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Abstract — The paper discusses development of visual test
software that is used in mobile telemedicine screening complex
(MTSC). It is a set of medical devices controlled by a portable
computer and means of wirelessly transmitting data to the
analysis centre. This complex is used for screening purposes to
detect potential problems in the patient’s health. Altogether
screening complex has 14 measurement modules that measure
the status of 12 body subsystems. This paper addresses the
development of one of these modules — a visual test.

Vision test software consists of two parts — visual acuity test
and colour test. Visual acuity test is done using a computer
screen for displaying test symbols and using remote control for
patient response input. Colour vision test is carried out similarly
by displaying pictures of coloured numbers on coloured
background and requiring a patient to input those numbers
using a keyboard or a mouse. The paper focuses on the
development of methodology and implementation of both visual
tests.
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1. INTRODUCTION

The purpose of screening is to detect health problems early
before they complications are not developed. An important
role here is played by regular preventive examinations. At
present, investigations and analysis are usually carried out by
health care institutions because only in very rare cases a
family doctor has the necessary diagnostic equipment and
skills to evaluate the information obtained in the
investigations. To organize and facilitate the process of
screening at health care institutions and especially at
consulting rooms of family doctors, we have developed the
Mobile Telemedicine Screening Complex (MTSC) [1], [2]. It
consists of a set of 14 physiological parameter measuring
modules, interactive questionnaire of subjective symptoms
on 12 body subsystems, portable computer with a monitor,
wireless data transmission means to the remote analysis and
consultancy centre with the database.

One of the subsystems tested by MTSC is human vision.
Vision testing evaluates visual quality (visual acuity), and the
colour vision. These vision functions with relative ease and
interesting to the child [3], [4], [S] can be evaluated by vision
screening tests. Results give an indication of the overall vision
condition, the ability to operate in increased load conditions
and warn about the possible signs of tiredness. Such an
assessment is particularly important for school-age children

when vision is one of the most important senses in the
learning process. If any of the visual functions evaluated by
screening tests do not conform to the standards, we
recommend a thorough vision examination to assess and
prevent vision worsening risks [6], [7].

II. VISUAL AcuITy TEST

Visual acuity test verifies the patient’s visual acuity, which
corresponds to the smallest Landolt C ring size (standard ISO
8596:1994, [8], Fig. 1), that the patient is able to determine
the direction of the cut. This symbol has been chosen because
it also allows doing tests with very young children or illiterate
adults that do not require letter recognition [9].
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Fig. 1. Landolt C ring table example.

Acuity is evaluated both in distance and nearness. Closeness
visual acuity can be affected by person's age, fatigue.
Closeness visual acuity is significantly affected by the lighting
and quality of the text. If the perfect vision in the distance
considers a person's ability to see 1.0 characters of the visual
acuity table, the proximity of good vision acuity is assumed to
be 0.7-0.8. Usually visual acuity for nearness is evaluated at a
distance of 40 centimetres. There are several factors that can
affect visual acuity:

— refractive vision defects that can be corrected;
— accommodation disorder;

— the pupil diameter (the wider the pupil is, the more visual
acuity is decreased);
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— lighting (the worse lighting is, the more rapidly acuity
drops);

— contrast (by decreasing contrast, visual acuity decreases);
— object displaying time;

—viewing the target (moving or stationary),
movement,

and eye

— patient’s age (children vision quality reaches a peak at about
6-7 years of age, but after the age of 50 it gets worse);

—a variety of eye diseases (e.g., ocular optical middle
opacities, retinal pathology).

The standard of visual acuity for school-age children in visual
acuity screening test is 0.8 [10], [11]. If the vision acuity is
lower than the one given above, an additional test is needed to
determine the cause. The most often causes for school-age
children are vision refractive defects, excessive vision tension
or fatigue [12].

The serial number of visible lines in the ring table corresponds
to patient’s visual acuity in format 0.0. The test table has
10 rows, each has rings in different sizes or 'E' capitals. Their
dimensions correspond to different visual acuity. The first line
corresponds to a visual acuity of 0.1. Each new row number is
increased by 0.1. The second row corresponds to a visual
acuity of 0.2. The third row corresponds to a visual acuity of
0.3 and so on. The tenth row corresponds to a visual acuity of
1.0, which is the standard. The lowest line, which can be read,
corresponds to the patient's visual acuity.

In case of decreased visual acuity, a patient should go to the
optometrist to determine the correction glasses or contact
lenses. In case of colour vision problems, deeper vision
examination must be done by an oculist (if necessary, for
example, for acquiring a driver’s license, for army soldiers,
traffic controllers, etc.).

The visual acuity number determines the size of the letters or
cuts in circles from the table that is seen by a person under
examination compared to normal eyesight. Usually it is
calculated for distance of 6 meters for each eye and expressed
as a ratio of two numbers, for example:

6/6.0 — normal vision

6/12 — a two-fold decrease in vision, that is, the person can see
only 2 times bigger characters than the norm, or the person
sees characters that are seen by a healthy person from the
distance of 12 meters. Next, if necessary, the computer can
perform the conversion to decimal units (normal vision is 1.0)
or logarithmic units (normal vision is 0) [13].

Visual acuity test process. Test begins by showing the largest
characters in size. If the test runs without problems, the
symbols from next lower row are shown to the patient. The
test is finished if a patient makes mistakes in the current row
or a patient admits that the characters cannot be seen. In the
decimal system, the number of visual acuity is assumed as a
code for a line (less than 1) that is seen by a patient without
problems. The code for the last smallest character line is 1.0 —
normal vision.
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Visual acuity test software development. The test mainly
consists of displaying rings on a computer screen, outputting
the results and storing them in the database. Input from a
patient is acquired using a wireless remote control (Fig. 2)
with 4 buttons according to the direction of the ring (up, right,
down, left).

Fig. 2. Remote control for answer input from a patient.

In addition, the program also includes the setting section for
the visual acuity test calibration. Before the test is performed
for the first time, a user needs to specify the computer's screen
size in centimetres (or inches). This value is used for the
calculations in the program so that an appropriate size of the
rings can be adjusted to the computer screen (Fig. 3).
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Fig. 3. Object size calculation depending on a distance.
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It is required to set which eye will be tested in the current test
(by default both eyes are set — the left and right eye), also it is
required to determine whether a patient wears glasses during
the test and the distance at which patient’s vision will be
tested. A user can choose a distance from 1 to 6 metres (step
of 1 metre). In perfect conditions, the distance should be
6 metres, but the default value is set to 5 metres. The selected
distance can significantly affect the progress and outcome of
the test [14], i.e., if a user sets a small distance, such as
1 metre, the rings smaller in size will be displayed, because in
this case it will be easier to see the displayed symbols from
the selected distance. If a user has selected a larger distance,
then rings larger in size are also displayed. This means that
ring sizes are calibrated and adjusted to the selected distance.

At the beginning of the test, a window gets maximized to a
full screen and a message about the eye that must be covered
is displayed on the upper part of the window. Moreover, a
user is notified that the test will begin as soon as any button is
pressed. The button can be pressed on the computer keyboard
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and also on wireless remote control that is provided for this
test. Covering one eye is necessary for proper accomplishing
of the vision test, that is, if the right eye is tested, then the left
eye must be covered and so on.

The representation of symbols is performed according to
the test table — the largest symbols in size are shown in the
beginning, if the test runs without any errors, the next lower
line of symbols is shown to a patient. The time limit for
character recognition is not set. Rings are shown
consecutively with cuts in a random direction. This is
achieved by Random instruction in the program. This
instruction randomly generates one of the four options — left,
right, up or down (Fig. 4).
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Fig. 4. Test image.

The patient has to press the button on remote control that
corresponds to the direction of the cut in the ring while
standing at the previously selected distance. For example, if
the incomplete part of the ring is located on the right side,
patient should press the button that indicates the direction — to
the right. Special signals for buttons are used in program for
each direction of the ring. The signal from the pressed button
is read and compared to the signal that corresponds to the
direction of the ring that is displayed. If they match, a new
ring is displayed on the computer screen. Otherwise, the error
counter is increased by 1. In case the patient has indicated ring
directions correctly 4 times, the program moves to the next
row in the test table. In this case, the ring size is reduced
according to the table and the number of errors is cleared. In
case the patient has specified the ring direction incorrectly, the
program shows one additional randomly selected ring from
the current row in the table. If the patient makes 2 mistakes in
the current row, the test is stopped and the result is displayed
on the screen, which means that there is only one mistake
allowed in each round. The test continues until there are
2 mistakes made or the patient has made not more than one
mistake in the very last round or the patient admits that
characters cannot be seen. Considering that randomly selected
symbols can be repeated, every symbol is displayed with a

delay of 0.5 seconds. That is done by a special timer
implemented in the program. It prevents patient’s confusion if
he/she thinks that the output symbol is still the same and the
remote control has not worked correctly. If the test is
completed successfully, the button “OK” is displayed on the
computer screen. After pressing the “OK” button, results are
stored in the database. Data: the time when the test was
performed, test result — a decimal number for each eye that
was tested during the test, the distance in metres at which the
patient took the test and also whether the patient wore glasses
during the test — are stored in the database. The doctor can
also save a comment about a particular test. For example,
“Poor lightning conditions in the room”, so we can get more
information about conditions under which test was taken.

III. COLOUR PERCEPTION TEST

The human eye can perceive only a small range of the
electromagnetic radiation spectrum - from 380 to

760 nanometers (Fig. 5). This range is called visible light.
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Fig. 5 Visible spectrum of light.

In order to perceive colour, a light pulse from the retina of the
eye must reach our brain vision centre. Light can directly
shine from an object (the sun, lamp, candle etc.) or even can
be reflected from an object that does not emit light. There are
two types of photo receptors in the human eye retina — rod
cells that are responsible for visual perception in low light and
cone cells that perceive colours and work only in good
lighting conditions. Three are three types of cone cells — short
wave sensitivity cones (earlier known as “blue” cones),
average wave sensitivity cones or “green” and long wave
sensitivity cones or “red”. Thanks to interaction of these three
cones, the human eye can distinguish about 10 million
colours.

If all three types of cells operate, the colour vision is called
trichromacy. For people with impaired colour vision
perception, the most common cause is one of a kind cone cell
disorder, optic nerve or central nervous system damage.
Unfortunately, about 8% of men and 1% of women have
varying degrees of red—green colour vision problems.
Yellow-blue colour perception problems are much less
common. Total colour vision blindness, when people can
differentiate only between black and white colours, is very
rarely observed.
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For people with colour perception disturbances daily life is
not so difficult, but there are professions that require colour
perception, such as ship crew members, airplane crew
members, certain positions for military personnel, fashion
designers, artists etc. If the colour perception from childhood
has been good, but some changes appear in a lifetime that may
indicate optic nerve or central nervous system damage. In this
case, an eye specialist consultation is mandatory.

Testing Colour Perception

Testing task is to see numbers or geometric figures in
coloured circles. Colour perception test must be performed
from normal distance, if necessary glasses can be used. Person
who performs this test must tell what he/she sees in the
picture. The main idea of colour test is that different test
pictures are shown, where on different colour circle
background the patient must see hidden numbers or figures
(Fig. 6).

If all answers are correct, the patient dies not have any colour
perception problems. If at least one of the answers is wrong, it
means the patient has colour perception pathology and it gets
recorded. Main task of screening is to determine whether the
patient has colour perception pathology. In order to
accurately determine what kind of colour vision pathology the
patient has, he/she should resort to an ophthalmologist for
diagnosis precision.

Colour Perception Test Process

The proposed colour perception test generates 5 random
different images out of a set of 25 predefined images. In these
images the patient must identify numbers or geometric
figures. The numbers may be within the range of 0 to 9 and
figures are: triangles, squares, circles, horizontal lines or
vertical lines. Patient is given 7 seconds of time to take a look
at an image, during this time the patient must identify symbols
shown before.

Before starting the colour test, there is another window
with short instructions about the test to be carried out. Those
instructions are made for patients to inform them about test
process. When the patient is familiar with the upcoming test
process, he/she can press button “Sakt testu” (“Begin test”) to
actually begin the test.

Atceit

Fig. 6. Test image.

When time is up, test image disappears and a panel with all
possible answer buttons shows up. By using memory the
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patient must enter what he/she saw in test picture one moment
ago. To choose an answer the patient needs to press buttons
with symbols that he/she saw and confirm the choice by
pressing the button “OK”. The chosen answers will become
light grey (activated buttons will become inactive).
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Fig. 7. Choice confirmation.

It is very important if by mistake the patient has pressed a
wrong answer, it can be corrected by pressing the button
“Dzest izveli” (“Delete choice), and it will make all buttons
active again. It is necessary to enter all the perceived elements
that were in the test image, for example, if number “1” and
number “3” were shown, both numbers must be given as
answers (press both buttons), otherwise the program will
make a decision that patient did not recognize all elements
(Fig. 7).

In this way the test is continued until all five images are
shown and answers are entered.

IV. RESULTS AND CONCLUSIONS

The proposed system allows for the quick and efficient testing
of patient’s vision. It is very flexible and supports different
hardware screen sizes and testing distances. It was determined
that modern computer display resolution and colour accuracy
were good enough for screening purposes [15], [16], [17]. The
developed system is a valuable addition to the mobile
telemedicine screening complex at a relatively low cost since
the system uses the existing computer monitor for displaying
test images and no additional hardware is necessary except for
the remote control.

The system can be used as a standalone vision test for
patient or as part of more complex examination together with
other modules of MTSC. The system can be used in medical
practices, schools and workplaces for patient’s diagnosis. The
complex can also be used by a practitioner to provide
additional services to their patients.
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Gunars Balodis, Ivars Imuns, Martin§ Krasnovs. Redzes testa programmatiiras izstrade mobilas diagnostikas sistema

Sabiedribas veselibas apriipé nozimiga loma ir profilaksei un savlaicigai slimibu diagnostikai. Biezi vien diagnostikas iestazu attalums un cilvéku aiznemtiba ir
par iemeslu, kap&c pacienti neapmeklg arstu veselibas parbaudei. Ka risinajums $ai problémai tiek piedavats mobils telemedicinas skrininga komplekss (MTSK),
kas spétu registrét nozimigakos parametrus un sniegt slédzienu par pacienta veselibas stavokli.

Raksta apskatita programmatiiras izstrade redzes parbaudei, kas ir viens no MTSK moduliem. Redzes parbaudei ir divas dalas — redzes asuma tests un krasu
redzes tests. Redzes asuma parbaude tiek veikta, datora ekrana paradot testa simbolus, kuri pacientam ir jaatpazist un janorada to orientacijas virziens (uz augsu,
uz leju, pa labi, pa kreisi), izmantojot talvadibas pulti atbilzu ievadei. Testa laika attéli pakapeniski tiek samazinati, lidz tiek noskaidrots mazakais drosi atpazitais
attéla lielums. Krasu redzes parbaude tiek veikta lidziga veida uz datora ekrana, paradot krasainas bildes, kuras ir attéloti krasaini cipari uz raibi krasaina fona un
pacientam ir jaatpazist un jaievada $ie simboli, izmantojot klaviatru vai peli. Raksta tiek apskatita $o testu veikSanas metodologijas un programmatiiras izstrade,

ka arT ar datorizeto redzes parbaudi saistitas problémas.

Rezultata ir iegiita sistéma, kas lauj atri un efektivi parbaudit pacienta redzi. Sistéma ir elastiga un var darboties uz dazada izméra monitoriem un lauj veikt testus
dazados attalumos no datora ekrana. Tiek secinats, ka miisdienu datoru ekranu izSkirtsp&ja un krasu attéloSanas precizitate ir pietiekami laba skriningam.
Izstradata sistéma ir vertigs papildinajums citam MTSK iekartam un var tikt izmantota atseviski vai kopa ar citiem moduliem pacienta vispargjas veselibas

parbaudei.

57



Technologies of Computer Control

2013/14

I'ynapc Banoauc, HBapc Hmyne, Maprunbm Kpacnos. Pa3paborka nporpaMMHOro odecrmeyeHusi UIsl NPOBEPKH 3peHHs] B MOOM/IBLHOI
JAMATHOCTUYECKON CHCTEMBI.

ITpodunakTuka UrpaeT BaXXHYIO POJIb B 3JPaBOOXPAHEHUU M paHHEH quarHocTHke. YacTo 3aHATOCTb U PACCTOSHHS MEXIy AHATHOCTHYECKHMH yUPEkKICHHAMU
SIBIISIETCS. IPUYMHOM, IOYEMy MAIMEHTHI HE MOCEIIAIOT Bpaya Ul IPOBEPKH 370pPOBbs. B kauecTBe perueHus 3ToM mpobiieMbl Ipeaaraetcs pa3paboTka HOBOTO
MOOMJIBHOTO KOMIUIeKca ckpuHuHra tenemeautHsl (MKCT), KOTOpbIil crocOOEH PerucTpupoBaTh BaXKHBIE MApaMeTpbl OpraHW3Ma U CAENaTh U3 MOJIYJIei
MKCT. IlpoBepka 3peHHsI COCTOUT U3 ABYX YacTeH — Ompe/ielieHHe OCTPOTHI 3pEHHS U IPOBEPKa I[BETOBOTO 3pEHHS. TecT Ha OCTPOTY 3peHHs] IPOBOAUTCS Ha
9KpaHe KOMIIBIOTEPa, IOKa3bIBask TECTOBbIE CUMBOJIBI, KOTOPbIE NMALUEHT J0JKEH PAacllo3HaTh U yKa3aTh HANpaBJeHUE OPUEHTAIHHU (BBEPX, BHU3, BIIPAaBO, BIEBO)
C HOMOIIBIO IIyJbTa JHCTAHIHOHHOTO ympapieHus. Bo BpeMms HCIBITaHMS H300pa’KeHHS TECTOBBIE CHMBOJBI IOCTEIEHHO yMEHBIIAIOTCS 10 MHHHMAIbHOTO
pa3Mepa, KOTOPBII U BEISBISIET OCTPOTY 3pSHUS IMauneHTa. TecT BETOBOTO 3peHUs IPOBOIUTCS TAKHM XKe 00pa3oM, IOKa3bIBasi HA 3KPaH KOMIIBIOTEpa IIBETHBIE
KapTHHKH, 0TOOpaXalolliue [BETHbIe QUIyphl HA HECTPOM LBETHOM ()OHE, M MALUCHT JOJDKEH PAcIO3HABATh 3TH CUMBOJBI U C IOMOIIBIO KIIABHATYPBI I
MBIIIM BBeCTH OTBeT. HacTosmass paboTa MOCBAIIEHA METOAOJIOTHU TECTHPOBAHUS U Pa3pabOTKH MPOrpaMMHOrO OOECHedeHHs, a TaKkKe pPacCMOTPEHBI
POOIEMEL, CBS3aHHBIE C KOMIIBIOTEPH3UPOBAHHOM IPOBEPKON 3pEHHUL.

B pesynbTaTe noiydyaercsi cucteMa, KoTopas Ho3BOJIsIeT ObICTPO M 9 HeKTHBHO NPOBEpUTH 3peHne manueHTa. Cuctema sBIsieTcs: THOKOI U MOXKeT paboTaTh Ha
MOHHUTOPAX DPa3IMYHBIX Pa3MEpPOB U INPOBEPSTh 3PEHHE Ha PaA3NHYHBIC PACCTOSHMAX OT KOMIBIOTEPHOTro dkpaHa. CIenaH BBIBOJ, YTO pa3pelleHHs JKpaHa
COBPEMEHHBIX KOMIBIOTEPOB U TOYHOCTh H300paXKEHHUS IIBETOB JOCTATOYHO XOPOIIH IS CKPUHUHTA. Pa3paboTaHHast cHCTeMa SIBISICTCS LIEHHBIM JOMOJHEHUEM
K apyromy obopynoBanuio MKCT u MoxeT ObITh HCIIOJIB30BaHa OTJEIGHO WIH B KOMOMHALUHY C PYTHMU MOAYJISIMH JUTs OOIIell IPOBEPKH 310POBbsI HAIJHCHTA.
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