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Abstract

The possibility of human error in the blood typiagalysis in emergency situations is due to the need
for rapid implementation of procedures in a stra@ssituation and subjectivity of the analysis irdmrto the
health technician. Currently, the process of tlwmtigroup analysis, in these situations, occursuainthrough
the plate test procedure. It consists of bloodeatibn and mixing with specific reagents, in ortedetermine
the blood agglutination. The results are checkedraszopically.

In this paper, the main objective is to presentdheceptual design of a mechatronic system for muma
blood typing in emergency situations. The study dadelopment of this system is performed by takirtg
account important aspects such as compactnesabpityt reduce weight and cost. Blood typing idieved
through image processing algorithms, without hurma@rvention. All the mentioned features are esakim
developing a device that can be implemented inntheket and successfully sold, avoiding human envotis
the consequent increment of human safety.

Keywords
Mechatronic system, Advanced design, Product dgveént, Human blood typing, Human safety.

Introduction

Statistical data related to Portugal [1], which barextrapolated to other European countries, ghatv
there is an annual high number of accidents, eslhecoad accidents and work accidents. In thesaleaats it is
often necessary to perform urgent blood transfsiotoco, where it is essential to determine the blood e
the victim rapidly.

The need for blood transfusions is systematicaibying, for example, due to the frequent occurrence
of those accidents. According to [1] it occurredPiortugal, in 2010, a total of 32.541 road accislevith
victims, recorded 42.162 injuries and 689 deathseal time, the health technicians, under haebstr
conditions, must decide quickly what procedurey thest apply, in order to guarantee the best treatrfor the
patient. Sometimeis loco, they must decide, too, if the patient needs,oby & blood transfusion [1, 2, 3].

In the mentioned emergency situations, where tiseme time for human blood typing, the universal
donor blood type is administrated. Neverthelessiesteactions may occur, risking the patient’s [[e3] and
stock levels of blood from universal donor bloodeydecreases.

Nowadays, it is used the manual test, explainedvihalamed “plate test”, which consists of putting
two drops of a sample of blood and another onerefigent, not overlapping them. In this proced@aoimes
obvious that it is required the maximum concentratf the health technicians in order to avoid akiet that
can easily occur.
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There is several equipment in the market capabtetdrmine ABO and Rh systems autonomously.
Nevertheless, these equipment have distinct wafisnationing, all of them need to be operated dotatory
(due to high dimensions, low response speed, ligtscamong others). Although, sometimes the manual
method of blood typing is still used once it hawér costs and it is an easier method to applthériplate test”
there are used four plates and, in each one, therdistinct reagent, namely, anti-A, anti-B, &kl and anti-D.
Each reagent is mixed with the respective bloodpsaiand after two minutes (maximum), it is obserired
which plates agglutination occurs [4]. Figure lislrates an example of configuration for the twesilale
scenarios.

Figure 1: a) Presence of agglutination. b) Abserf@gglutination [5].
Taking into consideration the occurrence, or nbagglutination, in each of the four reagents, tigh
distinct scenarios may occur, as presented in Thiie this table v’ means &xists agglutination” and “X”
means It does not exists agglutination”.

Table 1. Possible types of agglutinations [4]

Reagent Anti- | Anti- | Anti- | Anti- | Blood
A B C D Type

v pas v v A*

v x v s A

X v v v B

Aggluti- b v v X B
nation v v v v AB*
v v v X AB’

x X X v o

X X X X o

It seems feasible to reproduce those conditioassigstematic way without human intervention in the
decision process decreasing or eliminating, ifide, mistakes on the blood type determination.

The possibility of developing a mechatronic sysfemhelping health technicians performing those
tasks is a very good alternative because it caidduanan error [6]. So, in this case, there isrtbed for
designing and developing equipment, specially fedusn solving this problem, capable of determimepthtient
blood type in emergency situations in an autononeays Concerning these possible situations, thépagent
should have small dimensions, high response spessted results, portability, low costs and easydfiag. This
system aims to operate in emergency situationsaatously (eliminating human errors on interpretatiand,
with this, reducing the lack of universal donattoddl type in health centers.

Consequently, it is an objective of this workdiesign a mechatronic system capable of doing dagimi
procedure as the manual method described abovex lbbasan image processing algorithm. This image
processing algorithm is presented in Figure 2 [B]3

This paper is especially devoted to the mechapiadlof the system with special focus on some dspec
of its design. Also, it is relevant to consider giedy of important issues dedicated to the pats a
components manufacture, in order to reduce proglucidsts. This solution is focused on the elimoratf
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the manual procedures, by eliminating human intgfga on the decisions, in blood typing, and coesith
the plate test with disposable reagent filled glaléhe developed system incorporates numerous étivev
features. The reagent filled plates, for exampispuees a faster and safer use. This way, it withedack of
universal donator blood type in health centers.

In order to achieve the proposed goals, it wilpbesented next the actual context related to blood
typing; then the description centred on the praietglesign, especially developed for the mentiongdgses;
further, there will be described some aspectsaélaith the advanced design of the prototype andily, some
conclusions and future work to be developed inc¢bistext.

Technical sponsor

Context of the work

This project is an ongoing work and started with development of a new technique based on an
image processing algorithm, capable of analyzinigrpret and autonomously classify the obtained
agglutination samples results [6, 8]. This new téghe is based on the fact that as the reacti@agglutination
(between blood sample and reagents) is macrosdiypitsible, the sample images were captured ih sez,
using a CCD camera (Sony Cyber-shot DSC-S750) Wihmegapixel resolution. The acquired images were
then analyzed by using an image processing to@ldped using the IMAQ Vision software from National
Instruments. Figure 2 shows the schematic of thegemprocessing techniques developed [9].

Image Processing Techniques  Result

_ . Adv. Morphelogy:
Image Buffer: o Remove Border Objects
Add Copy (1) rx
Color Plane Extraction: o e
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NotOr
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Niblack Color Plane Extraction: c;
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Figure 2: Image processing techniques developed [9]

Considering several tests performed, by trial andreit was verified that when agglutination oczim
the blood/serum mixture, the standard deviationesbf he analyzed image (available in the quafifigtion)
are greater than 16. With this data it is possibleorrectly classify the blood type [9].

Together, with this image processing tool an ihjtiatotype was developed, fully assembled with
reused material, whose operations were based andheal method described in the previous sectiowever,
the built system had precision limitations requgrimprovements [6, 8]. Following the knowledge am¢a by
this first prototype a new one was developed, aiglgresented in the next sections.
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Design of the prototype

As mentioned in previous sections, the main charistics of the prototype are:

- Portable;

- Small;

- Easyto use;

- Easyto handle;

- Without possibility of incorrect placement of thensples for further analysis;
- Without probability of human errors on results iptetation;

- With high response speed,;

- Final low cost;

- As simple as possible (mechanical solutions insedactronic solutions);

The overall aspect of the prototype is presentdijiure 3.

Figure 3: Final aspect of the developed prototype

The developed equipment is composed by two maits; e embedded electronic system (on the left
side, in figure 3) and the mechanical (cylindrigadyt (on the right side, in figure 3). The meclahpart
contains the device for samples introduction, tlivxeume system of the blood and reagents and aksintage
caption system. The electronic system is compogatémonitor, ,to display the results, and theticrsystem
that analyzes and processes the captured image.

The procedure for an analysis of blood samples @by systematic as follows:

Collect the blood;

Placement of reagents;

Mixture of blood and reagents;

Image capturing;

Data acquisition by the embedded electronic system;
Running software program for image analysis;

. Presentation of the results on the monitor;

All of the mentioned steps have been taken intoactduring the development of the mechatronic
system.

NoorwnE
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- Electronics and software of the mechatronic system

The embedded controller of the developed systefnoiis Lilliput Electronics Co., Ltd [10]. In this
application it is used the model GK 7000. This miéslan industrial control device (figure 4) withidows CE
5.0 operating system. It has a core CPU of S3Cpd€essor based on ARM Frame 32 bhit, 64 MB of mgmor
Flash and 128 MB of SDRAM. This mini embedded syste much applied, such as, industrials machines
monitoring, video conferencing systems, hotels;estohospitals, among others.

" 4 Windows CE

Figure 4: Embedded electronic system: Lilliput GbO@

Lilliput GK 7000 works through touch panel and @yered by a DC adapter or a battery. GK 7000 has
features of rich resource interfaces, low consuompdind high reliability, among others. GK-7000 ti@ssame
integrated developing environment of PCs; usersuserEmbedded Visual C++ 4.0, as well as Visuaistu
which enables to easily developing applicationrfiatges and writing widget's matter processing cottdtas a
full panel of high performance microprocessor foedfic applications allowing high resolution gréph
displays. This system has the advantage of beingtist, hovering only 200 €. Finally the fact ofrizpvery
small, having only 7 inch of dimension, make thigif?C small enough to be embedded into the systeme
developed. GK 7000 measures 200 mm of length, Iflofrheight and 50 mm of width, it weighs 516 g
without battery, and 610 g with battery.

As shown in figure 3, this embedded system is place rectangular frame that can have some
different inclinations in order to be flexible défient users improving, this way, the human-machitezface.

« Mechanical system for mixture of the blood with regent

In this sub-section there are described, in ddtalfirst three steps of the systematic procethure
analysis of blood samples and, following these flisee steps (Collect the blood, Placement ofertsgand
Mixture of blood and reagents), there were consideil the main characteristics of the prototygderred
previously . The developed system is presentejimd 5.
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Figure 5: Mechanical part of the system

This system, presented in figure 5, has 118 mneigtt and 94 mm of diameter.
The systematic procedure for blood samples analkysie following:

1 — To put the blood on the plates p#irmust be highlighted that the methodology asalyf this is
based on image processing. This way, it is mangatoguarantee some reference points in order to
identify the relative position of the different gemts. The way developed for solving this probleas w
to guarantee that the plates’ part is always caedewith bar 2, of the rotational system, in thmea
manner. In order to eliminate the possibility obtakes — when coupling the plates part with bafr 2 o
the rotational system — it is guaranteed thatghis is only possible to join the bar 2 of the tiotaal
system, in an unique position, as illustrated gurfe 6. These pin and hole guarantee that thesptéite
the samples of blood will be inserted always indbeect position. Also the pin and hole positi@nin
system placed on the center of the support paragtees the correct rotation and positioning of the
samples’ part. Concerning the addition of reagenis,supposed that the plates for samples corthain
respective reagents, when they are supplied forebective supplier. The plates’ part has a cthar
must be removed in order to allow the blood depmsi&nd must be, then, closed for performing the
tests.
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Figure 6: Mechanical restriction for coupling tHatps with other parts of the mechanical system
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Figure 7: Positioning and guiding system for thetgd’ part

2 - Mixture of the blood with reagentafter closing the cover of the plates’ part, th&t must be
inserted and connected with bar 2 of the rotatisgatem. After this, using manual actuation, ther us
moves the pushbutton of the rotational system.rotegional system is composed by two bars (bar 1
and bar 2) that are connected by a pin and afgjor¢ 8). This system was developed this way beeau
it is intended to have fast accelerations on thggriméng of the movement and to multiply the tangant
velocity of the pushbutton when pushed by the uAdlven the pushbutton is pushed the bar 1 rotates,
around rotation center of bar 1, making the incretnoé tangential velocity in the contact point bét
slot and the pin that connect the two bars. Adtims are connected, when the bar 1 rotates, th2 bar
rotates too around the rotation center of bar 2 echanism will reproduce a very higher tangéntia
velocity in the pin that will move the platform Wwithe plates of blood samples (figure 8). The bafsis
this rotational system is fixed and the rotationtees of bars 1 and 2 pass in the respective loblids
part (this detail can be observed in figure 5)tlis rotational system allows the bars movementhid
external of the limit diameter of the “cylinder"defined by the internal dimensions of the covére- t
slot that exists in the support part limits theseuof movement for avoiding this situation.
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Figure 8: Rotational system composed by two bars

Figure 9: Rotation of the plates’ part

3 — Image capturingAfter mixing the blood with the reagents and wajtfor a previously defined
time, a picture is captured by the digital caméiter this, the data is sent to the embedded alatrequipment
that — runs specific software of image analysispeeially developed for this project — gives thmfiresult in
less than two minutes.

Conclusions and future work

On the conception, design and development of tieishatronic system, all aspects concerned to
manual blood typing have been considered, in dlebtain a system that uses the same principliés fast
response time, but without probability of humantakes, as humans do not interfere with the final
interpretation of results. This way, health teckaris that usually are under hard stress conditionsot make
mistakes because the process has been systermaizeditomated.

It was used a product oriented approach in ordebtain a portable system, easy to use, easy tidyan
without possibility of incorrect placement of thensples for further analysis, without probabilitylafman
errors on results interpretation, with high resgosgeed, final low cost and as simple as posgiblg
privilege to mechanical solutions instead of elegit solutions.

The electronic part of the system is responsihigife data acquisition and treatment. The
determination of the type of blood is done — actmwly to the first tests performed — in about twinutes.

8
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The mechanical system has some particularities asicis simple, use a simple manual system for the
mixture of blood and reagents and it is easy testant in industrial environment.

The obtained result is a product highly innovatith high added value that can be applied in the
improvement of human safety.

The electronic embedded system has been acquidcgdnathis moment, the prototype is being
constructed and will be tested, soon, in clinicalimnments.
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