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According to the world’s statistics the driver (also pilot, train operator) is considered responsible for
corresponding accident in 55-80% of all cases [1]. Moreover in 50% of all cases accidents occur due to
erroneous, untimely and/or inadequate visual information acquisition (VIA) by the driver [2]. The above
statistics endorses the necessity for further research aimed at studying the patterns of VIA by certain type of
driver and aimed at developing comprehensive method for assessing the efficiency of VIA by the driver [2, 3].

The method for assessing the efficiency of VIA by the driver should enable to solve the following
tasks:

- define the feed-back between the trainee and the training process (also, serve for the purposes
of the adaptive training);

- provide the assessment and estimation of the driver skills level;

- control of changes in driver’s skills levels in time (in the process of professional activity).

The proposed method includes the following stages:

1. The primary collection of data concerned (i.e. testing the trainees).

2. Definition of the criteria and the design values of specific visual activities (for specific
operator’s task).

3. Justification of particular indexes characterizing the driver’s visual activities and skills.

4. Justification of overall (integral) index.

5. Calculation and evaluation of VIA.

6. Conversion of the resulting data to specific marks.

The primary collection of data concerned (i.e. testing the trainees).

The VIA patterns of driver are studied with the help of NEC Eye-Mark Recorder. For example, for the
case of the driver’s task, testing of trainees is carried at five typical road sections (at fixed driving speeds: 20,
40, 60, 80 u 100 km/hour) [2,3].

Definition of the criteria and the design values of specific visual activities (for specific driver’s task).

The probabilistic principle of defining the design values is being applied for acquiring designated
design parameters.

The design value is calculated using the following equation:

Xy=Xg(1=a-C,), (1)
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where: X, — design value of particular parameter; X, — average value of given parameter out of n
measurements (taken in conditions close to design); a — factor, which depends on number of repetitions N, of
the variation ratio C and asymmetry ratio Cs . The above ratios Cy and Cs are calculated using:

Y12
i=1 ch
c, - @)
n—1
Cs =2C, 3)

The factor a is defined according to (2) and (3) using [3].

Justification of particular indexes characterizing the driver’s visual activities and skills

The visual activities of the driver are described by the following parameters:

- duration of sight (eye) fixation;

- duration of searching, observing and estimating components of sight (eye) movements
(components of driver’s visual activity);

- distance toward so-called visual information zones (three major zones are anticipated);

- sequence (algorithms) of visual information acquisition and proper timing of acquisition of
specific relevant information (timely eye movements), etc.

All above stated parameters should be taken into account while judging the driver’s visual skills. There
are two principal ways of defining the overall assessment of driver’s activity. In the first case the assessment of
driver’s activities is done using both particular and overall factors. For the purpose of obtaining the particular
factors the driver’s activities are subdivided into several groups (duration of sight (eye) fixation, duration of
visual activity, distances toward information zones, shifts of attention, etc). Each group is has one or several
factors (m;) which defines partial mark of drivers activity.

All the particular specific parameters, in accordance with their influence on the final efficiency, are
divided into two groups: one being of so-called increasing nature (i.e. dependability, safety, efficiency,
timeliness, etc.), the other of decreasing nature (i.e. expenditure, time of information acquisition, etc.). Thus
the norm-setting is done in accordance with the following [4]:

for increasing parameters

L
Ji=——
T )
maxi
for decreasing parameters
i v
T - (5)

i
where: 3; u E; — accordingly, the standardized and the absolute value of i particular parameter; E,,,,.
and £,,;, — maximum (minimum) value of i particular parameter, which the present system or the system being
design possess.
Justification of overall (integral) index.
The overall (integral) index can be defined using the following criteria:

h=2.d;Y B0y ©)

where: n — number of groups of particular marks; d;— weighing factor, which takes into account the
importance of i particular mark; m; — the number of parameters in every group of particular marks; f; —
weighing factor, which takes into account the importance of j parameter in i group; Q; — mark of j parameter
for i group.

The factors d; and f; are comfined by the following conditions:

n d .
Ydi=1,) By =1 (=1,2,3,.,m) 7
i=1 i=1

The first approach implies the use of generalized mark R, which is weighted mean mark of all
particular separate parameters marks.

The second approach is bases on the use of particular conditional relative units of measurement for
assessment of driver’s activity. Afterwards the obtained conditional relative units are transferred (using one of
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the available estimation scales) into marks (for example, into four-grade mark system. Linear function is
commonly used for acquiring the relative mark 7:

n
r=2dq (®)
i=1

where: ¢;— standardized value of i particular parameter of driver’s activity. The standardization should
be done in accordance (4) and (5). The standardizing values are chosen in such a manner that the results of
driver’s activity are characterized by relative figure within the margins from 0 to 1.

For acquiring the integral mark the combination of all particular parameters is considered. Then the
particular parameters are included in the overall mark each with its own specific “weight” (the later
corresponds the importance of particular parameter within the considered system). Since each considered
parameter has its own physical nature and its own according units measurement, all the parameters must be
“scaled” to standardized non-dimensional form.

Efficiency of driver’s visual activity is presented as some totality of particular parameters. The
assessment of visual activity using the additive function:

yp = Zalai , ©9)
i=1

where: a; — "weighing" factors, the sum total of which should equal 1; n — number of particular
parameters under consideration.

With above conditions met, the visual activity efficiency O3 stays within margins of 0 to 1 and

represents the “coefficient of VIA efficiency”.
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Fig. 1 — Transfer scales (from conditional values to final marks):
1 —linear scale; 2-5 — subjective scales;
6 — computer scale

Conversion of the resulting data to specific marks

Conversion of the resulting data to specific marks is done using the marks scales (fig.1). The most
common is the linear scale. The scales 2, 3, 4, 5 correspond to the most widely used subjective assessments of
driver’s activity [5-8]. The most accurate scale 6 is used for automated driver training (computer-based).

The efficiency of driver’s activity assessment is significantly increased by the automation of the
assessment process and marks calculation. The automation of assessment process allows the use of algorithms,
specific criteria and mathematics, which rule out undesired subjectivity. The automation of the assessment
process also allows to process vast amount of information promptly and thus to achieve real-time assessment of
driver’s activities.

One more important task is the control of acquiring and loss of skill by the driver in time (specifically
during the training process). (fig. 2)[4].

The acquiring and the loss of skill process could be described by the equations:

I()=Ic-(c~Iy)-e™ (10)

I6)y=1c+(Ic—1y)-e” (11)

where I, n I, — correspondingly initial and stationary levels of driver’s skills levels (judged by
overall index); a u [ — the rate of acquiring and loss of skills correspondingly.
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Fig. 2 — Acquiring - loss of skill by the driver in time
Conclusions. The implementation of methods for enhancement of visual information acquisition by the

driver and methods for assessing the efficiency of visual information acquisition by the driver are two
important directions for increasing the transport safety.

p—

N —

~

REFERENCES
WHO World Road Accidents Statistics Data. Geneva. WHO, 2010. 440 p. (Engl.)
Konopljanko V.I. Road traffic control and safety. Moscow: Transpor, 1997. 205 p. (Rus.)
Gusev O.V. Analysis of visual information acquisition by the driver. - Visnyk UTU. No. 3. 1999, 112-114
p. (Ukr.)
Gusev O.V. Improvement of road traffic safety via efficient visual information acquisition by driver.
Ph.D. dissertation thesis. Kyiv: UTU. 1995. 21 p. (Rus.)
Gusev O.V. Analysis of statistics data and physiological assessment of road traffic accidents involving
pedestrians. Visnyk NTU. 2003. No. 8. P. 174-180. (Ukr.)
Gusev O.V. The development of prediction models. Highways and highway construction. No. 7, Kiev,
NTU, 2004. P. 77-79. (Engl.)
Gusev O.V. Improving the road transport safety. Visnyk NTU. 2004. No. 9. P. 98 — 103. (Engl.)
Gusev O.V. Freight safety in transportation. Kyiv: NTU, 2005. 156 p. (Ukr.)

I[TEPEJIIK ITOCUJIAHb
WHO World Road Accidents Statistics Data. Geneva. WHO, 2010. 440 p. (Engl.)
Konomnsako B.M. Opranusamus u Oe3omacHOCTh nopoxkHoro nsuxkenus. / B.M. Konommsnko, M.:
Tpancmopt, 1997. — 205. c.
I'yces O.B. Anais nporecy 360py BojieM 30poBoi iHdopmariii. / O.B. I'yceB // Bicauk YTV, Ne3. — K.:
HTVY, 1999. - C. 112-114.
I'ycee A.B. [IloBbimieHre 0O€30MAaCHOCTH JBUXKCHHS aBTOMOOWIIBHOTO TpPaHCIIOPTAa C  YYETOM
3¢ GEKTUBHOCTH 3pUTENbHBIX AeiicTBuid Bogutens./ A.B. I'yces // ABroped. nuc. xana.texH.Hayk. — K. :
YTV, 1995. - 21 c.
I'ycer O.B. Ananiz maHuX CTaTUCTHKHU Ta mcuxojoriuna ouinka JTII 3 yuactro mimoxoxis./ O.B. I'yces
//Bicauk HTY, Ne8.-2003. — C. 174-180.
Gusev A.V. The development of prediction models. /Highways and highway construction, No. 7, Kiev,
NTU, 2004. — P. 77-79. (Engl.)
Gusev A.V. Improving the road transport safety .Visnyk NTU, TAU.2004. No. 9. P. 98 — 103. (Engl.)
I'yceB O.B. 3abe3neuenns 30epiranHs Ta Oe3leKy BaHTaXIB Ha TpaHcHopTi: [y4boswmii mocioHuk] / O.B.
I'yce. — K.: HTYVY, 2005. — 156 c.

PEDOEPAT
PytkoBcbka I.A. Po3poOka MeToiB OIiHKK e()eKTUBHOCTI Mpoliecy 300py 30poBoi iHGopMallii BOIiEM.

/ L.A.. PytkoBcrka, O.B.I'yces, I.B. XmenboB // YrpaBiiHHS TpoeKTaMu, CUCTEeMHUN aHami3 1 jorictuka. K.:

HTY -2013. — Bumn. 12.

[IponoHoBanuii Meron oOMiHKK edekTHBHOCTI 300py 30poBoi iHdopmamii (331) Bogiem n03BOJISE

BUPIIINTY TaKi 3aBJAaHHS: BU3HAYUTH 3BOPOTHUH 3B'130K HABUYOK yUHsI 1 HABUAIILHOTO TPOIIECy (TaKoXK, MOXKe
OyTH BUKOPUCTAHUM JUIsl TIIBUIICHHS e()EeKTHBHOCTI MPOIIECY aJalTUBHOIO HABYAHHS); 3a0€3IIEUUTH OLIIHKY
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pIBHS HaBHYOK BOJisl; 3a0€3MEYHTH KOHTPOJIb 3MiH piBHS CHOPMOBAHOCTI HAaBUYOK BOMAIHHS B TIpolieci
HaBYaHHS (a TAKOXK Ha erarti mpoeciiHol JisTEHOCTI BOJIs).

[IporoHoBaHUiT METOJ BKJIIOYA€ HACTYNHI OCHOBHI eramu: 1) IlepBuHHuii 30ip maHuX (TOOTO
TecTyBaHHsI KypcaHTIiB (Y4HiB)). 2) BusHaueHHs! KpUTEpiiB 1 po3paxyHKOBI 3HaYCHHS! KOHKPETHHX MapaMeTpiB
3opoBux niii mo 331 (ams 3aBIaHb, 110 BUKOHYIOTHCS YaHeM (omepaTopom )). 3) OOIpyHTYBaHHS KOHKPETHUX
MOKA3HHMKIB, 1[0 XapaKTepU3yIOTh 30pOBY MisUTbHICTE BoAig 1o 331 i copMOBaHICTh BiIOBIAHUX HABHYOK. 4)
OOrpyHTYBaHHS 3aralibHOTO ( IHTErpaNBHOrO ) MOKa3HuKa copmoBanoi HaBuuku 331. 5) PozpaxyHok i1 ominka
napamerpiB 331. 6) [IpencraBieHHs OTpUMaHUX Pe3yIbTATIB B OAIEHOMY BUTJIISIL.

ByB BHuKOpuCTaHWI IMOBIpHICHUH MiAXIN UTS OTPUMaHHS PO3PaxyHKOBUX MapaMeTpiB mpoiecy 300py
30poBoi iH(opMaIlii.

30poBa JiSUTBHICTH BOAIS OMUCYIOTHCS HACTYITHUMH TMapaMeTpaMy: TPUBATICTIO (ikcarii MOrismay;
TPUBAIICTIO TOIIYKOBUX [iif, CITOCTEPSIKEHHS Ta OLIIHKW; KOMIIOHGHTAMH 30POBHX i, BIICTAaHHIO IO TaK-
3BaHMX 30H 30poBOi iH(opMallii (TpH OCHOBHI 30HH) ; IMOCIIOBHICTIO ( aJrOpUTMaMH ) 30POBOro 300py
iH(opMaIii Ta HeoOXiTHIM YacoM NpuAOaHHS KOHKpeTHUX HaBu4uok 331 i T.1.

EQexTuBHICTD OIIHKY JiSTIBHOCTI BOJISI 3HAYHO 30UIBIIYETHCS 32 PAXYHOK MOXKIIMBOCTI 3a0e31eueHHs
aBTOMAaTH3allil [[FOTO MPOIeCy. ABTOMATH3allis MPOIECY OIIHKH J03BOJSE BUKOPHCTOBYBATH aJTOPHUTMH 1
KOHKPETHI KpUTEpii, 10 JAO03BOJISAIOTh BUKIIOYATH HeOaXKaHWH BIUIUB CYO'€KTMBHHX ACIEKTIB OIIHKUA PIBHS
chopmoBanocTi HaBu4ok 331. ABTOMAaTH3allis MPOIECY OIIHKK TaKOX JO3BOJISIE OOPOONIATH 3HAYHI MAaCUBH
iH(OpMaIii ornmepaTUBHO 1, TAKUM YMHOM, 3a0e3Meuye MOXIIMBICTh OLIHKH MPOQeciiHOi MisSUTBHOCTI BOMIS B
peabHOMY MaciTadi yacy.

3po0sieHO BUCHOBKH. Tak, HapHKIIaJ, BIPOBAHKCHHS METOIB MiABUINCHHS ¢(pEKTHBHOCTI 30pPOBOr0O
300py iH(popmaii BogieM 1 METOIU OLIHKK e()eKTHBHOCTI OTpUMAaHHS 30poBOi iH(opMaIii BoJieM € aBoma
BXUIMBUMH HaNpsSMKaMH ITBUINCHHs OC3MEeKH JIOPOXKHBOTO pPyXy, O€3leku IepeBe3eHb Ta Oe3nekw Ha
TPaHCIOPTI.

KJIFOYOBI CJIOBA: 3BIP 30POBOI IH®OPMALIII, 30POBI JIi BOJIS, HABUUKA 3BEOPY
30POBOI TH®OPMAIIIL, KPUTEPII OLITHKU 331

ABSTRACT

Rutkovskaya I.LA., Gusev A.V., Khmelev I.V. Development of methods for assessing the efficiency of
visual information acquisition by the driver. Management of projects, system analysis and logistics. Kyiv.
National Transport University. 2013. Vol. 12.

The method for assessing the efficiency of visual information aquisition (VIA) by the driver should
enable to solve the following tasks: define the feed-back between the trainee and the training process (also,
serve for the purposes of the adaptive training); provide the assessment and estimation of the driver skills
level; control of changes in driver’s skills levels in time (in the process of professional activity).

The proposed method includes the following stages: 1) The primary collection of data concerned (i.e.
testing the trainees). 2) Definition of the criteria and the design values of specific visual activities (for specific
operator’s task). 3) Justification of particular indexes characterizing the driver’s visual activities and skills. 4)
Justification of overall (integral) index. 5) Calculation and evaluation of VIA. 6) Conversion of the resulting
data to specific marks.

The probabilistic principle of defining the design values is being applied for acquiring designated
design parameters.

The visual activities of the driver are described by the following parameters: duration of sight (eye)
fixation;

duration of searching, observing and estimating components of sight (eye) movements (components of
driver’s visual activity); distance toward so-called visual information zones (three major zones are anticipated);
sequence (algorithms) of visual information acquisition and proper timing of acquisition of specific relevant
information (timely eye movements), etc.

The efficiency of driver’s activity assessment is significantly increased by the automation of the
assessment process and marks calculation. The automation of assessment process allows the use of algorithms,
specific criteria and mathematics, which rule out undesired subjectivity. The automation of the assessment
process also allows to process vast amount of information promptly and thus to achieve real-time assessment of
driver’s activities.

Conclusions were made, i.e. the implementation of methods for enhancement of visual information
acquisition by the driver and methods for assessing the efficiency of visual information acquisition by the
driver are two important directions for increasing the transport safety.

KEY WORDS: DRIVER, VISUAL INFORMATION ACQUISITION, VIA CRITERIA
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PE®EPAT
PytkoBckas 1. A. PazpaboTtka MeTo70B orieHKH 3(h(HEeKTHBHOCTH Tpoliecca coopa 3puTeabHON HHPOPMALTUH
Bomutenem / [.A.. PyrkoBckas, A.B.I'yces, U.B. Xmenés // YnpaBienue npoekraMu, CACTEMHBIN aHAIN3 1
noructuka. K.: HTY —2013. — Bemm. 12.

[peanaraemerit MmeTox oreHkn 3¢ QPeKTUBHOCTH cOopa 3puTenbHol nHpopManuu (C3W) BoauTenem
MO3BOJIUTH PEIIUTh CIEAYIONINE 3a/a4u: ONMPEACTUTh 00paTHYIO CBS3b HABBIKOB 00y4aeMOro M y4eOHOro
nporecca (Takke, MOXKET CIYKHUTh JUIS TOBBIIICHHS 3()(EeKTHBHOCTH Mpollecca aJanTUBHOTO OOYYEHHS);
o0ecrieunTh OIEHKY yPOBHS HAaBBIKOB BOIUTENs; O0OECIEYUTh KOHTPOJIb HW3MEHEHUH  YpOBHS
c(OPMHUPOBAHHOCTH HABBIKOB BOXKACHHS B Ipolrecce oOydeHHs (a Takke Ha dTare mnpodecCHOHATBHON
JESTEIBHOCTH BOAUTES) .

[Ipennaraemelii MeToJ] BKIIIOYAET CIEAYIOIIME OCHOBHBIC dTambl: 1) [lepBudHbIid cO0p MaHHBIX (T.C.
TECTUPOBaHUE KypcaHTOB (00y4daembix)). 2) OnpeneieHue KPUTEPUEB U PaCUCTHBIC 3HAYCHUS KOHKPETHBIX
MapaMeTpoB 3pHUTEIbHBIX neicTBuil mo C3U (mis 3amad, BBITOJHSAEMBIX 00y4aeMbIM (orepaTtopom)). 3)
O6ocHOBaHME KOHKPETHBIX MOKa3aTelel, XapaKkTepu3yIOIuX 3pUTEIbHYIO JeaTenbHoCTh BoauTens no C3U
U c(OPMHUPOBAHHOCTh COOTBETCTBYIONIMX HaBBIKOB. 4) OO0ocHOBaHME 00MIero (MHTErpabHOr0) MOKa3aTels
chopmupoBannoro HaBsika C3U. 5) Pacuer u onenka nmapamerpos C3U. 6) IpencraBienue morydeHHBIX
pe3yNIbTaTOB B OATBHOM UCUUCIICHUH.

Bb11 ncnonb30BaH BEpOSTHOCTHBIN MOAXOJ sl TIOMYYEHHS pPAacueTHBIX MapaMeTpoB Ipoiecca coopa
3pUTENBbHON UHPOPMAITHH.

3puTtenbHas JIeATEIbHOCTh BOJTUTEIS OIUCBIBAIOTCS CIICYIOIIMH napamMeTpamMu:
MPOIOJDKUTENFHOCTRIO (DPUKCAIIMK B3TJISA; TPOJOIKUTEIBHOCTBIO TTOMCKOBBIX JCHCTBUN, HAONIONCHHUS |
OIICHKHM; KOMIIOHEHTAMHU 3pPUTEIbHBIX JCHCTBHI;, PACCTOSIHHEM JI0 TaK-Ha3blBa€MbIX 30H 3pUTEIBHOM
nHpopManuu (TP OCHOBHBIE 30HBI); TOCJIEAOBATEIBHOCTRIO (aNTOPUTMaMHU) 3pHUTENBLHOTO cOopa
WH(pOPMAITUK U HEOOXOTUMBIM BpEMEHEM NMPHOOpETeHUs] KOHKPETHBIX HaBbikoB C3U u T.1.

D¢ (GeKTHBHOCT  OIEHKHA JCATEIBHOCTH BOAMTENS 3HAYUTEIBHO yBEIMYMBAETCS 3a  CUlr
BO3MOKHOCTH O0O€CIICUeHHs aBTOMATH3alldiM Iporecca. ABTOMAaTH3allMsl Mpolecca OIEHKH I03BOJISET
WCIIOJIb30BATh aJrOPUTMbI U KOHKPETHBIX KPUTEPHH, MO3BOIISIONIME MCKIIOYATh HEKENATeTbHOE BIUSHHC
CYOBEKTHBHBIX aCIEKTOB OIIEHKUA YPOBHs cpopMHUpoBaHHOCTH HaBbikOoB C3M. ApTromaTtuzaiwsi mporiecca
OIIGHKH TarKKe IMO3BOJISICT 0oOpadaThiBaTh 3HAYMTEIBHBIC MACCHBBI WH(POPMAILUM ONEPATHBHO M, TAKHM
o0pa3oM, o0ecredrBaeT BO3MOKHOCTh OLIGHKH MPO(GECCHOHAIBHOM JCATEIBHOCTH BOIUTENSA B pEalbHOM
MaciTabe BpeMeHH.

Cnenanbl BRIBO/IBL. Tak, HalpUMep, BHEIPEHHE METOJIOB MOBBIMEHUS 3()()EKTHBHOCTH 3pUTEIBHOTO
cbopa MH(pOpMAIMK BOTUTENEM W METONBI OICHKH 3()(EKTHBHOCTH MOIYyYEHHs 3pUTENFHON UHPOpMAIH
BOJIUTENIEM SIBJISIFOTCSI IBYMSI Ba)KHBIMH HATIPaBICHUSMH TIOBBIIICHUS 0€30MACHOCTH JIOPOKHOTO JIBUIKECHHUS,
0e30MacHOCTH MEePEBO30K U 0E30MaCHOCTH HA TPAHCIIOPTE.

KJIKOUEBBIE CJIOBA: CBOP 3PUTEJILHOM MH®OPMAILIMH, 3PUTEJILHBIE JEMCTBUSA
BOJIUTEJIS, HABBIK CBOPA 3PUTEJIBHOM MTHO®OPMAILIMN, KPUTEPUM OLIEHKU C31
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