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A Prototype for Blood Typing Based on Image Procesyy
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Abstract—This paper presents a new methodology for blood
phenotyping based on the plate test and on image @ressing
techniques to determine the occurrence of agglutitian
(between blood sample and reagent). A portable dee for
ABO-Rh blood typing and blood phenotying that autonates all
the analysis procedure, including mixture/centrifugtion,
reading and interpretation of results is presentedThe system
was tested with donor blood samples.
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l. INTRODUCTION

The process of determination of blood types is rétae
before administering a blood transfusion, but imeaases,
due to the risk of the individual's life, it is remsary to
quickly administer blood [1-3].
situations, there is no time to determine the blyge: and
so the procedure is to administer the blood typee@ative
(universal donor) [1-3]. Nevertheless,
incompatibilities transfusion reactions may ocduattcould
lead to the death of the patient [3].

In these emergency
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The determination of ABO and Rh type can be
performed in tube [8], plate [8], micro-plates [2]r gel
centrifugation [9]. Due to the fast response tiies tube
and the plate tests are those used in emergengatisits.
The micro-plates and gel centrifugation tests arerem
accurate than the tube or plate tests, but thewineq
expensive and heavy devices.

This work aims to develop a prototype able to
automatically perform the pre-transfusion testsessary for
a safe blood transfusion. This device is based pregious
version of the equipment developed by the authb@s13]
and it automates the reading, centrifugation
interpretation of results of all the pre-transfusitests
previously mentioned. The prototype presented ig &b
determine  ABO and Rh blood typing and blood
phenotyping.

It is important to mention that currently thesetseare
performed manually or at least semi-automaticalich
may occur in errors in the testing procedure, gagling and

and

due to somdnterpretation of the results, being sometimesl fadathe

patient [14, 15].
Apart from the present section, the paper is omghi

Before performing a safe blood transfusion, certairwith more four sections. In Section I, the pheipity

compatibility tests, named pre-transfusion testsistmbe
undertaken, namely [4-6]:

determination is described, presenting the imagegssing
techniques applied. The prototype developed isepites in
Section 1ll and in Section IV the results of theephtyping

1. Determine the A, B, AB, O (ABO system) and ABO and Rh tests with the prototype developed are

Rhesus (Rh) type of the patient;

discussed. Finally, Section VI presents the comghssand

2. Perform the reverse test: reverse grouping of ABGhe directions for future work.

typing of the patient;

3. Perform the Rh (C, ¢, E and e) and Kell (K)

1. PHENOTYPING DETERMINATION

phenotyping for detecting the presence of antigens A methodology was developed regarding the pre-
in the blood of the patient. The search of othernransfusion tests for determining the ABO and Rpety
antigens can also be performed, but only in fewbased on the plate test and image processing tpre®|[13,

situations [7];

16-18].

4. Perform the screening of antibodies to detect the This work is focused on the phenotyping tests Rho(C
presence of significant antibodies. If antibodyE and e) and Kell (K), based also on the plate[8]stThe
screening is positive, an identification of the phenotyping determination is obtained through image
antibody must be performed to allow the selectionprocessing techniques applied to the target im&lge.plate

of the compatible blood;
5. Verify the results with previous data, if available

test method was employed due to its reliability dast
response time suitable in emergency situations.

6. Select the erythrocytes of the donor and perform The procedure used in the phenotyping is described

the cross match.

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-297-4

[19], where it can be observed that it requiregrifeigation
to separate the blood from the plasma and red biedd,
which is a costly and complex process.
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The proposed system is able to perform
centrifugation in a simple approach. After separatihe
blood and obtaining the plasma, six slides are idensd,
one for each of the phenotypes tested. In each,slidvas
added a drop of the respective reagent TransClomée A
RH1 (D), TransClone Anti-RH2 (C), Transclone AntHB
(E), TransClone Anti-RH4 (c), TransClone Anti-RH8) (
and TransClone Anti-Kell (K) [19], and a drop obbdl of
the patient. The mixture was manually performecgs
glass rod in each slide. An image of the samplexdi
blood/reagent) was acquired and sent to the comgate
further processing. The presence (or absence)
agglutination in each sample was determined throongige
processing techniques. The classification algoritised in
the analysis is implemented to work with blood sksp
after its centrifugation. The camera used to captime
images was a Sony Cyber-shot DSC-S750 of 7.2 Mgghpi
with 3X Optical Zoom (35-105 mm eq.) and 5 pointcau
focus [20].

E & 8 M

the

phenotyping as well

To process the images, in order to determine thedbl
as ABO-Rh, an algorithm was

developed using IMAQ Vision software from National

Instruments [21]. The algorithm developed is préserin
Figure 1, as a flowchart [21-23]. The image capmlui®
segmented, the localization of each of the wellshiined
and then the mixture reagents/blood is quantifeatpong
others, with the standard deviation value.

In Figure 1 are presented the image processinqnitpobs
applied: image selection and storage, extractioth@fcolor
planes of the image, application of thresholds fdhtoles,
@kmoval of small and border objects, and analysihe
original image is retrieved and luminance planeg
removed, pattern and geometric matching is usedetatify
the imagine reference and containers position;llfinde
quantify function is employed determining the bldgpe in
analysis.

Select Image Buffer] g E(t:OIOtr PIagZB & |Auto Threshold:4 [Local Threshol
Image Store a Copy XGrsecelr?rF])Ian Clustering Niblack

& -.-

| Adv. Morphology: Adv. Morphology: Adv.
] IIQm?ge Bqufer. - :r?azltlcslii *| Remove Border |*| Remove Small |#| Morphology: [€
etrieve Lopy Y Objects Objects Fill Holes

@ @ @ @ T

Color Plane
b Extraction: » MZ?(t:trirr?g ('\S/Itzc;g;ﬁrt]réc Quantify | 4 Results
HLS Luminance Plar

Patterrid] GeometWI Area | Mean | Standard | Mimmmal | Maximal

Walue | Deviation Walue Valus

011 | 2782 206 23.00 34.00

010 | 35.03 1.8% 31.00 30.00

010 | 3073 1.31 27.00 34.00

011 | 5000 11.48 3“- (G 117 060

011 | 2110 217 20800 231.00

013 | 2158 309 211.00 23200

Not Agglutinated

Figure 1. Flowchart of the algorithm developedtfa prototype.
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[ll.  AUTOMATIC AND PORTABLE SYSTEM DEVELOPED

The proposed system was developed to automaticall
determine the human blood type of a patient (phgiog
and ABO-Rh). An important requisite of the develdpe
system was its portability (small and easy to fpamnisto any
place) in order to be used in emergency vehiclesaher
services. Thus, the analysis can be performed drutiie
clinical analysis laboratory and the results carsdx to the
hospital through Wi-Fi or GSM.

The system developed has 30 cm of height and 10,5 c
of diameter (Figure 2). It has an AC motor thabwal the
mixture and the centrifugation. The motor rotatiospeed
is adjustable depending if the test performed mmigure
(low speed) or a centrifugation (high speed). Tletamcan
spin the plate test with the six containers andtumé the
blood and reagent, or spin the plate and centrithgenlood
for obtaining the plasma. When the test is perfatrtiee
motor is stopped, the LEDs switch on and then aagin
with all the necessary data is captured. The imige
processed and the result of the test is givenhétend the
LEDs switch off. The whole procedure is illustratedthe
flowchart of Figure 3.

it

Figure 2. Portable System developed: (a) baseeafythtem where piece
with containers fits into the system, (b) piecewagbntainers for mixture of
blood and reagents, (c) web camera used to catieiienage, (d) LEDs
around and web camera in the centre, (e) base ayftem that promote
the mixture, (f) final system with button to changgocity, (g) final

system with switch to switch on/off the system.

G

The user friendly application where all the image
processing techniques are included as well
classification algorithm was developed in C# Largguand
XAML (Figure 4).
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1. Put Blood and

9. Swicth Off the

8. Take a picture
LEDs

reagents in the of the & contamers

plate test

2.Put plate test in
the system to

mixture the blood
and reapent

7. Switch On the
LEDs

10. Process the
image capturad

6. Switch Off the
motor of the
system

4. Bwitch On the
motor of the
system

5. Mixture blood
and reagent

Figure 3. Flowchart of the system developed.

F

Blood Type Determination

(@ (b)

(c)

Figure 4. Application Developed. (a) Button to eaptthe image. (b)
Button to process the image captured. (c) Butt@etal the results
message.

This application contains a button to capture thigimal
image with the six containers, Figure 4 (a), a dtto
process the original image and give the blood tmgmult,
Figure 4 (b), and finally a button to send a messagthe
laboratory with the blood type result, Figure 4 (c)

IV. RESULTSOBTAINED WITH THE DEVELOPEDSYSTEM

This section presents the results of phenotypiats &)
and the results of ABO and Rh tests (B), obtainé@t the
prototype developed. The blood samples tested Wwera
donors from the Portuguese Blood Institute (IPST).

as the

A. Results of phenotyping tests

The methodology presented in this paper was testdd
validated using several blood phenotypes from daribhnis
subsection presents the obtained results when iagplige
image processing techniques developed in imagesireab
after the procedure of plate test (Section Il).uFég5 shows
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six original images corresponding to the mixturebtdod K. It can be observed in Table I, that when agghtion
and the respective reagent, TransClone Anti-RH1, (D)occurs, images D, c, E and e of Figure 6, presataradard
TransClone Anti-RH2 (C), Transclone Anti-RH3 (E), deviation value higher than 16 (threshold estabtistin
TransClone Anti-RH4 (c), TransClone Anti-RH5 (e)dan previous studies [13] to detect the occurrence
TransClone Anti-Kell (K), captured by the cameriguFe 6  agglutination). The standard deviation value isttireshold
shows the images obtained after the applicatioimafge for determining the occurrence or non occurrence
processing techniques and in Table | are summaitized agglutination. Thus, standard deviation value abdée
quantified results. indicates the occurrence of agglutination, whilangiard
deviation values below 16, mean the non occurrevice

B. Results of ABO and Rh tests

typing [12, 13]. In Figure 7, it is presented tbeginal
image of the containers captured after the mixafrblood
sample and the specific reagents. Figure 8 preseatinal

E. ' K .
processing algorithm. TABLE |l presents the ocenoe of

Figure 5. Images captured of blood/reagent mixifgermination of Rh agglutination in each container and the correspondBO-
and Kell phenotype. Rh blood type. The agglutination occurred in Fig8reith

the reagents Anti-B, Anti-AB and Anti-D and notkigure
8 with the reagent Anti-A, meaning that in this dio
' C. .
. .K.

sample are present the antigens of type B and Dhahthe
antigens of type A. The blood type is then B pusiti
Figure 6. Results of the application of the devetbplgorithm through the
images of Figure 4.

The determination of the occurrence of agglutimaiio
the ABO-Rh blood test is also performed throughthkie
of standard deviation.

TABLE |I. RESULTS OF THE DEVELOPED ALGORITHM THROUGH THE
IMAGES OF FIGURE S
Figure € | Ares | Mean | Standarc | Minimal | Maximal
Value | Variation Value Value
D 3,1¢ | 118,3¢ 29,0¢ 21,0C 181,0( 1
c 2,0¢ 59,24 3,0¢ 51,00 71,00 Figure 7. Image captured of blood/reagent mixdietermination of ABO
C 1,9¢ | 118,6¢ 39,32 20,0( 184,0( and Rh.
E 2,67 | 125,2( 4491 15,0( 195,0(
€ 3,78 | 131,8¢ 29,3( 25,0( 195,0(
K 3,1¢€ 67,31 5,7(C 55,0( 86,0(

Analyzing Figure 5, one can see that agglutination
occurred in images corresponding to phenotypeDest E
and e (Standard Variation values highlighted indpoand
agglutination does not occur in the remaining insaGeand

of

of

D C c agglutination in the analyzed image. Thus, givemt th
agglutination occurred for phenotypes D, ¢, E andural
agglutination was not observed for other phenoty@eand
K, the phenotype under analysis is then cEeK-D f{ooed
by the analysis performed by the IPST).

The proposed system allows also ABO and RH blood

image after the application of the developed image
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Figure 8. Results 6f the application of the devetbplgorithm through the
images of Figure 6

TABLE |l. RESULTS OF THE DEVELOPED ALGORITHM THROUGH THE
IMAGES OF FIGURE 6

Figure7 Occurrence | Blood
of Type
Agglutinatior
A No
B Yes B
AB Yes
D(Rh) Yes Positive

By observing TABLE I, it is possible to conclutieat
the blood type resultant is B Positive, as aggaiiom
occurred with the reagents anti-B, anti-AB and-anti

V. CONCLUSION AND FUTURE WORK

This work allows enforcing the validation of theeusf
the plate test and image processing techniquesfeasile
methodology to blood typing. As in [13, 16-18], thate
test has proven to be adequate to detect the ecwarrof
agglutination, even if it is weak, and the imageagassing
techniques developed allow a correct automaticctiete of
agglutination, permitting ABO-RH blood typing as livas
the phenotypes of the patient.

Once the system obtains results in a short timeutas
minutes in total, at a low cost and being portalieis
characterized by an innovative solution with comeier
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added value. The system can be either used for dual

operation, mixture (low speed) and centrifuginggkthi
speed), depending of the motor velocity selectadt @ its
portability and fast response time it can be used
ambulances or other vehicles for emergency sitngiio
future, it is intended to include closed loop cohtio the
illumination and the rotational speed of the masmell as,
introduce neural networks to improve the classdifires of

the developed system. With the neural networksilit lve

possible to classify blood types as well as presfiasion
tests more efficiently, quickly and safely.
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