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The Acousto-Optical Method for Blood Typing Based on Discrete
Processing of Photographic Images

V. A. Doubrovski* and M. F. Medvedeva

This work is devoted to the development of the acousto-optical method for blood typing based on analysis of dig-
ital photoimages of sedimentation of red blood cells and their aggregates and immune complexes (agglutinates).
Two modifications of the discrete method for photographic image processing were suggested and experimentally
tested to increase the reliability of instrumental human blood typing. ABO matching of blood samples was per-
Jformed. It was shown that the proposed methods for discrete processing of photoimages provided a several hun-
dredfold increase in the resolution of the acousto-optical method for blood typing as compared to the conven-
tional photometric approach. The reliability of blood typing was also considerably improved.

Introduction

Development of methods and devices for instrumental
blood typing of donor and recipient blood is an important
problem because of the high demand for this hematological
test. In contrast to other measuring systems, the notion of
relative measurement error can be hardly applied to devices
for instrumental blood typing, because the possibility of
errors in blood typing should be completely excluded. The
reliability of blood typing can be estimated from the resolv-
ing power (resolution) R of the method or the device used
for blood typing. The resolving power is differently deter-
mined by different authors [1-4]. In all cases, it indicates
the difference between the values of the selected physical
quantity measured in the case of positive agglutination
reaction and in the case of negative agglutination reaction.
It is obvious that an increase in the resolving power
enhances the reliability of blood group determination.

Due to high specificity of blood samples from differ-
ent donors or recipients the resolution may vary in a broad
range even if the samples belong to the same blood type.
The specificity is due to many factors, e.g., the agglutina-
tion activity of erythrocytes, erythrocyte concentration in
the sample, hemoglobin concentration, blood viscosity,
etc. The designers of apparatuses for blood typing set cer-
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tain threshold values Ry, (max) and Ry,.(min) based on
the results of technical and biomedical tests. If the meas-
ured value of resolution for a given blood sample exceeds
Ries(max), the agglutination test is accepted as valid (pos-
itive); if R < Ry.(min), the test is accepted as invalid
(negative). Thus, tests of a given blood sample based on
four different sera allow the blood type to be determined.
If the value of the resolution R measured in at least one of
the tests is within the uncertainty limits R, (min) < R <
Ries(max), no definite conclusion about the agglutination
reaction is made. In this case, the device indicates that the
test failed to determine the blood type. This approach is
widely used [5, 6], because any error in blood typing can
lead to a fatal outcome of blood transfusion. It is fairly nat-
ural that an increase in the resolution of a blood typing
device reduces the number of test results falling within the
uncertainty limits Ry, (min)-Ry,.(max), thus increasing
the reliability of blood typing and reducing the number of
blood samples with unidentified blood type. Thus,
improvement of the resolution of instrumental blood typ-
ing is an important task of modern medicine.

The resolution of a device for blood typing can be
increased using the acousto-optical method suggested in
[7] and considered in more detail in [8, 9]. It was also sug-
gested in [3, 4] to supplement this method with tech-
niques for digital photodetection of erythrocytes and their
agglutinates. The photometric and statistical methods of
photoimage processing during blood typing using the
acousto-optical method were described in [10]. Two new
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modifications of the photoimage processing technique
are suggested in this work. The goal of this work is to test
experimentally the suggested technique for discrete pro-
cessing of photoimages, to elucidate the specific features
of this approach, and to estimate the maximum resolu-
tion of the acousto-optical method of blood typing based
on discrete processing of photoimages.

Materials and Methods

Experimental Technique. The developed acousto-
optical method of blood typing was tested within the
framework of crossmatching tests involving forward and
reverse blood typing. Donor blood of the four ABO groups
and corresponding hemagglutinating sera and standard
erythrocytes were tested.

Samples of the donor blood were centrifuged. Then,
the serum was used for blood typing by the reverse
method, while the erythrocyte mass was tested using the
forward method of blood typing. The total number of
tested samples was 16 in forward typing and 12 in reverse
typing. Preliminary experimental tests allowed the opti-
mal conditions of the erythrocyte agglutination reactions
to be determined for the forward and reverse methods.
After preparation, the sample was exposed to a standing
ultrasonic wave. Preliminary experimental tests allowed
the optimal conditions of the erythrocyte agglutination
reactions to be determined for the forward and reverse
methods. The optimal conditions for the forward typing
included the optimal volume ratio of standard serum to
tested erythrocytes. For the reverse typing the optimal
conditions included the optimal volume ratio of tested
plasma to standard erythrocytes. The ratio of dilution of
plasma and erythrocytes with saline was also optimized,
as well as the duration of ultrasonic probing, the sample
incubation time, etc. [11]. Sample preparation and
experimental methods were described in more detail in
[10].

The biological object was tested using a collimated
beam with a power maximum at A = 540 nm. The LED
emission spectrum corresponded to the hemoglobin
absorption spectrum in the green range. Photographs of
the tested sample were taken using a Logitech QuickCam
color web camera. The obtained images were transmitted
to a PC for processing.

Computer Processing of Photoimages. The methods of
discrete processing of photoimages suggested in this work
were applied only to the G component of images decom-
posed into the RGB components. A square zone was
selected in each photoimage. The width w of each zone
corresponded to the transverse size of the probing light
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beam and could be varied according to the goal of the test
(Fig. 1).

It follows from Fig. 1 that in the case of a negative
reaction strong absorption of the probing beam by the
erythrocyte hemoglobin is observed (Fig. 1a). In the case
of a positive agglutination reaction, the medium is more
transparent because of rapid sedimentation of large
agglutinates (Fig. 1b). Each digital image has a corre-
sponding characteristic matrix of brightness B.

Estimation of the number of pixels with given bright-
ness. The suggested discrete processing method is based
on analysis of the brightness of each pixel. As in [10], the
distribution N(B) of pixels in the zone w according to
their brightness was determined (Fig. 2).

Then, the number of pixels N(B > B,,,,) with bright-
ness values above the threshold B,,., was determined for
the selected zone w using the following equation:

255
N(B>Bu)= Y, N,,

k=B

thres

where k is the current pixel brightness, By, is the select-
ed brightness threshold, and N, is the number of pixels
with the brightness k. It follows from Fig. 1 that the num-
ber of bright pixels is small in the case of a negative agglu-
tination reaction (Fig. 1a), whereas in the case of a posi-
tive reaction the number of bright pixels is very high (Fig.
1b). Thus, the resolution of the method can be estimated
from the ratio of the numbers of bright pixels for the pos-
itive N.(B > B,,.,) and negative N_(B > B,,,,) agglutina-
tion reactions: Ry = N (B 2 By,.)/N_(B > B,.,)-

This method provides greater resolution as compared
to the photometric approach. Indeed, the mean bright-
ness B averaged over the zone w is limited, 0 < B <255 (for

Fig. 1. Typical camera exposure images in the green (G) channel
of the RGB decomposition in the case of forward typing: a) nega-
tive agglutination reaction; b) positive agglutination reaction. The
squares represent the area for statistical processing of the experi-
mental results; the zone width w is 100 pixels.
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Fig. 2. Typical pixel distribution N(B) over the brightness B in an
area w = 100 pixels for negative agglutination reaction N_(B)
(curve 1, left Y axis) and for positive agglutination reaction N,(B)
(curve 2, right Y axis).

the 8-bit web camera), whereas the number N(B > B,,,,)
of pixels with brightness values exceeding a given thresh-
old (discrete approach) ranges over wider limits:
0< N(B > By,.;) < Ny, where N, is the total number of pix-
els in the zone w.

It follows from Fig. 3a that N,= N_= N, at B,,., = 0.
In this case, Ry = N,/N_= 1. Therefore, B,,,, = 0 is prac-
tically unfeasible within the framework of the approach
suggested in this work. In Fig. 3a, the intersection point
between the curve 1 and the X axis determines the critical
brightness value B,.. It is obvious that in the case of the
negative reaction the pixels with the brightness above B,,
are completely absent in the image. Therefore, B,
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should not exceed B,,, because in this case N_(B> B,,,,) =
0, so that the value of resolution Ry(B,,.,) = N.(B >
Byye)/N_(B > By,,,) becomes senseless (in Fig. 3a, B, =
6). Maximal resolution Ry of the method is reached at
B,,.. = B,.— 1, because in the case of negative agglutina-
tion reaction N_(B > B,,,,) monotonically decreases with
increasing By,,,, while N, (B > B,,,,) remains constant for
a rather long period.

Estimation of total brightness of photoimage pixels. An
additional increase in the resolution of the method can be
achieved by taking into account both the number of the
pixels with brightness above a certain level B, and the
total brightness of these pixels. Indeed, in the case of neg-
ative agglutination reaction (Fig. 1a), both the number of
pixels with brightness B > B,,,, and the brightness of indi-
vidual pixels are low. As a result, the total brightness .S_is
also low. On the other hand, in the case of positive agglu-
tination reaction (Fig. 1b), the number of pixels with
brightness B> By, is high and their brightness is also high.
Therefore, in this case, the total brightness of these pixels
S, is higher than S_, provided that B > B,,,,. Thus, the res-
olution of the acousto-optical method with discrete pho-
toimage processing Ry = 5,/S_ may be rather high.

For positive agglutination reaction:

where S, is the total brightness of pixels with B > B,
(positive agglutination reaction), m is the number of pixels,
B,, is the brightness of pixel m, m, is the total number of
pixels with B > B,,,,, i is the current pixel brightness, and
N, is the number of photoimage pixels with brightness i.
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Fig. 3. a) Number of pixels N(B > B,,,,) with brightness exceeding the threshold value By, as a function of B,,,; b) total brightness of the pix-
els S(B > B,,,,) with brightness exceeding the threshold value B,,,, as a function of B,,,,. Curves: 1) negative agglutination reaction; 2) positive
agglutination reaction; (in b) — right Y axis). The zone width w = 100 pixels.
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For negative agglutination reaction:

n=1

255

ZJ'NJ‘;

T=B thres

where S_ is the total brightness of pixels with B> B, n
is the number of pixels, B, is the brightness of pixel #, n,
is the total number of pixels with B > B,,,,,, j is the current
pixel brightness, and N, is the number of photoimage pix-
els with brightness j.

Figure 3b shows the dependence of the total pho-
toimage pixel brightness S(B > B,,,,) on the value of By,
for negative (curve 1) and positive (curve 2) agglutination
reactions. These curves are similar to the corresponding
curves N(B > B,,,,) for negative and positive agglutination
reactions shown in Fig. 3a. However, there is a substantial
difference: S, and S_ differ from one another even at zero
threshold brightness (B,,., = 0). This allows the resolution
of the method Ry = S,(B > By,.;)/S_(B > B,,,,) to remain
high even at B,,,, = 0, when N, = N_ = N, and Ry =
N./N_ = 1. Similarly to the technique based on estima-
tion of the number of pixels with given brightness, the
maximal Rg was observed at B, = B,, — 1. It should be
noted that the critical brightness B, was determined in the
same manner as in the technique based on estimation of
the number of pixels with given brightness, as the inter-
section point between the curve S_(B > B,,,,) and the X
axis (Fig. 3b, B,. = 6).

Results and Discussion

The mean values averaged over the samples and the
resolution spread for the two approaches to photoimage
processing used in the acousto-optical blood typing are
given in Table 1. The values of the minimal (R,;,), mean
(R), and maximal (R,,,,) resolution for the two approach-
es were estimated for the zone width w = 100 as follows:
Ry=N,/N_(Ry=S./S ), where N, and N_ (S, and S ) are
corresponding mean values N, and N_ (S, and S_) for all
blood samples; RN, min N+min/N—max (RS, min S+min/
S a0, Where Ny ..o and N_.. (Simin and S_,,.,) are the
minimal value of N,(S,) and the maximal value of N_(S_)
over all results of the tests, respectively; and Ry, . =
N+max/N—min (RS, max S+max/S—min)a where N+max and
N_pin (Simax and S_;,) are the maximal value of N, (S5,)
and the minimal value of N_ (5_) over all results of the
tests, respectively. The data obtained using the conven-
tional photometric approach [10] are also given in Table 1
for comparison.

It follows from Table 1 that either of the two modifi-
cations of the discrete method of photoimage processing
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TABLE 1. Mean Values Averaged over the Samples and Resolution
Spread of the Blood Typing Method

Cross-
Photoimage analysis method matching
component

Rmin R Rmax

Forward 52 150 319
Reverse 25 119 262

Photometric

Estimation of the number Forward 1250 2368 5000
of pixels, Biyyes =5 Reverss 588 1739 10,000
Estimation of the number Forward 4 12 60
of pixels, Byyes = 4 Reverse 3 10 71
Estimation of total Forward 21,778 65,452 170,340
brightness, Binees = 5 Reverse 6111 41,469 339,855
Estimation of total Forward 90 404 2553
brightness, B, = 4 Reverse 44 282 3029

suggested in this work can be used as an alternative to the
photometric method. The approach based on the estima-
tion of the number of pixels with a brightness above the
threshold value increases the resolution by one to two
orders of magnitude at B,,, = 5. However, at B,,,, = 4,
there is already a sharp decrease in Ry. The approach
based on the estimation of the total pixel brightness is the
most promising. As shown above, the resolution Ry
increases with increasing By,.,, while a significant differ-
ence between positive and negative reactions is achieved
even at zero threshold brightness (By,., = 0). However, an
increase in By, leads to an increase in the spread of Rj,
thus reducing the reliability of measurements and the
repeatability of the results.

It is obvious that the zone size w influences the reso-
lution of the blood typing method. Calculations demon-
strated that for both modifications of the discrete pro-
cessing method suggested in this work an increase in w did
not initially affect the resolutions Ry and R;. Only when
w became comparable to the size of the probing light spot
did Ry and R; begin to decrease. All the while, the ratio
R >> Ry remained valid. Moreover, if the first modifica-
tion of the discrete method (estimation of the number of
pixels with given brightness) failed to discriminate
between positive and negative agglutination reactions, the
second modification of the method (estimation of total
brightness of photoimage pixels) still provided reliable
results. Estimates demonstrated that the optimal zone
size w was 50-400 pixels depending on the selected
approach to photoimage processing.

Values of resolution R of the acousto-optical
method of forward and reverse blood typing are com-
pared in Tables 2 and 3 for the photometric approach
(Rp= P./P_) [10] and the two modifications of the dis-
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TABLE 2. Forward Crossmatching
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Blood group 0(I) A(II) B(III) AB(1V)
Serum R, Ry Ry R, R, Ry R, Ry, Ry Ry Ry Ry
o) 1.1 0.9 0.9 176 2368 73,991 78 2368 41,263 164 2368 70,790
A(II) 1.1 14 1.4 1.3 1.2 1.9 205 2368 80,688 114 2368 55,279
B(III) 1.5 1.9 1.9 124 2,368 58,759 0.7 0.7 0.7 190 2368 77,397
AB(IV) 1.1 1.8 1.8 0.7 0.5 0.5 1.0 0.5 0.5 0.6 0.7 0.7
TABLE 3. Reverse Crossmatching
Blood group o(I) A(II) B(III) AB(IV)
Standard erythrocytes RP RN RS RP RN RS RP RN RS RP RN RS
0(I) 1.0 0.97 0.9 0.7 0.2 0.2 0.7 0.2 0.2 1.1 1.0 1.0
A(II) 185 1739 59,105 1.7 3.0 3.0 44 1739 20,136 0.9 1.6 1.6
B(III) 65 1739 28,206 182 1738 58,428 0.7 0.2 0.2 1.1 1.0 1.0

crete method suggested in this work (Ry = N,/N_ and
Rs=S./S ). Values of P, N_, and S_ were estimated by
averaging of P, N, and § in the samples with a negative
agglutination reaction. The zone size was assumed to be
w = 100; for the discrete methods B,,,, was assumed to be
5. The semibold letters indicate a negative agglutination
reaction.

It follows from Tables 2 and 3 that the discrete
approach to photoimage processing provides a consider-
able increase in the resolution of the acousto-optical
method of blood typing as compared to conventional pho-
tometry: a 10- to 40-fold increase in the case of estimation
of the number of pixels with given brightness (Ry
N./N_) and a 300- to 500-fold increase in the case of esti-
mation of total brightness of photoimage pixels (Ry
S./S0).

Conclusion

A new discrete method for photoimage processing
within the framework of the acousto-optical method of
blood typing was suggested and tested. This approach
provides a substantial (up to 500-fold) increase in the res-
olution as compared to conventional photometry and,

therefore, improves the reliability of determination of
human blood type. The high resolution of the acousto-
optical method attained using the suggested approach
allows the blood type to be determined even in the case of
weak erythrocyte agglutination. It also allows an algo-
rithm for estimating the intensity of erythrocyte aggluti-
nation to be developed. It is important to note that an
actual device for blood typing can implement a combina-
tion of the photoimage processing methods suggested in
this work and in [10]. Such a combination significantly
increases the reliability of blood typing. From the techni-
cal point of view, the discrete approach to photoimage
processing suggested in this work allows all advantages of
a photodetector based on a web camera to be used fully.
This becomes possible due to the pixel-by-pixel analysis
of images. In general, the development of the discrete
approach to processing of experimental results can be
regarded as a further step in progress of the acousto-opti-
cal method of human blood typing.
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