


























Il. Conclusions regarding design of reflectorized
registration plates

I1L1. Perceptibility of reflectorized registration plates

I1.1.1. Legibility distance

The maximum distance from which white reflectorized registration plates with dark letters
and figures are still readable is not necessarily shorter after dark than during the day. This
applies when these plates are illuminated by the low-beam headlights of an approaching
vehicle. This could also apply when an electric torch is shone on them, as used by the French
police (Estival, 1964). In such situations the legibility distance after dark is about twice that
for white enamelled plates.

If the registration plate has the internationally recommended dimensions, the maximum
legibility distance is about 40 metres if the optimum type of letters and figures is chosen,

In view of the width/height ratio of the area available for the characters on such registration
plates, the most suitable type for obtaining the maximum legibility distance is now one given
by the American Bureau of Public Roads (type D). B.P.R. type D moreover has favourable
properties in reducing irradiation of the (dark) characters by the reflectorized background.
The character type now used on registration plates in the Netherlands is not as suitable as
B.P.R. type D in view of the resulting legibility distance (estimated at about 25% less). (See
Diagram 1.) This applies even more when the present type is used on reflectorized plates,
because of the relatively strong irradiation of the (dark) characters by the light reflectorized
background which is then likely.

If the nternationally recommended dimensions and the optimum character type are used for
registration plates about 35% more legibility distance is likely to be obtained than if the
present dimensions and character type are retained on the present plates.

1.1.2. Visibility distance

The distance from which registration plates of the reflectorized design suggested above are
visible is over 240 m if illuminated at the rear of a vehicle by the low-beam headlights of a
following vehijcle,

if the registration plate with the proposed reflective power is observed from the rear by a
following driver beside the low-beam headlights of an oncoming vehicle, the visibility
distance wjll usually be about 130 to 200 metres, depending on the distance (d) between the
registratjon plate and the oncoming vehicle’s low-beam headlights (for d = 2 and 3 metres;
and 2.4 and 3.6 metres). If the registration plate with the proposed reflective power is observed
on the front of the car beside a single low-beam headlight, the visibility distance will be about
60 to 130 metres®depending on the distance between registration plate and low-beam
headlight (50 to 90 cm).

11.2. The effect of reflectorized registration plates on road safety

Reflectorized registration plates may be assumed to have a favourable effect on road safety
after dark, especially on the number of collisions with parked cars and the number of head-tail
collisions. Indications of this effect, though not completely confirmed, were obtained in
American research. In a number of American states such (licence) plates are permitted or
compulsory.
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It is then possible to calculate the minimum area (O) and the minimum reflective power (R)
required for the (left) refi ector to be visible at the required distance (D),

With the minimum reflective power at present required (10 cd/m?2 per lux) a dimension of
30 minutes of arc would be required whend, = 1.80 metres, d, = 3 metresand D = 240 metres,
(R ='—l“, L=0.02x 10= 020 cd/m? Ls; ~ 10 cd/m?

Diagram 3 on page 34 (Adnan, 1965) then gives the minimum object size, This is 2.5 times
greater than the present permissible maximum.

The present regulations in the Netherlands relate solely to the maximum permissible area
Motor vehicle reflectors must be described in a 200 mm diameter circle,

For this area, a visibility distance of D = 240 metres and the glare conditions referred to above,
the reflective power would have to be about 100 cd/m? per lux For D = 130 metres under
these conditions, the present minimum reflective power (10 cd/m? per lux) would suffice
for a reflectorized area at least as large as the present permissible maximum.

Making the minimum area as large as the present maximum (and/or increasing the reflective
power to about 100 cd/m? per lux) is therefore necessary if the present compulsory rear
reflectors are to be effective in reducing the risk of confusion between four-wheeled vehicles
with only one rear light burning and two-wheeled motor vehicles driving along unlighted
two-lane roads after dark. This applies if these are neared by a motor vehicle with low-beam
headlights whose driver is dazzled by an oncoming vehicle’s low-beam headlights. If the
approaching driver is not dazzled by an oncoming vehicle’s low-beam headlight the present
minimum reflective power might suffice provided the present permissible maximum is made
the compulsory mingmum (formula in 3.2.1.2.).

I1.1.2. Reflectorized strips

The same drawbacks apply to additional reflectorized materials on the rear of vehicles as to
compuisory reflectors There is a difference in visibility distance and hence a nsk of two
and four-wheeled vehicles being confused if the approaching driver is dazzled by oncoming
vehicles’ low-beam headlights.

Here again the risk of confusion will be lessened by using reflectorized material across the
vehicle’s entire width and/or configurations revealing the left/nght difference.

111.1.3. Reflectorized registration plates

A reflectorized registration plate can equal the methods mentioned in 111.1.1. and 111.1.2. in
visibility distance but not in detecting differences in distance and speed.

This applies on the assumption that as regards the latter perceptive process an estimate of
the apparent width of the visible parts of the vehicle—the registration plate, a strip across the
entire width or (the distance between) the two (configurations of) reflectors—is of some
importance (the registration plate is narrow).

111.11.4. Separate arrangements for two and four-wheeled motor vehicles

In order to increase the possibilities of distinguishing between two and four-wheeled motor
vehicles, especially if one of the compulsory (configuration of) four-wheeled motor vehicle’s
rear lamps is not lighted, the use of the same reflector configuration on four-wheeled motor
vehicles might be considered. The (configuration with the) reflectorized registration plate
could then be reserved entirely for two-wheeled motor vehicles (motor cycles and scooters).
Two-wheeled motor vehicles moreover have few other possibilities of increasing their
visibility if the rear lamp is not lighted.
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The area of the registration plate of two-wheeled motor vehicles is smaller by a factor of 1.5
than that of four- wheeled vehicles, In order to retain the required visibility distanc e, therefore,
its reflective power would have to be (about 1.5 times) higher.

It must, however, be pointed out that this solution gives no information on the perhaps equally
important distinction between two.-wheeled vehicles as such, especially motor cycles and
scooters on the one hand and mopeds and bicycles on the other.

I.1.5. Classifying vehicles according to dimensions and movement character-
istics

The necessary distinction between two and four-wheeled vehicles can be obtained by
indicating the width or a left/right distinction in designing the rear lights or with reflectorized
objects on four-wheeled vehicles.

Respective kinds of two-wheeled vehicles might be distinguished by using extra configurations
of reflectorized objects, for instance cycles with reflectors in the pedals, mopeds (or motor
cycles, scooters) with (white) reflective mudguards or registration plates. The motor cycle
scooter (or moped) will then be recognizable from its rear light or reflector as at present
required. Other two-wheeled vehicles from the combination of rear light, reflector and the
additional (reflectorized) objects mentioned,

These measures regarding possible confusion are not enough, however. They do not provide
road users with sufficient information on movement characteristics (location, speed) of
individual vehicles.

The greatest individual differences occur with four-wheeled vehicles. Greater distinction is
thus necessary especially in this category. Determination of the number of requjred distin-
guishing features and the suitable configurations needs further research. The optimum
solution would be obtained if the configurations consisted of both rear lights and reflectors.
Only in that event is a definite distinction possible, even when the rear lamps are not lighted.

Il1.2. The front of vehicles

If only one of the headlamps of a four-wheeled motor vehicle is lighted, an oncoming driver
may confuse it with a two-wheeled vehicle. Such confusion could be reduced by observation
of the registration plate or other forms of reflectorized material.

The statements in 11l.1 regarding glare apply even more under these conditions, because in
this case the distance between the glaring light source and the object perceived (the registra-
tion plate, or strips) is shorter, The required visibility distance, however, will be greater.

I11.2.1. Reflectorized registration plates and strips

To obtain the required visibility distance it would be advisable to prescribe a very high
reflective power and/or a larger area for the registration plate or strips on the front of vehicles.
This might, however, cause more glare for oncoming drivers. They would certainly be able
to recognize the four-wheeled vehicle as such far enough away, but the means provided for
them to do so might prevent them from observing the road ahead.

Material suitable for this which also satisfies the requirements of resistance to fracture etc.
is not at present supplied by the industry however (maximum reflective power ca. 55 cd/m?
per lux for flat reflective sheeting).

Besides being doubtful in theory, therefore, this method is impossible in practice. An additional
possibility might be to stipulate a minimum distance between headlights and the reflectorized
material in order to reduce the influence of the low-beam headlight,
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1. The function of reflectorized registration plates

Reflectorized material reflects light in the direction from which it comes. This effect is obtained
with a system of (semi-)circular or prismatic elements,

The visibility distance of the material on motor vehicles is determined not only by its area
and reflective power, but also by the illumination on the material from the direction of the
approaching vehicle, and by the brightness of the surroundings. As the intensity produced
by the reflectorized material is less than that of the ambient light sources the visibility distance
of the reflectorized material will decrease. This means that reflectorized material on motor
vehicles may be especially effective on roads and in streets without public lighting, It is effec-
tive for an approaching driver only if illuminated by his vehicle’'s high-beam or low-beam
headlights. Outside built-up areas this will usually be the case; within them not always.

1.1. Motor vehicle visibility

The present enamelled registration plates in the Netherlands* serve primarily to establish
the identjty of motor vehicles. The visibility of motor vehicles is known to be insufficiently
guaranteed by these plates, even if the registration plate lighting is burning after dark.

After dark, on roads with inadequate street-lighting or none at all, reflectorized registration
plates might improve the visibility of motor vehicles. This applies especially to motor vehicles
with non-functioning lighting. Even if the vehicle’s lights are working, reflectorized registration
plates may contribute to vehicle visibility. This may apply to motor vehicles parked without lights
in a poorly-lighted street and to those with only parking lights in unlighted streets after dark.

1.2. Recognizability of motor vehicles as two or four-wheeled

Reflectorized registration plates may improve the recognizability of motor vehicles, especially
in distinguishing between two and four-wheeled vehicles. This is of major importance during
overtaking. A four-wheeled motor vehicle with only one headlamp or rear lamp lighted is
easily confused with a two-wheeled motor vehicle on a poorly lit or unlighted road after dark.
The risk of confusion can be reduced if the approaching driver has additional indications for
distinguishing between two or four-wheeled motor vehicles. Observation of a reflectorized
registration plate beside the headlamp or the rear lamp might help to solve this problem.

1.3. Estimation of position, speed and distance

Visibility and recognizability of a motor vehicle still tells the approaching driver nothing about
its position, distance and difference in speed compared with his own. A faulty estimate of
position, speed and distance may be a cause of rear end and head-on collisions.

1.4. Ildentification of motor vehicles

The registration plate is indispensable for identifying motor vehicles. In the case of moving
motor vehicles the distance from which the plate can be read or photographed is decisive.
The use of reflectorized material will increase the legibility distance after dark when the plate
18 illuminated,

An increase in identification distance is primarily of importance in tracing traffic offenders.
But one is not dependent solely on a reflectorized registration plate for improving visibility
and recognizability of motor vehicles and for estimating speed and distance.

* Blue plates with white characters.
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Herrington investigated the legibility distance with illumination with (Amercan) low-beam
headlights in unlighted surroundings with texts 71 cm high. The character type, however, was
different from that used by Rumar, i.e. B.P.R. type C.

The choice of this is lndlcated by the width/height ratio of American license plates, This is
less than that of the internationally standardized registration plates, Herrinton varied the
stroke- width and the spacing of this type. For dark (blue) characters on a white reflectorized
background a type height/stroke-width ratio of 6.8:1 was used. This is almost the same as
the type height/stroke- width ratio of B.P.R. type C, viz. 7:1, The spacing (between the centres
of the characters) was 3.8 and 6 cm. Table 7 shows the results.

Herrington’s data show that the legibility distance increases as the type hejght/stroke-width
ratjo decreases, and also as the spacing increases. Compared with B.P,R. type C, type D has
relatively more stroke width and has more spacing. B.P.R, type D is therefore indicated for
registration plates with the internationally recommended dimensions. In view of the width/
height ratio available per symbol, however, B.P.R. type C, especially as regards stroke-width
and spacing, is indicated for Amerjcan license plates,

The theoretically too low value (See 3.1) found by Rumar can be explained by the character
type which is comparatively unfavourable as regards yrradjation. As regards type height/stroke-
width ratjo, this character type is equjvalent to B.P.R. type C, its average width/height ratio
and spacing are greater than B.P.R. type C, but less than B.P.R. type D.

It follows from the foregoing that of the character types now available, B.P.R.
type D s the optimum for use on registration plates, also when these are reflector-
ized. This applies both to registration plates with thenternationally recommended
dimensjons and the present plates in the Netherlands.

3.2. \Visibility distance

3.2.1. Analysis

3.2.1.1. Visibility distance and braking distance

A. If the visibility distance—the maximum distance at which the registration plate is still
visible—must be greater than the braking distance—the distance {n which the driver can stop—
a vehicle with a speed of 120 km/h must have a visibility distance of at least 240 metres.
This applies with an assumed reaction time for driver and vehicle of RT = 3 secs, and adeceler-
ation of the vehicle on wet road surfaces of a = 4 m/sec2 A v;sibjlity distance of 240 m can
then be regarded as a necessary minimum for reflectorized registration plates.

B. This visibility distance applies if the driver is confronted with a stationary motor vehicle
in his lane. On roads outside built-up areas, however, stationary motor vehicles will be
recognizable as such right away from a warning triangle. Motor vehicles travelling very
slowly, however, have no special warning sign. On motorways, in the Netherlands only vehicles
are permitted which can and may drive faster than 40 km/h. On the whole there are no
maximum speeds on motorways in the Netherlands. Based on measurements on motorways,
differences in speed of 80 km/h are no exception. With such a difference in speed and RT = 3
sec, a = 4 m/sec? the necessary braking distance is about 130 metres. This would necessitate
a visibility distance of at least 130 metres.

C. Visibility of a motor vehicle, though necessary, is not sufficient for observing its movement
characteristics, especially its speed. A driver approaching a stationary or moving vehicle in
his own lane must detect a difference in speed. Among other things, moreover, he must
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Diagram 3, Threshold value of luminance difference as a function of the luminance of the surroundings
with various object sizes (Adrian, 1965).

For a visibility distance of 130 metres, the equivalent veiling luminance L, under these
conditions can be calculated at 1.91 cd/m?

When « = 6’, E = 0.075 lux, then L = 0.3 cd/m?; and a refiective power of 0.3/0.075, or
4 cd/m? per lux.

The reflective power required for visibility is closely related to the d, and d, values. For a
visibility distance of 240 metres, when d, = 2 and d, = 3, the equivalent veiling luminance
L, can be calculated at about 10 cd/m2 The reflective power wouid then have to be about
90 cd/m? per lux,
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2 The reflective power needed for visibility of registration plates on the rear of motor vehicles
if the approaching driver 1s dazzled by an oncoming vehicle’s low- beam headlights is likewise
determined by the d values, though to a less extent as the absolute d values are then higher.
A decrease 1n the distance between the middle of the registration plate and the centre of the
oncomi ng vehicle's |eft low-beam headlight from 3 6 metres to 3 metres already requires
twice as much reflective power for a visibility distance of 240 metres. In bends d may have
considerably lower values than those used above

3 Reflectorized registration plates will not make a motor vehicle with defective lighting
visible at the required distance under all conditions This applies especially on (narrow)
two. lane roads

3.2.2. Empirical wsibiljty distances

Rumar (1965) investigated the visibility distances after dark of white enamelled plates and
of plates with a white reflectorized background Table 8 summarizes his results.

The conclusion is that reflectorized plates are visible at much greater distances than enamelled
plates, even under critical glare conditions (registration plate beside one lighted low-beam
headlamp).

The material Rumar examined for visibility distance was Scotchlite Silver No. 3270. Its reflective
power is about 55 cd/m? per lux (See KEMA measurements in the Annex).

This value is much greater than that inferred in 3.2.1.2 as required for 240 m visibility distance
if the registration plate on the rear of the four-wheeled motor vehicle is illuminated by (the
scattered light of) the low-beam headlights of an approaching car.

In these conditions the actual visibility distance of the material examined by Rumar will
therefore far exceed 240 metres.

Rumar’s report does not state the d value in the case of the registration plate was observed
beside one lighted low-beam headlamp, It is therefore not possible to check a calculated
value against the observed reflective power in this case. For a reflective power of 55 cd/m?
per lux, the visibijty distance is stated by Rumar to average 120 metres. In 3.2.1.4 a
reflective power of 266, and 33 cd/m? per lux was calculated with a visibility distance of 130
metres and d = 0.5 and 0.9 metres. The distance applied by Rumar between the glaring low-
beam headlight and the registration plate can be assessed by interpolation at about 80 cm.
Such a distance does not seem to be an unrealistic one.

Visibility conditions Visibility distance
Enamelled Reflectorized
plates plates
Unlighted rear license plate illuminated by an greater than
approaching vehicle's low- beam headlights 60 m 250 m
Front license plate beside one lighted low-beam headlamp,
illuminated by an oncoming vehicle’s low-beam headlights 20m 120 m

Table 8 Visibility distances of white enamelled plates and of plates with white reflectorized background
(Rumar, 1965).
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6. Possibilities and recommendations for night-time
photography of vehicles fitted with reflectorized
registration plates

6.1. Introductory

The reflective power of reflectorized registration plates results in difficulties in night-time
photography of vehicles fitted with such plates. The difference in luminance between the
plate and the remainder of the photograph may be so great that a normal photographic
emulsion can no longer reproduce it

6.2. Analysis of the problem

The amount of contrast that photographic emulsions can record depends on emulsion quality.
Film emulsions can record more contrast than paper emulsions, | f the differences in brightness
of the object are too great to be recorded by an emulsion, the under- exposed emulsion will
appear unexposed, while a ring around the over-exposed parts wil be blackened (by irradia-
tion), Where such irradiation occurs the photographic image wil be blurred or even disappear.

Tests made previously outside the Netherlands with night-time photography of vehicles fitted
with reflectorized registration plates show that these plates produce jrradiated negatives. It is
also found that the image in the irradiated area is blurred but does not disappear. When these
negatives are printed, however, the differences in brightness in the image are so great that
paper emulsions cannot reproduce it.

Exposure during printing can generally be arranged so that

a. the over-exposed and rradiated parts appear as an ymage in the photograph, and irradia-
t'on occurs on the print {n the other parts, making them completely black or almost so;

b. normally exposed parts appear as an|mage in the photograph, while the over-exposed and
irradiated parts of the negative appear on the pnnt as unexposed (i.e remain white).

By allowing some extra exposure for the over -exposed and irradiated parts on the negative, all
the information recorded on the negative can be transferred to the paper emulsion.

Photographs of vehides using reflectonzed registration plates can, if enlarged by hand, be
exposed in two stages by using masking plates. This will not usually be possible with auto-
matic printing units. Units for multi-stage exposure (Dodging printers) must be disregarded
in view of the'r cost, similaiy to other equipment, which can be assumed to be unavailable
to the departments concerned.

I firradiatony's slight, the d/fficulties can be counteracted by choice of film, paper and developer
In the first instance, however, it should be counteracted with the correct photographing
method.

Blurring of contours by irradiation is inversely proportional at a given focal distance to the
distance between camera and registration plate. The irradiation is a function of the angle of
observation. If the angle of observation changes from 0.5° to 2°, the reflective power decreases
by about 90%*. A further increase in the angle of observation has a progressively decreasing
effect on the reduction in reflective power. Using the Netherlands departments’ present
photographic equipment, the effect of angle of observation and distance on irradiation can
be examined first of all.

* See Diagram A1 in the Annex.
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At positions corresponding to the intersections of these serles of lines a series of twenty
exposures were taken of various types of registration plates, The possible occurrence of irra-
diation was disregarded in deciding the flash guide number.

The normal quality negative was used and it was developed in the usual way, The twenty
negatives were printed out with and without using masking plates, and it was noted how much
the irradiated parts had to be over-exposed to obtain a good print,

6.3.3. Effects of cojour filter

A similar series of twenty exposures were taken of the same series of registration plates, with
filters, The surplus light supplied by the flash unit (the number of stops down compared with
full aperture) is a criterion of the maximum permissible absorption factor in using a filter.
Further procedure as jn 6.3.2.

6.3.4. Effects of film, developer, paper and exposure

A similar series of exposures were taken on a film with a high density range which was two
stops under-exposed. It was developed in an appropriate developer. The negatives were
printed as in 6.3.2., but the type of enlarging paper and paper developer were regarded as
variables.

6.4. Results

The registration plates were legible on the negative in all cases. |f the flash unit is on the
camera (angle of observation about 0°) all reflectorized registration plates are {l|egible on the
print. Widening the angle of observation and using a colour filter may limit negatjve irradjation
so that the registration plates are legible on the prints. A blue filter |s best for suppressing
trradiation.

With exposures made at an angle of observation of 0° or more, yejlow registration pjates are
legible on the prints if a blue filter is used. With exposures made at an angje of observation of 1°
or more, yellow and gold-coloured plates are legible on the prints if a bjue filter js used.
With exposures made at an angle of observation of 2° or more, ajl registration plates are
legible on the prints if a blue filter is used. With exposures made at an angle of observatjon of
3° or more all registration plates are legible on the print even without a filter.

Owing to the graininess of the picture and the constant irradiation, the legibility of registra-
tion plate characters decreases on the photograph as the size of the registration plate de-
creases. Difficulties may already occur with standard lenses at 40 metres from the object. The
maximum distance recommended between the registration plate and the camera js 25 metres,
Test photographs showed also that a fine-grain film, developed jn normal developer, may have
a coarser grain structure than a coarse-grain film developed in fine-grain developer.

6.5. Summary of research

Photographing reflectorized registration plates after dark causes no jnsurmountable diffi-
culties.

A fast film, about 27 DIN, the correct developer and correct exposure of the photographs will
always give legible negatives in spite of irradiation and the negatives can be printed by hand,
Iif necessary with masking plates. The following list shows the combinations of factors with
which negatives can or cannot be printed automatically. It includes angle of observation (0°,
1°, 2°, 3° or 4°), colour (DW =diffuse whjte; RY =reflective yellow; RG =refiectijve gold;
RW =reflective white or silver) and filter (WF = with filter; NF = no filter).
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