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Abstract—Determine blood type is essential before administering
a blood transfusion, including in emergency situation. Currently,
these tests are performed manually by technicians, which can
lead to human errors. Various systems have been developed to
automate these tests, but none is able to perform the analysis in
time for emergency situations. This work aims to develop an
automatic system to perform these tests in a short period of time,
adapting to emergency situations. To do so, it uses the slide test
and image processing techniques using the IMAQ Vision from
National Instruments. The image captured after the slide test is
processed and detects the occurrence of agglutination. Next the
classification algorithm determines the blood type in analysis.
Finally, all the information is stored in a database. Thus, the
system allows determining the blood type in an emergency,
eliminating transfusions based on the principle of universal
donor and reducing transfusion reactions risks.

Index Terms—blood types; emergency situations; slide test;
image processing techniques; IMAQ Vision; LabView;

L INTRODUCTION

Before performing a blood transfusion is necessary to
perform certain tests that are properly standardized. One of
these tests is the determination of blood type and this test is
essential for the realization of a safe blood transfusion, so as to
administer a blood type that is compatible with the type of
receiver [1-11]. However, there are certain emergency
situations which due the risk of patient’s life, it is necessary to
administer blood immediately. In these cases, as the tests
currently available require moving the laboratory, it may not be
time enough to determine the blood type and is administered
blood type O negative considered universal donor and therefore
provides less risk of incompatibility [1-11]. However, despite
the risk of incompatibilities be less sometimes occur
transfusion reactions that cause death of the patient and it is
essential to avoid them, administering blood based on the
principle of universal donor only in emergencies [1-11]. Thus,
the ideal would be to determine the blood type of the patient
even in emergency situations and administering compatible
blood type from the first unit of blood transfusion. Secondly,
the pre-transfusion tests are performed manually by
technician’s analysts, which sometimes lead to the occurrence
of human errors in procedures, reading and interpreting of
results. Since these human errors can translate into fatal
consequences for the patient, being one of the most significant

causes of fatal blood transfusions is extremely important to
automate the procedure of these tests, the reading and
interpretation of the results [1-11].

In this sense, several systems have been developed
TechniconAutoAnalyzer [12-14], TechniconAutoAnalyzer II
[15-16], Groupamatic [13, 17], Auto-Grouper [13] Olympus
PK 7200 [13, 18-21] Immucor Galileo [22-25], Ortho AutoVue
® Innova System [26], Tango ® Automated Blood Bank [27]
and Techno TwinStation [28]. But until now, no system
delivers results available in time for it to be used in emergency
situations [26]. Thus, this paper presents a novel system which
automatically performs the determination of blood type,
eliminating human error in a short interval of time for it to be
used in emergency situations.

This system is based on slide test for determining blood
types and the software developed using image processing
techniques. The slide test consist of the mixture of one drop of
blood and one drop of each reagent, anti-A, anti-B, anti-AB
and anti-D, being the result interpreted according to the
occurrence or not of agglutination. The agglutination reaction
means that occurred reaction between the antibody and the
antigen, indicating the presence of the antigen appropriate. The
combination of the occurrence of agglutination, or non
occurrence, determines the blood type of the patient [29]. Thus,
the software developed based in image processing techniques
allows, through an image captured after the procedure of the
slide test detect the occurrence of agglutination and
consequently the blood type of the patient.

II.  IMAGE PROCESSING TECHNIQUES

The results of slide test is captured by a CCD camera (Sony
Cyber-shot DSC-S750) consisting of a color image composed
of four samples of blood and reagent. This image will be
processed by image processing techniques developed with the
IMAQ Vision software from National Instruments [30]. The
image processing techniques developed are presented in this
section. The descriptions of all the functions presented are
presented in the references mentioned [30-32].



1. Image Buffer: Add Copy(1) [30-32], Figure 1.
a) b) 9 d)

Figure 1. Original Image captured by the CCD camera (a) Reagent anti-A (b)
Reagent anti-B (c) Reagent anti-AB (d) Reagent anti-D.

2. Color Plane Extraction: RGB Green Plane [30-32],
Figure 2.

a) b) .

Figure 2. Image obtained by applying Color Plane Extraction: RGB Green
Plane function in the original image of Figure 1.

3. Auto Threshold: Clustering [30-32], Figure 3.

Figure 3. Image obtained by applying the Auto Threshold: Clustering in image
of Figure 2.

4. Local Threshold: Niblack [30-32], Figure 4.
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Figure 4. Image obtained by applying the Local Threshold: Niblack function
under the image of Figure 3.

5. Advanced Morphology: Fill holes [30-32], Figure 5.

Figure 5. Image obtained by the application of Advanced Function
Morphology: Fill holes function in the image of Figure 4.

6. Advanced Morphology: Remove small objects [30-32],
Figure 6.

Figure 6. Image obtained by applying the Advanced Morphology: Remove
small objects function in the image of Figure 5.

The techniques presented are used to automate the process
of determining blood type. Together with another function
later, ensure that the analysis is carried out automatically, but
needs to ensure that the function of particle analysis has only
four particles corresponding to mixed blood and reagent.

7. Particle Analysis [30-32], TABLE 1.

TABLE 1. RESULTS OF APPLICATION OF PARTICLES ANAYLISIS FUNCTION ON
IMAGE OF FIGURE 6

Particle Center of Mass X Center of Mass Y
1 338,48 537,65
2 1163,82 557,58
3 735,68 545,93
4 1570,67 545,81

8. Image Buffer: Retrieve buffer # 1 [30-32], Figure 1.

9. Color Plane Extraction: HSL Luminance Plane [30-
32], Figure 7.
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Figure 7. Image obtained by applying the Color Plane Extraction: HSL
Luminance Plane function to the original image of Figure 6.

10. Set Coordinate System [30-32], Figure 8.



a)

Figure 8. Image resulting of the application of Set Coordinate System
functions to each of the particles in the image.

11. Quantify [30-32], Figure 9 and TABLE 2.
2) i ) d

Figure 9.Image resulting from application of the Quantify function.

TABLE 2. RESULTS OF APPLICATION OF THE QUANTIFY FUNCTION IN FIGURE

Figure Arca {\//Iean Stagr}da.rd Minimal Maximal
alue Deviation  Value Value
9@ 05 576 52 43,0 83,0
9(Mb) 04 1935 43,7 63,0 250,0
9(c) 05 1769 53,4 46,0 248,0
9d) 04 1829 25,5 61,0 234,0

It is through this function that detects the occurrence of
agglutination or non occurrence in each of the four blood
samples and reagent, such being essential to value of the
standard deviation. It was found that in samples where no
agglutination occurs, the standard deviation values do not
exceed 16, and in general samples with standard deviation
values between 0 and 10. Moreover, samples where
agglutination occurs present standard deviation values greater
than or equal to 16, and in general samples with values of
standard deviation between 20 and 70. No samples non
agglutinated was found with values of standard deviation
greater than 16 or equal to 16, or samples agglutinated with
standard deviation values below 16. Thus, it was established as
a threshold value for classification of standard deviation 16, in
which samples with standard deviation value below 16 are
classified as samples where no agglutination occurred and
samples with standard deviation values greater than or equal to
16 are samples classified as agglutination occurred. Observing
TABLE 2 and the Figure 9 shows that in the sample where no
agglutination occurred, Figure 9 a) the standard deviation value
is 5.2 and is therefore less than 16, and where the agglutination
occur in Figure 9 b), c¢) and d), standard deviation value is
43.7, 53.4 and 25.5, respectively, and therefore greater than 16.

III. DATABASE

To store the information resulting from the analysis of the
agglutination detection performed through the image
processing techniques and the result of the classification
algorithm (blood type), a database was constructed. The built
database can store images captured and used in image
processing techniques (each image contain four samples of
blood and reagent), the standard deviation calculated in each
four samples of the image, the result based by the value of
standard deviation obtained for each of the samples (if
agglutinated or not agglutinated in the sample of blood and
reagent) and the final result obtained by the classification
algorithm (corresponding of blood type). The database was
developed with the Microsoft Office Access 2007, since this
was compatible with the software used to process the images,
IMAQ Vision 2010 and the software used to develop the
classification algorithm LabView, both from National
Instruments.

IV. SOFTWARE DEVELOPED

The developed software allows by an image captured by a
CCD camera detecting the occurrence of agglutination, through
image processing techniques developed for determine the
occurrence of agglutination. Secondly allows determine the
blood type of the patient through the classification algorithm
developed. Finally, allows store the information in a database
built. All the software was developed with LabView from
National Instruments [31] and the front panel is shown in
Figure 10.
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Figure 10. Developed Software. (a) Selection of the image (b) Selection od
File Database.dsn and entering the name of the table of database (c) Original
Image (d) Final image obtained with the image processing techniques (e)
Results of the Quantify function (f) Values of standard deviation of each
sample (g) Results based on de standard deviation of each sample (h) Result
of the classification algorithm.



With this software is possible select the image to be used,
Figure 10 (a), the database to establish a connection and the
table from the database where the information is added to the
analysis Figure 10 (b), see the original image Figure 10 (c), as
well as the final image obtained with image processing
techniques Figure 10 (d). It is also possible see the result of the
Quantify function Figure 10 (e), the results of standard
deviation Figure 10 (f), the results based on the values of
standard deviation Figure 10 (g) and the blood type in analysis
Figure 10 (h).

V.  SYSTEM DEVELOPED

The developed system, which automatically determines the
blood types of a patient, using as reference the slide test [29], is
presented in Figure 11.

Figure 11. System developed.

The system requires that the blood and the reagents are
manually introduced, in slides, by the user. It is placed on the
first slide the reagent anti-A, in second reagent anti-b, in third
reagent anti-AB and in fourth slide the reagent anti-D.
Thereafter, the system moves the slides for the mixing area, the
blood and reagents are mixed. This mixture is performed with a
DC motor and without contamination between the samples.
Ended the mixing, slides are moved to the image capture area,
where a motor drives the WebCam Glossy, 5 Mega pixels,
along the sample, capturing an image of each slide. These
images are stored for later analysis. The system is controlled by
a microcontroller.

VI. STATISTICAL ANALYSIS

This section presents the statistical analysis used to prove
that the boundary between occurrence of agglutination and non
occurrence is reliable. Namely, there are no values of
agglutinated samples below the limit (16) and there are no
values upper the limit (16) for samples that are not
agglutinated.

This statistical analysis allows determining the reliability of
the methodology used as well as the limit set on the basis of
statistical tests. To this end, it was used blood of 24 patients
and determining the blood type of each one, using the software
developed and presented in this work. For each patient, the
procedure for determining the blood type was repeated three
times in order to verify whether the results were similar. There

were obtained a total of 288 results for analysis. It is
noteworthy that the blood type of the tested patients was
previously determined by the technique of determining the
blood type currently used in laboratories, Cards-ID [33] in
order to verify the validity of the technique developed in this
work. The results of statistical analysis were obtained using
SPSS software (version 17.0) [34], being the standard deviation
value used to analyze the reliability of the technique. The
statistical analysis was based on descriptive data analysis. The
study of the variability for each blood type results is shown in
Figure 12 and Figure 13.
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Figure 12. Standard deviation values obtained by image processing
techniques, for all patients Rh Positive (D Positive).
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Figure 13. Standard deviation values obtained by the image processing
techniques, for all patients Rh Negative (D Negative).

The study of variability was performed, initially for
individuals’ Rh positive and at a second stage, for individuals
Rh Negative. The dashed line represents the limit of standard
deviation, 16, set out to determine the occurrence of
agglutination, or non-occurrence. For all samples, there were



no standard deviation values that could lead to wrong
decisions. For example, in case of blood type A+ (A Positive),
agglutination was not observed for the reagent anti-B in all
tests (Figure 13, green). For this case, all standard deviation
values obtained are below the threshold. For the case of blood
type O- (O Negative), agglutination does not occur in all
reagents and in all tests, all standard deviation values obtained
are below 16 (Figure 14). On the other hand, for blood type
AB+ (AB Positive), all values are greater than 16 (Figure 13).
For each test the agglutination was detected always getting
standard deviation values greater than or equal to 16. The same
was true for the absence of agglutination, obtaining values of
standard deviation always below 16.

VII. EXPERIMENTAL RESULTS

This section presents the experimental results of this work.
Observing Figure 14 agglutination not occurred in samples a),
b) and c); and in sample d) there was agglutination. Through
the standard deviation values of TABLE 3, this is also
confirmed as samples a), b) and c) present values of standard
deviation of 3.0, 2.3, and 2.4 respectively (all bellow 16),
sample d) obtained 56.2 (above 16). Having verified the non
occurrence of agglutination in anti-A, anti-B and anti-AB
reagents, it is confirmed the absence of antigens AB in the
blood sample analyzed. For the other hand, with anti-D reagent
agglutination occurred so it is confirmed the presence of
antigens Rh in the blood sample analyzed. Thus, it can be
concluded that the blood type in question is O Positive.

a. b). C). dyi

Figure 14. Original image of O Positive (a) Reagent anti-A (b) Reagent anti-B
(c) Reagent anti-AB (d) Reagent anti-D.

a) b) <) d_,

Figure 15. Image resulting from application of image processing techniques
presented in Section II to the image of Figure 14.

TABLE 3. RESULTS OF APPLICATION OF QUANTIFY FUNCTION ON IMAGE OF

FIGURE 15
Fi A Mean Standard Minimal Maximal
gure rea Value Deviation Value Value
15(@ 0,5 49,3 3,0 39,0 61,0
15() 0,5 77,7 2,3 70,0 89,0

15(c) 05 849 2.4 78,0 95,0
15(d 05 1235 562 31,0 229,0
VIII. CONCLUSIONS

The methodology used in this work prove be effective and
efficient to detect the agglutination and determining the blood
type of the patient. The use of image processing techniques
enable automatically detect the occurrence of agglutination and
determine the blood type of the patient in a short interval of
time (about 5 minutes from the moment that the blood sample
is collected until the output of results), adapting to emergency
situations. The approximately 288 tests performed with
different blood types, allowed validate the methodology used
since had always the same expected results. The performance
of these tests in addition to validate the methodology allowed
certifies the validity of the threshold value established, standard
deviation (sd=16) between samples agglutinated and non
agglutinated. This methodology makes possible analysis for
determining the blood type, in emergency situations, enabling
the administration of compatible blood type on the first unit of
blood transfusion, eliminating possible blood incompatibilities.

In future it is intended to improve the system developed by
making it smaller so that it can be portable and incorporate
GSM technology, to send a message to the mobile of
technician of the laboratory in order to avoid unnecessary
travel. In addition, it is intended to incorporate other pre
transfusion tests required in the system so that the performing
transfusion been more safely as possible.
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