 143 Random
120 474 214 Random
130 524 262 Random
140 554 253 Random
150 580 275 Random
160 605 287 Random
170 606 249 Uniform
180 650 286 Uniform

*The identification parameters were: D, = 8, D, =
20, and C, = 15.
**The neighboring distance was set at D, = 8.

tached platelets were the ones appearing on the location file 71 but
not on the location file 72; and 3) staying platelets were the ones
appearing on both location files. After comparing the location files
in sequence, the curves for accumulative growth, staying, newly

6.C, =25 C, =

attached and detached cells could be obtained simultaneously.
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