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MODEL FOR PREDICTING TRAFFIC SIGNS FUNCTIONAL
SERVICE LIFE - THE REPUBLIC OF CROATIA CASE STUDY

ABSTRACT

Traffic signs are the basic elements of communication
between the relevant road authorities and road users. They
manage, regulate, inform and warn road users to ensure
their safe movement throughout transport networks. Traffic
signs must be timely visible to all traffic participants in all
weather and traffic conditions in order to fulfil their function,
which means they must have satisfactory retroreflection
properties. This paper presents a research of the deteriora-
tion of traffic signs retroreflection. The aim of this article is
to develop models that will effectively enable predicting the
retroreflection of traffic signs and thus optimize the mainte-
nance activities and replacement of road signs to increase
road safety. The research included measurements of retro-
reflection of retroreflective material Classes | and Il (white,
red and blue colour) and Class Ill (red and yellow colour).
Based on the collected data from the City of Zagreb (Repub-
lic of Croatia), the authors developed the models to estimate
the functional service life of certain colours and materials
used to make traffic signs. Considering that the average
coefficient of determination for all the models is between
0.55-0.60, they present an effective tool in the traffic sign
maintenance system.
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1. INTRODUCTION

Traffic signs are part of the overall traffic signaliza-
tion system, that convey a message to road users by
using shapes, colours, text and symbols and that are
vertically placed on the traffic area. Traffic signs inform
about regulations, warnings, directions, and guidance
in road systems, to achieve road safety and reduce
traffic accidents and fatalities [1]. To fulfil their func-
tion efficiently and therefore contribute to the increase
of road safety, the sighs must meet certain conditions.

They should be easily recognizable and locatable with-
in a complex visual scene. Furthermore, they need to
clearly indicate the status of the message (legal, warn-
ing or information) and convey the message efficiently,
thereby minimizing visual distraction. They have to be
comprehensible so that drivers can recognize the ac-
tion (or choice) to be taken and located so that the
driver has sufficient time to act on the message [2].

When driving in low visibility conditions (dusk,
dawn, night), the drivers receive significantly less vi-
sual information in traffic which makes the perception
of the surroundings, and thus the driving, considerably
more challenging. The efficiency of traffic signs de-
pends, apart from the individual characteristics of the
driver, mainly on the external characteristics, among
which great importance is in their legibility and opti-
cal characteristics or retroreflective properties [3]. In
addition, to timely and efficiently convey the informa-
tion to the drivers even in the conditions mentioned
above, traffic signs must have satisfactory retroreflec-
tion properties. Retroreflection properties include the
ability of a sign to reflect light from the vehicle head-
lights back to the driver, giving the sign an illuminated
appearance [4]. This appearance is due to different
retroreflective materials (sheeting) used to make the
signs, which consist of tiny prisms or spheres in a
weather-resistant, transparent plastic film. Generally,
in Europe retroreflective materials are divided into ma-
terials of Classes I, Il and Ill. Materials of Classes | and
Il use spherical or prismatic retroreflective sheeting,
while materials of Class lll use exclusively prismatic
retroreflective sheeting. Scientific studies have proven
that materials with prismatic retroreflective sheeting
have significantly better performance when it comes
to visibility [5, 6, 7, 8].

It is necessary to conduct periodical tests on signs
in order to ensure a satisfactory level of retroreflection.
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Signs that do not meet the minimum prescribed val-
ues should be replaced with new ones to ensure timely
communication between the driver and the sign. Given
the number of traffic signs on the roads, it is necessary
to optimize their maintenance activities. One way of opti-
mization includes developing a mathematical model that
will predict the functional service life of a traffic sign.

The aim of this research is to develop a model for pre-
dicting the traffic sign functional service life, which would
help road authorities in planning the control testing of
sign retroreflection and ultimately their suitable replace-
ment, all to increase road safety.

The analysed case study is the Republic of Croatia,
where the same relevant conditions exist as in other EU
countries. All of the considered data have been obtained
from the Croatian road network, i.e. from the City of Za-
greb area.

The paper comprises five sections, the first one being
the introduction, followed by Section 2 that is dedicated
to a brief, relevant literature review. Section 3 presents
data collection methodology, and the Results and Dis-
cussion are given in Section 4. Finally, the last section
presents the Conclusions.

2. BRIEF LITERATURE REVIEW

The prediction of traffic sign functional service life
is essential for establishing a high-quality system for
traffic signalization maintenance and ensuring a sat-
isfactory level of safety. This important feature caused
numerous studies to be conducted in the last three
decades aimed at understanding how the traffic sign
retroreflection degrades.

One of the first studies was conducted by Black
et al. in [9] where analysis of the impact of signs ori-
entation, elevation, solar radiation levels, heating de-
gree-days and precipitation on retroreflection degra-
dation was done on a sample of 5,722 traffic signs.
The analysis showed that age, precipitation, elevation,
and temperature affected degradation and that sign
direction is not a statistically significant factor. Based
on the collected data, the authors developed a linear
model for predicting traffic sign degradation.

The study aimed at better understanding the fac-
tors that may affect road sign retroreflection was done
by Kirk et al. [10]. The study results showed that over
a twelve-year period span most of the signs had retro-
reflection above the prescribed minimum. Also, retro-
reflection did not vary significantly with the age of the
sign but small significant correlation between retrore-
flection and sign orientation was found. The authors
noted that there might not have been a great enough
age range of traffic signs to provide a complete picture
of the retroreflection performance over time and any
weathering effects.

Bischoff and Bullock [11] measured retroreflection
of white, red and yellow colours on 1,341 in-service

traffic signs. The study showed that service life of traf-
fic signs with white and yellow backgrounds is 12 years
and 10 years for red coloured signs due to the colour
fade. Also, the collected data indicated that orienta-
tion is not a relevant factor in sign degradation.

The study aimed to analyse the performance and
degradation characteristics of retroreflective sheeting
materials was conducted by Wolshon et al. [12]. A total
of 12 models for predicting the functional service life of
traffic signs were developed. Twelve models, according
to authors, were required to separate the two different
sheeting types and the three different colours under
wiped (cleaned) and unwiped (uncleaned) conditions.
From three dependent variables (age, orientation, and
the distance from the road), only age had positive cor-
relation with the retroreflection degradation.

Rasdorf et al. [13] conducted a study analysing
the expected life of 1,047 in-service traffic signs and
researching relevant factors that affect the sign per-
formance. They developed several models: linear, loga-
rithmic, polynomial, power and exponential from which
linear trend line was found to be the best fit for the deg-
radation of retroreflection over time. Except retroreflec-
tion degradation rates over time, authors also analysed
vandalism and sign damage rates.

Kipp and Fitch [14] measured 398 signs in four co-
lours: white, red, green and yellow. The primary objec-
tive of the study was to establish a retroreflection as-
sessment protocol for traffic signs. The study found no
significant correlation between orientation and offset
of traffic signs on retroreflection degradation. Similar to
the results in [11], red sign retroreflection degradation
was faster than other sign colours, while white had the
slowest degradation rate.

In 2009, Carlson et al. [15] measured retroreflection
of 1,385 traffic signs (observing four colours: white, red,
green and yellow). The same as in the previous studies,
their research found that sign direction was not a rel-
evant factor in retroreflection. Using linear regression,
the authors predicted functional service life of the traffic
signs to be from 5 to 155 years depending on the region
where they are placed. Except predicting the functional
service life of traffic signs, the study also evaluated the
dynamic or mobile retroreflection measurement system
which enables retroreflection readings from a moving
vehicle. The authors concluded that the mobile system
is not accurate enough and for that reason not applica-
ble for traffic signs retroreflection evaluation.

Pike and Carlson [16] conducted a study to deter-
mine the functional service life of different materials
used to produce traffic signs. The authors observed
525 in-service signs with manufacturing date rang-
ing from 1983 to 2012. The authors developed a
linear model for each class and colour of material.
The shortcoming of the study is the poor accuracy of
the models; the best coefficient of determination was
R20.4436.
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Preston et al. [17] conducted a similar study, with
results that are consistent with the previous studies.

Table 1 presents a summary of previous literature
research.

Table 1 - Brief literature review

No. of Coefficient of

Year Authors ’ determination
samples R2
1992 | Black et al. [9] 5,722 0.20-0.50
2001 | Kirk et al. [10] 137 0.04-0.14
Bischoff and

2002 Bullock [11] 1,341 0.0152-0.3236
2002 | Wolshon et al. [12] 237 Unavailable
2006 | Rasdorf et al. [13] 1,047 0.0103-0.4811
2009 | Kipp and Fitch [14] 398 0.0266-0.1304
2011 | Carlson et al. [15] 1,385 0.10-0.20
2014 [Pl”é? and Carison 525 0.4436

Although most of the studies had sufficient statis-
tical data, in most cases the developed models had
relatively poor accuracy (Table 1). The stated lack of
accuracy shows the necessity to conduct further re-
search aimed at developing more accurate prediction
models for the functional service life of traffic signs,
which could be effectively used for the optimization of
traffic sign maintenance system.

Upon reviewing the previous research, the authors
Pike and Carlson [16] as well as Brimley and Carlson
[18] found that the limitations of the past studies in-
cluded the following: sign sheeting materials changing
over time (new materials released, changes to current
materials), age distribution of in-service signs, signs
with poor retroreflection being replaced and thus not
being included in degradation modelling, not account-
ing for initial retroreflection of signs, and signage being
the only consistent factor found to influence degrada-
tion.

The traffic signs analysed in the research present-
ed in this paper overcome the shortcomings empha-
sized in [16] and [18]. This fact leads to a better accu-
racy of the developed models.

3. DATA COLLECTION METHODOLOGY

The Department for Traffic Signalization at the Fac-
ulty of Transport and Traffic Sciences, University of Za-
greb collected the data used in this research in the
City of Zagreb area (Republic of Croatia) in the period
from 2008 to 2016. The collected data relate to the
coefficient of retroreflection of the retroreflective ma-
terial of Classes |, Il (white, red, and blue colour) and lll
(red and yellow). The coefficient of retroreflection, RA,

is the coefficient of luminous intensity of a plane retro-
reflection surface to its area or as a ratio of returned
intensity to incident illumination divided by the area of
the retroreflection. The metric unit for retroreflection
coefficient is cd/Ix/m?2 [19].

According to the relevant Croatian regulations, the
most commonly used signs are those made of Class |
materials. Only several traffic signs (stop signs, warn-
ing for pedestrians, etc.) must be manufactured from
Class Il and Class lll materials. Consequently, the most
analysed signs in this research are made of Class I,
then Class Il and Class Il materials (Figure 1).

W Class Il

Class Il M Class |

Yellow

Red

Blue

White
209

Figure 1 - The number of analysed traffic signs with
different colours (Class I, 1, Ill)

The retroreflection coefficient of traffic signs can be
measured by using the static or the dynamic method.
The static method involves the use of handheld retro-
reflectometers, while the dynamic one includes using
a vehicle-mounted device and retroreflection mea-
surements taken while driving. As previously stated,
Carlson et al. [15] conducted a test of measurement
accuracy by using the dynamic method and found that
the dynamic system failed to measure sign retroreflec-
tion accurately and could result in waste to agencies
removing signs that are still meeting minimum retrore-
flection requirements.

The authors in this research used a handheld ret-
roreflectometer Zehntner ZRS 6060. The geometry of
this instrument corresponds to the values of the Euro-
pean Standard (EN 12899-1: Fixed, Vertical Road Traf-
fic Signs - Part 1: Permanent Signs) which implies an
observation angle (a) of 0.33° and an entrance angle
(B1) of 5°. As described in [20] the position of the sign
at the side of the road and the geometry of an oncom-
ing vehicle position primarily determine the entrance
angle that is formed between the light rays falling on
the surface of the sign and the line that goes vertically
from the surface. The observation angle is the angle
between the incoming light ray and the reflected ray.
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Figure 2 shows the entrance and observation an-  Table 2 - Retroreflection coefficient R,: Class | (cd/Ix/m?)

gles.
Geometry of Colour
measurements
o Ent
)l =-ance angle B1 ] ﬁl
LE3 \\i;fimm a (B,=0) White | Yellow Red Blue
+5° 70 50 14.5 4
0.2° +30° 30 22 6 1.7
+40° 10 7 2 0.5
 Vewingax +5° 50 35 10 2
T 0.33° | +30° | 24 16 4 1
Y ) +40° 9 6 1.8 #
Illumination axis +5° 5 3 1 #
5 2° +30° 2.5 1.5 0.5 #
;§ +40° 1.5 1.0 0.5 #
4
g,’ # - value greater than zero but not significant or applicable
9

Figure 2 - Entrance and observation angles for a traffic Source: [19]

sign

; ; . 2
Source: Adapted by authors according to [19] Table 3 - Retroreflection coefficient R,: Class Il (cd/Ix/m-)

Geometry of Colour

According to EN 12899-1, the minimum coefficient measurements
of retroreflection RA (cd/Ix/m?) of traffic signs must Bl
match the values shown in Table 2, Table 3 and Table 4. a (B,=0) White | Yellow Red Blue
The coefficient of retroreflection (R,) of all printed co- T 550 70 T3 >0
lours, except white, shall not be less than 70% of the

. 0.2° +30° 150 100 25 11

values shown in these tables. In case any of the co- +20° 110 70 15 3
lours on the sign do not meet the minimum prescribed T5° 180 120 25 1
value, the sign mgst be repl’?ceq with a new one. 0.33° 130° 100 70 1 3

When measgrlng re.trore lection, the authors mga- +40° 95 60 13 7
sured each particular sign and each colour on the sign +5° 5 3 1 0.2
four times in dlffereht areas of th(IeIS|gn. The relevgnt 50 +30° 25 15 04 #
value of retroreflection for a specific colour of a sign +40° 15 1.0 03 #
represents the average values of all four measure-
ments of that colour. # - value greater than zero but not significant or applicable

All the signs comprised in the present research
have been made of a retroreflective material of the
same manufacturer and were installed on the road
as new in 2008 when the research started. The signs

Source: [19]

Table 4 - Retroreflection coefficient RA: Class Il (cd/Ix/m?)

retroreflection was measured for the first time upon Geometry of
installation (in 2008) to determine their initial retrore- measurements Colour
flection. Since then, the same signs underwent identi- 1
cal tests each year up to 2016. Before each measure- a (B,=0) White | Yellow Red Blue
ment, the traffic signs were cleaned to ensure proper 5 350 550 70 5
retroreflection as the study conducted by Wolshon et
. . . 0.1° +20° 600 390 120 40
al. in [12] showed that the average increase in retro- T30° 495 75 o5 8
reflection after cleaning the traffic signs is about 33%. 5 635 200 105 7
0.2° +20° 450 290 90 30
4. RESULTS AND DISCUSSION +30° 325 210 65 20
This section will present the results of the con- +5° 425 275 85 28
ducted analysis, and models for predicting the func- | 0-33 | *20° | 300 | 195 60 20
tional service life of particular traffic sign colours and +30° 225 145 45 15

classes of material. As previously stated, each co-
lour was measured four times, and the average val-
ue of these measurements is the relevant value fora  Source: [21]

# - value greater than zero but not significant or applicable
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certain colour on a sign. For instance, Class | white
colour included 836 measurements (four measure-
ments per sign). The relevant value used as an input
for the model is the average value of those four mea-
surements. Therefore, there were 209 relative values
obtained for white colour for Class I.

If the relevant values of all the colours on a certain
sign exceed the minimum prescribed values for a cer-
tain class (Tables 3, 4 and 5), then the sign meets the
requirements. If one or more relevant colour values
of a certain sign are below the minimum prescribed
values, then the sign does not comply with the require-
ments, and it needs to be replaced. The observed data
show that the red colour is the most “time sensitive”
colour, i.e. it is the first one that is non-compliant ac-
cording to the requirements (Figure 3). Research done
by Brimley et al. [22] presented a similar conclusion.
90
80
70
60
50
40
30
20
10

0

[%]

= = L ¥ —

=
0 1 2 3 4 6 7
No. of year

—+— Class |, white —— Class Il, red
—u— Class |, red —e— Class ll, blue
- Class |, blue Class Il, white

i

[od]

9

—+— Class Ill, yellow
Class Ill, red

Figure 3 - The percentage of non-compliant traffic signs
per time by traffic sign class and colour

Based on the data analysis, the authors obtained
the models for predicting the functional service life of
traffic signs for each colour and class of retroreflec-
tive material, where the retroreflection degradation
was described as the function of time, i.e. signage.

The literature review showed that the linear models
proved to be the best fit for predicting the retroreflec-
tion degradation of traffic signs [18]. This study also
confirmed the fit, but the logarithmic and exponential
regression show very similar accuracy.

The analysis and model development were made
in SPSS software. Each group of data (class and co-
lour group data) is normally distributed. The assess-
ment of the normal probability plots (Q-Q plot) also
confirmed the normal distribution. In this plot, the
observed data for each score is plotted against the
expected value from the normal distribution, and a
reasonably straight line suggests a normal distribu-
tion.

The modelling of retroreflection degradation was
done with regression analysis. For each Class and
colour of material, linear, logarithmic and exponen-
tial regression was done. As this study was conduct-
ed only in the area of the City of Zagreb different
independent variables such as precipitation, tem-
perature differences, solar radiation etc. were not
considered and the retroreflection degradation was
modelled only as a function of sign age. The coeffi-
cient of determination R2 varied from 0.383 to 0.783
depending on the Class and colour of material. Lin-
ear and exponential models show the best accuracy
with the average R2 0.57 for linear and 0.56 for expo-
nential model. Also, the average Pearson correlation
for Class | material is -0.707, for Class Il -0.792 and
Class Il -0.760 which proves that there is a strong
negative correlation between retroreflection and age
of the sign, meaning that with the increase of sign
age the retroreflection will decrease.

Overall, the presented models show good accura-
cy and significant improvement compared to the ex-
isting models mentioned in the literature review.

Table 5 shows the results, whereas R, is the retro-
reflection value at a given moment, and t is the traffic
sign age expressed in years.

Table 5 - Final obtained results for Classes I, Il or Ill and different colours of traffic signs

Class | White (n=209) Red (n=45) Blue (n=164)
Equation R? Function R2 Function R? Function
Lin 0.567 R,=83.905-3.121t 0.452 R,=14.565-0.789t 0.484 R,=3.999-0.225t
Log 0.522 R,=83.684-10.428log(t) | 0.383 R,=14.366-2.526l0g(t) 0.434 R,=3.969-0.742log(t)
Exp 0.568 R,=84.684+exp(-0.045t) | 0.474 R,=15.007 eexp(- 0.075t) | 0.437 R,=4.1067°exp(- 0.078t)
Class Il White (n=35) Red (n=10) Blue (n=25)
Equation R2 Function R2 Function R2 Function
Lin 0.600 R,=231.454-4.988t 0.516 R4=39.935-2.603t 0.781 R,=28.228-2.083t
Log 0.547 R,=231.002-16.590log(t) | 0.496 R,=40.000-8.887log(t) 0.724  R,=28.111-6.984log(t)
Exp 0.600 R,=232.106°exp(-0.024t) | 0.474 R,=42.131e¢exp(-0.100t) | 0.783 R,=30.330°exp(- 0.115t)
Class I Yellow (n=12) Red (n=12)
Equation R2 Function R2 Function
Lin 0.511 R4=524.401-10.150t 0.649 R,=149.139-9.292t
Log 0.460 R,=523.147-33.512log(t) | 0.584 R,=148.013-30.695log(t)
Exp |0.518 R,=525.411+exp(-0.021t) | 0.643 R,=156.471¢exp(- 0.0911)
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Survival analysis

Figure 4 presents the probability of traffic sign sur-
vival in the considered time horizon. The probability of
survival has been calculated as follows:

The probability of survival = (Total No. of Signs - Cu-
mulative Number of Non-Compliant Signs in Consid-
ered Year)/(Total No. of Signs - Cumulative Number of
Non-Compliant Signs in Previous Year)

In the considered case study, Total No. of Signs is
509. The probability of survival = (509-10)/(509-5) =
99%.

120

100+

80

60 /

40

20

0 : : : ‘
1 2 3 4 5 6 7 8

No. of years
—— Cumulative number of noncompliant traffic signs

Probability of survival [%]

Figure 4 - Probability of traffic sign survival

The survival curve shows the probability of surviv-
ing, i.e. the probability that a traffic sign has satisfac-
tory retroreflection - good visibility. Based on Figure 4,
it can be concluded that a traffic sign has about 95%
probability to have a satisfactory retroreflection after
eight years. This conclusion is in accordance with [22].

5. CONCLUSION

The functional service life of traffic signs was the
subject of several scientific and professional types of re-
search. The aim of this research was to gain knowledge
on how traffic sign retroreflection degrades over time.
Creating a model for predicting the functional service life
of traffic signs is a vital part of developing a comprehen-
sive sign maintenance program. Previous studies have
resulted in developing some models for different colours
and classes of retroreflective material used to make
traffic signs. Even though most of the studies had suffi-
cient statistical data, in most cases the developed mod-
els had a relatively poor accuracy. Moreover, previous
research had certain limitations such as: sign sheeting
materials changing over time (new materials launched,
changes to current materials), age distribution of in-ser-
vice signs, signs with poor retroreflection being replaced
and thus not being included in degradation modelling,
not accounting for initial retroreflection of signs etc. The
emphasized drawbacks limit the practical application of

the developed models in the system for traffic sign main-
tenance.

The presented research included the traffic signs
in the City of Zagreb. All the considered signs were pro-
duced by the same manufacturer and installed on the
road at the same time, in 2008. The authors measured
the retroreflection of these signs in the period from 2008
to 2016.

Based on the collected data, the authors developed
models to predict the functional service life of particu-
lar colours and materials of traffic signs. The presented
models showed good accuracy and the average coeffi-
cient of determination for all linear models is 0.57, 0.52
for all logarithmic models, and 0.56 for all exponential
models.

Benefits derived from the obtained models are pri-
marily intended for road authorities that may use them to
forecast when the retroreflection of traffic signs will drop
below minimal prescribed values and, according to that,
plan the maintenance activities. Proper maintenance,
i.e. timely changed signs may positively affect the drivers
and increase traffic safety. Overall, models present an ef-
ficient tool for planning, organization and optimization of
traffic sign maintenance system and make a significant
contribution, both in scientific and practical terms.

The presented study has certain limitations, such as:
data collection in only one area, which cannot show the
influence of environmental conditions; developed model
use the age of the signs as the only input; some of the
samples have small sizes, which can affect the obtained
results.

Because of the mentioned limitations the applicabil-
ity of the models in other countries may vary depending
on the environmental conditions. In the course of normal
weatr, retroreflection of traffic signs may be affected by
environmental conditions such as sunlight, temperature,
dust, and moisture, as well as sign direction and posi-
tion. Although the existing literature [9, 11, 12] suggests
that there is no direct correlation between the named
factors and retroreflection degradation further detailed
research is needed. For these purposes, it is suggested
to conduct a research aimed at determining and “weigh-
ing” the influence of certain factors on the degradation
of traffic sign retroreflection. In addition, measurements
of the tested signs will continue in the coming years and
the named limitations will be considered in the authors’
future research, with the aim of checking the robustness
of the obtained results.
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MODEL ZA PREDVIDANJE FUNKCIONALNOG
VIJEKA PROMETNIH ZNAKOVA - ANALIZA SLUCAJA
U REPUBLICI HRVATSKOJ

SAZETAK

Prometni znakovi predstavljaju osnovne elemente komu-
nikacije izmedu nadleZnih cestovnih viasti i sudionika u pro-
metu te kao takvi upravljaju, reguliraju, informiraju te upo-
zoravaju sudionike u prometu s ciljem osiguravanja njihovog
sigurnog kretanja prometnim mreZzama. Da bi prometni zna-
kovi ispunjavali svoju funkciju oni moraju biti pravovreme-
no vidljivi svim sudionicima u prometu u svim vremenskim i
prometnim uvjetima, odnosno moraju imati zadovoljavajuca
retroreflektirajuca svojstva. Ovaj rad predstavija istraZivanje
degradacije retrorefleksije prometnih znakova. Cilj rada je
razviti modele kojima ¢e se efikasno moci predvidjeti retro-
refleksija prometnih znakova te na taj nacin optimizirati ak-
tivnosti odrzavanja i zamijene prometnih znakova, sve u cilju
povecanja prometne sigurnosti. IstraZivanje je obuhvatilo
mjerenja retrorefleksije retroreflektirajuc¢ih materijala klase
1'i Il (bijele, crvene i plave boje) te klase Ill (crvene i Zute
boje). Na temelju prikuplienih podataka na podrucju Grada
Zagreba (Republika Hrvatska), razvijeni su modeli za pred-
vidanje funkcionalnog vijeka pojedinih boja i materijala za iz-
radu prometnih znakova. S obzirom da prosjecni koeficijent
determinacije razvijenih modela iznosi izmedu 0,55 i 0,60,
modeli predstavijaju efikasan alat u sustavu odrZzavanja pro-
metnih znakova.
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